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( ", OVERVIEW OF THE GEM DOCUMENT
'-

The Gulf of Alaska Ecosystem Momtonng and Research (GEM) Program
document descnbes the basIC momtonng and research program and the saentIflc
background behmd the development of essentJal program components Chapters 1
through 5 explam the baSIc motlvahons for the program, conceptual foundahon,
tools and strategtes for acluevrng program goals, and program lffiplementahon and
management Chapters 6 through 9 present the factual baSIS for the program
rnc1udmg detaIled descnphons of two Important components of the program 1)
modehng (Chapter 8) and 2) data management and mformahon transfer (Chapter
9) Table 0 11dentIfles the queshon addressed by each chapter and the products
prOVIded

Table 0 1 Contents of the GEM Program Document

Title

Chapter Question Addressed Products

1 VIsion MIssIon and goals

Why do thiS and what do we hope to Geographic scope, funding and governance, achieve?

2 Conceptual Foundation Central hypotheSIS

How do we thmk the ecosystem works? Habitat types and time-space scales

3 Tools and Strategies Tools Gap AnalysIs SynthesIs, Research

What mformatlon do we need and how MOnitOring, Modeling and Data

do we getd? Management

Strategies Community Involvement and
Traditional Knowledge, and Resource
Management Applicability

4 Program Implementation Potential questions by habitat type

Where are we gomg to start and how Program Implementation and partnerlng
will we proceed? (This chapter IS
expected to change over ttme )

5 Program Management Program administration

What are the processes and policies for Roles and responSibilities of the GEM
momtonng and research? components

6 Introduction to the SCientific Leading hypotheses In marine ecosystems
Background PrinCipal ecological concepts and theOries
What are the theones and pnnclples on
which the conceptual foundation IS
based?

]uLy2002 OVERVIEW
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Table 0 1 Contents of the GEM Program Document

Title

Chapter

7

8

9

Question Addressed

SCientifiC Background PhySICS Biology
Human Uses and Economics

ComprehenSive review of the current
state of sCientific knowledge of Gulf of
Alaska ecosystems

Modeling

What IS the role of modelmg m GEM?

Data Management and Information
Transfer

What are the roles of data management
and mformation transfer m GEM
Implementation?

Products

Overview of phySical chemical and
biological characteristIcs of the Gulf of
Alaska

Status of non-human populations predators
and prey

Status of human activities and SOCIO­
economics In the GOA

Modeling definitions and options for program
1mplementation

Data management and information transfer
options for program Implementation

A Acronyms and Web links

B Recovery Status of Injured Resources

C EVOS Tribal and Community Involvement

D GEM Database

E Glossary of Existing Agency Programs and Projects

F North Pacific Models of the Alaska Fisheries SCience Center and Other Selected
Organizations

G Fish And Invertebrate Species From
1996 NMFS Trawl Survey Of The Gulf Of Alaska

H Collected Research QuestIons
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c/' EXECUTIVE SUMMARY

On March 24, 1989, the T/V E:>.:>.on Valdez ran aground on Bhgh Reef m Prmce
WIlham Sound, spillmg almost eleven nulhon gallons of North Slope crude oIl
The event was the largest tanker spill m U S lustory, contanunatrng approxnnate1y
1,500 mJ.1es of Alaska's coastlme, killmg buds, mammals and fIsh, and dIsruptrng
the ecosystem m the path of the spreadmg oil In 1991, the Exxon Corporanon
agreed to pay the Umted States and the State of Alaska $900 nulhon over ten years
to restore, replace, enhance, or acqurre the eqUlvalent of natural resources mJured
by the spill, and the reduced or lost human servICes they proVIde (Umted States of
Amenca and State of Alaska 1991) Under the court-approved terms of the
settlement, the Euon Valdez Oil Spill Trustee Council (Trustee Council) was formed
to admnuster the restoranon funds, and m 1994 the E:>.:>.on Valdez Oil Spill
Restoranon Plan was adopted to gmde the development and lIDplementanon of a
comprehensIve, mterdIsClphnary recovery and rehabilitanon program

The knowledge and expenence gamed durmg years of bIOlOgical and phySIcal
studies m the aftermath of the E:>.:>.on Valdez oil spill (EVOS) confrrmed that
understandmg the sources of changes m marme resources and ecosystems reqUITes
puttrng those changes mto an lustoncal context Toward thIs end, m March 1999 the
Trustee CouncIl dedicated approxnnately $120 millIon for long-term momtormg
and ecosystem-based research withm the area affected by the 1989 oil spill, whIch IS
generally the northern Gulf of Alaska (GOA), mc1udmg Prmce WIlham Sound,
Cook Inlet, Kodiak Island, and the Alaska Pemnsula ThIS new program IS called
the GEM (the Gulf of Alaska Ecosystem Momtormg and Research) Program, and Its
IDlSSIOn IS to

Sustatlt a healthy and blOlogr.cally dIverse manne ecosystem tit tlte
nortltern Gulf ofAlaska (GOA) and the Itumanuse oftlte manne
resources tit that ecosystem tltrough greater tmderstandtltg ofhow
lts producttvrty IS tltfluenced by natural c1tanges and human
achvlhes

The Trustee CouncIl IdenbfIed five major goals necessary to accomplISh thIs
IDlSSIOn

• Detect- Serve as a sentrnel (early warrung) system by detectrng annual and
long-term changes m the marme ecosystem, from coastal watersheds to the
central gulf,

• Understand Idenbfy causes of change m the marme ecosystem, mc1udmg
natural vananon, human mfIuences, and theu mteracnon,

)

• Inform. PrOVIde mtegrated and syntheSIZed mformanon to the pubhc,
resource managers, mdustry and pohcy makers m order for them to
respond to changes m natural resources,
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• Solve Develop tools, technologIes and mformahon that can help resource
managers and regulators Improve management of marme resources and
address problems that may anse from human achvIhes, and

• PredIct Develop the capaaty to predIct the status and trends of natural
resources for use by resource managers and consumers

GIVen the SIZe and complexlty of the northern GOA ecosystem and the
available fundmg, the GEM Program alone can not meet these goals For that
reason, the Trustee Counal adopted a set of addihonal goals for Implemenhng the
program These call for the GEM Program to

• Lead the way m mtegratmg, syntheSlZillg, and mterprehng momtormg and
research results to form and convey a "bIg pIcture" of the status of and trends
m the GOA ecosystem,

• Track work of other enhhes relevant to understandmg bIOlOgIcal produchon m
the GOA and coordInate GEM WIth those efforts,

• Leverage funds to augment ongomg momtormgwork funded by other enhhes,

• Involve other government agenaes, non-governmental orgaruzahons,
stakeholders, pohcy makers, and the general pubhc m a collaborahve process to
achieve the ffilSSIOn and goals of GEM,

• Increase commumty mvolvement and local and tramhonal knowledge m order
to enhance long-term stewardship of hvrng marme resources, and

• Faclhtate apphcahon of GEM research and momtonng results to benefIt
conservahon and management of marme resources

To fully achteve Its mISSIOn, GEM must prOVIde mformahon that enables
resource-dependent people, such as subSIStence users, recreahon users, and
commerCIal fIshers, to better cope WIth changes m manne resources The data and
mformahon produced by GEM durmg Its fIrst decade may not totally solve
problems for the pubhc, commercial mterests, resource managers, and pohcy
makers faced WIth enVIronmental change Nonetheless, as mformahon
accumulates, the ability for GEM to prOVIde problem-solvmg mformahon and tools
can and must mcrease

The GEM Program IS based on the current state of knowledge about the natural
factors and ecolOgIcal Impacts of human achVIhes that cause change m the GOA
Withm the northern GOA, offshore and nearshore marme, estuarme, freshwater
and terrestrIal envrronments mteract WIth geolOgIC, chmahc, oceanographic, and
bIOlOgIC processes to produce highly valued natural bounty and excephonal
beauty The GOA prOVIdes habItat for mverse and abundant populahons of fIsh
and sheilflSh, marme mammals and seabrrds It IS a major source of seafood for the
enille nahon, as well as for Alaska Nahves, who rely on It for subSIStence and
cultural purposes It IS also a source of beauty and msprrahon for those who love
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nature and part of the "lungs" of the planet for recychng of oxygen and carbon to
and from the atmosphere As a result of both human mfluences and natural
processes, these Important attnbutes are conbnually changmg

Populahons of Important marme resources m the northern GOA have
undergone major changes, espeCIally smce the late 1970s Salmon catches of all
specIes, and especIally of sockeye, have remamed near record levels for two
decades, With annual catches SIgmhcantly greater than those m the three decades
endmg m 1979 ShrImp and red kmg crab have fallen to extremely low levels m the
gulf smce 1980, m sharp contrast to the very hIgh levels m the two pnor decades
KodIal's red kIng crab fIshery, once among the world's nchest, has been
completely closed smce 1984 As shnmp and crab dechned, cod, pollock and
flatfIsh, such as arrowtooth flounder, have rapIdly mcreased Some manne
mammals assoCIated WIth the gulf, such as sea hons, harbor seals and
overwmtermg fur seals, have steadIly dechned smce 1980 Other speCIes, such as
sea otters and elephant seals, have been on the nse for more than a decade
Colomes of seabIrds, such as black-legged kIttrwales, common murres and
cormorants have shown dechnes smce about 1980 m some coastallocahhes, such as
Pnnce WIlliam Sound and central Cook Inlet, but not m others Overall, many
specIes and populahons assocIated WIth nearshore habItats m the GOA have
dechned smce about 1977, whereas specIes and populahons havmg access to
offshore gulf habItats have generally mcreased

The GOA and Its watersheds are part of a larger OCeanIC ecosystem m WhIch
natural phYSIcal forces such as currents, upwel1mg, downwel1mg, preCIpitahon and
runoff, play Important roles m determmmg baSIC bIOlOgical produchVlty Natural
phYSICal forces are shaped by the surface topography of the GOA and the
submanne topography of the conbnental shelf and respond pnmarIly to seasonal
shIfts m the weather, and m parhcular to long-term changes m the mtensIty and
locahon of the Aleuhan Low Pressure system Increased upwel1mg offshore
appears to mcrease mputs of nutrIents to surface waters, whIch m turn mcreases
produchVlty of plankton, the baSIS of the food cham and the prImary food source
for all manne lIfe Increased wmds appear to mcrease the transport of zooplankton
shoreward toward and past the conbnental shelf-break How often and how much
offshore zooplankton sources contnbute to coastal food webs depends on natural
phYSICal and bIOlOgical forces such as predahon, mIgrahon, currents, fronts, and
eddIes, degree and extent of turbulence, and responses of plankton to short and
long-term changes m temperature and salmIty

The ecolOgical Impacts of a WIde range of human uses and achVIhes mteract
WIth these natural forces to change the produChvity and commumty structure m
the GOA More than 70,000 people hve Withm the area drrectly affected by the oil
spill, and two to three hIDes that number use the area seasonally for work and
recreahon When combmed WIth the populahon of the nearby centers of Anchorage
and Wasilla, plus nearly a mIllion tounsts who VlSlt the state each year, It becomes
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clear that the natural resources of the GOA cannot be 1ll1IDune to the pressures
assocIated WIth human uses and actIVItIes

Human actIVIhes have the most drrect and ObVIOUS lffipacts at those SItes m
watersheds and mterhdal areas where human populahons are mgh Crude Oll and
fuel tanker traffIc, mcreasmg tourIsm and recreatIonal use, expanded road
bul1dmg, and growmg commerCIal and sport fIslung pressure could have
mcreasmg effects on marme resources and ecosystems Some human actIvIhes
affect populatIons of bIrds, fIsh, shellfIsh, and mammals even far offshore, and also
have lffipacts far from the SItes of the actIons Large scale fIShmg that occurs m
mtemahonal waters lffipacts Alaska resources In addihon, recent eVIdence of
perSIStent organIc pollutants and heavy metals m fIsh and wl1dhfe tISsues m the
gulf mdicate that thIS regIOn IS not 1ll1IDune from worldWIde concerns about
potentIal effects of contammants on marme orgamsms and on human consumers,
partIcularly Alaska NatIve subSIStence users

In short, human actIVIhes and natural forces act together over local and global
scales to dnve and shape marme and terrestrIal hfe m the GOA and Its trIbutary
watersheds 11us conceptual foundatIon IS summanzed mto a central hypothesIS
that will grnde the GEM Program

Natural forces and 1Ulman achmttes workmg overglobal to local scales
bnng about short term and long lastmg changes m the btologz.cal
conmumthes that support btrds, fish, shellfish and mammals Natural
forces and 1Ulman achvthes bnng about dtange En} altermgrelattonshtps
among definmg charactertshcs of1tabttats and ecosystems such as heat
and salt dtstrtbuhon, msolaho1l, btologz.cal energy flow, freshwater flow,
btogeochamtcal cycles, food web struchlre, fishery tmpacts, and pollutant
levels

ThIS broad, mterillscIplmary hypothesIS states what IS thought to be known m
general, prepares the way for questIons that test the vahillty of thIS knowledge and
serves as a fleXIble framework for determmmg the type of momtormg and research
actIVItIes that will be undertaken m lffiplementIng the GEM Program

Smce the gulf ecosystem under considerahon IS extremely complex and COnsISts
of thousands of speCIes, It also will not be pOSSIble for GEM to answer all, or even
most, of the questIons that could be posed about the GOA Four habItat types,
representatIve of the GEM regIOn, have been IdenbfIed as themes around wmch the
mterillscIplmary momtonng and research achVItIes that address GEM's central
hypothesIS will be orgaruzed These habItat types are watersheds, the mterbdal
and subtIdal areas, the Alaska Coastal Current, and the offshore areas (the
contInental shelf break and the Alaska Gyre) The habItatS are composed of
IdenbfIable, although not ngrd, collectIons of characterIStIc ffilcrohabitats, reSIdent
and ffilgratory speCIes, and phYSIcal features The decISIOn to use habItats as a
mechamsm for strabfymg funds and allocatIng resources will requIre the GEM
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Program to ensure that such cross-habItat processes and lmlages as freshwater
flow and cross-shelf nutrIent transport are not forgotten or Ignored

The GEM central hypotheSIS can be translated rnto a hypotheSIS for each of
these habItat types However, before they can be used to guIde research, they need
to be further refrned rnto queshons whIch can then be used to Idenhfy a core set of
measurements for long-term momtorrng The GEM Program will use the tools of
gap analySIS, synthesIS, and modelrng to develop a senes of lillhal research
queshons and to conhnually refrne and Implement GEM's long-term core
momtorrng program The"flagshIp" of GEM will be a long-term momtonng
program that will be marntamed even If fundmg levels vary The momtorrng
component will be complemented by strategically chosen research projects These
projects will follow up on lrngerrng effects of the E:t.:wn Valdez 011 spill, explore
queshons and concerns that anse out of rnterpretahon of the momtorrng data,
espeCIally rn tryrng to understand the causes of change, and prOVIde key
rnformahon and tools for management and conservahon

To further develop the program, the Trustee Council will use two major
strategies mcorporahng commumty mvolvement and tradIhonal knowledge and
focusmg on resource management apphcahons Commumhes and stakeholders
must be mvolved at all levels of the program The Trustee Council beheves that
encouragIng local awareness and parhcIpahon m research and momtorrng
enhances long-term stewardship of hvrng marme resources In addIhon, tradIhonal
and local ecolOgical knowledge can provIde Important observahons and IDSlghts
about changes rn these resources In order to enhance the rnformahon managers
and stakeholders use to cope WIth these changes, the GEM Program will seek to
acqurre data WIth sIgmfIcant potenhal for use rn resource management
apphcahons

The hypotheses, research queshons, tools and strategies will all be used to
develop a ScIence Plan for GEM The goal of the ScIence Plan IS to Implement a
long-term momtorrng program to detect and understand change over hme WIthIn
the northern Gulf of Alaska ecosystem The ScIence Plan will develop over hme
and mclude an Implementahon schedule, partners dorng related momtorrng or
research, models to syntheSIZe results and transfer rnformahon to users, core
momtorrng VarIables, and core momtorrng achVIhes

The GEM Program will be admlllstered by the Trustee Council's core
profeSSIOnal staff, based rn Anchorage, Alaska Funds will be provIded by the
Trustee Council's rnvestment fund, managed as an endowment, WIth the annual
program funded by rnvestment earmngs after mflahon-proofmg The Trustee
Councrl's execuhve drrector will oversee the frnanCIal, program management and
admmIstrahve, sCIenhfIc, and pubhc mvolvement aspects of the program The
Trustee Council and staff will achvely SOhClt adVIce on SCIence and pohcy matters,
rncludmg reVIew of momtonng and research achVIhes, from experts, rnc1udmg a
SClenhfIc and Techmcal AdVISOry COffi1illttee (STAC), and from the pubhc,
rnc1udmg the Trustee CouncIl's Pubhc AdVISOry COffi1illttee
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The STAC will playa key role m gmdIng the GEM Program and ensurmg a
hIgh degree of sClenbhc crembillty 18 mamtamed Subcommlttees composed of
sClenhsts, resource managers, stakeholders, and other experts and commuruty
members will be estabhshed to aSSlst the STAC The STAC and subcommlttees will
work WIth resource managers, stakeholders, the sclenhhc commuruty and the
pubhc to refme a common set of pnonhes for research and momtonng m the
northern gulf

Independent peer reVIew of the GEM Program IS essenhal for a mgh-eahber
sClenbhc program ParhClpahon m research and momtonng 18 expected to be
completely open to compehhon All data must be documented, arcmved,
mamtamed, and readily accessIble to other sClenhhc users and the pubhc In order
for GEM to be successful, It will be necessary to mtegrate, syntheslZe, and mterpret
momtormg and research results to form and present a "bIg pIcture" of the status of
and trends m the northern GOA ecosystem One approach 18 through the use of
penodlc "State of the Gulf" and "State of the North PaClflc" workshops and
reports Another 18 use of the GEM web SIte The Trustee COunCll18 cOmmltted to
pubhc mput and outreach as Vltal components of the long-term GEM Program

Data management and mformahon transfer pohcles are an mtegral part of GEM
Program management Clear and effechve approaches to gathenng mformahon
and makmg It WIdely avallable m understandable formats are essenhal to the
successful operahon of the GEM Program Because the program 18 a reglOnal
program WIth goals of cooperahon, coordInahon, and mtegrahon WIth exlShng
marme sClence programs, data pohCles are to be compahble WIth, and slffillar to,
eXlShng norms for state, federal, and nongovernmental marme SClence programs

The GEM Program cannot be the sole soluhon to problems facmg the northern
Gulf of Alaska ecosystem However, a permanent fund, demcated to momtonng
the long-term health of a marme ecosystem, 18 totally uruque and proVldes an
unparalleled opportumty to mcrease our understandIng of the funchonmg of th18
system The TrLlStee Councl1 Vlews the GEM Program as a permanent legacy of Its
efforts to restore the northern Gulf of Alaska from the effects of the 1989 E:t:wn

Valdez 011 spill And for that reason, the Trustee Councll beheves that the program
must be JUsbhed on what It can teach pohcy makers, resource managers, and the
pubhc about ophons for drrechng human behaVlor to acmeve the GEM ffilSslOn "to
sustam a healthy and blOlogIcally mverse marme ecosystem and the human use of
the manne resources m that ecosystem"
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1. VISION

In This Chapter

~ Ongm of the GEM Program

~ MIssIOn and Goals IdenbfIed for the Program

~ Geograpluc Scope, Fundmg and Governance

~ Bmldmg on Lessons of the Past

On March 24, 1989, the TjV E:t:ton. Valdez ran
1.1 Introduction aground on Bhgh Reef m Prmce WIlham Sound,

spillmg almost eleven nulhon gallons of North
Slope crude oll The event was the largest tanker spill m U S lustory,
contammatmg approx1lllately 1,500 nules of Alaska's coastlme, 1J11mg buds,
mammals and fIsh, and msruptmg the ecosystem m the path of the spreadmg oll
In 1991, the Exxon Corporahon agreed to pay the Umted States and the State of
Alaska $900 nulhon over ten years to restore, replace, enhance, or acqurre the
equIvalent of natural resources mJured by the spill, and the reduced or lost human
servIces they proVIde (Umted States of Amenca and State of Alaska 1991) Under
the court-approved tenns of the settlement, the EllOn. Valdez 011 Spill Trustee
Counol (Trustee Councll) was formed to admm1ster the restorahon funds, and m
1994 the Ellon Valdez 011 Spill Restorahon Plan was adopted to gmde the
development and 1lllplementahon of a comprehensIve, mterdIsophnary recovery
and rehabilitahon program

Thrrteen years after the spill, total recovery has sh11 not been achIeved
AppendIx B presents the current mformahon regardmg the recovery status of
resources mJured by the spill There are sh11 two mam concerns about hngenng
effects of the spill The frrst 15 the potenhal effect of pockets of reSIdual oll m the
envrronment The second concern 15 the ability of a populahon to fully recover by
overcommg changes m the populahon dynamtcs resultmg from the 1ll1hal oll­
related mortallhes and the mterachon of these effects WIth other kmds of changes
and dIsturbances ill the marme ecosystem

The knowledge and expenence gamed durmg years of bIOlogIcal and phYSIcal
stumes ill the aftermath of the Ellon Valdez Oll spill (EVOS) confrrmed that a sohd
lustoncal context 15 essenhal to understand the sources of changes ill valued
natural resources Toward thIS end, m March 1999 the Trustee Counol ded1cated
approXllllately $120 nulhon for long-term momtormg and ecosystem-based
research m the northern Gulf of Alaska (GOA) ThIs new program IS called the
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Prudent use ofthe natural
resources ofthe spill area

reqUires Increased knowledge of
cntlcal ecologIcal informatIon

about the northern GOA
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GEM (Gulf of Alaska Ecosystem Morutormg and Research) Program Fundmg for
the GEM Program comes from an endowment, WIth an annual program funded
through mvestment earnmgs, after allowmg for mflahon-proofmg and modest
growth of the corpus

A program rooted m the SCIence of a large-scale ecologIcal dIsaster IS uruquely
SUIted to form the foundahon for ecosystem-based management In makmg the

deCISIOn to allocate these funds for a long-term program
of morutormg and research, the Trustee Council exphClt1y
recogmzed that complete recovery from the oil spill may
not occur for decades, and that full restorahon of these
resources will most hkely be achIeved through long-term
observahon and, as needed, restorahon achons The
Trustee Council further recogruzed that conservahon and
lffiproved management of these resources and servIces

would reqUITe substanhal ongomg mvestment to lffiprove understandmg of the
marme and coastal ecosystems that support the resources, as well as the people, of
the spill regIon Improvmg the quahty of mformahon available to resource
managers should result m lffiproved resource management In addIhon, prudent
use of the natural resources of the spill area WIthout comproffilSmg thel! health and
recovery reqUITes mcreased knowledge of cnhcal ecolOgIcal mformahon about the
northern GOA ThIS knowledge can only be prOVIded through a long-term
morutormg and research program that will span decades, If not centurIes

The ongInal ffilSSlon of the Trustee Council's
1.2 Mission Restorahon Program, adopted m 1993, was to

IIeffiCIently restore the envuonment mJured by the
EVOS to a healthy, produchve, world-renowned ecosystem, whIle takIng mto
account the lffiportance of the quahty of lIfe and the need for VIable opporturuhes
to estabhsh and sustam a reasonable standard of hvmg II

ConsIStent WIth thIS ffilSSIOn and WIth the ecosystem approach to restorahon
adopted by the Trustee Council m the 1994 E:>.:wn Valdez Oil Spill Restorahon Plan,
the ffilSSIOn of the GEM Program IS to

Susta'l1l a healthy and blOlogrcally dlverse manne ecosystem 'l1l the
Iwrtltem Gulf ofAlaska (GOA) and the lzumanuse oftlte mantle
resources 'l1l that ecosystem through greater tmderstand'l1lg ofhow
tts prodttchvtftJ 15 mflue1lced by nabtral changes and human
achvlttes

In purSUIt of thIS ffilSSlon, the GEM Program will accomphsh the followmg-

•

•

Sustam the necessary mshtuhonal mfrastructure to prOVIde scIenhfIc
leadershIp m Idenhfymg research and morutonng gaps and pnonhes,

Sponsor morutonng, research, and other projects that respond to these
IdenhfIed needs,
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• Encourage effIcIency m and mtegrauon of GOA momtormg and research
acuVIues through leveragmg of funds and mteragency coordmauon and
partnershIps, and

• Promote local stewardshIp by mvolvrng stakeholders and havrng them help
plan, gw.de, and carry out parts of the GEM Program

In adophng tlus mISSIOn, the Trustee COunCll acknowledges that, at hmes,
sustammg a healthy ecosystem and ensurmg sustamable human uses of the marme
resources may be m conflIct In those rnstances, the goal of acmevrng a healthy
ecosystem will be paramount The Trustee COunCll also acknowledges that, at tlus
b.me, clearly defmed measures for assessmg "ecosystem health" are lackmg (NRC
2000) These measures will be mcorporated mto the program as they are
developed

FIve major goals have been Idenb.6.ed as necessary
1.3 Goals to accomphsh the GEM mISSIon Attammg all

fIve, however, will requITe several decades Two
of these goals may be attamable withm the early decades of operahng the GEM
Program, given suffICIent fundmg and collaborauon WIth other partners

1 Detect- Serve as a senhnel (early warmng) system by detechng annual and
long-term changes m the marme ecosystem, from coastal watersheds to the
central gulf, and

2 Understand Idenhfy causes of change m the marme ecosystem, mcludmg
natural vanauon, human mfluences, and theIT mteracuon

Two other goals prOVIde an essenual pIece of the foundauon for a long-term
program Although these goals are lIkely to be fully reahzed only after the fIrst
decade of operahng the GEM Program, shorter-term accomphshments should be
achIeved sooner

3 Inform. PrOVIde mtegrated and syntheSIZed rnformauon to the pubhc,
resource managers, mdustry and pohcy makers m order for them to
respond to changes m natural resources, and

4 Solve Develop tools, technolOgies and rnformauon that can help resource
managers and regulators Improve management of marme resources and
address problems that may arISe from human aCUVIues

The fIfth gOallS mherently long-term and dIfhcu1t to acmeve, but of
consIderable potenb.a1 value to resource users and managers It serves more as a
long-range beacon to gUIde the deSIgn of momtormg acuvIues, than as a goal to be
attamed Wlthm the near term

5 PredIct Develop the capaCIty to predIct the status and trends of natural
resources for use by resource managers and consumers
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Durrng the process of learnrng how to detect and understand change rn the
northern GOA, resource managers and the concerned pubhc should collect
rncremental dIVIdends on therr rnvestment rn GEM UltImately, however, the
benefIts will be maxmuzed over the long run To fully achIeve Its mISsIOn, GEM
must proVIde rnformahon that enables resource-dependent people, such as
subSIStence users, recreahonahsts, and commercIal fIshers, to better understand
and therefore hopefully cope WIth changes rn marrne resources The data and
rnformahon produced by GEM durrng Its fIrst decade may not totally solve
problems for the pubhc, commercIal rnterests, resource managers, and pohcy
makers faced WIth envrronmental change Nonetheless, as rnformahon
accumulates, the ability for GEM to prOVIde problem-solvrng rnformahon and tools
can and must rncrease

GIven the SIZe and complexIty of the northern GOA ecosystem and the
available fundrng, It will not be pOSSIble to meet these goals WIth only the data
collected by GEM AddreSSIng the program goals will reqmre achIevrng the
followrng lIDplementahon goals

•

•

•

•

•

•

Lead the way rn mtegrahng, syntheSlZIDg, and mterprehng momtormg and
research results to form and convey a "bIg pIcture" of the status of and
trends rn the GOA ecosystem,

Track work of other enhhes relevant to understandrng bIOlOgIcal
produchon rn the GOA and coordmate GEM WIth those efforts,

Leverage funds to augment ongorng momtorrng work funded by other
enhhes,

Involve other government agenaes, non-governmental organIZahollS,
stakeholders, pohcy makers, and the general pubhc rn a collaborahve
process to achIeve the mISSIOn and goals of GEM,

Increase commumty mvolvement and local and tramhonal knowledge m
order to enhance long-term stewardshIp of hvrng marrne resources, and

Faclhtate apphcahon of GEM research and momtorrng results to beneflt
conservahon and management of marrne resources

The substanhal expenence of the EVOS Restorahon Program rndIcates that
these SIX lffiplementahon goals are reasonable, necessary, and attarnable
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Geographic
Scope

1.4
ConsIStent WIth the Restorahon Plan, GEM
Program achVlhes will occur withm the area
affected by the 1989 Oll spill, whIch IS generally
the northern GOA, mc1udmg Prmce WillIam

Sound (PWS), Cook Inlet, Kocbak Island, and the Alaska Perunsula (FIgure 11)
Recogmzmg that the marme ecosystems affected by the Oll spill do not have
dIScrete boundanes, some momtormg and research achVlhes may extend mto
adjacent areas of the northern GOA
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Figure 1 1 Map of the spill area shOWing the location of commUnities

The pnmary geographIc focus of GEM will be the four habItat types that
contam the ecosystems of the northern GOA These habItats are the watersheds,
mterhdaI and subhdal, Alaska Coastal Current (ACC), and offshore (the
conhnentaI shelf break and the Alaska Gyre)

Although GEM has a regIOnal outlook, the waters of the GOA are connected to
adjacent waters Waters from the shelf and basm of the GOA eventually enter the
Bermg Sea and the Archc Ocean through the Bermg Strait Waters from the west
coast states (CalIforma, Oregon, and Washmgton), Canada and southern Alaska
also feed mto the northern GOA Consequently, the program will be of VItal
Importance m understandmg the downstream Bermg Sea and Archc Ocean
ecosystems, as well as the upstream southern GOA In addIhon to the lmkages
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provIded by the movements of ocean waters, the GOA IS lmled to other regIons by
the many specIes of buds, fIsh, and mammals that move through these regIOns It
IS also becommg mcreasmgly clear that enVIronmental condIhons m the GOA, such
as levels of persIstent organIc pollutants, as well as the temperature of GOA waters,
can ongmate many thousands of mIles away

The Trustee Council IS aware of the trade-offs between the SIZe of the area to be
studIed and the frequency and mtensity of the morutonng and research that can be
conducted there In selechng core vanables for long-term research and morutonng,
the GEM Program will need to ensure that measurements are conducted at the
spahal and temporal scales necessary to achIeve the desued goals of the program
For thIS reason, much thought must be gIven to the selechon of the vanables and
the IdenhfIcahon of the subset of the northern GOA that can reasonably be
morutored by a program the SIZe of GEM It IS anhapated that partnenng WIth
other agenCIes and programs will help extend the GEM research area beyond that
whIch GEM could fund on Its own However, because of Its cnhcallIDportance to
meehng the program's goals and obJectrves, core morutonng based on a set of core
vanables will be fully supported by the GEM Program

Fundmg and
Governance

1.5
The Trustee Council will fund the GEM Program
begInillTIg m October 2002 WIth funds allocated
for long-term morutormg and research, eshIDated
to be approxlIDately $120 millIon The Trustee

Council will manage these funds as an endowment, WIth the annual program
funded by mvestment earrungs after mflahon-proofmg, thus proVIdmg for a stable
program through hIDe The Trustee Council may choose to fund a smaller program
m the early years to allow the corpus of the fund to build The Trustee Council's
long-term goal IS to allow for addIhonal depoSIts and donahons to the fund from
other sources to mcrease the corpus AchIevmg thIS goal mIght requrre changes m
state or federal laws and pOSSIbly a change m the court-approved settlement and
will be pursued at a later hIDe

Under eXlShng law and court orders, three state and three federal trustees have
been deSIgnated by the Governor of Alaska and the PreSIdent of the Uruted States
to admmIster the restorahon fund, whIch mcludes fundmg for GEM, and to restore
the resources and servIces mJured by the oil spill The State of Alaska trustees are
the COmmISSIoner of the Alaska Department of EnVIronmental Conservahon, the
COmmISSIOner of the Alaska Department of FISh and Game, and the Attorney
General The federal trustees are the Secretary of the Intenor, the Secretary of
Agncu1ture, and the AdmIrustrator of the Nahonal Ocearuc and Atmosphenc
AdmIrustrahon, U S Department of Commerce

The trustees establIShed the Trustee Council to admmIster the restorahon fund
The state trustees serve drrectly on the Trustee Council The federal trustees each
have appomted a representatrve m Alaska to serve on the Trustee Council The
representahves currently are the Sernor AdVISor to the Secretary for Alaskan
Affarrs (Department of the Intenor), the Alaska DIrector of the Nahonal Marme
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FIShenes ServIce (Nahonal Oceamc and Atmosphenc Adrrurustrahon), and the
SupervISor of the Chugach Nahonal Forest (U S Department of Agnculture) All
decISIOns by the Trustee Council are reqUITed to be unannnous

It IS expected that the current Trustee Council will male pohcy and fundmg
declSlons for the GEM Program It has been suggested that at some hme m the
future, a new board or oversIght structure other than the Trustee Council be
estabhshed to admmISter or gmde the GEM fund It IS also possIble that an eXlShng
board, eIther under Its current structure or WIth mmor modIDcahons, could tale
over management of the fund Use of a new governance structure, 1f Jushfled,
would reqUITe changes m law and the apphcable court decrees Such changes
would take consIderable hme and are not anhclpated m the near future

Building on
Lessons of the
Past

1.6
The GEM Program IS not the fust attempt to look
at large areas of Alaska's marme ecosystems from
a broader perspechve The E>.>.on Valdez Oil Spill
Restorahon Program, as well as a number of other
programs, prOVIdes valuable gmdance ThIS

sechon bnefly descnbes some of these programs and thel! relevance to the
development of GEM

(
I,

1 6 1 Alaska Regional Marine Research Plan (1993)

The Alaska ReglOnal Manne Reseal ch Plan (ARMRP) (1993) IS a marme SClence
plannmg document WIth a broad geographIc scope that was prepared under the
US RegIOnal Marme Research Act of 1991 ARMRP goals express the sClenhflc
needs of the Alaska region as of 1992 and are shil relevant to the GEM effort

Goals ofother major
programs are relevant

to the GEM effort

•

•

•

DIShngmsh between natural and human-mduced
changes m marme ecosystems of the Alaska region,

DIShngmsh between natural and human-mduced
changes m water quahty of the Alaska region,

Shmulate the development of a data gathermg and
sharmg system that will serve SClentISts m the region from government,
academIa, and the pnvate sector m dealmg WIth water quahty and
ecosystem health ISSUes, and

• PrOVIde a forum for enhancmg and mamtammg broad dIScuSSIOn among
the manne sClenhflc commumty on the most drrect and effechve way to
understand and address ISsues related to mamtammg the health of the
water quahty and ecosystem health ill the region

162 Bering Sea Ecosystem Research Plan (1998)

The Bermg Sea has reCeived conSIderable attenhon because of concern about
long-term dechnes ill populahons of hIgh-profile specIes such as kmg and tanner
crab, Steller sea hons, spectacled elders, Steller's elders, common murres, thlck-

JULY 2002 CHAPTER 1 7



GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

billed murres, and red-legged and black-legged kltb.wakes (DOl et al 1998b) The
GEM nussion IS consIStent WIth the VISIOn of the federal-state regulatory agenCIes
for the Bell11.g Sea Ecosystem Reseal ch Plan (DOl et al 1998a), wluch states "We
enVISIOn a produchve, ecolOgically dIverse Berrng Sea ecosystem that will prOVide
long-term, sustaIned benefIts to local commumhes and the nahon" The basIc
concepts of the GEM Program are also consIStent WIth the overarchmg hypotheses
of the Berrng Sea plan

1 6 3 GLOBEC (1991 to Present)

The SClenhfIc COmmIttee on Ocearuc Research (SCOR) and the
Intergovernmental Oceanograpluc COmmISSIOn (lOC) establIShed the Global Ocean
Ecosystem DynamICS (GLOBEC) program m late 1991 GLOBEC IS the core project
of the Internahonal Geosphere-BIOsphere Programme responsIble for
understandIng how global change will affect abundance, dIverSIty, and
produchVIty of marme populahons The program focuses on the regulatory control
of zooplankton dynamICS on the bIOmass of many fIsh and shellbsh

The GLOBEC ScIence Plan (U S GLOBEC 1997) descnbes an approach that uses
a combmahon of fIeld observahons and mode1mg to concentrate on the mIddle and
upper tropluc levels of the ecosystem The overarchmg concept IS that marrne and
terrestrIal ecosystems have close connechons among energy flow, chemIcal cyclmg,
and food web structure GEM momtormg achVIhes will be conSIStent WIth
GLOBEC concepts

164 SCientific Legacy of the Exxon Valdez 011 Spill (1989 to Present)

EcolOgical knowledge gamed m the years followmgthe 1989 E:t:ton Valdez Oil
Spill forms a substanhal porhon of the foundahon of the GEM Program In 1994
the Enon Valdez Oil Spill Restorahon Plan was adopted to gmde the development
and Implementahon of a comprehensIve, mterdIsCIplmary recovery and
rehabIhtahon program The recovery status of each affected resource IS based to
the extent pOSSIble on knowledge of the resource's role m the ecosystem The
sCIenhfIc legacy of the E:t:ton Valdez Oil Spill Trustee Council (Trustee Council)
creates the need to understand the causes of populahon trends m mdIVIdual
speCIes of plants and anImals through hIDe and the need to dlShnguISh human
Impacts from those of clImate and mterachons WIth related speCles

The studIes supported by the Trustee Council smce 1989 mclude more than
1,600 damage assessment studIes coshng more than $100 millIon, as well as
hundreds of restorahon studIes coshng apprOXImately $170 millIon These studIes
have resulted m more than 500 peer-revIewed sClenhfIc pubhcahons, mcludIng
numerous dlSsertahons and theses In addIhon, hundreds of peer-reViewed project
reports are available through the Alaska Resources LIbrary and Inforrnahon
SerVices (ARLIS) and state and umversity hbrary systems Many £mal reports are
available m electromc format through the Trustee Council offices or ARLIS A
current electromc bIbhography of scIenhfIc pubhcahons sponsored by the Trustee
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CouncllIS avaJ1able on Its web sIte (WWW o:tlspill state al US) or on request to the
Trustee COuncll (EVROTCB 2002) A lISt of Trustee COunCll proJects, as well as a
complete lISt of £mal and annual project reports, also IS available on the web sIte or
on request (EVROFAB 2002)

In addItIOn to much speafIc rnformauon on the effects of Oll on the plant and
anImal lIfe m the spill area, the studIes also provIde a wealth of ecolOgIcal
mformauon Most promment among the Trustee Counc:tl's StudIes are three
ecosystem-scale proJects, known by theIr acronyms SEA, NVP, and APEX

The Sound Ecosystem Assessment (SEA) IS the largest of the three studIes
Funded at $22 millIon for a seven-year penod SEA brought together a team of
SCIentISts from many dIfferent dlSClplmes to understand the bIOlOgIcal and phYSIcal
factors responSIble for producmg herrmg and salmon m PWS The data collected
durmg SEA are expected to forp:l the basIS of numencal models capable of
Slffiulatmg the oceanographIc processes that mfluence the surVIval and
producuVlty of Juvenile pmk salmon and hemng m PWS SEA has already
prOVIded new mSIghts mto the cnucal factors that mfluence fIShenes producuon,
mc1udmg ocean currents, nutnent levels, mIXmg of water masses, salmIty, and
temperatures These observauons have made It pOSSIble to model how phYSICal
factors mfluence producuon of plant and anImal plankton, prey, and predators m
the food web

The Nearshore Vertebrate Predator (NVP) project IS a SIX-year, $6 5 millIon
study of factors hmIhng recovery of two fISh-eahng speCIes, nver otters and pIgeon
guillemots, and two mvertebrate-eahng speCIes that mhablt nearshore areas,
harlequm ducks and sea otters The project looked at Oll exposure, as well as
natural factors such as food avaJ1ability, as potenual factors m the recovery of these
mdIcator specIes, and has contnbuted to mcreased understandmg of the lmkages
between terrestrIal and manne ecosystems

The Alaska Predator Ecosystem Expenment (APEX) IS an eIght-year,
$10 8 millIon study of ecolOgIcal relauons among seabIrds and theIr prey speCIes
The APEX project explored the cnucal connecuon between producuVlues of marme
bIrd populauons and forage fISh specIes, m an attempt to understand how WIde­
rangmg ecolOgIcal changes mIght be related to fluctuahng seabIrd populauons In
addIuon, analyzmg the food of manne bIrds shows promIse m provldmg
abundance eshmates for key fISh speCIes, such as sand lance and hemng

The followmg tOpICS also have been covered by other Trustee Councll-funded
studIes and the results are available m publIShed SCIentIfIc hterature

•

•

•

PhYSIcal and bIOlOgIcal oceanography,

Marme food web structure and dynamICS,

Predator-prey relauonshIps among bIrds, fISh, and mammals,
f
\ • The source and fate of carbon among SpecIes,
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•

•

•

•

Developmental changes m tropluc level WIthm specIes,

Marme growth and survIval of salmon,

Interhdal commuruty ecology, and

Early lIfe hIStOry and stock structure m herrmg

Many studIes have focused on key mdIVldual speCIes mJUIed by the oil spill,
mc1udmg prnl and sockeye salmon, cutthroat trout, Paooc herrmg, black
oystercatchers, nver otters, harbor seals, mussels, and kelp

One of the most extenSIve senes of smgle-speCIes mveshgahons IS the
$14 mIlhon SUIte of pInk salmon studIes These mc1ude mOllitonng the tOXIC effect
of oil, conduchng genehc studIes related to surVIval, and supplemenhng select
populahons Another extensIve senes of studIes was done on PacIfIc hernng
Roughly $6 mIlhon has been spent on the restorahon of PaofIc herrmg m addIhon
to the fundmg for the herrmg component of SEA Smce the crash of 1993, the
populahon has yet to reCruIt a lughly successful post-spill year-elass Current
mveshgahve strategIes are focused on the full range of causes of the crash, such as
dISease and ecolOgIcal factors, mc1udmg the effects of oceanographIc processes on

year-elass strength and adult dIStrIbuhon and understandmg stock structure

More than $6 mIlhon has been spent on the restorahon of marme mammals,
pnmarily harbor seals, a major source of subSIStence food m the dIet of Nahve
Alaskans m the northern GOA Harbor seal populahons were declmmg before the
spJ.1l, took a bIg lut at the hme of the spill event, and have conhnued to declme ever
smce, although the rate of dec1me seems to have slowed Food availability IS the
major focus of current research, because dISease and other factors have been ruled
out as causes

1 6 5 Trustee Council Commitment to Traditional Knowledge and
Commumty Involvement

From 1995 -2002, the Trustee CouncIl prOVIded almost $2 mIlhon to the
Chugach RegIonal Resources COmmISSIOn to facilitate the mvolvement of local
commuruhes m the oil spill restorahon program and Improve commurucahon
between spill area reSIdents, commuruty councils, regIonal orgamzahons, SCIentISts
and the mbal commuruty The facilitators and coordmators have been achve
parhCIpants m all the GEM plannmg workshops and meehngs ThIS project has
also funded the development of natural resource management plans m several
vIllages, wluch mbal representahves belIeve are a necessary step before
mcorporahng mbal concerns mto the GEM Program

ThIS long-term project (1995-2002) was desIgned to

• Increase meanmgful mvolvement of spill area commuruhes m the Trustee

COunCll restorahon efforts/ process,
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• ProvIde mformabon to commumbes regardmg data and sCIenbhc research
performed by the Trustee Council SCIence program,

• Improve commwllcabon of fmdmgs and results of restorabon efforts to
spill area reSIdents, village councl1s, and the appropnate regWhal
orgaruzabollS,

• Promote the mcluslOn of commwuty-based projects, as well as commumty
mvolvement m SCIence projects throughout the Me of the restorabon effort,

• Work WIth the formatIon of local natural resource management programs
that will focus on the stewardshIp and management of mJured resources
and lands, and

• Develop a means to compile and ubhze western SCIence and tradibonal
WISdom m a cooperabve manner to further the restorabon process m ways
that are sensIbve to the needs of the commumbes

The Chugach RegIOnal Resources COmmISSIOn coordmated thIS project by
employmg commumty faClhtators m ten commumbes, and a spill area-WIde
commumty mvolvement coordmator who facilitated commumcabon between the
commumbes, the Trustee Council, and SCIentIsts

Also Slllce 1995, the Trustee Council has funded Youth Area Watch programs
through the Chugach School DIStnCt and KodIak Island Borough School DIStnCt
These programs mvolve youth from local spill area commumbes m the SCIence
behmd the restorabon effort As of 2002, 168 students have partICIpated m the
Prmce Wilham Sound and KodIak programs WIth students parbCIpatmg m such
projects as harbor seal bIOsamplmg, seabIrd mOillltonng, collecbon oceanographIc
data on CruISes, and analyZIng cheilllcals found m mtemdal mussels

In 1994 the Trustee Council receIved Its frrst call from a commumty reSIdent to
mcorporate Trambonal EcolOgical Knowledge (TEl<) of spill area reSIdents mto the
restorabon program Two years later, the Trustee Counal's 1996 annual restorabon
workshop had TEK as Its theme, and led to a set of protocols for mcorporabng TEK
mto restorabon projects developed by a cOillilllttee of Alaska Nabves and others
and approved later that year by the Trustee Council The Trustee Council has
prOVIded funds each year smce 1995 toward the goal of mcorporabng TEK mto the
restorabon program Efforts have mc1uded

• Developmg a TEK handbook and reference gmde for bIOlogISts
documentmg the sources of TEK m the spill area and mcorporabng It mto a
western SCIence approach

• ProVldmg funds for Chugach Regional Resource COillilllSSIOn (CRRC) to
contract WIth TEK expert Henry Huntmgton for seven years He has
worked drrectly WIth Alaska Nabve elders and hunters as well as SCIentIsts
to bndge the gap between these two dIfferent approaches to understandmg
the natural world A result of thIS process IS that several EVOS projects
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mcorporate TEK drrectly mto theIr data sets and results, mcludmg projects
on commumty natural resource management, fIsh and seabIrd studIes, and
a senes of ftlms about Alutnq culture (see examples below)

Conductmg two workshops to develop tnbal management programs and
brmgmg several sClenbsts to spill area commumhes to share mformahon

Examples of projects mcorporatmg TEK as a result of Trustee Counol efforts
mclude

• SClenbst Jody Seltz conducted an extenSlve project mvolvmg TEK
Researchers mtervlewed thrrty-nme spill area commumty members to
document the illstoncal dlStnbuhon of forage fIsh such as Juvenile herrmg,
sand lance, capehn, and eulachon ThlS mformahon was mapped and
prOVIded to the APEX and SEA researchers The results were extremely
valuable because they could not have been obtamed from other mstoncal
sources or from current data collechon efforts

•

•

•

SClenbst Dan Rosenberg sohClted local parhClpahon from commumhes and
conveyed results of ills research on surf scoters, an lIDpOrtant subSlStence
resource The project Idea came from local commumhes Rosenberg
worked wIth commumty members throughout all stages of the proJect,
from project deSlgn to wntmg the £mal report

The Trustee Councll prOVIded fundmg support to the Alaska Nahve
Harbor Seal COmmlSslOn, whIch uses Alaska Nahve hunters to conduct
blOsamphng of harbor seal bssues usmg lab-approved techmques In 1999,
the COmmlSSlOn reached an agreement WIth the Nahonal Marme FlShenes
SerVlce to co-manage harbor seal populahons

Three Vldeos have been produced WIth Trustee Councll funds to prOVIde
the pubhc mformahon about TEK and concerns about subslStence use after
the oll spill The frrst two, Alutnq Plzde A Story ojSubszste1'lce and Cha1'lgmg
Tzdes m Tahtlek descnbe subslStence methods, mte!Vlew Alaska Nahve
people who expenenced the spill frrst hand, show actual subslStence hunts,
and illustrate the lIDportance of subslStence m Alutnq culture The thIrd
documents the commumhes of Chenega Bay and Ouzm.k1e m relahon to the
effects of the oll spill, reSIdual oll m the spill reglOn, and concerns about
paralyhc she1l.fJ.sh pOlSonmg toxms, natural toxms found m clams harvested
for food These Vldeos were dlStnbuted at no charge to all schools m
Alaska VIa theIr school dlStncts, all spill area tnbal counals, and any other
hbrary or school m the U S upon request

The Trustee Councllfunded Elders/Youth Conferences m 1995 and 1998 that
brought together Alaska Nahve elders, youth, other subSlStence users, sclenbsts,
and managers to share Ideas about subslStence lSsues and facilitate commumty
mvolvement The Trustee Counol paid for four people from each of twenty spill
area commumhes to attend each conference Partlapants shared stones, VOIced
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frustrahon, and asked soenhsts queshons about subsIStence ISsues They also
developed Ideas for youth to get more mvolved through spmt camps, mternslups,
and educahonal opportumhes These workshops faohtated collaborahon between
commumhes of the spill area, wlule concerns and Ideas generated at the conference
were reported to the Trustee Council

AddIhonal details on the Trustee Council's tnbal and commumty mvolvement
efforts are mc1uded m a report m Appencbx C
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2. CONCEPTUAL FOUNDATION AND CENTRAL
HYPOTHESIS

In Tlus Chapter

~ Conceptual Foundahon

~ Central HypotheSIS

~ HabItat Types and TlIDe-Space Scales

~ Central HypotheSIS by HabItat Type

Introduction to
the GEM
Conceptual
Foundation

2.1
The mtellectual framework of the GEM Program
IS a luerarchy composed of a conceptual
foundahon, central hypothesIS, habItat-speaf1c
hypotheses, research queshons, and ulhmately,
testable hypotheses based on the speaf1c
queshons (FIgure 21) Four habItat-speaf1c
hypotheses, based on the central hypotheSIS,

form the core of the GEM momtormg plan The conceptual foundahon prOVIdes an
overarchmg explanahon, or verbal model, of how the Gulf of Alaska (GOA)
ecosystems produce bIOlOgIcal resources As such, the conceptual foundahon IS not
Itself a testable hypothesIS on the sources of change m ecosystems, but rather, the
ongm of hypotheses, both general and testable HabItat-specIfIc hypotheses are
based on assumphons about how natural and anthropogemc factors mfluence
ecosystem funchonmg Wlthm each of the habItat types, recogruzmg that dllferent
factors may be lIDpOrtant m dllferent habItats ThIS chapter presents the narrahve
of the GEM conceptual foundahon for the GOA, addresses cross-habItat
connechons and regIonal vanablhty, and adapts the narrahve of the conceptual
foundahon to descnbe the four habItat types used by GEM

2.1.1 The GOA at a Glance

The conceptual foundatJon
focuses on how the martne

ecosystem In the GOA works

(

The conceptual foundahon for the GOA ecosystem explaIns how Its plant and
anIIDa1 populahons are controlled through hIDe A broad, mterdlSClphnary
conceptual foundahon serves as a fleXlble framework
for determInmg the type of momtonng and research
achVIhes that will be undertaken ill lIDplemenhng the
GEM Program The conceptual foundahon IS the
product of syntheses of the latest scIentIfJ.c mformahon
and an assessment of leadmg ecolOgIcal hypotheses It
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encapsulates the Trustee Council's understanding of how the GOA operates as an
ecological system and how its biological resources, including highly valued
populations of animals, are regulated.

GEM MISSION AND GOALS

.................................:.:.:.:.:.:.:.:.................. :::::: ::;,:.,
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Figure 2.1. Overview of the GEM Program structure showing the relation of key concepts to the habitat
types, implementation tools, and the schedule of implementation.

Specific citations to the scientific literature are omitted for the sake of brevity,
however these may be found in the scientific synthesis of Chapter 7. Taking the
watersheds and marine areas of the GOA together at a single glance, the
importance of key geological features in shaping the natural physical and biological
forces that control productivity is apparent (Figure 2.2). Note that features
illustrated in Figure 2.2 are printed in bold in the following text. Natural forces are
shaped by the surface topography of the Gulf. Storm tracks moving across the
North Pacific from west to east can drive Aleutian Low Pressure Systems
(Aleutian Low) deep into the GOA until the encounter with boundary mountains
causes the release of precipitation and airborne contaminants. Freshwater runoff
strengthens the Alaska Coastal Current (ACC) even as it brings airborne and
terrestrial pollutants into the watersheds and food webs.

Natural forces that control biological productivity are also shaped by the
submarine topography (bathymetry) of the continental shelf. Deep waters upwell
across the continental shelf break, subsequently being carried across the photic
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Figure 2.2 The physical and biological elements of the ecosystems of the northern GOA from the mountains
surrounding the watersheds to the oceanic waters offshore.
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boundary mto areas of photosynthehc achVlty by the mohon of surface
currents, (Alaska Coastal Current, ACe, Alaska Current, AC), lunar forcmg, the
mohon of the earth, and hdal nuxmg These deep waters carry old carbon and
nutrIents up mto the food webs of the shelf and onshore areas Where the deep
waters encounter ISlands, seamounts and sills, the resulbng currents may deform
the boundanes of the frontal zones of the ACC (mId-shelf front) and AC (shelf­
break front), creabng eddies that entram plankton and other plants and ammals
for long penods of hme

Natural phYSICal forces control produchvity by hmIbng the amount of food and
availability of habItats Durmg the wmter especIally, the Aleuhan Low produces
wmd-dnven transport of surface marme waters (Ekman transport), brmgmg water
onshore Movement of water onshore creates downwellmg that takes plankton
and assocIated nutrIents out of the phohc zone On the other hand, the wmd may
act to hold the nutrIents dISsolved m water and held m detrItus m the phohc zone
m some areas, because wmd also produces turbulence that nuxes the surface
water Turbulent nuxmg causes nutrIents to be retamed ill surface waters, and
retenhon illcreases produchon of phytoplankton, the base of the food web ill
surface waters Produchon of zooplankton, secondary produchvIty, IS the trophIc
connechon (lmkage) of phytoplankton to produchon of forage fIsh, whIch ill turn

lmks pnmary produchVlty to seabIrds, large fISh, manne mammals, and benthic
and mterhdal communlhes

The bIOgeochemIcal cycle IS an Important collechon of natural bIOlOgical and
phYSICal processes controllmg the produchvIhes of both marme and terrestrIal
envuonments The mecharusms that move carbon from the surface to the deep
waters, are known collechvely as the carbon pump Atmosphenc carbon moves
mto seawater as carbon dIOXIde to be illcorporated by phytoplankton durmg
photosynthesIS Carbon also enters the sea as carbonates leached from the land by
freshwater runoff, as plant debrIS, and as other bIOlOgical mput, such as
lffiffilgrahons of salmon (salmon fry) and other anadromous speCIes Carbon
moves to benthIc commumhes and to deep water as detrItus and emIgrant anImals
(overwmtermg copepods and mIgrahng fIsh such as myctophIds) EmIgrant
anImals (adult salmon and other anadromous speCIes) also move manne carbon
(and phosphorous and rntrogen) mto the watersheds

As illustrated by the mterachons of bIOlOgical and phYSICal components of the
bIOgeochemIcal cycle, natural bIOlOgical forces modIfy the effects of natural
phYSICal forces on buds, fIsh, and mammals Because of bIOlOgical-physIcal
mterachons, natural phYSICal forces that cause changes m pnmary productiVity do
not necessanly cause propomonal changes m populahons of buds, fIsh, mammals,
and benthIC anImals For example, the effects of phYSICal forces on the amount of
food available from prImary produchvity are modIfIed through other natural
forces, such as predahon and compehhon among mdIVlduals, collechvely known
as the trophiC hnkages Populahons that respond strongly to phYSICal forcmg of
prImary produchVlty on approXImately the same hme scales are termed"strongly
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coupled," and those that exlubIt vanable responses are termed "wealJy coupled"
WIth respect to those phYSIcal varIables Note that phYSICal forcmg changes not
only the food available from pnmary produchvIty, but also the extent of habItats
avaIlable for reproduchon and feedmg

Human achons also serve to change the ways m whIch populahons of plants
and ammals respond to the natural phySIcal forces that affect the responses of
reproduchon, growth, and surVIVal through hmIhng food and habItat Human
achons such as water wIthdrawals, sewage dIscharge, and development of coastal
commumhes change produchvIty by altermg habItat availability and trophIc
lmlages The economy of Alaska depends heavIly on extractIOn of natural
resources (pnmarIly oIl, fISh, and shellfIsh followed by hmber and mmerals)
FIShmg and other extrachve uses (subSIStence, sport, commercIal) affect death
rates through removals Other forms of human achon are more subtle, but no less
effechve, controls on produchvIty In the Northern Gulf of Alaska, recreahon and
tounsm, 011 and gas development, loggmg, road bmldmg and urbaruzahon, marme
transportahon and subSIStence harvests are all achVlhes that have the potenhal to
affect fISh and wIldlIfe populahons and habItat Recreahon and tounsm may alter
growth and reproduchon by dIsturbmg rookenes and mtroducmg pollutants
CommercIal manne transport may alter produchvIty by mtroducmg pollutants (011
spIlls) and noxIOUS exohc specIes as compehtors and predators Currently, the
human Impact on Alaska's manne ecosystems IS relahvely small compared to
Impacts m most of the developed world Even here, however, natural resource

I

managers have concerns about localIzed polluhon, the potenhalImpacts of some
fIShenes, extreme changes m some fISh and wIldlIfe populahons, and the httle
known Impacts of contammants and global warmmg

In summary, FIgure 2 2 shows that the GOA and Its watersheds are part of a
larger oceamc ecosystem m whIch natural phYSICal forces such as currents,
upwellmg, downwellmg, preopItahon and runoff, achng over large and small
dIstances, play Important roles m determmmg baSIC bIOlOgIcal produchVlty
Natural phySIcal forces respond pnmarIly to seasonal shIfts m the weather, and m
parhcular to long-term changes m the mtensIty and locahon of the Aleuhan Low m
wmter Increased upwellmg offshore appears to mcrease mputs of nutnents to
surface waters, whIch mcreases produchvIty of plankton Increased wmds appear
to mcrease the transport of zooplankton shoreward toward and past the shelf­
break How often and how much offshore zooplankton sources contnbute to
coastal food webs depends on natural phySIcal and bIOlOgIcal forces such as
predahon, ffilgrahon, currents and structure of the fronts, formahon and stability of
eddIes, degree and extent of turbulence, and responses of plankton to short and
long-term changes m temperature and salmIty

A WIde range of human Impacts mteracts WIth natural bIOlOgIcal and phYSIcal
forces to change produchVlty and commuruty structure m the GOA
ApproxImately 71,000 full-hme reSIdents hve wIthm the area drrectly affected by
the 011 spill and two to three hmes that number use the area seasonally for work
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and recreahon The spill area populahon, combmed WIth that of the nearby
populahon centers of Anchorage and Wasilla, totals more than 60percent of the
state's 627,000 permanent resIdents When the resIdent populahon IS combmed
WIth the more than one milllon tOurISts who VlSlt the state each year, It becomes
clear that the natural resources of the GOA cannot be 1illillune to the pressures
assocIated WIth human uses and achVlhes Human achVlhes have the most drrect
and obVlous lillpacts at those SItes m watersheds and mterhdal areas where human
populahons are mgh Nonetheless, some human achVIhes affect populahons of
buds, fISh, shellhsh, and mammals far offshore, and also have lillpacts far from the
SItes of the achons In short, human achVlhes and natural forces together act over
global to local scales to dnve and shape marme and terrestrIal hfe m the GOA and
Its trIbutary watersheds

Because of the tremendous uncertamty about sources of long-term changes, the
conceptual foundahon does not prOVIde a specIfIc model (testable hypotheSIS) for
ecosystem change Rather, the GEM conceptual foundahon IS deSIgned to be broad
enough to serve as a tool to orgaruze thmkmg and research over long hIDe penods,
to encompass ecosystem mterconnechons, and to lml mformahon from tramhonal
knowledge and screnhflC dlScIplmes It takes mto account both ocearuc and
terrestnal ecosystems and addresses the mfluence of c1lID.ate and human achVlty m
mfluencmg bIOlOgical produchVlty Withm these mterconnected systems By usmg
thIS broad, screnhflca1ly grounded conceptual foundahon, the GEM Program will
be able to adapt to changes m understandmg ecosystem processes WIthout havmg
to sacnfIce long-term research and momtormg goals (NRC 2002)

The GEM Program will, however, need to develop specmc testable hypotheses,
as denved from a generaL or central hypothesIS, m order to lillplement the
momtormg and research program As a start on a central hypotheSIS, consIder the
one proVlded by the Nahonal Research Council (NRC 2002, P 27), as follows,

The Gulf ofAlaska, tts surrOlmdmg watersheds, and lutman populattolts
are an mterconnected set ofecosystems that must be studted and
nlOmtored as an mtegrated whole Wtthm thts mterC01l1zected set, at
ame scales ofyears to decades, cltmate and lulman tmpacts are the two
most tmportant dnvmgforces m deternltlltng pnmanJ productlon and tts
transfer to upper trophtc-level orgamsms ofconcem to humans

The NRC summary IdenhfIes c1lID.ate and human lillpacts as the two most
lillportant determmants of bIOlOgical produchon, among the many forcrng factors
recogruzed as sIgmfIcant m the conceptual foundahon Nonetheless, the bIOlOgical
commumhes that support the buds, fISh and mammals are subject to a varIety of
bIOlOgical and phYSICal agents and factors of change, anyone of wluch can at hIDes
play an lillpOrtant, and even dommant, role m controllmg populahons of buds,
fISh, shellhsh and mammals A formal statement of the central hypothesIS that
starts WIth and consIders the full SUIte of forcmg factors IS needed to allow research
and momtonng to IdentIfy the most lillpOrtant forcmg factors for speCIes and
habItats of the GEM region
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The Central
HypotheSIS and
Habitat Types

2.2
Idenbfymg the forcmg factors, human and
natural, that dnve bIOlogtcal producnon reqUITes
frammg hypotheses and questlons that pomt the
way for a scIenb.fIc momtormg and research
program The central hypotheSIS formally states

WIdely held belIefs about what dnves changes m hvmg manne-related resources m
tlme and space

(

I

\

NaUlral forces and lUlman acnvthes workmg overglobal to local
scales brmg about short tenll and long lasttng changes m the
bwlogtcal C011l11Ulmhes that support btrds, fish, shellfish and
mammals Natural forces and lUlman acttVtttes bnng about dtange
btJ altenng relattonshtps among definmg dtaractensttcs ofhabttats
and ecoSlJstems Sllch as heat and salt dtstnbuhon, msolahon,
bwlogtcal e1tergy flow, freshwater flow, bwgeoc1wmcal cycles,
food web stnlcture, fishery tmpacts, and polbltant levels

Although WIdely accepted as fact, the specmc mechanISmS that cause change
are largely untested m the GEM regton, and the relatlve Importance of the forcmg
factors IS unknown Current speculatlons, supported by hmIted observatlons, are
that forcmg by wmds, precrpitatlon, predatlon, currents, natural competltors for
food and habItat, fIshenes, and pollutants change hvmg marme-related resources
over chfferent scales of tlme and space through alteratlon of cnncal propertles of
habItats and ecosystems (FIgures 2 3 and 24)

determinants

of habitat
availability

Atmospheric
and ocean

condrtlons

Figure 2 3 POSSible connections among speCific mechanisms and agents of change In liVing manne-related
resources

Although the central hypothesIS may appear to be a bland statement of the
ObVIOUS, It IS an essentlal mst step m applymg the sClenb.fIc method to address the
many open, and sometlmes hIghly contentlous, sClenb.fIc questlons about whether,
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and to what extent, human achVlhes are responsIble for degradahon of habItats
and declmes m populahons of arumals The central hypothesIS states what IS
thought to be known m general, preparmg the way for queshons that test the
vahdIty of thIS knowledge For example It IS reasonable to ask of the central
hypothesIS, "What are the natural forces and are they equally Important m all types
of habItat?" Cnhcally exammmg the starhng pomt through posmg and answenng
queshons, IS mtended to pomt out the need for more spec1flc hypotheses, whIch m
tum lead to more spec1flc queshons, and so forth

The marine ecosystem m the northern Gulf of Alaska (GOA) depends on the
nature of connections between heat and salt distribution msolatlon bIOlogical
enery flow biogeochemical cyclmg and food web structure Natural changes
and human activities brmg about changes m the populations of birds fish
shellfish and mammals by altermg these connections

Fish
populations

Shellfish
populations

Figure 24 Relatrons among major parts of the GEM conceptual foundation

The central hypothesIS IS given more speaficity through adaptahon to habItat
types m the followmg sechon Before addmg spec1flClty to the central hypotheSIS,
the habItat types need defImhon, and the context of conducnng studIes at b.me­

space scales appropnate to the phenomenon needs to be provIded

To better orgamze the GEM Program, four habItat types, representahve of the
GEM region, have been Idenb.f1ed as themes around wmch the mterd1scIplmary
momtonng and research achvIhes that address GEM's central hypotheSIS will be
orgaruzed These habItat types are watersheds, the mterhdal and subhdal areas,
the ACe, and the offshore areas (the conhnental shelf break and the Alaska Gyre)
These habItats were selected after evaluahng mformahon about how natural forces
and human achVlhes control bIOlOgical produchvity m the northern GOA
(Chapters 6 and 7) The habItats are composed of Idenb.f1able, although not ngId,
collechons of characterIShc mIcrohabItats, reSIdent and mIgratory speCIes, and
phYSICal features The phYSIcallocahons are descnbed below

• Watersheds - freshwater and terrestrIal habItats from the mountams to the
extent of a nver's plume
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• Intertidal and subtidal areas - brackish and salt-water coastal habitats that
extend offshore to the 20-m depth contour.

• ACC - a swift coastal current of lower salinities (25 to 31 psu) typically
found within 35 km of the shore.

• Offshore - the continental shelf break (between the 200-m and 1,OOO-m
depth contours) and the Alaska Gyre in waters outside the 1,OOO-m depth
contour.

The decision to use habitats as a mechanism for sh'atifying funding and
allocating resources will require the GEM Program to ensure that cross-habitat
processes and transfers are not forgotten or ignored. Having an appreciation for
the scales of time and space over which the processes responsible for biological
production occur is essential for designing monitoring and research intended to
detect and understand changes in the ecosystem (Figure 2.5). To understand the
composition and extent of ecosystems, it is necessary to ask and answer questions
about the distances and time associated with the variation in the biological and
physical phenomena. As stated eloquently by Ricklefs (1990, p. 169), "Every
phenomenon, regardless of its scale in space and time, includes finer scale
processes and patterns and is embedded in a matrix of processes and patterns
having larger dimensions." Indeed, spatial and temporal scales are part of the
definitions of physical and biological processes such as advection and growth.
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Figure 2.5 Scales of time and space corresponding to key elements and processes in ecosystems
of the GOA. Illustration provided by John Piatt.
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Talmg account of spahal and temporal scales IS cnhcal to studymg lmlages
between natural forces and bIOlogIcal responses (FrancIS et al 1998)

Cross-habItat lmlages and processes will be mcorporated mto the GEM
Program In several ways that will be descnbed In more detaIl m later chapters The
pnmary mechanlSIDs for ensunng they are addressed will be through ongoIng
synthesIS of research results and oversIght by the SCIenhhc and TechnIcal AdvISOry
COmmIttee It IS also expected that modelmg efforts will be regIOnal m focus rather
than habItat specIfIc

2 2 1 Central Hypothesis by Habitat Type

The central hypothesIS IS adapted to each habItat type

Watersheds

Naulral forces (such as clmlate) alld hunum achvthes (such as
habttat degradauoll alld ftsh1.1lg) serve as dtstallt alld local factors
1.1l caUS1.1lg short-term alld 10llg-lasullg challges 1.1l manlle-related
bl.Ologtcal promlCUOIl1.1l watersheds

IntertIdal and Subhdal

Nautral forces (such as currellts alld predauoll) alld humall
achvthes (such as 1.1lcreased urbamzauoll alld localtzed polbtuoll)
serve as dtstallt alld local factors, til caustllg short-term alld 101lg­
laSUllg challges til comnutmty stmcblre alld dYllanl1.cs of the
tIlterttdal alld subttdal habttats

Alaska Coastal Current (ACQ

Naulral forces (such as vanabtltty til the strellgth, strttcblre alld
dynamtcs of the ACC) alld human achvthes (such as ftslung and
polbtuon) cause local and dtstallt changes til productl.On of
phytoplallkton, zooplallkton, btrds, ftsh, alld mammals

Offshore

Nautral forces (such as challges til the strength of tIre Alaska
Current alld Alaskan Stream, nl1.xed layer depth of the gyre, wmd
stress and doumwell1.1lg) and IUlman achvtues (such as polbluon)
play stgmftcant roles til determtllmg promlchon ofcarboll and tts
shoreward transport

As noted above, these hypotheses can be used as a general gmde to momtonng
and research, but they need to be further refrned Into queshons whIch Idenhfy a
core set of measurements for lIDplementahon of long-tenn momtonng and
research In Chapter 4 the habItat-type hypotheses are exammed through specIfIc
queshons that lead to prebmmary recommendahons on what mformahon needs to
be gathered, as a startIng POInt for the GEM Program BaSIC defrnIhons of the tools
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for ImplementIng the program, as provIded m Chapter 3, are needed before
launchmg mto the detaIls of Implementahon found m Chapter 4

Before movmg on to the defmIhon of Implementahon tools, It should be noted
that mformahon for developmg these specIfIc queshons mto a momtormg and
research program comes from many sources, mcludmg analySIS of ongomg and
eXIStIng research results, evaluahon of agency momtormg programs and achV1hes,
and mput from a vanety of mterest groups mcludmg SCIentIsts, resource managers
and the commumhes Over the long-term one of the most valuable resources for
Idenhfymg research queshons may be the legacy of scIentI.fJ.c mformahon and
results from commumty mvolvement projects from the E:t:wn Valdez Oil Spill
Restorahon Program The followmg chapter descnbes the process by whIch gap
analySIS, synthesIS, and research are used to Implement the GEM Program and
guIde selechon of VarIables for long-term momtormg Chapter 4 mtroduces
potenhal research queshons that may be used to begm development of the GEM
SCIence Plan
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I 3. TOOLS AND STRATEGIES

In This Chapter

~ Tools Gap AnalySIS, SynthesIS, Research, Momtormg, Modehng and Data
Management

~ Strategtes Commumty Involvement and Tradihonal Knowledge, and Resource
Management ApplIcability

The hypotheses presented m Chapter 2 are refmed
3.1 Introduction mto a serres of lllihal research queshons through

the use of gap analySIS, syntheSIS and research, as
supported by modehng and data management These tools also will be used to
conhnually refme and lffiplement GEM's long-term core momtonng program To
further develop the program, the Trustee Councrl will use two major strategtes
mcorporahon of commumty mvolvement and tradlhonal knowledge, and potenhal
for resource management applIcability (FIgure 3 1)

STRATECIC
INFORMATiON

AdvIce
"Pubkl;
"Sclanhfk
-TEl<

RESOURCE
MANAGEMENT
"S:t~A~l'lCle}

·Federol~

·Ulu~dW$

.. 01h« MMI'le
SCl~oo

Pf09l'On1~

Figure 3 1 GEM Structure

MISSION 8. COALS

CONCEPTUAL FOUNDATION

ctNTRALHVPOTHE~S&
QUESTION BY HABITAT TYPE

CAP ANALV$tSlSYNTHE515/ffi:Si:ARCH1
MODELINC/DATA MANACEMENT

CORE &. PARTNERSHIP MONITORING EFFORTS

ThIS chapter defmes and dIscusses these tools and strategtes and explams how
each will be used to lffiplement the GEM Program
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Research queshons emerge from a considerahon
3.2 Program Tools of the central hypothesIS and the hypotheses for

each habItat presented m the prevIOUS chapter
Potenhal research questIOns and the mformahon necessary to answer them are
presented m Chapter 4 The recommendahons on the mformahon needed were
developed through a process of 1/gap analysIS," as defmed m the followmg sechon
and as supported by mformahon m AppendIx D From the starhng pomt of
prehmmary queshons and the mformahon needed to answer them (Chapter 4), the
GEM Program IS mtended to follow a path of syntheSIS, research, and morutonng
to detect, understand, and, eventually, predIct changes m hvrng manne-related
resources of the northern Gulf of Alaska (GOA) Modehng and data management
are cnhcal elements m evaluahng and managmg the GEM long-term research
program, and will closely support synthesIS and research achVIhes

3 2 1 Gap AnalySIS

In the process of starhng the GEM Program, key hypotheses about how the
GOA ecosystem funchons were evaluated and refmed mto a set of potenhal
queshons for each of the pnmary habItat types m the GOA (Chapter 4) The major
mformahon gathermg programs m the North PacIfIc (AppendIX D) were reVIewed
to Idenhfy where they are collechng data that could be used to answer the
queshons, and where there were gaps m the mformahon that would need to be
filled by future research ThIs ongomg IdenhfIcahon of mformahon needs, or gap
analysIS, IS an Important part of the process of Idenhfymg the startmg pomts for
momtormg and research, for aVOldmg duphcahng the efforts of others, and for
conhnumg to refme the program as It progresses ThIs analySIS will conhnue
durmg Implementahon of the GEM Program, WIth 1illhal general queshons bemg
replaced by mcreasmgly specIfIc queshons as knowledge about the ecosystem
mcreases

It IS Important to have a clear understandmg of how the nature of the queshon
determmes the nature and outcome of the gap analysIS The gap analySIS has four
essenhal parts a queshon, IdenhfIcahon of mformahon necessary to answer the
queshon, a survey of relevant available mformahon, and IdenhfIcahon of gaps m
the avaIlable mformahon

The frrst part, the quesnon, IS fundamental to the gap analysIS and defmes the
survey of all relevant mformahon needed to answer It A general quesnon calls for
a general gap analySIS, and a more detaIled queshon calls for a more detailed gap
analySIS The gap analySIS seeks to Idenhfy what mformahon IS currently bemg
collected that could help answer the queshon and what mformahon, for whIch no
data are bemg collected currently, IS needed to answer the queshon The data gaps
become the pnonhes for focusmg research and morutormg achVIhes

A conhnumg gap analysIS, supported by a regularly updated database of
current and hIstoncal mformanon-gathermg projects m the GOA and adjacent
areas, IS essenhal to Implemenhng the GEM Program ThIs analySIS will be

28 CHAPTER 3 JULY 2002



r
{

GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

performed by the staff and researchers and will be key to fmdmg new partners for
momtonng achVlhes, Idenhfymg new opporturuhes for research and synthesIS, and
proVldmg mcreased opporturuhes for collaborahon, WIthout nskmg duphcahon of
effort or the possIbility of failing to obtam needed data In the short term, thIS
database will provIde mformahon needed to select core momtormg vanables and
locahons In the longer term, the supportmg database will become a valuable tool
for resource managers, pohcy makers, other SCIentISts, stakeholders, and the
general pubhc As the GEM Program moves from the general hypotheses about
what controls and connects bIOlOgIcal produchon WIthIn and between habItats, and
toward speafIc queshons and testable hypotheses, the gap analysIS will become
hIgWy specmc

3 2 2 SynthesiS

A second starhng pomt for developmg the GEM Program IS synthesIS, because
all good SCIence ulbmately mvolves synthesIS In the words of bIOlOgISt E 0
WIlson (1998)

We a1 e dl ownmg m mjOJ11latlon wlule starvmgJOJ wzsd011l TIre wOlld
hencejOJ th WIll be mn hIj Sljntlreslze1 5, people able to put togetlw the llght
mjOJ11latlon, tlunk oltlcally about It, and make l1npOJ tant chmces 7.VlSely

SynthesIS bUIlds on and updates the current understandmg of the northern
GOA It bnngs together eXIShng data from any number of dIscIphnes, bmes, and
regIons to evaluate dIfferent aspects of the GEM Program's conceptual foundahon,
central hypotheses, and related Ideas SyntheSIS has three broad uses Frrst, It IS
used to prOVIde drrechon for developmg hypotheses to be tested and, combmed
WIth research and momtonng, to update and refme the program structure and
Implementahon plan In tIns respect, synthesIS IS an ongomg evaluahve process
throughout the lIfe of the GEM Program that will help to ensure that the program IS
meehng Its goals and obJechves Second, sypthesIS IS used as a tool to mform,
stakeholders and the pubhc about the developmg understandmg of the factors
responsIble for change m the manne enVIronment Some of the most Important
syntheSIZers of GEM momtonng and research will be the pubhc SynthesIS will be
useful m workshops, meehngs, pubhcahons, and other methods for
commumcahng mformahon to the pubhc And thrrd, synthesIS IS used to help
solve resource management problems, by Idenhfymg new apphcahons of eXIShng~

mformahon or by Idenhfymg opporturuhes to solve eXlShng problems by collechng
new mformahon SyntheSIS IS a lOgIcal place to begm the cycle of momtonng and
research, but once used to 1illhate a project or component, It becomes a compamon
to momtonng and research and an ongomg part of the overall program

For the purposes of the GEM Program, syntheSIS IS dlShngUlshed from research
and from retrospechve analySIS, a form of research Unbke research, synthesIS does
not necessanly start from a specillc hypothesIS or queshon Instead, syntheSIS takes
an mterdIscIphnary approach to evaluahng eXlShng mformahon or data to Idenhfy
potenhal new apphcahons and uses As such, syntheSIS IS a cnhca1 component m

JULY 2002 CHAPTER 3 29



----------

GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

ensurmg that cross-dJsClplmary and cross-habItat lmkages and processes are
adequately cOTISldered durmg research and morutormg SyntheSls may be
supported by vanous forms of retrospechve analyslS (dlScussed below)

323 Research

Research 15 defmed under GEM as collectmg relahvely short hme senes of new
observahons to evaluate a testable hypotheSlS relatmg to the conceptual foundauon
or a specmc aspect of the morutonng program In the early stages of GEM Program
lillplementahon, research will be cnhcal m helpmg to Idenhfy the core varIables
around whIch the long-term morutormg achvIhes will be developed For example,
when syntheslS, modelmg, or other analyslS mmcates the need for measurmg a core
vanable, research may be necessary to understand how to gather the data m a
specmc loca1lty and/ or to determme and evaluate the appropnate measurement
technology Research may build on or use eXIstmg data and may also build
models Testmg current understandJngs through research provIdes the baslS for
makmg changes to the morutonng program

Reb Dspechve an.alysls 15 treated m the GEM Program as a specIahzed form of
research, somehmes used as an mtegral component of syntheslS, that employs
eXlStmg hme senes data to evaluate a testable hypotheslS or other queshons of
s1ffil1ar speaflClty relatmg to morutonng, often supported by statlShcal modelmg
Retrospechve analyslS contrIbutes to buildJng numencal models and to syntheslS

Research, m the form of pi Dcess shtdles, plays a Vltal role m movmg beyond the
correlahve relahonshIps that arlSe from the morutormg efforts to understand the
underlymg mecharusms controllmg blOlogIcal produchon both WIthm and across
habItat types Process stumes develop mformahon on the mechanlSffiS through
whIch energy and matter are transferred across varymg scales of hme and space
ThlS cnhcal deeper understandJng 15 essenhal to proVIde a framework and
substance for the numencal modelmg and syntheslS Large-scale process stumes
may encompass ecosystem-level processes occurrmg across mulhple trophIc levels,
water masses, and habItat types, whereas small-scale stumes may deal WIth
mecharusms as speClflc as the mgeshon rates of mmvIdual anlffials Processes such
as predahon, nutnent transport, and heat transfer are cnhcal to understandJng
changes m hvmg manne-related resources Process stumes support model
bul1dJng by defmmg relahonsmps among mmVlduals and speCIes and between
phenomena such as pnmary produchon and phYSICal forcmg Process stumes also
contnbute to other forms of research, such as retrospechve analySlS, and to
syntheslS

The short-term end pomt for GEM Program syntheslS and research 15

lillplementahon of core morutormg achvIhes that are refIned as suggested by new
mformahon The contmumg roles for syntheslS and research, as supported by
modelmg, are to advance understandmg of the relahonshIps among and WIthm the
habItat types of the ecosystems, plant and anlffial speCIes, phYSIcal and chemIcal
oceanographIc processes, and chmate m the northern GOA m accordance WIth the
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conceptual foundanon Conhnual refmement and teshng of hypotheses, synthesIS
across geographIc areas and speCIes, and modehng of bIOlogIcal and phYSICal
processes are expected As seen m FIgure 3 I, synthesIS IS expected to playa
dommant role m defmmg the momtormg program durmg the early years of the
program, wIth the relanve amount of revenues devoted to synthesIS declmmg as
long-term momtormg SItes are selected and Implemented SynthesIS will
nonetheless conhnue to be Important mdefImtely, as a means for understandmg
and Improvmg the flow mformanon produced by the momtormg programs

3 2 4 MOnltormg

As defmed for the purposes of the GEM Program, momtormg IS the acnon of
repeatedly collechng long-hme senes observanons At the level of data acqU1SInon,
momtormg dIffers from research prImanly m the length of hme over whIch the
measurements are taken, and the nature of methods and deVIces employed
Momtormg dIffers from research by employmg methods and deVIces that are "tned
and true," whereas research may use expenmental deVIces or novel methods to
acqurre data For example, observanons now consIdered momtormg, such as
satellite observanons of sea surface heIght, were once seen as novel research Such
satellite observanons remam m the research domam to some extent, as efforts to
refme the spanal resolunon of the avaIlable data conhnue

The declSlon on what and where to momtor IS based on the results of research
and syntheSIS to IdentIfy core varIables The development of long hme senes of
data IS essenhal to detechng and understandmg change m the ecosystem When
combmed WIth research and modehng, momtormg can demonstrate how
ecosystems change over hme and m response to vanous mputs As such, It
prOVIdes a sound sCIenb.hc basIS for makmg a vanety of management decISIOns
potenhally affechng ecosystem resources ApproprIate temporal and spahal scales
for the hypotheses bemg analyzed are Important aspects of detechng change, and,
are therefore, key consIderanons m the deSIgn of momtormg

Momtormg m the GEM Program will be organIZed mto core momtormg and
partnershIp momtormg Because of Its cnncal Importance to meehng the
program's goals and obJecnves, COl e monltonng based on a set of core vanables will
be fully supported by the GEM Program Pm tne1 s7up momt01 mg IS envlSloned to
extend the GEM core momtormg program by teammg WIth partners mvolved m
research that IS also relevant to the hypotheses that GEM will be teshng
PartnershIp momtormg will be partIally supported by leveragmg GEM resources
WIth the resources of the partner organIZanon

The end pomt for momtormg IS a geographIcally dIStrIbuted network gathermg
data on the state of the marme ecosystem m the GEM regIon, usmg spahally
structured survey methods ThIS Imphes a broad spanal scale for momtormg, as a
combmanon of GEM WIth that of other ennnes These data are transformed mto
mformanon for user groups by usmg synthesIS, research, modelmg, data
management, and mformanon transfer
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3.2.5 Modeling

Modeling is used to make the relationships between the parts and processes of
the ecosystem clear, and as such, serve as a critical element in making connections
between habitats and across disciplines. Models are tools for organizing data and
telling a story and can be written in a variety of media as verbal, visual, statistical,
or numerical models. In the GEM Program, the specific purposes of modeling are
to help accomplish the following:

• Inform, commwricate, and provide common problem definition;
• Identify core variables and relationships;
• Set priorities;
• Improve and develop experimental designs to attain monitoring objectives;

• Evaluate cross-habitat linkages and transfers; and

• Improve decision-making and risk assessment.
Modeling, monitoring, and data management strategies need to work in

concert for each to be fully effective (Figure 3.2). Modeling is a pivotal link
between monitoring and data management and information transfer on the one
hand, and synthesis and research on the other. Modeling feeds back information to
the monitoring program in the form of recommendations on how the monitoring
system can be made more effective. Modeling also helps interpret data for the use
of synthesis and research activities.

There are numerous synonyms for the types of models defined for the purposes
of the GEM Program. Verbal models are also known as "qualitative" and

End-ta-End Observing System

Figure 3.2 The End-to-End Observing System in which the monitoring observations are
linked by data management and information transfer to end users, including modeling,
synthesis, research, and management applications. (Adapted from Tom Malone [U.S.
GOOS steering Committee 2000])
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/I conceptual", stabshcal models are also known as /Icorrelahve" and /I stochashc",
and numencal models are also known as /I determnushc" and "mechamshc" Note
that /IpredIchon," /I SlIDulahon," and /IanalySIS" are not types of models, but uses of
models For example, the use of any land of stahshcal or numencal model to
reproduce the behaVIor of a process, such as populahon growth, IS known as a
slIDulahon All four types of models will be used m the GEM Program In the
near-term, however, models of bIOlOgIcal phenomena are expected to be mostly
verbal, vISUal, and stabshcal, whereas models of phYSICal and chelllical phenomena
are hlely to be pnmarily numencal, m addIhon to bemg verbal and stabshcal

The long-term modelmg end pomts for momtonng, syntheSIS, and research m
GEM are workIng bIOphysIcal models that male managers, pohcy malers, and
resource users aware of changes m natural resources, help them understand the
human and natural ongITIS of these changes, and gIve them some Idea of what to
expect m the future A detailed dIscuSSIOn of the defImhons and strategIes for
modelmg m the GEM Program IS prOVIded m Chapter 8

3 2 6 Data Management and Information Transfer

Data management and mformahon transfer are the processes of acqUlImg m
the fIeld, receIvmg m the offIce, formathng, and stonng data, proVIdmg qualIty
control and assurance, developmg and managmg databases, and makmg the data
understandable and available to users (See also Chapter 9) It mc1udes the
development of mformahon products based on mterpreted data and the dehvery of
these products, mc1udmg user mterfaces The ImmedIate objechve of data
management and mformahon transfer IS to ensure that the data collected by
projects under GEM are well documented, safely stored, and accesSIble to the
pubhc Withm a reasonable penod of ume after collechon An ongomg obJechve of
data management and mformahon transfer m the GEM Program IS to achIeve to the
greatest extent possIble the documentahon, storage and pubhc access for past data
acquued WIth Euon Valdez OIl Spill (EVOS) funds under the Natural Resource
Damage Assessment and Restorahon programs of the Trustee CouncIl

The long-term end pomt for GEM data management and mformahon transfer IS

a system that manages the rapId and effICIent flow of data and mformahon based
on core momtonng projects to end users, and that facilitates the flow of data and
mformahon between and among GEM partners and the user commumty

GEM data management IS a program support funchon mtended to accomplISh
the followmg-

• Support cross-dIscIplmary mtegrahon of phySIcal and bIOlOgIcal
mformahon, and tradIhonal knowledge Withm a structured, declSlon­
makmg framework,

• Support synthesIS, research, and mode1mg that evaluate testable
hypotheses on the roles of natural forces and human achvIhes m controllmg
bIOlOgIcal produchon, and
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• Lay the groundwork for future use of mstnbuted, Web-based analySIs and
management tools as the momtormg program becomes fully operahonal

By necessIty, the data mcorporated mto the GEM Program will be denved from
a vanety of sources and formats, wluch will mclude retrospechve data sets and
tramhonal knowledge and may contaIn spahal and temporal components
SynthesIS and research will need to mcorporate data not drrectly collected by the
GEM Program, such as satellite remote-senSIng mformahon and fIShery catch data
Incorporahon of these data mto regional models and deCIsIOn-makmg systems will
reqUITe tools for data mgeshon and query, espeCIally to facilitate modelmg
Because the output from the GEM Program will be used by people from a WIde
vanety of dIScIplmes and backgrounds, the user mterfaces must be easy to
understand and accessIble through a dIstrIbuted network, such as the Internet

Data management and acqulSlhon pohcres are essenhal to ensure the rapId
transfer of mformahon to end users Although the data must flow through the
system as quIckly as pOSSIble, quahty control and assurance procedures and the
prerogahves of SCIentIsts to pubhsh mterpretahons of the data need to be respected
One approach that may prove useful IS the estabhshment of "peer reVIewed" data
sets that allow the SCIentIsts mvolved to receIve cremt for theIr efforts m the
pubhcahons of other SCIentIsts who may use the data

Informahon transfer products will depend on the nature of the momtormg and
research achVlhes that are yet to be chosen Possibilihes for these products, based
on the expenence of other momtormg and research programs, are dIscussed m
Chapter 9 and could mclude models and measures relevant to determmmg the
produchVlty of key speCIes such as salmon

GEM Program
Strategies

3.3
The prevIOUS sechon dIscussed the standard tools
that will be used to develop and evaluate data and
manage mformahon m the GEM Program ThIS
sechon presents two strategies that also will be

lillportant m gmdmg the GEM Program mcorporahng tramhonal knowledge and
commumty mvolvement, and potenhal for resource management apphcabIhty
These strategies will be apphed to the GEM Program as a whole and will mfluence
the way that the tools presented m the prevIOUS sechon are used

3 3 1 Incorporating Community Involvement and Traditional
Knowledge

Commumty mvolvement and the mcorporahon of tramhonal knowledge m the
GEM Program are cnhcal to the program's long-term success The sIgmf1cance of
tramhonal knowledge IS becommg mcreasmgly recogmzed (IUCN 1986, Marhnez
1994, Knnmer 2000) and can playa role m proVIdmg early warmng SIgns of
ecosystem change (Ford 2001) Local reSIdents are expected to prOVIde ecolOgical
knowledge that can be mcorporated mto estabhshed sCIenunc models They also
can be a source of research queshons wluch help ensure research that IS relevant to
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both ecologIcal and commuruty needs Commuruty-based momtormg efforts can
effICIently collect essenhal data and bwld local stewardshIp as well as long-term
support for the GEM Program

The EVOS settlement reqUITes meanmgful pubhc mvolvement m all Trustee
Council programs, as well as a Pubhc AdVISOry COmmIttee ReSIdents of coastal
commuruhes have a drrect mterest m sCIentIfIc and management decISIOns and
achVIhes concernmg the fIsh and wildhfe resources and enVIronments on whIch
they depend for theIr hvehhoods and sustenance (Hunhngton 1992) The Trustee
Council beheves that encouragmg local awareness and partlCIpahon m research
and momtormg enhances long-term stewardshIp of hvrng marme resources

Commuruty mvolvement can occur m many ways Several approaches have
been trIed m the EVOS restorahon program and elsewhere m Alaska and other
northern regIons, and GEM will draw on these expenences to deSIgn specmc
processes for mvolvmg commuruhes and theIr expertIse( Hunhngton 2000, Brown­
Schwalenberg et al 1998, Fehr and Hurst 1996, Hansen 1994, Brooke 1993) One
avenue 15 through achve membershIp on the 2D-member Pubhc AdvISOry
COmmIttee, made up of representahves of tnbal and mcorporated commuruhes,
stakeholders, SCIentIsts and members of the general pubhc Another 15 through
achve partlClpahon of pubhc members on vanous sClentIfIc subcOmmIttees and
work groups and durmg targeted workshops to help plan and gmde the GEM
Program as It develops Other ways mclude havrng CIhzens, students and
commuruhes Implement local momtormg achVIhes

Tramhonal and local ecolOgIcal knowledge can prOVIde Important observahons
and mSlghts about changes m the status and health of marme resources
(Hunhngton 1998) WIth Trustee Council fundmg, Alaska Nahve tnbes m the GEM
research area are currently developmg natural resource plans that will help IdentIfy
Important resources and potenhal threats and be useful m desIgmng local
momtormg schemes that help answer key questIons for the GEM Program

The Trustee Council has always hstened closely to the VIews and mterests of
the people hvrng m the spill-affected regIon, and responded to theIr concerns
cOTISlStent WIth the legal restnchons of the EVOS settlement funds Under the
terms of the settlement, restorahon funds can only be used to respond to mJU!1es to
the pubhc's natural resources - not mJury to mmVIduals or to commuruhes
However, the commumhes have the well bemg of these resources at heart, and any
program to prOVIde for the long-term health of the resources, has the benefIt of
proVIdmg for the long-term health of the local commumhes

3 3 2 Potential for Resource Management Applicability

The GEM Program 15 mtended to mcrease and enhance the mformahon
managers and stakeholders use to cope WIth changes m natural resources To
accomphsh thIs, GEM will seek to acqUIre data WIth signIDcant potenhal for use m
resource management apphcahons, ensure that data 15 converted mto useful
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mformahon m a bmely manner, and mVIte research and syntheSIs projects that
both mvolve and benefIt natural resource management agenaes

Salmon fIshery management Illustrates management concerns that are common
to most natural resources The typICal salmon fIshery operates on a resource that

depends on a varIety of habItat types (freshwater,
nearshore, and offshore) durmg the course of ItS hie cycle
(FIgure 3 3) Management of the salmon fIshery requIres
detecnng and understandmg the consequences for
produchon of habItat management deCISIons (Box 1 9,
FIgure 3 3) throughout the salmon's hie cycle GEM seeks
to prOVIde data relevant to answermg specIfIc queshons
about how a range of habItat types funchon to produce
salmon and other speCIes The cychc nature of the salmon

fIshery m bme and space makes It clear that bIOlOgIcal produchon m one habItat
type cannot be understood m ISolahon from produchon m the other habItat types
m whIch the salmon completes Its hie cycle GEM queshons are drrected at
understandmg not only specIfIc mechanISmS of produchon m representahve
habItat types, but also the connechons among habItat types

The management apphcahons actually achIeved will depend on a varIety of
factors, mcludmg the degree to whIch resource managers parhClpate m the reVIew,
development, and Implementahon of the GEM Program

The tools and strategIes descnbed above are used
3.4 Conclusion together to make the GEM Program saenb.fIcally

sound, compahble WIth other programs, relevant
to commuruhes and resource managers, and open to the mformahon local reSIdents
may prOVIde USIng the tools and strategIes to Implement the GEM Program IS
addressed m followmg chapter
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Figure 3.3 Diagram of the salmon fishery with life cycle stages, harvest, and habitat management
decisions in geographic and temporal contexts (Mundy 1998).
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4. PROGRAM IMPLEMENTATION

In This Chapter

>- Introduction to the GEM Science Plan

>- Conceptual Foundation by Habitat

,. Key Questions by Habitat

>- GEM Program Implementation

4.1 Introduction Before the general hypotheses developed and
presented in Chapters 2 and 3 can be used to guide
the GEM research and monitoring program, they

need to be refined into a set of specific research questions, and the research
questions need to be evaluated to determine what data need to be collected and
analyzed to answer them. The process and tiinelines for defining, asking, and
getting the data to answer the questions, also known as research and monitoring, is
described by the GEM Science Plan, which does not now exist.

The goal served by the Science Plan is to implement a long-term monitoring
program, which can only be done after the requisite synthesis and research have
been completed.

This chapter is the first step in developing the Science Plan. It extends the
GEM conceptual foundation (through the primary physical and biological
processes, and human activities believed to be most important in affecting change
in the Gulf of Alaska [GOA]) to each general habitat type. From this information,
and building on the habitat hypotheses, a series of potential questions have been
developed that can be used as a starting point for identifying initial research
activities. The potential research questions presented in these sections are meant to
capture some of the main uncertainties in how fluctuations in the northern GOA
ecosystem influence the distribution and abundance of valued organisms. They do
not attempt to capture the entire scope of potential research questions. Instead,

JULY 2002 CHAPTER 4 41



GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

they address dJscrete aspects of the conceptual foundahon and are starhng pomts
for Idenhfymg research achVlhes As knowledge of the ecosystem mcreases, the
research queshons are expected to gam greater specmcIty and refmement through
ongomg hypothesIS teshng, gap analySIS, and Identmcahon of specmc mformahon
needs It IS expected that the potenhal research queshons will change as a result of
the SCIentmc and Techmcal AdvISOry COmmIttee (STAC) process descnbed m
Chapter 5

Followmg the habItat-speobc research queshons IS an lllihallillplementahon
plan for the GEM Program durmg a 5-year penod, from FY 03 to FY 07 ThIS plan
mcorporates the followmg elements

• A pi oposed schedule f01 l1nplementahon, FY 03 to FY 07, for core and
partnersmp achVlhes, models, and data management

• LISts of probable or pi ospect1.ve pm tne1 s that are aChvely domg related
momtonng or research m the habItat type

• Development of models as a way to syntheSIZe momtormg and research
results and transfer mformahon to end users

• Caruizdate (posslble) COl e m011.ltonng achVlhes recommended based on the
conJUIlchon of partnersmp opportumhes and opportumhes for measunng
bIOlOgIcal and phySIcal quanhhes related to the key queshon and
mformahon gaps

• Candldate (posslble) COJ evanables recommended based on approaches
suggested by the hterature revIewed m the sclentmc background (Chapter
7)

The proposed schedule for lillplemenhng GEM momtormg achVlhes m the
watershed, mterhdaljsubhdal, and Alaska Coastal Current (ACC) habItat areas IS
sllll1ar, but modehng and data management needs dIffer m each habItat For
offshore research, GEM will pnmanly be mvolved m partnermg achVlhes, smce
research offshore IS already bemg undertaken by a number of other large-scale
programs As a result, the schedule for lillplementahon largely IS dependent on
the lillplementahon schedules for partner programs

4.2 Watersheds

4 2 1 Conceptual Foundation for Watersheds

Watersheds are hnked by bIOgeochemIcal cycles and common chmahc forcmg
to the manne ecosystem Input of terrestrIal carbon contnbutes to the carbon
budget of the oceans LIkeWISe, marme contrIbuhons of nutrIents appear to be
lillpOrtant to growth of aquahc and terrestrIal plants and anllla1s m watersheds
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Primary natural forces are precipitation and insolation. Watersheds depend on
import of marine nutrients by anadromous fish and other animals. Therefore,
maintenance of healthy salmon runs and populations of terrestrial animals that
feed in the nearshore marine environment is key to healthy watershed ecosystems.
Woody debris and vegetation from land are also exported to the marine
environment, providing a carbon source and habitat for some species. The
common effects of climate also link these two systems. Fresh water from coastal
watersheds contributes huge amounts of fresh water to the GOA and makes
possible the Alaska Coastal Current-the single most dominant and integrating
feature of the physical environment on the continental shelf.

Human activities in the watersheds that remove natural vegetation can result
in soil erosion and its attendant effects on stream and coastal marine life. Fresh
water can carry contaminants to the marine environment. Sources of these
contaminants can be of local origin-sewage and septic wastes, industrial and
military wastes, motor vehicles, and oil from spills-or imported from distant
sources and carried across the Pacific Ocean by atmospheric processes.

4.2.2 Potential Watershed Questions:

a. What are levels of marine-related nutrients in watersheds and how do the
annual inputs of marine nutrients vary?

Specific Information Needs: Levels of nitrogen-stable isotopes in freshwater
plants and animals, and feasibility of studying sources of precursors of
reduced iron in watersheds with marine access.

b. What is the annual variability in precipitation and runoff in Alaska
watersheds bordering the northern GOA? (Same question applies to
intertidal-subtidal and ACC habitats.)

Specific Information Needs: Annual precipitation and runoff for all
watersheds flowing into the northern GOA. In some cases, where data
gaps exist, it may be possible to use marine salinity data to supplement
precipitation and stream flow measures in estimating total freshwater run
off from land to the GOA. Input of the amount of fresh water entering the
GOA from northern British Columbia and Southeast Alaska would also be
needed to use marine salinity as a proxy for freshwater runoff.

c. What are the levels of contaminants entering and leaving watersheds along
marine-related pathways?
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SpeClfic 111f0111lahon Needs Levels of contammants such as perSIStent
orgamc pollutants m anadromous speCIes as adult lIDIDlgrants and as
Juverule eIDlgrants of the watersheds

4 2 3 Program Implementation

Development of watershed momtormg actIVItIes will be led by a core synthesIS
effort m FY 03, bmldmg on preparatory core research m FY 02 to establISh an
approach to measurmg levels of marme mfluence m anImals and plants of the
watersheds Core synthesIS will assIst m developmg hypotheses by about FY 04
that can be tested and re£med by core research m FY 05 and FY 06 At least one
core momtormg statIon will be lllihated by FY 06, but may not be fully operatIonal
unhlFY07

Table 4 1 presents the proposed schedule for ImplementatIon

Table 4 1 Proposed Implementation Schedule for Watershed Habitat

MOnltormg ActiVity Data
Fiscal Year Core Partners Model Management

2003 SynthesiS MOnitor Verbal(c) Prototype

Research

2004 SyntheSIs MOnitor Statlstlcal(c) Coordination (c)

Research Research Archlvlng(c)

2005 Research MOnitor Statlstlcal(c) Coordination (c)

Research Numerical prototype (p) ArchiVing (c)

Distribution (p)

2006 Research MOnitor Statlstlcal(c) Coordination (c)

MOnitor Research Numerical (p) ArchiVing (c)

Distribution (p)

2007 MOnitor MOnitor ArchiVing (c)

Research Numerical (p) Distribution (p)

Notes

c =core (GEM Program supported) actlVrty

p = partnership (jomtly supported) actIVity

Prospective partners ADF&G, USFWS (Kenai Natural Wildlife Refuge [KNWR]), USGS, EPA,
ADEC, USFS, Cook Inlet Keeper (CIK), Alaska Department of Natural Resources (ADNR),
and Washmgton Department of Fish and Wildlife (WDFW)

Candidate core momtonng actlvJiJes Kenai River watershed, Karluk River watershed

Candidate core vanables Isotopes of nJtrogen m aquatic and npanan plants and amma/s,
precursors of reduced Iron m water, and anadromous fish

4 2 4 Prospective Partners and Partner ActiVities

Partner actIVItIes m FY 03 are expected to be the supportmg momtormg
programs already m place, such as enumeratIon of anImals and plants, water
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quahty momtormg, eXIStmg hydrology models, mdudmg annual and seasonal
runoff, and perrruttmg of human achVlhes such as resource harvests and land
development Startmg m FY 04, partners will be encouraged to aSSIst m fundmg
research to further sIte selechon ThIs research process will extend through FY 06,
terrrunatmg after the momtormg stahons are fully operahonal Because an
analogous research program IS underway at the Washmgton Department of FISh
and WildlIfe (WDFW), that agency may be willmg to share mformahon and the
costs of process studIes of mutual mterest

425 Models

Models of the relahonshlp between marme produchvlty and watershed
produchVlty (Fmney et al 2000) will hlely be verbal as of FY 03 StatIShcal
modelmg to descnbe the strength of relahons among varIables and power analysIS
to gmde samplmg should start m FY 04, contmumg through the evaluahon of the
rruhal momtonng stahons m FY 06 The end pomt of modelmg will be a numencal
model of the geocherrustry of the core varIable(s) m the watershed to the boundary
of the mterhdal and subhdal areas ThIs model will be Inlhated m about FY 05 and
operahonal (m some sense) by FY 07 It IS recogruzed that a number of partner
momtonng achVlhes m addIhon to the core achvlty will be needed to create
parameters for a numencal model Ifnumencal modelmg proves mtractable,
statIShcal modelmg would be extended m the mtenm

4 2 6 Candidate Core MOnitoring ActiVities

CandIdate core momtonng achVlhes will be chosen to build on exIStmg long
hIDe senes of data collected by prospechve partners The Kenai and Karluk nvers
are two lIkely candIdates For the Kenai lliver watershed, three decades of data on
adult salmon returns to the spawmng grounds of the watershed can be used as
eshmates of marme mfluence In addIhon, salmon catch data span more than fIve
decades The proXlIDlty to Anchorage places the Kenailliver watershed under
heavy pressure from human achVIhes and theIr assocIated Impacts, many of whIch
are documented by government regulators Mulhple prospechve partners have
extenSIve programs m place to momtor vegetahon, terrestrIal anImals, hmnology,
and other vanables of potenhal relevance to the key queshon The Karluk lliver
watershed IS umque m havmg a publIShed record of more than 300 years of
changes m marme mfluence m general, and marme mtrogen m partIcular (Fmney
et al 2000) In addIhon, the prospechve partners have collected more than eIght
decades of counts of salmon returns for the watershed

4 2 7 Candidate Core Variables

Isotopes of mtrogen m plants and anImals and sources of reduced Iron are
candIdates for core vanables, based on work descnbed m the sclenhfIc background
under marme-terrestrIal connechons and cherrucal oceanography (Chapter 7) In
watersheds of the GEM regIOn, where rntrogen lImIts produchVlty, marme
mtrogen m anadromous fIsh specIes, prmClpally salmon, could be an Important
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dnver of watershed productJvIty Phosphorus and Iron from salmon may also be
lIDportant to watershed productIvIty, but drrect measures of the ongm of these
elements are not avaIlable Indrrect measures IDlght be, for example, phosphorus
or Iron concentratIon per gram of fIsh tImes average fIsh weIght tImes return
number A decade of worl. on the role of Iron m pnmary productIVity m manne
areas suggests that geophysIcal and bIOlOgical processes m watersheds may
contnbute to manne productIVIty Processes m the watersheds may 1lIDIt manne
productIVity by controllmg the availability of precursors of reduced Iron

Intertidal and
Subtidal

43
The mtertIdal and subtIdal-or nearshore-area 15
techrucally a part of the ACC regtme m most
places (the next habItat to be consIdered), except
arguably m some embayments, such as the fjord

systems m northern Pnnce WIlham Sound (PWS) But, because of the lIDportance
and vulnerability of the mtertIdal and shallow subtIdal areas and the dependence
of so many valued specIes on nearshore habItat, It 15 treated here separately from
theACC

4 3 1 Conceptual Foundation for Intertidal and Subtidal

The productIVIty of mtertIdal and subtIdal manne commumtIes depends on
both fIxed algae and some other vascular plants m shallow water, as well as free­
floatIng phytoplankton Nutnent supply to fIXed plants 15 not well charactenzed,
but presumably 15 controlled by oceanographIc processes and seasonal cycles of
water turnover on the mner shelf as well as some contnbutIons from stream runoff
Th15 process of nutrIent supply 15 essentIally the same as for nearshore
phytoplanl.ton UltImately, as mentIoned m Chapter 7, SectIon 5 3, the runup of
deepwater from the central GOA onto the shelf and some poorly charactenzed
processes for cross-shelf transport of the nutnents are cntIcal to growth of both
fIxed and floatIng nearshore algae The nearshore waters can be depleted of
nutnents durmg the growmg season If the warm surface layers where pnmary
productIVity 15 drawmg down nutnents 15 not mIXed WIth deeper waters by wmd
and tIdal actIon Wlthm-season VarIability m pnmary productIon, therefore,
appears to depend on the prevIOUS late summer run up of deepwater onto the
shelf, some poorly descnbed cross-shelf transport processes, and withm-growmg
season wmd and tIdal IDlXffig

Cloud cover also 15 hkely to be very lIDportant m regulatIng the amount of
solar energy reachmg the ocean surface Nearshore turbulence, whIch 15 the result
of the prevaI1mg cllIDate and tIdal actIon, promotes the growth of algae and
phytoplankton These plants are the food supphes for fIlter-feedmg mollusks, such
as clams and mussels, whIch are Important sources of food for a varIety of
nearshore anImals, such as sea otters and sea ducks CllIDate also drrectly affects
mtertIdal and subtIdal anImals through changes of temperature, water salmIty,
and Ice formatIon Ice formatIon 15 an lIDportant source of mortalIty and reduced
growth of mtemdal algae and some anImal populatIons m some sItuatIons It 15
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suspected that bottom-up forcing tlu:ough variability of primary production is an
important influence on intertidal invertebrate communities on the scale of decades,
but there are no long-term data sets to examine this supposition. If wave action is
too intense, it can limit population growth; for example, waves during storms often
throw large amounts of herring eggs (embryos) onto the beach where they die.

A large number of intertidal and subtidal animal populations respond to both
bottom-up and top-down natural forcing as well as to human activities. Bottom­
up forcing appears to have more documented effects on such populations as
herring, pollock, shrimp, crab, salmon, and seabirds than have been documented
for infaunal and attached intertidal animals. There are good examples of
population controls by removals (top-down influences) and many of these
relationships, such as that between sea urchins and sea otters, are cited in Chapter
7.12.2.5. Disease possibly influences some populations, such as Viml Hemorrhagic
Septicemia virus effects on Pacific herring in PWS.

The intertidal and subtidal benthos is particularly vulnerable to human use
tlu:ough harvesting of various invertebrates, trampling, discharge of contaminants,
road and home construction, and soil erosion. At the present time, impacts of such
activities appear to be localized because of the dispersed nature of human activities
along the vast coastline of the northern GOA. The nearshore sentinel populations
may need to be monitored more closely, however, as Alaska's population and use
of the nearshore zone expands in the future.

4.3.2 Potential Intertidal and Subtidal Question:

a. What is the variability of selected plant and animal populations in the
intertidal and subtidal zones?

Specific In.formation. Needs:

Variability in numbers and diversity of fixed algae and
invertebrates in several regions, such as PWS, Kachemak Bay, and
Kodiak Island.

•

•

•

Relative availability of larval dispersal stages.

Measures of the cycling of carbon, nutrients, and contaminants in
key species such as FUCHS.

A detailed map of intertidal plant biomass during the growing
season on a wide spatial scale.
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•

•

•

Morutormg of clam populahons

Measurements of populahon processes of sea otters

Identrncahon and measurement of human Impacts of concern

4 3 3 Program Implementation

Development of the mtertrdal and subhdal morutormg achVlhes IS expected to
begm WIth a plannmg workshop m FY 02 and an mtense core synthesIS effort m FY
03 that mvolves extensIve preparatory core research The rnherently hIgh
vanability of the commumty structure of the mterhdal and subhdal habItat-and Its
vulnerability to the effects of predahon and human degradahon-may male It
dIffIcult to develop a desIgn that can separate human achVlhes from natural forces,
forestallrng Implementahon of 1illhal morutorrng unhl FY 06 Core synthesIS IS
planned to provIde hypotheses by about FY 05 that can be tested and refIned by
core research rn FY 06 and FY 07 The 1illhal schedule calls for at least one core
morutormg stahon to be filhated by FY 06, but It may not be fully operahonal
unhl FY 07

Table 4 2 presents the proposed schedule for Implementahon

4 3 4 Prospective Partner ActiVities

Partner achVlhes m FY 03 will be the supportmg morutormg programs already
m place, such as morutormg of mmVldual specIes for baSIC bIology and
contamInant loads, surveys of speCIes composihon and dIStnbuhon, surveys of
substrates, and measurements of phYSICal oceanography Starhng m FY 04,
partners will be encouraged to aSSISt rn fundmg research to further SIte selechon
These research achVIhes will extend through FY 06, termmahng after the
morutorrng stahon IS fully operahonal m FY 07 (Table 4 2)

435 Models

Models of changes m commumty structure of the rnterhdal-subhdal areas m
response to human achVlhes and natural forcmg are expected to be prImarlly
verbal from FY 03 to FY 05 StatlShcal modelrng, partIcularly power analysIS to
gmde samplrng, IS expected to be operable as soon as FY 03, because of expenence
gamed m the E:>.:wn Valdez 0Jl Spill coastal habItat program and related damage
assessment and restorahon work StatlShcal modelrng will conhnue through the
evaluahon of the 1llihal morutormg stahon m FY 06 The end pomt of a numencal
model to combrne phYSICal forcrng and human achVlhes for descnbrng commumty
structure IS a very ambIhous undertakmg for a core achvity Wlthm a 5-year hIDe
frame and may not be feaSIble at all WIthout substanhal partner support
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Table 4 2 Proposed Implementation Schedule for Intertidal and Subtidal
Habitat

MOnltormg ActIVity Data
Fiscal Year Core Partners Model Management

2003 SynthesIs MOnitor Verbal(c) Prototype

Research Statlstlcal(c) Coordination (c)

2004 SynthesIs MOnitor Verbal(c) Coordination (c)

Research Research Statlstlcal(c) Archlvlng(c)

2005 Research MOnitor Verbal(c) CoordinatIon (c)

Research Statlstlcal(c) Archiving (c)

DistributIon (p)

2006 Research MOnitor Statlstlcal(c) Coordination (c)

MOnitor Research ArchiVing (c)

Distribution (p)

2007 MOnitor MOnitor Statlstlcal(c) ArchiVing (c)

Research Numerical prototype (p) Distribution (p)

Notes

c = core (GEM Program supported) actIVity

p = partnershIp (jomtly supported) actJvlty

ProspectJve partners ADF&G (Kachemak Bay NatJonal Estuanne Research Reserve
[KBNERRJ), NOAA (NatJonal Ocean ServIce) UAF, Cook Inlet RegIonal CitIzens AdVIsory
CouncIl (CIRCAC), Pnnce WIllIam Sound RegIonal CltJzens AdvIsory CounCIl (PWSRCAC),
USFS, EPA-ADEC (EMAP), Alyeska Plpelme ServIce Company

CandIdate core mOnltonng actJvttJes Kachemak Bay (lower Cook Inlet), Green Island (PWS)

CandIdate core vanables substrate type and dlstnbutJon, specIes composttJon and
dlstnbuiJon, recrutiment

4 3 6 candidate Core Momtormg Activities

Canchdates for core momtormg actlVltles will be selected based on substantlal
partnermg opportumtles, chances for assessmg human actlvItles and Impacts, and
logrstlcs LIkely canchdates are Kachemak Bay m Lower Cook Inlet and Green
Island m PWS Kachemak Bay IS close to the CIty of Homer and becommg a
developed recreatlonal destmatlon In adchtlon, the bay has the presence of coastal
habItat assessment programs already m place WIthm the Kachemak Bay Natlonal
Estuarme Research Reserve (KBNERR), as well as nearby moormgs takIng
oceanographIc measurements The U S Forest SerVIce (USFS) has a long-term
ecolOgical momtormg SIte at Green Island, whIch IS stll1 seemg effects from the
1989 Oll spill A new weather statlon IS bemg mstalled nearby at Applegate Rocks,
and adchtlonal oceanographIc moormgs m nearby Montague Strait are lIkely

4 3 7 Candidate Core Variables

Commumty structure m the mtemdal and subtldal areas IS determmed by
substrate type and amount, as well as by phySIcal oceanographIc features, such as
wave actlon SpeCIes compoSltlon and dlStnbutlon are fundamental to
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determmmg cornmumty structure, as IS the recrmtment rate of k.ey speCIes such as
barnacles, mussels, and clams, dependmg on substrate

Alaska Coastal
Current

4.4
As noted above, the domam of the ACC m many
cases starts at the shorelme and extends out to a
frontal area several tens of lillometers onto the
contmental shelf The mshore boundary of thIS

current system IS not preCISely defmed m thIS subsectIon because the nearshore
aspects of the ecosystem have been covered above

4 4 1 Conceptual Foundation for ACC

Because the ACC IS a buoyant, low-salnuty, eastern, boundary current fed
essentIally by a lme-source of fresh water along the length of the Alaska coastlme,
It offers a umque opportumty to study basm-scale phySIcal forcmg of bIOlOgical
productIon Although one charactenstIc of the ACC IS the draw-down of nutrIents
durmg the growmg season to levels that are undetectable, the m-season VarIability
IS clearly drIven by patterns m wmd ffi1Xillg, and IS very signIDcant A proffi1Sffig
model developed by Eslmger et al (2001) IS capable of trackIng the m-season
vanability of plankton productIon based on the phYSlcal characterIStIcs of the
water column and the wmd neld The extent to wmch patterns of seasonal wmd
ffi1Xffig are the major contnbutors to longer-term vanability m pnmary
productIVIty IS not dear TIdal ffi1Xmg hkely contrIbutes to vanability, as do other
potentIal mechanISms that transport deep-water nutrIents mto shallow waters, for
example, late-summer relaxatIon of onshore Ekman transport and up-eanyon
currents

Annual VarIability of nutnent supply hkely has a great mfluence on long-term
vanability m pnmary productIon For example, thIS mfluence would be consIStent
WIth the relatIonsmp between the Bakun upwellmg mdex and pmk salmon marme
surVIval rates up to 1990 (see Chapter 7) and the dIfferences observed between the
volumes of settled plankton m the 1980s and m the 1990s (Brown unpublIShed)

Another phYSICal phenomenon that apparently affects bIOlOgical productIon m
the water column IS eddIes EddIes have been documented m Shehkof Strait, for
example, and greatly mfluence retentIon of larval pollock m a favorable
envrronment (Bogard et al 1994, BaIley et al 1997) Beyond therr study m the
FIShenes Oceanography CoordInated InvestIgatIons (FOCn program, not much 18

known generally about eddIes m the ACC and therr bIOlOgical mfluences There
are also eddIes m Kachemak Bay, some of wmch are strahfIed at the surface by
freshwater mputs that may s1ffi11arly benefIt pelagiC speCIes there and off Kayak
Island, southeast of PWS The southerly and easterly wmds that predommate
durmg most of the year drIve offshore water mshore (VIa Ekman transport),
carrymg offshore planktomc organISms close to shore and proVIdmg potenhal
sources of food for nearshore organISffiS, such as JUvem1e pmk salmon
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Finally, the outer edge of the ACC often forms a front with the water masses
seaward of it. This front is characterized by sh'ong convergence of offshore and
inshore water masses and significant downward water velocities. It appears at
times to concentrate plankton, nekton, fish, and birds, and is probably an
important site for trophic interactions.

Many of the types of natural and human activities that affect the nearshore
species apply also to the ACe. This similarity is due in part to the fact that many
species cross between the nearshore environment and deeper waters. Bottom-up
forcing appears to be of great importance, because areas of the ACC with high
levels of chlorophyll a during the growing season and vigorous vertical mixing,
such as Lower Cook Inlet, also support large populations of fish, seabirds and
marine mammals. The ACC is the main domain of the GOA for the productive
fisheries for both pelagic and benthic species, Consequently, human activities are
potentially a quite large aspect of removals. Other possible human impacts
include contaminants and long-term global warming.

4.4.2 Potential Alaska Coastal Current Questions:

a. What is the annual variability of strength, location and dynamics of the
ACC?

Specific In.formation Needs: Measurements of variability in temperature
and salinity with depth, on time scales from days to multiple decades
at locations sufficient to understand seasonal-scale variability and at
localities sufficiently widely dispersed to understand large-scale
structure, including intrusion into bays.

b. What is the variability in the supply of deepwater nutrients to the
photic zone of the ACC and their concentrations in that zone on time
and space scales appropriate to understanding annual primary
production?

Specific In.formation Needs: Measurements of, or proportional to,
macronutrients and micronutrients at appropriate spatial scales.

c. What is the variability in chlorophyll a concentrations and
phytoplankton species composition in the photic zone of the ACC on
time and space scales appropriate to understanding annual primary
production?
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Spectfic InfOllllahon Needs

• ChlOl ophyll a measurements

• InformatIon on phytoplankton speaes composItIon

d What IS the vanability of zooplankton bIOmass and specIes
compoSItIon m the ACC on tIme and space scales appropnate to
understandmg annual pnmary and secondary productIon?

Spectfic Infol111ahon Needs InformatIon about zooplankton bIOmass and
speCIes composItIon

e What IS the vanability m the availability of forage fIsh to hIgher trophIc
levels (buds, fIsh, mammals) m the ACC?

Spectfic InfOllllahon Needs

• Analyses of the mets of selected hIgher-trophIc-level orgarnsms
(buds, mammals, large predatory fIsh)

• Analyses of selected hIgher-trophIc-level orgarnsms (buds,
mammals, large predatory fIsh) for fatty aad composItIon m
relatIon to met

f What are the maJor factors affectIng long-term changes m sea bud
populatIons?

Spectfic InfOl mahan Needs Annual colony and chIck productIVIty counts
of appropnate speCIes m selected GOA colomes

g What are the maJor factors affectIng long-term changes m harbor seal
populatIons?

Spectfic InfOl mahan Needs

• Annual surveys of moltIng populatIon m selected GOA haul-outs

• Fatty aCId profIles of mdIvIdual anImals and scat analySIS surveys
m selected GOA haul-outs

4 4 3 Program Implementation

Development of ACC momtormg will reqUITe a penod of synthesIS and
research that mvolves collaboratIon between phYSICal and bIolOgIcal SCIentISts to
deCIde on how to best detect changes m annual and seasonal productIon and
transfer of energy to hIgher trophIc levels The determmatIon of what phYSICal­
chemIcal processes are most Important to measure for prImary and secondary
productIon will requrre a synthesIS that combmes exIStIng phySIcal and bIOlOgIcal
InformatIon and hypotheses SpeCIfIc seasonal questIons such as what controls the
tlmIng, duratIon, and magmtude of the spnng bloom on the mner contInental shelf
need to be carefully cast as testable hypotheses before COmmIttIng to long-term
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momtormg Havmg the Sound Ecosystem Assessment (SEA), Alaska Predator
Ecosystem Expenment (APEX), Global Ocean Ecosystem Dynanucs (GWBEO
Northeast Paabc Nahonal Estuary Program (NEP), FOCI, Ocean Carrymg
CapacIty (OCO, and Nahona! PacIfIc Anadromous FISh COmmISsIOn (NPAFO
programs precede and parallel the GEM Program IS extremely fortuItous for
development of this component The expenence and lessons from these programs
will be extremely benefICIal m helpmg GEM bUIld Its core momtonng components
For these reasons, development of ACC momtormg achvlty will begm WIth a core
syntheSIS effort that IS closely coordmated wIth the ongomg research and
momtormg efforts menhoned above

Understandmg how best to measure bIOlOgical produchVIty and trophIc
transfer m the ACC will tale longer to develop than the approach to phYSIcal
measurements, whIch could be developed m a relahvely short penod of hme j The
long-term observahon program bemg carned out m PWS and across the shelf m
the northern GOA under GLOBEC started m 1997 and will extend through 2004
Intense process studies are scheduled for 2001 and 2003 It will take some hme to
dIShil the large amount of mformahon available from such studies and other
programs to the pomt of recommendmg a full SUIte of core bIOlOgical
measurements for core GEM Program momtonng m the ACC

Table 4 3 presents the proposed schedule for lillplementahon

4 4 4 Prospective Partner ActiVities

Nahona! Oceamc and Atmosphenc AdmmIStrahon's (NOAA) mterest m the
ACC conhnues to be hIgh, as demonstrated through Its parbclpahon m the
GLOBEC and OCC programs and some conhnumg work m the FOCI program m
Shehkof Strait It IS almost certam that the GAK1 stahon and lIne, mamtamed and
momtored by the UmverSIty of Alaska and m place now for decades, will playa
central role m future momtormg of the phYSIcal structure of the ACC based on
temperature and salmIty measures Recently added bIOlOgical measures, mcludmg
chlO1 ophyll a, will hkely be maIntamed and supplemented Other opportumhes for
partnershIps mclude more recently establIShed GLOBEC stahons from PWS across
the conhnental shelf and one of the lInes used m the FOCI program m the Shehkof
Strait The U S GeolOgical Survey (USGS) BIOlOgical Resources DIVISIon, whIch
has an establIShed set of seabrrd momtonng colomes spaced at about SOo-km
mtervals around the GOA and mto the Bermg Sea, IS another strong candIdate for
a partner Close coordInahon WIth methods of the colomal seabrrd program of the
USFWS Alaska Marlhme Refuge IS enVlSloned to make seabrrd data consIStent
around the coast of Alaska For measunng forage speCIes vanabIhty, populahon
abundance data from the Alaska Department of FISh and Game (ADF&G) on
Paabc hernng m PWS and also for populahons at Kodiak Island and m KailllShak
Bay, although not complete, may be useful StartIng m FY 04 and extendmg
through FY 06, partners will be encouraged to asSISt m fundmg research to further
SIte selechon for momtonng the ACC
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Table 4 3 Proposed Implementation Schedule for Alaska Coastal Current
Habitat

Fiscal Year

2003

2004

2005

2006

2007

MOnltormg Activity Data
Core Partners Model Management

Synthesis MOnitor Statlstlcal(c) Coordination (c)

Research Numerical (p)

SyntheSIS MOnitor Statlstlcal(c) Coordination (c)

Research Research Numerical (p) Archlvlng(c)

Research MOnitor StatIstlcal(c) Coordination (c)

Research Numerical prototype (p) ArchiVing (c)

Distribution (p)

Research MOnitor Statlstlcal(c) Coordination (c)

Monitor Research Numerical (p) ArchiVing (c)

Distribution (p)

MOnitor MOnitor ArchiVing (c)

Research Numerical (p) Distribution (p)

Notes

c =core (GEM Program supported) actIVity

p = partnershIp (jomtly supported) actIVity

Prospective partners UAF (IMS, School of Flshenes and Ocean SCIences [SFOS}), US
Department of Intenor (001) (NatIonal Park ServIce [NPS), USFWS, USGS), North PacifIc
Research Board (NPRB), NOAA (NMFSlNatlonal Ocean ServIce [NOS}), EPA-ADEC EMAP

CandIdate core momtormg actJvttJes GAK1, Hmchmbrook Entrance, Montague Strait

CandIdate core vanables temperature, salmlty, fluorescence, plankton, forage specIes

Plankton measurements (settled volume) are taken now by potentIal partners
at SIX hatchenes m PWS On the basIS of past correlatIons of plankton-settled
volume WIth annual pmk salmon returns and decadal-sca1e herrmg abundance,
these data could prOVIde mformatIon about productIVIty of the ACC system of
relevance to multIple SpecIes under certam condItIons ExtensIon of the "plankton
watch" to hatchenes m other areas and local commumtIes throughout the northern
GOA may be a worthwhIle and potentIally economIcal way to mamtam long-term
data sets and archIves of plankton Other opportumtIes to collect samples and
analyze plankton commumtIes may mclude CruISes WIth net and hydroacoustIc
samplmg, as well as satellite Images Also of pOSSIble ment are the use of smps
that offer opportumtIes, for example, the contInuous plankton recorder IS
recommended to be deployed on oil tankers travelmg from Valdez to Long Beach
under EVOS sponsorshIp m FY 02 Certamly any satellite Images of the sea surface
that measure ChlO1 ophyll aconcentratIons prOVIde very useful synoptIc pIctures,
even takIng mto account the lImItatIons that cloud cover and lack of subsurface
data present DecIS10ns will be made WIth the gmdmg phIlosophy of collectIng
data of relatIvely low frequency m space and tIme so that decadal scale change can
be resolved
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Perhaps the largest challenge for the ACC habitat will be developmg
momtormg actIVItIes to measure vanability m forage fIsh populatIons and
associated predator populatIons Some optIons for exploratIon of partnershIps for
assessmg forage fISh abundance and associated phenomena mc1ude the followmg-

• Larval surveys buIldmg on the databases and archIved specImens from the
FOCI program

• Use of forage fISh occurrence m the stomachs of large fIsh collected m the
sport fIshery-or m some of the large fIshery assessment programs
conducted by NOAA and ADF&G-as an mdex of relatIve abundance (The
Trustee Council sponsored a successful study of these occurrences of
forage fIsh m the sport fIshery for halIbut out of Homer)

• Small mesh trawl surveys conducted by ADF&G around Kodiak Island
and lower Cook Inlet to assess shrImp abundance (A large database from
thIS program extends for some locatIons back to the 1960s for a large
variety of speCIes on the mner shelf )

• AerIal surveys With the use of conventIonal photography or other sorts of
Imagmg (such as LIDAR) of shallow water aggregatIons of Juvem1es or
adults

• HydroacoustIc sensors mounted on VarIOUS shIps of opportunIty and fIxed
moormgs

• AnalySIS of food Items brought back to the nests of colomal seabIrds (such
as puffms) as an md1catIon of the relatIve abundance of VarIOUS forage fIsh
speCies m partIcular areas

• Other net samplmg programs that may be under way or contemplated

445 Models

Several hydrographIc and CIrculatIon models have been or are bemg developed
for the ACC (see also Chapter 8, and AppendIx F) Models of the relatIonship of
marme planktomc productIon to water column structure were developed m the
EVOS SEA program (Eslmger et al 2001) and are expected eventually to be
developed further under the GEM Program

The GLOBEC nutnent-phytoplankton-zooplankton (NPZ) 1-D and 3-D models
are a SUIte of coupled bIOlOgical-phYSICal models concerned With the coastal regIOn
of the GOA They address effects of concern to the GEM Program m the ACC and
offshore cross-shelf transport, upstream effects, local productIon, and condItIons
condUCive to SUItable Juvem1e salmon rearmg habitat

Models of partIcular mterest from the FOG program are the 1-D and 3-D
versIOns of the Shehkof NPZ models, and the GOA Walleye Pollock StochastIc
SWitch Model (SSM) (see Chapter 8, and AppendIx F) The Shehkof NPZ models
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are a set of coupled (bIOlogIcal and phySICal) models desIgned to exarrune
hypotheses about pollock recruItment m the Sheh1.of StraIt regIon The Pollock
SSM IS a numerIcal SImulatIOn of the process of pollock recruItment Of partIcular
mterest to the GEM Program IS the IdenbfIcahon by the SSM of three specIfIc
agents of mortalIty wmd IDlXIDg, ocean eddIes, and random effects Ecopath
models developed by Okey, Pauly, and others at the UmverSlty of BrItISh
ColumbIa are also of mterest, especIally for PWS, but also for the GOA contmental
shelf and slope (excludIng fjord, estuarme, and mterhdal areas) (see AppendIx F)

4 4 6 Candidate Core Momtormg ActiVities

It appears that the phySIcal oceanographers have developed a level of
understandIng about mner-shelf dynamICS that will allow the GEM Program to
IdentIfy a core set of measurements, locahons, and frequenCIes that address
queshons relevant to the GEM Program A core momtonng achVlty based on the
partnershIp at the GAKl stahon IS hkely Others may be added m FY 04 to FY 07
as IdenbfIed by synthesIS and the results of other programs (GLOBEC and FOCI
stahons and moonngs) and as fundmg allows Full core momtonng m the ACC
may not be fully operahonal untIl FY 07

4 4 7 Candidate Core Variables

The key varIables m measurmg the produchVlty of the ACC are temperature,
msolahon, salmIty, fluorescence, and abundance of key forage speCIes, mcludmg
fIsh and zooplankton

4.5 Offshore: Alaska
Current and the
SubarctiC Gyre

4 5 1 Conceptual Foundation for Offshore

In the offshore areas of the Alaska Current and the subarchc gyre, forcmg by
wmds assocIated WIth the Aleuhan Low Pressure System (Aleuhan Low) has a
profound effect on produchon and shoreward transport of plankton Produchon
and shoreward transport of plankton are determmed by the followmg

•

•

•

Upwellmg at the center of the subarchc gyre,

Depth of the mIXed layer (freshwater and solar energy mput set up the
mIXed surface layer where pnmary produchon takes place),

POSSIble upwellmg of nutrIents along the contmental slope and at the shelf
break where the shelf break front may drrect upwelled water toward the
surface, and
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(
• Formanon of edches along the shelf break that may mcubate plankton rn a

favorable enVIronment for producnon and be mechamsms of exchange
between offshore and shelf water masses Inchvidual edches may perslSt
for months and are therefore potenb.a1ly 1ll1.portant rn anyone growrng
season

The contrasts rn bIOlogIcal producnon and shoreward transport of plankton
between mtense and relaxed AleuUan Low conchnons rn the Alaska Current and
the subarcnc gyre are profound In penods Wlth more neganve atmosphenc
pressure that lS keyed by the northeastern movement of the Aleunan Low rnto the
GOA rn wrnter, the followmg rnterrelated phYSICal changes are observed

•

•

•

•

Acceleranon of the cyclomc monon of the Alaska Current and subarcnc
gyre,

Increased upwellrng rn the ll1.lddle of the subarcnc gyre (and pOSSIbly along
the conhnental shelf),

Entramment of more of the west wrnd drill (southerly pornon of the
subarcnc gyre) northward rnto the GOA, rather than rnto the Callforma
Current system,

Warmer surface-water temperatures and rncreased preClpitanon and fresh
water runoff from land,

•

•

•

Freshenrng of the surface layer,

Increased wrnds and Ekman transport, and

Increased onshore downwellrng

These phenomena are thought to cause the followrng bIOlogIcal changes

•

•

•

•

The result of the shallower llllXed surface layer lS that the spnng plankton
producnon 18 llkely mgher (remember that nutnents may not be 1lllllhng rn
the subarcnc gyre),

Greater standmg crops of zooplankton and nekton that have been observed
are probably made pOSSIble by the hIgher producnVlty of the
phytoplankton,

More food lS available for the fuh that feed on plankton and nekton, such
as salmon, and

Salmon populanons track mean atmosphenc pressure for the wrntertlme
sea surface on scales of decades

In adchnon to the muln-decadal oscl1lanons of atmosphenc pressure, c1llllate
changes man1fested rn the northern GOA also mclude penodlc El NIfio's and the
long-term Warllllllg of the oceans El NIfio's have been assoCIated Wlth successful
recrmtment of a senes of ground.6.sh speCIes, such as pollock, as well as some che-
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off of seabirds. Because the El Nino phenomenon appears to be manifested solely
in warming of the upper 200 m of the ocean, its biological effects are probably
mediated through water stratification and its relationship to primary production
and growth of larval fish.

The Alaska Current is centered over the shelf break, an area of high biological
activity. The high concentrations of plankton observed at the shelf break, whether
they result from accumulation of plankton originating further offshore, in situ
production, or both, provide a rich resource for a variety of organisms and their
predators. It is not clear that juvenile salmon feed in this regime, but adults of all
salmon species certainly do. Other prominent organisms include sablefish,
myctophids (lantemfish), sea lions, some seabirds, and whales. Well-developed
benthic communities exist on the outer shelf, shelf break, and continental slope,
including commercially exploited populations of shrimp, crab, cod, halibut, and
pollock. Some fishing activities, such as bottom trawling, have the potential to do
habitat damage and possibly limit populations of animals associated with the sea
bottom. Issues associated with the balance between production and removals of
commercially important species are of the utmost societal importance in Alaska
and further ecological information, modeling, and synthesis centered on the
Alaska Current regime is necessary.

4.5.2 Potential Offshore Questions:

a. What is the annual variability in the production of zooplankton in the
offshore areas?

Specific Information Needs: Abundance of zooplankton on time and
space scales appropriate to understanding annual production.

b. How are the supplies of inorganic nitrogen, phosphorus, silicon, and
other nutrients essential for plant growth in the euphotic zone annually
influenced by climate-driven physical mechanisms in the GOA?

Specific Information Needs: Measurements of inorganic nitrogen,
phosphorus, silicon, and other nutrients on time and space scales
appropriate to understanding annual variability.

c. What is the role of the Pacific High Pressure System in determining the
timing and duration of the movement of dense slope water onto and
across the shelf to renew nutrients in the coastal bottom waters?

Specific Information Needs: Synoptic information on sea level pressure
and horizontal and vertical structure of density and nutrients on the
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outer conbnental shelf and Alaska Gyre ill relahon to the ACC on
approprIate hIDe and space scales

d Is freshwater runoff a source of lIon and silicon that IS lillportant to
manne produchVlty m the offshore and adjacent manne waters?

SpeClfic Inf01mahon Needs Levels of bIOlogIcally aVallable silicon and
lIon from offshore water ill re1ahon to the ACC on approprIate hIDe
and space scales

e Does lIon lmutahon control the specIes and SIZe dIStnbutIOn of the
phytop1an1.ton commumhes m the offshore areas?

SpeClfic Inf01 mahon Needs Levels of bIOlOgIcally available lIon and
specIes composIhon and SIZe dIStnbuhon of the phytoplankton
commumhes from offshore water on approprIate hIDe and space scales

4 5 3 Program Implementation

As WIth the ACC porhon of the program, results of GLOBEC research need to
be carefully cOnsIdered before lillplementahon of long-term momtonng m thIS
broad habItat type ThIS dehberate approach IS reflected m the emphasIS on
syntheSIS for thIS habItat type m the early years of the proposed schedule for
lillplementahon (Table 4 4)

4 5 4 Prospective Partner ActiVities

Support of partners ill exISbng momtormg projects may be necessary to obtam
suffiCIent mformahon for deSIgn of a momtonng program Because of the expense
of lllihabng most offshore samphng programs, careful se1echon of partners and the
use of long-term, low-frequency data gathermg will be key strategIes for
understandmg decadal-scale changes ill thIS envrronment Current efforts to apply
the conbnuous plankton recorder technology on ShIpS of opportumty m the GOA
offer partnershIp opportumhes ExtensIon of eXlSbng shIps of opportumty
programs to mc1ude measurement of VarIables of mterest to the GEM Program IS
also a possIbility

455 Models

The GLOBEC NPZ l-D and 3-D models are dIScussed above m Sechon 445 A
broader model addressmg NPZ for the entrre North Pacmc IS the North Pacmc
Ecosystem Model for Understandmg RegIonal Oceanography, m whIch fluxes of
mtrogen, silicon, and carbon will be tracked (see AppendIx F)
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Table 4 4 Proposed Implementation Schedule for Offshore Habitat

MOnitoring Activity Data
Fiscal Year Core Partners Model Management

2003 SynthesIs MOnitor Statlstlcal(c) Coordination (p)

Research

2004 SynthesIs MOnitor Statlstlcal(c) Coordination (p)

Research Archlvlng(p)

2005 SynthesIs Monitor Statlstlcal(c) Coordination (p)

Research Numerrcal prototype (p) Archiving (p)

Dlstrrbutlon (p)

2006 Synthesis MOnitor? Statistical (c) Coordination (p)

Numerrcal (p) Archiving (p)

Dlstrrbutlon (p)

2007 SynthesIs MOnitor? Archiving (p)

Numerrcal (p) Dlstrrbutlon (p)

Notes

c = core (GEM Program supported) actIvity

p = partnershIp (jomtly supported) actIVity

ProspectIVe partners NPRB, NOAA (NMFS/NOS), CanadIan Department of F/shenes and
Oceans (CDFO), Japan FIshery Agency

CandIdate core monltonng actlvrtJes GLOBEC stations, Valdez-Long Beach Lme, and other
shIps of opportunity

Candidate core varrables nutrrents detrrtus and plankton, temperature and salinity

4 5 6 Candidate Core Momtormg Activities

A reasonable oceanograpluc program m the ACC can probably be extended
across the shelf break WIth the use of eXlStmg GLOBEC, FOCI, and acc samplmg
stahons, moormgs, and transects The use of the Valdez-Long Beach lme WIth 011
tanker-mounted fluorescence and zooplankton samplmg gear appears to be an
attrachve methodology for long-term, low frequency samplmg over large spahal
scales

4 5 7 Candidate Core Variables

Parhcularly CIDOal aspects of the offshore enVIronment are phYSICal processes
and attendant bIOlOgical responses at the shelf break and front (for example, extent
of deep-water mtruSIOn onto the shelf m the late summer and fall), the mIXed layer
depth m the Alaska Gyre m the sprmg-summer, and Ekman transport of offshore
produchon onshore Measurements of baSIC VarIables are essenhal to
understandmg the role of these offshore aspects m affectmg produchvity of other
habItats These vanables mc1ude temperature, salmIty, nutnents, detntus, and
plankton
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ConclUSions.
Movmg the GEM
Program Forward

46
To mamtam the value of the long-term
momtormg program, data collecnon and
samplmg protocols will necessanly be
conservahve, changmg only WIth demonstranon
of substanhal need, and then only after careful

dehberanon Therefore, It IS cnncal that GEM choose Its momtonng projects WIth
caunon and dehberanon The process enVISIOned will select research projects m
the early years of the program that show promIse of leadmg eventually to
mc1usIOn m the long-term momtormg program Research will be focused around
lllihal research queshons developed through the STAC and subcoffiffi1ttee
processes (see Chapter 5), usmg the quesnons provIded m thIS chapter as a starhng
pomt for dehberahon In the lllihal years of the program, research projects will be
selected through a sohCltanon process The Trustee Council will ISsue the request
for proposals WIth recommendanons from the STAC, the Pubhc AdVISOry
COffiffi1ttee and commumty mvolvement (see Chapter 5) As the GEM Program
matures, requests for proposals may become mcreasmgly targeted toward requests
for speafIc research and momtormg projects and capabIhnes However, a porhon
of the available funds will conhnue to be allocated to the mnovanve synthesIS and
research proposals necessary to mamtam lugh standards of sCIenhfIc ngor and cost
effecnveness Workshops and subcoffiffi1ttees will be Important mechanISmS to
mvolve the pubhc, mdudmg resource managers, commumnes and other
stakeholders, m selechng research and momtonng acnV1nes
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5. PROGRAM MANAGEMENT: ADMINISTRATION,
PUBLIC AND COMMUNITY ADVICE AND
INVOLVEMENT, SCIENTIFIC GUIDANCE, AND DATA
POLICIES

In ThIS Chapter

'r Program Adnurustrahon

~ ProVIdmg for Pubhc and Commuruty AdvIce and Involvement

~ Process for ProvIdmg SClenhfIc AdVIce, RevIew and Management

~ Estabhshmg Data Management OffIce and POhCles

5.1 Administration The adnumstrahon and management of the GEM
Program must be cost-effIClent, have a hIgh degree

of sClenhfIc credIbility, and proVIde for pubhc access and accountability

The GEM Program will be adnumstered by a core professIOnal staff that IS not
dIrectly affIhated WIth any parhcular agency, mshtuhon, or program ThIS IS
currently the case WIth the management of the E:>.,Xon Valdez 0J.1 Spill Trustee
Council OffIce (FIgure 5 1) An execuhve dIrector will oversee the fInancIal,
program management and adnumstrahve, scIenhfIc, and pubhc mvolvement
aspects of the program The execuhve dIrector and staff, while housed for
adnumstrahve purposes rna smgle government agency, will work under a
cooperahve agreement for all SIX trustees The Trustee Council and staff will
achvely SOhClt adVIce on SClence and pohcy matters, mcludmg reVIew of
momtormg and research achVIhes, from experts, mcludmg the SaenhfIc and
Techmcal AdVISOry COmmIttee (STAC), and from the pubhc, mcludmg the Pubhc
AdVISOry COmmIttee (pAC)

5 1 1 The Work Plan

A Work Plan will document the current achVIhes that Implement the program
As projects for momtormg and research are approved by the Trustee Council, they
will become part of the Work Plan The Trustee CounCIl may be asked to adopt a
new Work Plan each year, or they may be asked to adopt new groups of projects
mto the Work Plan on a penodIc basIS
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GEM PROCRAM lMPLEMENTATION
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Figure 5 1 The organizational elements Involved In GEM Implementation Modified
In response to comments from the Nation Research Council

5 1 2 Proposal Development and Evaluation Process

The proposal development and evaluahon process will have the followmg
elements or steps, wluch are also shown m FIgure 5 2 As Implementahon of the
GEM Program begms, however, these steps may be modmed as effiCIenCIes and

Improvements are found

•

•

A "State of the Gulf" workshop will be held penodIcally, at wluch the
current status of the health of the Gulf of Alaska (GOA) ecosystem will be
assessed Project mveshgators, peer reVIewers, resource managers,
stakeholders, and the pubhc will be mVIted to thIs meehng, at wluch
research and momtormg results will be presented and dIscussed In some
years, thIs workshop will be replaced by or augmented wIth a process of
consultahons and workshops WIth VarIOUS comnuttees and work groups of

SCIence and pubhc advISOrs to evaluate and affrrm or reVISe pnonhes

An Inmtahon to Sub11lzt PI oposals, wluch will specIfy the types of proposals
that are pnonhes for consIderahon to Implement the mISSIOn and goals of
the GEM Program, will be ISSUed penodIcally Research proposals are
enVISIOned to be of fuute durahon and have short-term goals (for example,
2 to 5 years) Momtonng projects will be evaluated and renewed on longer
hme scales (such as once every 5 years) The Inmtahon(s) will be the velucle
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for nob.fymg the scIenbfIc commumty, the pubhc and others that proposals
will be consIdered dunng a certaIn penod of tnne

Proposals receIved m response to the Inmtahon will be CIrculated for
techrucal peer reVIew (see below) In addIhon, proposals will be revIewed
by the STAC and appropnate subcommIttees for therr ability to contnbute
to the mformahon-gathenng needs of the central hypothesIS and queshons,
and also for how they contnbute to meetmg the programmahc goals and
strategtes of the Trustee Council (see Chapters 1 and 3), such as promotmg
commumty mvolvement, developmg resource management apphcahons,
and leveragmg funds from other sources Past perfonnance of pnnClpal
mveshgators will be assessed Staff will also reVIew all budgets

Comments from the PAC and the general pubhc will be sohClted A
reasonable penod of tIme for pubhc comment will be bUIlt mto the reVIew
process

•

WORK PLAN

The execuhve drrector will present to the Trustee Council the
recommendahons of the STAC and PAC, a summary of any addIhonal
pubhc comment, and addIhonal recommendahons If appropnate

The Trustee Council, after receIvmg adVIce from Its pubhc and sClenhfIc
adVISors and staff, will vote on whIch proposals to fund

GEM Proposal Evaluation Process
STATE OF THE GULF

WORKSHOPS AND R£::PORTS

INVITATION

PROPOSAl

PUBLfC REVIEW
.. PublkAdvbory

Comnlltl:ee
• Ceneml Pubh<::

/

/

TECHNICAL REVIEW
• Paer Re<JlEl\!J
.. Commltt:~$
.. Staff

TRUSTEE COUNCIL
ADOPTiON

SfAfF
RECOMMENDATION

Figure 52 GEM Proposal Evaluation Process
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5 1 3 Reports and Publications

Annual and £mal reports will be reqwred for all proJects, followmg estabhshed
procedures To ensure that mveshgators are makmg sab.sfactory progress toward
project obJechves, staff will reVIew annual reports In adillhon, annual reports may
possIbly be sent out for mdependent peer reVIew Fmal reports will be subject to
mdependent peer reVIew, and comments from the mdependent peer reVIewers
must be addressed m the £mal versIOns of fmal reports All £mal reports will be
arcluved at the Alaska Resources LIbrary and Informahon SerVIce (ARLIS) and
available on the Trustee Counru's web page

Pubhcahons m the peer-revIewed hterature will be expected of program

parhClpants

5 1 4 Peer Review

Each proJect, as well as some annual and all £mal reports, will be peer-revIewed
by appropnate experts Idenb.fIed by staff who, as a rule, are not also conduchng
projects funded by the Trustee CouncIl The peer reVIew may be eIther paId or
volunteer, wluchever IS most expeillhous and appropnate The external peer
reVIew process will prOVIde a ngorous cnhque of the sClenb.fIc ments of all
morutonng and research proposals and selected reports ReVIew funchons may be
carned out m wnhng, by telephone and occasIOnally on SIte or m person

SpecIal reVIew panels may be convened from b.me to b.me to evaluate and make
recommendahons about aspects of the GEM Program At other b.mes, speCIal
panels may meet WIth project mveshgators and others to fully explore partIcular
tOpICS, problems, or projects

5 1 5 External Program ReView

The Trustee COunruIS COmmItted to reVIew of the program by an outSIde
enhty, such as the Nahonal Research CouncIl, at penomc mtervals ThIS reVIew
will look at the program's structure and Implementahon to ensure that the GEM
illlSSIOn and goals are bemg ac1ueved

The Importance of pubhc partIClpahon m the
Trustee CouncIl process, as well as estabhshment
of a pubhc advISOry group to adVISe the trustees,
was specIfIcally recogmzed m the E:t:wn Valdez
settlement and IS an mtegral part of the agreement
between the state and federal governments

The Trustee CouncIl IS COmmItted to pubhc mput and pubhc outreach as VItal
components of the long-term GEM Program FIgure 5 1 illustrates the role of pubhc
parhClpahon m the GEM Program
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5 2 1 Public AdvIsory Committee

The PublIc AdVISOry Group (PAG) m effect from 1991 - 2002 has 17 members
representmg 12 mterest groups and the publIc at large, as well as two ex-offIcIO
members from the Alaska LeglSlature The charter for a new PublIc AdVISOry
Comnuttee (pAC) will be certIfIed m September 2002 The PAC will COnsISt of 20
members, representmg 14 dIStmct publIc mterests The PAC will meet at least
twIce a year to provIde broad program and polIcy grndance to the Trustee Council
and staff on the overall development and progress of the GEM Program The
group will take an actlve role m settmg pnontles and ensurmg that the overall
program IS responsIve to publIc mterests and needs

5 2 2 Public Advice

The PublIc AdvISOry Comnuttee IS not the only source of publIc adVice for the
Trustee Council Opportunltles for publIc adVice and comment are mcorporated
throughout the process The Trustee Council IS a publIc entlty subject to the State
of Alaska Open Meetmgs Act and correspondmg federal laws All meetmgs are
publIc, notlced to the publIc, and mclude a formal publIc comment penod
Newsletters, annual reports, publIc meetmgs m commumtles m the spill-affectlon
regIon, and the Trustee Council's Web SIte (WWW oI1spill state ak us) are all tools to
promote and encourage publIc mput and partlcipatlon

5 2 3 Public and Commumty Involvement

The Trustee Council IS comnutted to mcorporatmg publIc and commumty
mvolvement m the GEM Program at all levels ThIS means not Just provIdmg
adVice on proposals and polICIes, but mvolvmg commumtles early on m
developmg research hypotheses and questlons and helpmg decIde what vanables
to momtor and m what locatlons

Developmg a program that mcludes extensIve commumty mvolvement will be
a challenge, and will necessanly evolve over tlme The Trustee COuncllIS fundmg
several plannmg projects m FY 02-FY 03 to further develop ways to better
mcorporate local and commumty mvolvement m the GEM Program

Ongomg efforts mclude, but are not 1J.mIted to, these elements

•

•

•

Commumty meetmgs where commumty members are asked to IdentIfy
and prOVide mformatlon on ISSUes and questlons that are most Important to
them

PublIc, stakeholder and commumty membership on the PublIc AdvISOry
Comnuttee ExpansIOn of the comnuttee SIZe to allow greater partlCIpatlon
by commumtles and stakeholders

Commumty representatlon on all subcomnuttees and work groups used m
developmg and Implementmg the GEM Program MakIng fundmg
available to encourage partlCIpatlon m subcomnuttees and work groups
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•

•

•

•

Jomt meetmgs between the SCIenbbc and Techmcal AdvISory COmmIttee
and the Pubhc AdVISOry COmmIttee to foster commurucahon between
sCIenbbc mterests and commuruty mterests

MembershIp of at least one STAC member on the PAC

A proposal SohCItahon and reView process that encourages commuruty­
based proposals

I

The mcluslOn of commuruty-based momtormg programs and tradihonal
knowledge m the GEM Program, espeCIally m the watershed and
mtemdaljsubhdal habItats

53 SCientific Advice,
Review and
Management

In addIhon to peer reVIew of mdIVIdual proposals
and pubhc reView and adVice, a COmmIttee and
work group approach will be used to gUIde GEM
Program development and lIDplementahon

5 3 1 GEM SCience Director

The GEM Program SCIence DIrector will work closely WIth other sCIenbbc
advISory bodIes, and will be the staff member tasked WIth overseemg
lIDplementahon of the SCIence program and mformmg mterested commuruhes of
the program's results The SCIence DIrector will work WIth other Trustee CounCll
staff m overseemg lIDplementahon of research and momtormg achVIhes, ensurmg
hmely dehvery and mssemmahon of research results, and mamtammg the GEM
database The SCIence DIrector makes recommendahons to the Execuhve DIrector
and the Trustee Councl1 on program lIDplementahon and development

5 3 2 SCientific and Technical AdvIsory Committee (STAC)

The STAC IS a standmg COmmIttee that IS expected to prOVIde the pnmary
sCIenbbc advIce to the Execuhve DIrector on how well the collechon of proposed
momtormg and research projects (the work plan) and the GEM Program meet the
IDlSSIon and goals of the program and test the conceptual foundahon

The STAChas three pnmary funchons

1 ProVide leaderslup m Idenbfymg and developmg testable hypotheses
relevant to the conceptual foundahon of the GEM plan, consIStent WIth the
IDlSSlOn, goals and pohcres of the Trustee CouncJ1.

2 Make recommendahons to the Execuhve DIrector and GEM ScIence
DIrector on preparahon of the SCIence program and lIDplementahon plans,
proposal SOhcItahon and peer reVIew, and selechon of research, momtormg,
syntheSIS, modehng and other studIes best SUIted to meetmg the goals of
the GEM Program
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3 ProvIde support and oversIght to subcomnuttees and ad hoc work groups
as needed (see below)

The STAC IS composed of ementus and seruor scIentISts and others selected
pnmanly for theIr broad expertIse and leadershIp who serve for four-year,
staggered renewable terms At least one of the SCIentISts servmg on the STAC also
serves on the PAC The STAC members are not pnnCIpal mvestIgators for GEM
projects InstItutIonal and profeSSIOnal af.fJ.hatIons are of mterest m selechng
members, because connectIons to other marme SCIence programs are valuable for
ensurmg collaboratIon and coordInatIon on GEM Program ImplementatIon The
GEM SCIence DIrector IS a co-eharr and non-vohng member of the STAC

5 3 3 Subcommittees

Subcomnuttees are standmg comnuttees orgarnzed to address speafIc aspects
of the GEM Program, to facilitate coordmatIon among SCIentISts, resource
managers, and the pubhc and commumtIes, and to help the STAC prOVide
leadershIp and overSIght for the program

The functIons of the subcomnuttee(s) are to

•

•

•

Recommend to the STAC testable hypotheses, Items for mVItatIon and peer
reViewers,

IdentIfy and help gmde ImplementatIon of core momtonng statIons and
VarIables that are relevant to the key questIons and testable hypotheses,

AdVISe on, or pOSSIbly convene speCIal reVIew panels or work groups
about, aspects of the GEM Program

The subcomnuttees are composed of SCIentISts, resource managers, educators,
and commumty members selected for knowledge, expertIse or familiarIty WIth the
ISsue around whIch the subcomnuttee IS created For example, subCOmmIttees
could be developed around each of the broad habItat types (watersheds, mterhdal
and subtIdal, Alaska Coastal Current (ACO, and offshore) or Just one overall
habItat, hngenng Oll effects, data management systems and InformatIon
technology, mode1mg, momtonng or other GEM Program areas Subcomnuttee
members can be pnncipal mvestIgators on current GEM funded projects
InstItutIonal, profeSSIOnal, and other af.fJ.hatIons will also be of mterest m selechng
members to promote collaboratIon and cooperatIon

5 3 4 Work Groups

The STAC and subcOmmIttees may penodIcally form ad hoc work groups to
develop specIfIc products as requested Work groups could also be charged WIth
solvmg a partIcular problem m a fImte amount of tIme, such as the proper locatIon
of an oceanographIc moormg
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5 3 5 Workshops

The STAC or subcomnuttees may recommend orgaruzmg workshops to
proVIde mput on core varIables for momtormg, research achvIhes, commumty
mvolvement strategIes, and other program elements The GEM Program
anhClpates that workshops will play an Important role m Implemenhng the SCIence
program and dIssemmahng the results of GEM research to resource managers and
commumhes

Data
Management and
Information
Transfer

5.4 The Data Management OffIce will be an essenhal
component of the GEM Program The office will
be headed by a Data Systems Manager who will
evaluate conhnuously the evolvrng mformahon
management needs of the GEM Program, and
Idenhfy and recommend cost-e£fechve soluhons to

the Execuhve and Saence drrectors Over hIDe the mIX of m-house supporhng staff
and out-sourced taskIng may vary, but there will be a long-term comnutment to
provIdmg consIStent and hIgh qualIty data management support (data qualIty,
archIve, and analysIS) to the GEM Program Staff m the Data Management OffIce
will coordmate WIth other agenaes m regard to data management and mformahon
transfer, manage compuhng resources, develop software programs, and mamtam
web SItes m support of the GEM Program In addIhon, staff m the Data
Management OffIce will be responsIble for developmg and ensurmg complIance
WIth data pollaes and procedures

Data management and mformahon transfer pOlICIes are an mtegral part of GEM
Program management Clear and effechve approaches for mformahon gathermg,
archIvrng and dIssemmahon are essenhal to the successful operahon of a long-term
ecosystem SCIence project such as the GEM Program Because the GEM Program IS
regIonal m geographIc scope, WIth goals of cooperahon, coordInahon, and
mtegrahon WIth eXlShng marme SCIence programs, data management and
mformahon transfer polICIes are to be compahble WIth, and slillllar to, eXlShng
norms for state, federal, and nongovernmental marme SCIence programs
Whenever pOSSIble, eXlshng norms will be adapted or adopted for use by the
Trustee Council Standards adopted by the Federal GeographIc Data COmmIttee,
GLOBEC, and the US EnVIronmental Protechon Agency's (EPA) EnVIronmental
Momtormg and Assessment Program (EMAP), and other orgamzahons will be
consIdered for deve10pmg GEM data management and mformahon transfer
polICIes (Ophons and procedures for data management and mformahon transfer
are consIdered m more detaIl m Chapter 9 )

The GEM data management and mformahon transfer polICIes will mcorporate
the followmg broad elements

• A COmmItment to makIng data and models available m a well documented
and understood form
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• Full and open shanng of data and models at low cost, after venfIcabon and
vahdanon

• TImely availability of data and models

• Acceptance of and adherence to the data pohCles as a condInon for
parncipabon m the GEM Program and receIpt of fundmg

• Adherence to data collecnon and storage standards

• Avallability of data and models on the GEM pubhc web SIte, or through a
nanona! pubhc archIve

• Long-term arch1vmg of all data and models m a deSIgnated storage facility

• Proper metadata, mc1udmg Idenb.f1canon of the ongm of all data and
models WIth a Cltabon
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6. INTRODUCTION TO THE SCIENTIFIC FOUNDATION

In This Chapter

» Leadmg Hypotheses m Manne Ecosystems

» PnnCIpal Ecologtcal Concepts

6.1 Introduction

GEM's nusslOn, as defIned m Chapter 1, 15 to

Sustam a healthy and btologrcally dIverse manne ecoS1Jstem m the
northem Gulf ofAlaska (GOA) and the TUlman use of the manne
resources til that ecoS1Jstem through greater tmderstandmg ofhow
Its prOducttVlty IS tIlfluenced by natural changes and Tillman
acttvl1:tes

As developed m response to th15 nusslOn, a comprehensIve, general conceptual
foundahon 15 the baSIS for the GEM Program (Chapter 2) The vahmty of the
conceptual foundahon 15 essenhal to the success of the GEM Program by vutue of
Its use to generate the hypotheses and queshons that drIve momtormg and
research Chapter 6 begtns the process of estabhshmg the sClenb.f1c credentrals of
the conceptual foundahon by presenhng the leadmg hypotheses on structure and
funchon of marme ecosystems and the pnnclpal ecologtcal concepts on whIch It 15
based Chapter 7 conhnues and concludes that process WIth a presentahon and
syntheSIS of relevant scIenhfIc hterature

6.2 Some Leading
Hypotheses

Th15 sechon reViews leadmg hypotheses that
explam changes ill bIOlogtcal produchon as a
result of natural and human achVIhes

621 Match-Mismatch Hypothesis

The essence of the match-nusmatch hypotheSIS 15

• Populahons of orgaTIlSillS are adapted to certam enVIronmental
conmhons

• When those condihons change rapIdly, predator and prey populahons
may not track m the same way
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• As a result, transfer of energy mto the lugher levels of the food web IS
compronused

TIns hypotheSIS has been proposed by Mad,as to explam changes m produchon
WIth the slow sluft to earlIer emergence of Neocalanus copepods at Ocean Stahon P
m the last several decades (Mad,as et al 1998) The match-nusmatch hypothesIS
was also mvoked by Anderson and Platt to explam ecological changes observed m
a long hme senes of small-mesh trawl samplIng around KodIak Island and the
Alaska Penmsula (Anderson and Platt 1999)

6 2 2 Pelagic-Benthic SP~lt

EslInger et al (2001) suggested that strong mshore blooms of spnng
phytoplankton that occur m condihons of strong strahfIcahon put more bIOlogical
produchon mto the benthIc ecosystem, m contrast to weaker, but more prolonged
blooms, that occur m cool and wmdy growmg seasons Under the latter conmhons,
It has been proposed that bIOlogical produchon IS more effIcIently used by the
pelagic ecosystem and that relahvely less of the produchon reaches the benthos It
IS conceIvable that durmg a senes of years m wluch one conmhon IS much more
prevalent than the other, food mIght be reallocated between pelagIc-feedmg and
benthIc-feedmg speCIes and be reflected m changes m these populahons Strong
year classes of parhcular long-lIved specIes also mIght result from conmhons of
strong strahfIcahon causmg more bIOlogical producnon or weaker blooms, leadmg
to dommance of the system by certam Silltes of speCIes

6 2 3 Optimum Stability Window Hypothesis

Gargett (1997) proposed that there IS a pomt m the range of water stability
below wluch water IS too easily mIXed downward, resulhng m less than maxIffium
produchVlty, and above wluch the water IS strahfIed to the extent that It reSISts
wmd mIXmg Gargett proposed that the fluctuahng dIfferences m salmon
produchon between the CalIfOrnIa Current and subarcnc gyre domaIns are
ulhmately the result of these two systems bemg on dIfferent parts of thIS response
curve at dIfferent hmes

6 2 4 PhySiological Performance and Limits HypothesiS

A number of explananons for long-term change more slffiply propose that the
abundance of certam speCIes, mamly fISh, IS a drrect response to therr phYSIOlOgical
performance at dIfferent temperatures Under thIS hypothesIS, the changes m
dommance of cod-lIke fIShes and crustaceans that were seen m eastern Canada
around 1990 and m the northern GOA around 1978 were IDlhally a response to
warm (ascendancy of gamds) or cold (ascendancy of crustaceans) water
temperatures In other words, the mam agents of change are the drrect effects of
water temperatures achng on phySIOlOgical funcnons of mmviduals, m addIhon to
the combmed effects of freshwater mput, wmds, and temperature on ecological
processes

74 CHAPTER 6 JULY 2002



GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

6 2 5 Food Quality HypothesIs

The food quahty hypothesIS IS also referred to as the Junk food hypothesIS It
attrIbutes decbnes of many hlgher trophlc-Ievel organISmS observed m the last
several decades (harbor seals, sea hons, and many seabrrds) to the predommance of
SUltes of forage specIes that have low energy content (less hpld) than preVlous food
sources (for example, gadlds and flatfIShes) ConsIStent WIth thIS hypothesIS IS
eVIdence from the Trustee Councll's Alaska Predator Ecosystem Expenment
program, whlch showed that It takes about twIce as much pollock as herrmg to
raISe a klthwake ChICk to fledgmg durmg the nestmg season (Platt and Van Pelt
1998, Platt 2000, Romano et al 2000) WIth the relanve ranty of capebn and sand
lance m the mets of seabrrds m Pnnce Willlam Sound (PWS) durmg the last several
decades, It seems that many of the populanon decbnes illlght be at least partlally
attrIbutable to the role of these fatty fISh m seabrrd mets The change m food
sources has been advanced for marme mammal populanons that have been m
decbne

6 2 6 Fluctuatmg Inshore and Offshore Production Regimes
HypothesiS

Although the fluctuatmg lTIShore and offshore producnon regIDles model IS
closely related to the Gargett hypothesIS of an optlmum stability wmdow, It
proposes that under the same set of atmosphenc forcmg conmnons OppOSIte
producnon effects are seen lTIShore and offshore FIgures 6 1a-d illustrate some
features of thIs model

The model was developed from observanons durmg the last several decades
that populanons of many seabrrds, harbor seals, and sea hons, whlch forage mamly
m mshore waters, have been dechnmg whlle marme surVlval of salmon and mgh
levels of offshore plankton and nekton suggested that offshore producnvlty was
very hlgh It IS proposed that the varIOUS manlfestanons of chmate forcmg have
combmed smce about 1978 (poslnve PaCltlC Decadal Oscl11anon [PDO]) to make the
ocean more producnve offshore CharacteIlSncs of the offshore ocean mc1ude more
upwellmg of deep nutnents and a illlXed surface layer that IS shallower and more
producnve These same chmanc conmnons are proposed to have made the lTIShore
areas of the GOA less producnve Durmg the poslnve PDO, greater freshwater
supply (preclpltanon on the ocean and terrestnal runoff) results m greater-than­
optlmal nearshore strauncanon Also, durmg the pOSlnve PDO, greater wmds
cannot overcome the strauncanon durmg the growmg season, but do mlu.b1t the
relaxanon of downwellmg Therefore, fewer nutnents are supphed to the lTIShore
regIDle from the annual run up of deep water onto the shelf Durmg a neganve
PDO, the OppOSIte pattern m bIOlOgICal response results from a colder, less wmdy,
and dner mantlme chmate
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Figure 6.1a Schematic of proposed fluctuating inshore and offshore production regimes in the GOA
showing relative changes in the physical processes during a positive PDO (strong wintertime low
pressure).
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Figure 6.1 b Schematic of proposed fluctuating inshore and offshore production regimes in the GOA
showing relative changes in the biological consequences of conditions during a positive PDO (strong
wintertime low pressure).
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Figure 6.1 c Schematic of proposed fluctuating inshore and offshore production regimes in the GOA
showing relative changes in the physical changes during a negative POO (weak wintertime low
pressure).
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Figure 6.1d Schematic of proposed fluctuating inshore and offshore production regimes in the GOA
showing relative changes in the biological consequences of conditions during a negative PDO (weak
wintertime low pressure).
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6 2 7 6 2 7 Human Impacts Hypotheses

Hypotheses on human lillpacts explam alterahons of ecosystems as the result of
human achVlhes Changes m speaes composihon, alterahon of the relahve
abundances of specIes and therr food specIes, and changes m produchon and
produchVlhes of populahons of plants and anllla1s are wIdely accepted as bemg
consequences, to some degree, of human achVIhes Q"ackson et al 2001) An
lillportant, constant dIlemma m the hIStory of natural resource management IS
dIshnguIShmg between human and non-human causes of fluctuahons m
produchon of bIological Iesources through hme (Mangel et al 1996, NRC 1999)

Indeed, thIS claSSIC dIlemma IS the ongrn of the central hypothesIS for GEM A
large body of eXlShng hypotheses, summanzed below, VIew spec:t.fIc human
achvIhes, such as harveshng and polluhon, as causes of changes m bIOlogical
produchon that are drrect or mdrrect sources of mortalIty for plant and anlllal
populahons, mc1udmg those of humans

6.2.7.1 Theory ofSustainable Flshmg

Accordmg to the theory of sustamable flShmg, It IS possIble to strIke a balance
between the losses caused by human and natural forces, and the gams due to
reproduchon and growth, such that the abundance of a speaes m an area remams
constant through hme Also known as the detel11llnlShc theory offislllng (Qumn and
DerISO 1999), thIS theory has mtellectual ongrns m the equahon of 10gIShc
populahon growth fIrst mtroduced m thIs context m 1837 (Qumn and DerISO 1999),
and m even older concepts of populahon regulahon that can be traced to the late
eIghteenth century (1798) It IS well known that the Ideal of a constant populahon
SIZe regularly producmg predIctable amounts of bIOmass for human consumphon
m perpetulty IS rare m the case of WIld populahons (1973) (Ricker 1975, Qumn and
DerISO 1999) Nonetheless, thIS Ideal IS the basIS for the legal, saenhfIc and popular
concepts of sustamable uses of all types of renewable natural resources, and It
mohvates the need for GEM to dIshngmsh between, and to help quantIfy, natural
and human caused sources of mortahty

The ongrnal baSIC theory of sustamable flShmg has been expanded to mc1ude
the concept that the process of fIShmg sustamably for one speaes may not
conshtute flShmg sustamably for other specIes (Qumn and DerISO 1999) For
example, one of the operatrng hypotheses for mveshgahons of causes for declme of
the Steller sea hon m the Gulf of Alaska by the Nahonal Manne FIShenes SerVIce
(NMFS 2002) IS that the declmes are due to commercIal fIShenes out-eompetrng the
sea hon for food Starvahon and assocIated nutnhonal stress are hypothesIZed to
be drrect agents of mortahty and causes of lowered reproduchve rates

FIShenes are also hypotheSIZed to compete With terrestnal speaes by lowenng
the overall produchVlty of watersheds m the GEM region and adJacent areas,
thereby also reducmg the produchon of salmon that ongrnate m those watersheds
(Fmney 1998, Fmney et al 2000, Gresh et al 2000, Fmney et al 2002) Transport of
nutnents from the marme envrronment to the watersheds by anadromous speaes,
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prmCIpally PaofIc salmon, IS thought to be Im.portant for sustammg the overall
produchVlty of some types of watersheds, mc1udmg the salmon specIes themselves
(MathIsen 1972, Klme et al 1990, Kbne et al 1993, Bilby et al 1996, Matlusen et al
2000) Note that apphcahon of the determmIShc theory of fIshmg wIthout mc1usIOn
of nutrIent-effects could lead to a downward SpIral m the annual produchon of the
salmon specIes bemg managed, mstead of the constant populahon predIcted by the
theory (Fmney et al 2000) As the salmon fIShery removes nutrIents from the
watershed, the carrymg capaCIty of the watershed for salmon IS lowered, thereby
causmg the determmIShc theory of fIShmg to prescnbe to managers a lower
"sustamable" level of spawners The lower level of spawners means even less
nutrIents and a lower level of produchVlty for the watershed Lower produchvIty
means an even lower eshmate of"sustamable" spawners from the theory, leadmg
to less nutrIents for the watershed, and a downward spIral m salmon produchon

6.2.7.2 Ubiquitous Distribution andNorthern Concentration of
Anthropogenic Contaminants Hypothesis

Transport of contamInants from SItes of release m lower lahtudes by
atmosphenc and oceanIC processes and through bIOlOgIC pathways concentrates
anthropogemc contamInants m northern ecosystems m even the most remote,
urunhabIted regIons of the northern hemISphere, mc1udmg the GEM regIon (Crane
and Galasso 1999) ContamInants produced by human achVlhes m human­
populated areas, pnnCIpally radIonuchdes, organochlonnes, and heavy metals,
alter ecosystems m all parts of the world by changmg rates of bIOlOgIcal produchon
(produchVlhes), as agents of drrect and mdrrect mortahty For example, one of the
operahng hypotheses for mveshgahons of causes for dechne of the Steller sea hon
m the Gulf of Alaska by the Nahonal Marme FIShenes ServIce (NMFS 2002) IS that
the dechnes are due to reproduchve Imparrment and mortahty resulbng from
contamInants from dIStant and local sources Also m the GEM regIon, two
organochlonnes, polychlormated bIphenyls (PCB) and the peshCIde
dIchlorodIphenyltrIchloroethane (DDT), were found to be transported to remote
locahhes m the Copper RIver dramage (cIrca 630 N 1450 W) by mIgratory fISh
speCIes and by wmd (Ewald et al 1998) Both DDT and PCB concentrahons per
mdIVldual mcrease as they move through the food cham, WIth both at hIDes bemg
found m very hIgh concentrahons near the top of the food cham m bIrds and
mammals, mc1udmg humans DDT IS well known to cause reproduchve
Imparrment, espeCIally m bIrds Metabohtes of DDT (p,p' -DDE) were found m
blubber taken by bIOPSY of killer whales m Prmce WIlham Sound m concentrahons
hIgh enough (21- 210 ppm) to suggest reproduchve Imparrment and mfant
mortahty, and relahvely hIgh concentrahons of other organochlonnes were also
found (Yhtalo et al 2001) PCB IS known to cause patholOgIcal changes m
reproduchve and nnmune systems For example, relahvely hIgh concentrahons of
PCB m the mIlk fat of InUIt women are COnSIStent WIth the hIgh mCIdence of
mfechous dISease among InUIt mfants m Archc Quebec, Canada (Dewailly et al
1993)
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6.2.7.3 AnthropogenIc Distribution ofExotiC SpeCies Hypothesis
Accordmg to tlus hypOthesIS, human transport of vertebrate and mvertebrate

speCIes causes changes m ecosystems by radIcally changmg speCIes composItIon
and relatIve abundances of speCIes through alteratIons of food web (trophIc)
pathways and mteractIons The food webs of the GEM regIOn appear to be
susceptIble to alteratIon by certam freshwater and anadromous fIsh speCIes that are
known to be able to complete therr hfe cycles at these latItudes AtlantIc salmon,
northern pIle, and yellow perch (ADF&G 2002) Anthropogeruc mtroductIons of
both northern pIle and yellow perch have been documented, and AtlantIc salmon
have become estabhshed to the south m BntIsh ColumbIa as a result of failed pen
rearmg operatIons In addItIon, a number of other vertebrate and mvertebrate
anImal specIes and a number of freshwater and salt marsh plants may be able to
estabhsh themselves m the GEM regIOn If mtroduced (ADF&G 2002)

6.2.7.4 Cumulative Human Effects Hypothesis
IndIvIduallTIStances of fIshmg, mtroductIon of contammants, transport of

exotIc speCIes, and other human lIDpacts that are not alone sufuCIent to cause
d1scerruble changes m the ecosystem are mexorably accumulated through tIme to
levels that can and do profoundly alter the habItats and trophIc pathways of the
ecosystem, thereby reducmg productIon of many anImal and plant speCIes As a
corollary, cumulatIve effects are drrectly proportIonal to human populatIon densIty
and they can reach levels that prohIbIt any sustamable human use of certam speCIes
(Mangel et al 1996) For example, many salmon populatIons near and adjacent to
human centers m the PacllIc Northwest (Calllorrua, Oregon, Washmgton, Idaho)
are now categonzed by the federal government as threatened or endangered, and
can no longer provIde a harvestable surplus WIth respect to humans, (Stouder et al
1997), whereas salmon populatIons m areas of low human densItIes are producmg
hIstoncal record-hIgh levels of harvest (Mundy 1996) Further It IS self-eVIdent
that envrronments around urbaruzed areas (such as Los Angeles, Puget Sound,
Boston Harbor, San FrancISCO Bay, and New York BIght) and watershed systems
(ColumbIa RIver Basm and San Joaqum RIver) have hIghly altered ecosystems that
contam mvasIve exotIc speCIes, mdIvIduals lIDparred by contammatIon, and bsh
populatIons that have been hIghly altered by the combmed effects of VarIOUS
human lIDpacts It appears that thIS degradatIon occurred over a long penod of
hme and as a result of the combmed lIDpacts of many dllferent human actIVItIes

ProductIon at the base of the food web, pnmary
productIVIty, IS strongly mfluenced by phYSICal
forces, and ultImately determmes ecosystem
productIVIty However, the abundance of any
partIcular populatIon WIthIn the food web

lIDIDedIate food supply (prey), removals (mortalIty), and

All anlIDa1s and plants m the oceans ulhmately rely on energy from the sun or,
m some SpecIal cases, on chemlcal energy from WIthIn the earth The amount of
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solar energy converted to hvmg materIal determmes the level of ecosystem
produchon (total amount of hvmg materIal and at what rate It IS produced) As a
rule of thumb, populahons of mmVldual specIes (such as salmon, herrmg and
harbor seals) cannot exceed about 10 percent of the bIOmass of therr prey
populahons (about the average converSIOn of prey to predator bIOmass) Therefore,
the amount of energy that gets mcorporated mto hvmg materIal and the processes
that dehver thIs materIal as food and energy to each speCIes are key factors
mfluencmg reproduchon, growth and death m speCIes of concern Increases m
prey, WIth other factors such as habItat bemg equal, generally allow populahons to
mClease through growth and reproduchon of mmvidual members At the same
hIDe, there are factors that lead to decreases ill populahons, loss of SUItable habItat,
decreases m growth, reproduchon and mmugrahon, and mcreases ill the rate of
removal (death and eIDlgrahon) of mmviduals from the populahon As a result,
the combmed effects of natural forces and human achVlhes that determme food
supply (bottom-up forces), habItat (bottom-up and top-down forces), and removals
(top-down forces) determme the SIZe of anImal populahons by controlImg
reproduchon, growth, and death

6 3 1 PhySical ForCing and Primary Production

The vast maJonty of the energy that supports ecosystems m the GOA comes
from capture, or frxahon, of solar energy m the surface waters How much of thIS
energy IS captured by plants m the ocean's surface layer and watersheds and
passed on ulhmately determmes how much bIOmass and produchon occur at all
levels m the ecosystem Capture of solar energy by plants m the oceans and
watersheds and the converSIOn of solar energy to hvmg tISsue (prlIDarY
produchon) depends on several mteractrng forces and condIhons that vary WIdely
from place to place, season to season, and year to year as well as between decades
Needless to say, WIthout a clear understandmg of how these changes occur, It will
not be pOSSIble to understand the most lIDportant aspects of ecolOgical change m
the GOA The process of capturIng solar energy IS explamed below

Frrst, m the ocean, pnmary produchon occurs only m the relahvely shallow ht
phohc zone (a few hundred feet) In watersheds, cloud cover and shadmg playa
larger role m variability of produchVlty Second, plants that fIx thIS energy, by
usmg It to make SlIDple sugars out of carbon dIOXide and water, depend on
nutnents wruch are absorbed by the plants as they grow and reproduce Solar
energy that IS not captured by plants m the ocean warms the surface waters,
makmg It less dense than the water beneath the phohc zone, wruch causes layenng
of the water masses A conhnuous supply of nutnents to the surface waters IS
necessary to mamtam plant produchon LIkeWISe, terrestnal plants depend on
nutnents carned from the ocean by anadromous fIsh Because the deep water of
the GOA IS the mam reservorr of nutnents for shallow waters, and apparently also
an lIDpOrtant source for watersheds, the processes that brmg nutrIents to the
surface and mto the watersheds are key to understandmg prImary, and, therefore,
ecosystem produchvIty Changes m nutnent supply on hIDe scales of days to
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decades and spahal scales from 1Jlometers to hundreds of 1Jlometers have
Important Impacts on prImary produchon, generahng perhaps as much as a
thousand-fold chfference m the amount of solar energy that IS captured by the
lIvmg ecosystem Nutnent supply from the deep water IS mfluenced by the
propemes of the shallower water above (mamly because of the decreasmg densIty
of the water toward the surface) Nutnent supply IS also rnfluenced by phYSICal
forces that can overcome the densIty dIfferences between deep and shallow water­
namely, wmd achng on the water surface and hdal rruxmg For watersheds,
nutrIent supply apparently depends strongly on bIOlOgical transport of marme
rutrogen by salmon, whIch me and release theIr nutnents m fIeshwater, as well as
other sources (such as rutrogen fIXers)

As demonstrated m the sClenhfIc background m Chapter 7, the knowledge of
nutnent supply m the GOA, both how It occurs and how It may be changed on
mulh-year and mulh-decadal scales, IS very rud1mentary As the energy of the
wmd and hdes rruxes surface and deeper water, It not only brmgs nutnents to the
surface layers, but also rruxes algae that fIX the solar energy down and out of the
phohc zone, whIch tends to decrease prImary produchon Therefore, other factors
bemg equal, conhnuous hIgh prImary produchon m the sprmg-summer growmg
season IS a balance between enough wmd and hdal ffilXIDg to brmg new nutnents
to the surface, but not so much wmd or hdal moong that would send algal
populahons to deep water The seasonal changes m downwellmg, solar energy,
and water strahfIcahon that set up the annual plankton bloom are descnbed m
Sechon 71 4, of the scIenhfIc background As noted m that sechon, however, It IS
not well understood how chfferences m phySIcal forces from year to year and
decade to decade change pnmary produchon many-fold m any parhcular place

6 3 2 Food, Habitat, and Removals

Increases m ImmedIate food supply (prey) will translate to populahon mcrease,
all other factors bemg equal The allocahon of energy m each mmVldualIS key to
growth of the populahon It belongs to Food supply IS converted mto populahon
bIOmass through growth and reproduchon of mWVlduals m speafIc favorable
habItats Therefore, factors m the habItat such as water temperature, mstrIbuhon of
prey, and contamInants that can rnfluence the allocahon of food energy to the
followmg achVlues will mfluence the populahon SIze chasmg and capturmg prey,
mamtaImng body temperature (for homeotherms and other phYSIOlOgical
processes), growth, and reproduchon

Removals are all the processes that result m loss of mmVlduals from the
populahon, or mortalIty These processes mc1ude death from contammahon,
human harvest, predahon, dISease, and compehhon For example, harvest of a
large propomon of the largest and most fecund fIsh m a populahon will soon
decrease the populahon, as will a vIrulent VIruS or the appearance of a voracIOUS
predator m large numbers
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Also mcluded under the category of removals IS any factor that negahvely
affects growth or reproduchve rate of mmVlduals, because such factors can
decrease populahon SIZe Contammants are consIdered potenhal removals because
of the followmg possIble effects

• Causmg damage that makes energy uhhzahon less effiClent and
reqUITes energy for reparrs,

• Interfermg WIth molecular receptors that are part of the regulatory
machmery for energy allocahon,

• Damagmg nnmune systems that make dISease more hiely, and

• Outnght killmg of organISms at lugh concentrahons

HabItats m marme and freshwater envrronments are ulhmate1y controlled by
temperature and sahmty, as modlfled by many other bIOlOgical, phYSICal and
chemlcal factors BaSIC phySIOlOgical funchons such as resprrahon and asS1ffi11ahon
of nutnents from food occur only withm certam boundanes of temperature and
sa1mlty As stated m Sechon 6 2, a number of hypotheses on the ongtns of long­
term change relate the abundance of certam aquahc speCIes to therr phYSIOlOgical
performance m d1fferent temperatures For example, changes m dommance of cod­
hie fIShes and crustaceans m eastern Canada around 1990 and m the northern
GOA around 1978 were explamed as pOSlhve responses of gadids to mcreaSlTIgly
warm temperatures Usmg the same reasonmg, the ascendancy of crustaceans such
as shnmp m the GOA m the 1950s and 1960s, and m eastern Canada durmg the
1990s, have been attnbuted to coolmg water temperatures

On the basIS of the fust prmClples of phYSICS, chemIStry, and bIOlogy,
temperature and sahmty must be agents of change m bIOlOgical resources through
effects relahng to phYSIOlOgical funchons m mmvidual plants and anImals Effects
on mmVlduals add to the combmed effects of freshwater mput, wmds, and
temperature on ecolOgical processes The precedmg ecolOgical concepts have been
apphed drrectly to the GOA ecosystems to show how the system and Its plant and
arumal populahons are controlled m the conceptual foundahon, Chapter 2

6 3 3 TrophiC Structure

The prmcipal tropluc groups of the northern GOA are represented by the
analysIS of Okey and Pauly for PWS (Okey and Pauly 1999) The upper trOphIC
levels (3 5+) are dommated by large vertebrates, mc1udmg toothed whales, harbor
seals and sea hons, seabrrds, sharks, and fISh speCIes that are large as adults
(Table 6 1) Pnmary consumers on tropmc levels between 1 (pnmary producers)
and 3 (terhary) mclude JellyfIsh, zooplankters (mc1udmg larvae of crustaceans and
fISh), mfauna, and mewfauna The pnmary sources of food m the northern GOA
are phytoplankton, macroalgae and eelgrass, and detrItus The speCIes of the
dommant bIOmass are macroalgae and eelgrass, followed closely by shallow and
deep mfauna, deep epibenthos, and herbIvorous zooplankton In terms of
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produchon per bIOmass (P jB), the dommant specIes groups are clearly the
phytoplankton, followed by the herbIvorous zooplankton In terms of food
consumphon per bIOmass (QjB), mvertebrate-eahng bIrds top the lIst, followed by
small cetaceans and pmmpeds, and herbIvorous zooplankton Usmg thIs concept
of the trophIc structure of the northern GOA, data on the lower trophIC levels «35)
are extremely lIDportant to detechng and understandmg change m valued marme-
related resources

Table 6 1 Representative TrophiC Groups of the Northern Gulf of Alaska
Arranged m Descendmg Order by TrophiC Level

Group name
TrophiC BIOmass PIB Q/B

Level (t km 2 year 1) (yr 1) (yr 1)

Orcas 498 0003 0050 8285

Sharks 481 0700 0100 2100

PaCific halibut 459 0677 0320 1730

Small cetaceans (porpoises) 452 0015 0150 29200

Plnmpeds (harbor seal & sea lion) 445 0066 0060 25550

Lingcod 433 0077 0580 3300

Sableflsh 429 0293 0566 6420

Arrowtooth flounder adult 425 4000 0220 3030

Adult salmon 417 1 034 6476 13000

PaCific cod 414 0300 1200 4000

Arrowtooth flounder Juvemle 401 0855 0220 3030

AVian predators 389 0002 5000 36500

Seabirds 378 0011 7800 15060

Deep demersal fish (skates and
378 0960 0930 3210

flatfishes)

Pollock age 1+ 376 7480 0707 2559

Rockfish 374 1 016 0170 3440

Baleen whales 365 0149 0050 10900

Salmon fry 0-12 em 351 0072 7154 62800

Nearshore demersal fish (greenling
335 4200 1000 4240

and sculpin)

SqUid 326 3000 3000 15000

Eulachon 325 0371 2000 18000

Sea otters 323 0045 0130 117000

Deep eplbenthos 316 30000 3000 10000

Capelin 311 0367 3500 18000

Adult herring 310 2810 0540 18000

Pollock age 0 307 0110 2340 16180

Shallow large eplbenthos 307 3100 2100 10000

Invertebrate eating bird 307 0005 0200 450500

Sandlanee 306 0595 2000 18000
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Table 6 1 Representative Trophic Groups of the Northern Gulf of Alaska
Arranged In Descendmg Order by Trophic Level

Group name Trophic Biomass PIB Q/B
Level (t km 2 year 1) (yr ') (yr 1)

Juvenile herrmg 303 13406 0729 18000

Jellies 296 6390 8820 29410

Deep small mfauna 225 49400 3000 23000

Near omnl-zooplankton 225 0103 7900 26333

OmnI-zooplankton 225 24635 11 060 22130

Shallow small mfauna 218 51 500 3800 23000

Melofauna 211 4475 4500 22500

Deep large mfauna 210 28350 0600 23000

Shallow small eplbenthos 205 26100 2300 10000

Shallow large mfauna (clams etc) 200 12500 0600 23000

Near herbI-zooplankton 200 0136 27000 90000

Herbl-zooplankton 200 30000 24000 50000

Near phytoplankton 1 00 5326 190000 0000

Offshore phytoplankton 1 00 10672 190000 0000

Macroalgae/eelgras 1 00 125250 5000 0000

Inshore detritus 1 00 3000

Offshore detritus 1 00 4500

Notes Bold values were calculated by the Ecopath software

PIB IS productJon per biomass QIB IS food consumption per biomass

Source Table 74 (Okey and Pauly 1999)

The GOA and Its watersheds are part of a larger oceamc ecosystem m whIch
natural phYSICal forces such as currents, upwellmg, downwellmg, preapItahon and
runoff, achng over large and small dIstances, play Important roles m determmmg
baSIC bIOlogIcal produchVlty Natural phYSICal forces respond pnmanly to
seasonal shIfts m the weather, and m parhcular to long-term changes m the
mtensIty and locahon of the Aleuhan Low system m wmter Increased upwellmg
offshore appears to mcrease mputs of nutnents to surface waters, whIch mcreases
produchVlty of plankton Increased wmds appear to mcrease the transport of
zooplankton shoreward toward and past the shelf-break How often and how
much offshore zooplankton sources contnbute to coastal food webs depends on
natural phySIcal and bIOlogIcal forces such as predahon, ffilgrahon, currents and
structure of the fronts, formahon and stability of eddIes, degree and extent of
turbulence, and responses of plankton to short and long-term changes m
temperature and salmIty

A WIde range of human Impacts mteracts WIth natural bIOlOgIcal and phySIcal
forces to change produchVlty and commumty structure m the GOA Human
achVlhes have the most drrect and ObVIOUS Impacts at those SItes m watersheds and
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mterhdal areas where human populahons are lugh Nonetheless, some human
achVIhes affect populahons of bIrds, fIsh, shellfIsh, and mammals far offshore, and
also have Impacts far from the SItes of the achons In short, human achVIhes and
natural forces together act over global to local scales to dnve and shape marme and
terrestnal lIfe m the GOA and Its tnbutary watersheds Natural forces and human
Impacts, as exemphfIed by heat and salt dIstnbuhon, lTISolahon, bIOlogIcal energy
flow, bIOgeochemIcal cyclmg and food web structure, fIshery removals, pollutant
mputs, and the relahonslups among them over hIDe defIne the state of the marme
ecosystem Natural forces and human Impacts brmg about changes m populahons
of bIrds, fIsh, shellfIsh, and mammals by altermg the relahonshIps among these
state varIables that defIne the marme ecosystem ThIS understandmg of the
mechanISms affechng change m the GOA prOVIdes the basIS for developmg a key
hypothesIS about the GOA ecosystem that will form the conceptual foundahon
around WhIch the GEM Program IS focused
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7. SCIENTIFIC BACKGROUND: PHYSICS, BIOLOGY,
HUMAN USES AND ECONOMICS

In Thts Chapter

~ OvervIew of PhYSICal, Chem.lCal, and BIOlogIcal Charactenshcs of the Gulf of
Alaska

~ DISCUSSIOn of ClImate, and PhYSICal, GeologIcal, Chenucal and BIOlogIcal
Oceanography

~ DISCUSSIOn of Status of Non-human Populahons, Predators, and Prey

~ DISCUSSIOn of Status of Human AchVIhes and SOCIOeconomICS m the Gulf of
Alaska

The saenhfIc background IS a comprehensIve
7.1 Introduction reVIew of the current state of scIenhfIc knowledge

of the Gulf of Alaska (GOA) ecosystem upon
whIch the Gulf Ecosystem Momtonng (GEM) Program IS based Its body of
sClent.tfIc knowledge mcludes the SOCIOeCOnOmIC, phYSIcal, chemIcal, and bIOlOgIcal
charactenshcs of the GOA, the status of maJor amma1 SpecIes, and the state of
human Impacts m the GOA It prOVIdes the underpmnmg for the GEM conceptual
foundahon and central hypothesIS, and It will provIde reference matenal for
Imhatrng the research and momtonng programs The sClent.tfIc background also
mcludes the scIenhfIc mformahon that led to current hypotheses mtroduced m
Chapter 6

The til/ormatIOn tn Secttons 72 through 75 Manne Mammals tS current as of
August2001 Secttons 714 and 715 are current as ofJuly 2002

7.2 Summary of the PhySical and
Biological Background for the
Northern Gulf of Alaska

7 2 1 Introduction

The cold and turbulent GOA IS one of the world's most produchve ocean
regIons It sustams Immense populahons of seabIrds, marme mammals, and fIShes,
and provIdes a way of lIfe for tens of thousands of Alaskans Indeed, the gulf IS
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still wild, full of Me, and deserves protecTIon and WlSe management as one of the
blO-gems of the planet

Just why the GOA 18 so unusually producTIve remams unclear The fISh, buds,
and mammals at the top of the food cham are supported by a chverse marme food
web (Table 71), dependent on the phYSICal characte!lSTIcs of an ever-changmg
ocean- one that expenences seasonal, annual, and longer-penod extremes ill

weather and clImate The plant nutnents come from deep water, fuelmg
prodUCTIon at the base of the marme food web ThIS prodUCTIon IS eventually
expressed ill the stock SIZe and prodUCTIon of lugher-Ievel consumers Somehow,
phYSICal COndITIons ill thIS regIOn promote suffICIent exchange between deep and
shallow waters to bnng these ferb.hzmg elements to the surface, wheIe they
shmulate plant growth each year To understand the gulf's complex ecosystem,
and the prOdUCTIVIty of Its speCIes bIg and small, will requue more precIse
knowledge about the mteraCTIons between many bIOlOgIcal and phYSICal factors

Table 7 1 Representative TrophiC Groups of the Northern Gulf of Alaska
Arranged m Descendmg Order by TrophiC Level

Group name
TrophiC BIOmass PIB Q/B

Level (t km 2 year 1) (yr 1) (yr 1)

Orcas 498 0003 0050 8285

Sharks 481 0700 0100 2100

PaCific halibut 459 0677 0320 1730

Small cetaceans (porpoises) 452 0015 0150 29200

Plnnlpeds (harbor seal & sea lion) 445 0066 0060 25550

Lingcod 433 0077 0580 3300

Sablefish 429 0293 0566 6420

Arrowtooth flounder adult 425 4000 0220 3030

Adult salmon 417 1034 6476 13000

PaCifiC cod 414 0300 1200 4000

Arrowtooth flounder Juvenile 401 0855 0220 3030

AVian predators 389 0002 5000 36500

Seabirds 378 0011 7800 15060

Deep demersal fish (skates and 378 0960 0930 3210
flatfishes)

Pollock age 1+ 376 7480 0707 2559

Rockfish 374 1 016 0170 3440

Baleen whales 365 0149 0050 10900

Salmon fry 0-12 cm 351 0072 7154 62800

Nearshore demersal fish (greenling
335 4200 1 000 4240

and sculpin)

SqUid 326 3000 3000 15000

Eulachon 325 0371 2000 18000

Sea otters 323 0045 0130 117000
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/
~ , Table 71 Representative Trophic Groups of the Northern Gulf of Alaska

Arranged m Descendmg Order by Trophic Level

Group name
Trophic BIomass PIB Q/B

Level (t kin 2 year 1) (yr 1) (yr 1)

Deep eplbenthos 316 30 000 3 000 10 000

Capelln 3 11 0367 3500 18 000

Adult herrIng 310 2810 0540 18 000

Pollock age a 3 07 0110 2340 16180

Shallow large eplbenthos 3 07 3100 2100 10 000

Invertebrate eating bird 3 07 0005 0200 450 500

Sandlance 3 06 0595 2 000 18 000

Juvemle herrmg 3 03 13406 0729 18 000

Jellies 296 6390 8820 29410

Deep small mfauna 225 49400 3 000 23 000

Near omm-zooplankton 225 0103 7900 26333

Omm-zooplankton 225 24635 11060 22130

Shallow small Infauna 218 51 500 3800 23 000

Melofauna 211 4475 4500 22500

Deep large mfauna 210 28350 0600 23 000

Shallow small eplbenthos 2 05 26100 2300 10 000

Shallow large mfauna (clams, etc) 2 00 12500 0600 23 000

Near herbl-zooplankton 2 00 0136 27 000 90 000

Herbl-zooplankton 2 00 30 000 24 000 50 000

Near phytoplankton 1 00 5326 190 000 0000

Offshore phytoplankton 1 00 10672 190 000 0000

Macroalgae/eelgras 1 00 125250 5 000 0000

Inshore detritus 1 00 3 000

Offshore detritus 100 4500

Notes Bold values were calculated by the Ecopath software

PIB IS production per biomass QIB IS food consumption per biomass

Source Table 74 (Okey and Pauly 1998a)

Fortunately, recent studIes provIde a scIent:JiIc framework for the regIon and
suggest a drrechon for future long-term research and momtonng In aggregate, thIs
new knowledge on how selected specIes mteract WIth prey, predators and
compehtors-and most Importantly, how these assocmhons are mfluenced by
slufts m ocean cbmate and human achVlhes - provIdes eXClhng new possIbIhhes
for understandmg thIs great ecosystem Th1s knowledge will help resource
managers sustam populahons of these speCIes despIte growmg human mfluence m
the region (possIble chmate change and elevated polluhon levels) and the pressure
of mcreased human use (harvests, recreahonalImpacts, and populahon)
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Th15 summary descnbes the northern GOA ecosystem as It 15 now understood,
and reveals gaps m current knowledge about the dynamICS of lugher-Ievel
productIVIty (Greater detaIl 15 proVIded followmg thIS summary m the full
SCIentIfIc Background)

7 2 2 The Principal Habitats and LIving Resources

The extent of damage resultIng from the maSSIve O1lmg of Prmce WIlham
Sound and the coastal waters to the west m the sprmg of 1989 will never be fully
known In the short term, GEM studIes will focus on the spill-affected resources
that remam at nsk But the Enon Valdez OIl Spill Trustee CouncIl (Trustee
CouncIl) has decIded to COmmIt Its long-term support to a program of broader
ecolOgIcal research and envrronmental momtormg The effort will center on the
major phYSIcal and bIOlOgIcal phenomena that mfluence marme productIvIty m the
prmCIpal habItats of the northern GOA For purposes of the GEM Program, these
habItats have been IdentIfIed as

• The coastal watersheds,

• The mtemdal and shallow subtIdal zones to a depth of 20 meters,

• The Alaska Coastal Current (ACq, and

• The offshore areas embracmg the contInental shelf break and beyond to the
contInental slope and deep ocean basm

In these mteractIng envuonments, SCIentISts will seek to understand how the
dommant fIshes, seabuds, and marme mammals use theu cntIcal habItats to
sustam theu populatIons m the face of cyclIc ocean clImate, extenSIve commerCIal
and subSIStence harvests, and threats from pollutIon and dISeases

7.2.2.1 The Watersheds
The extensIve coastal watersheds that dram mto the northern GOA represent

spawnmg and rearmg habItat for anadromous speCIes lIke PaCIfIc salmon and
eulachon, and nestIng habItat for some seabuds lIke marbled murrelets The
carcasses of spawned-out salmon supply substantIal amounts of marme-denved
nutnents to the poorly nounshed streams, lakes, and nvers used for theu
reproductIon In addItIon, dymg salmon prOVIde a food supply for many buds and
mammals throughout the coastal range Bears, eagles and many gulls benefIt
locally from thIS extenSIve forage resource Analyses have also shown that marme­
denved mtrogen from anadromous fIshes leaves a detectable SIgnal m many coastal
plant commumtIes

The human harvest of anadromous speCIes may affect not only those speCIes,
but also all of the plants and anImals touched by marme nutnents Therefore,
understandmg the dIstnbutIon of marme nutnents by anadromous fISh speCIes
puts a new dImensIOn on fIShenes management So, It 15 reasonable to ask to what
extent human consumptIOn of salmon effects the productIon of other plants and
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arumals m the coastal watersheds Movmg beyond smgle-speCIes management
toward ecosystem-based management m coastal watersheds will requrre long-term
momtormg of the flux of marme nutnents

These same watersheds expenence extens1ve human acuVlty m adilluon to
ftshmg Large-scale loggmg and commeraahzauon, mc1udmg coastal settlements
and towns, can alter or destroy some hab1tats Expandmg recreauonal acuVlues m
the coastal zone between Prmce WillIam Sound and KodJ.al Island will also mclude
adilluonalland uses Compared w1th other reglOns m North Amenca, however,
most watersheds m the penphery of the GOA are remote and relauvely
undlsturbed

7.2.2.2 The Intertidal andSubtidal
The mterndal and shallow subudal hab1tats are represented by a vanety of

near-shore estuarme, ~ord, and exposed coastal settlngs These hab1tats range from
preCIp1tous and rocky, to gently slopmg w1th muddy or sandy bottoms The
mterndal and shallow subudal zones are among the most producuve of marme
hab1tats m the GOA Here the annual growth of nucroalgae, seaweeds, and
seagrasses supports many mvertebrates that, m turn, are food for ftshes, marme
brrds, and mammals Guillemots and sea otters, for example, depend on the crabs,
clams, and mussels, along W1th small benthlc ftshes, found m the mterndal and
subudal hab1tats Thls speclahzed edge-zone hab1tat 18 also a nursery for JUvem1e
pmk and chum salmon, and Juvem1e Pacmc herrmg for several months each year
Huge schools of spawmng herrmg and capelm depoSlt therr eggs m the shallows
each sprmg These mass spawnmgs mduce a feedmg frenzy that may last for a
week or more Gulls, klttlwakes, seals, sea hons, ftshes, and a vanety of large
mvertebrates gather to feed on the egg masses The fIsh eggs are often eaten m
huge numbers by shorebrrds and other spec1es that stop over m the reglOn durmg
the spnng nugrauon

The mterudal and shallow subudal zones may be at greatest TlSk to human
aCUVlues There 18 mcreasmg use of veh1cles, boats, and arrcraft by recreauonallSts
and sport ftshermen to explOlt these areas In add1uon, floatlng pollutants and
refuse, partlcularly plasuc matenals from the ftshmg mdustry, make landfall m the
mterndal zone Unhke the coastal watersheds that remam relauvely unaltered at
many locauons, 1t 18 rare to walk the mterudal zone anywhere m the GOA and not
see eV1dence of human acuVlty The degree to wffich these "footpnnts" result m
envrronmental degradauon 18 clear m the case of Oll and tOXlC spJ.11s, but largely
unknownforotherpolluuon

7.2.2.3 The Alaska Coastal Current
Huggmg the mner th1rd of the contlnental shelf, the ACC proVldes a Sizeable

and ecolOgically lIDpOrtant trans1uon zone between the shallow, nearshore
commumues and the huge outer-shelf and oceamc pelagic ecosystems Fed by
runoff from glaaers, snowmelt, and ramfall, the well-deftned coastal current 18 a
near-shore "nver m the sea" W1th a freshwater output about one and a half tlmes
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that of the MIsSISSIppI River It flows conSIStently to the north and west around the
northern GOA from BntISh Columbia to Ummal Pass on the Aleuhan Cham The
ACC, urged along by coastal wmds, dIStnbutes subarchc plankton commumhes
around the regIOn and mto protected illSlde waters such as Prmce WIlham Sound
and lower Cook Inlet Durmg the summer months, the ACC has local reversals and
small eddies, whIch can concentrate plankton and small fIShes m convergence
zones, for foragmg fISh, brrds, and marme mammals

The ACC IS an Important feedmg habItat for many fISh, brrds, and mammals
Most seabrrds nest m coastal colorues 01 on Islands where protechon from
predators IS afforded by the ISolahon of rocky clIffs Because of thIS neshng
behaVIOr, the dIStnbuhon and abundance of seabrrds durmg therr reproduchve
season IS governed pnmarliy by the availability of SUItable, safe neshng SItes and
access to adequate prey Seabrrds m the GOA are often grouped on the basIS of
therr foragmg behavIOr Surface feeders lIke kIttrwales obtam prey mostly m the
upper 1 meter (m), coastal divers such as gmllemots and murrelets explOIt the
shallow water column and nearshore seabed, whIle murres are deep divers capable
of feedmg m the water or on the bottom to depths of 200 m SeabIrds feed close to
colorues when opportumhes arISe, but most are also capable of flymg a long
dIStance to feed It IS not unusual for coastal seabrrds to fly to the outer shelf and
shelf-break regIOns to feed themselves and therr offsprmg

Manne mammals resIdmg m the ACC are pnmanly fISh eaters, although a few
feed on bottom-dwellmg mvertebrates and some hunt other marme mammals or
even seabrrds Killer whales are eIther reSIdent (fISh eaters pnmarily) or transIent
(feedmg mostly on other marme mammals) Seals, sea hons, and sea otters bear
and protect therr offspnng m coastal rookenes spnnkled around the edge of the
GOA and mfluenced by the ACC Fur seals and sea hons explOIt a broad array of
nearshore and ocearuc habItats, although the Juveru1es appear to be more confmed
to the waters near rookenes By comparISon, sea otters and harbor seals are almost
sedentary m habIt, usually rangmg only short dIStances for food Juveru1e and
adult harbor seals hunt and consume a vanety of fIShes, sqUIds, and octopus m
mostly coastal habItats WhIle sea otters can retneve food from depths to 100 m,
they rarely leave the shallow coastal areas where they hve as generalISt predators
on a broad array of sessile or slow-movmg macro-mvertebrates, mcludmg clams,
mussels, crabs, sea urchms, and starfIShes

Many fIShes and shellfIShes also hve, feed, and reproduce m the ACC Coastal
rockfIshes, Pacmc herrmg, Juvenile and adult walleye pollock, Juveru1e and adult
salmon, adult cod, and many speCIes of shrImpS and crabs occur m protected
fjords, mlets, bays, and sounds where they forage and/or reproduce, and where
therr early lIfe stages feed and grow Hahbut and hngcod occur abundantly m
some seasons, and kmg crabs that feed and grow ill deeper shelf and slope
enVIronments VISIt the shallower mner shelf to reproduce each year Because the
eggs and larvae of many marme mvertebrates and fIShes drIft WIth the plankton for
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weeks or even months, the flow of the ACC serves to dIstnbute these forms to the
vanety of coastal habItats found around the edge of the gulf

The same coastal flow that benefIts so many specIes may also serve to dIstnbute
marme pollutants Oli spilled In the northeastern corner of Prrnce WIlham Sound
by the E:t:tOl'l Valdez entered the coastal flow and was carned hundreds of mtles to
the west, foulrng beaches along the outer KenaI Penrnsula, m lower Cook Inlet, on
KodIak Island, and along the southern Alaska Penmsula A future toXIC spill m
shelf or coastal waters southeast of Prrnce WIlham Sound could conceIvably be
spread across the entrre northern GOA by the coastal flow

7.2.2.4 Offshore. Mid-shelfandDeeper Waters
These waters, whIch begm at the outer edge of the adJacent ACC regIOn- about

20 to 30 mtles offshore - delmeate a huge marme ecosystem East of Prrnce WIlham
Sound, the shelf IS narrow, so the mId-shelf and deeper waters are close to the
coast, about 30 to 50 mtles South and west of the sound, the shelf broadens to 100
to 120 mIles m WIdth before narrowmg agarn south of the Alaska Penmsula and
Aleuhan Islands These dIfferences m shelf WIdth provIde seabIrds, seals, and sea
hons at some coastallocahons WIth easy access to the deepwater enVIronments for
feedmg purposes when needed, at other SItes, access to the shelf edge and open
ocean IS much farther away Spahal dIfferences of thIs krnd may be Important to
recogruze when comparmg the reproduchve successes of bIrds and mammals m
rookenes from dIfferent locahons m the gulf Arrowtooth flounder, PacJ.fIc ocean
perch, walleye pollock, PacIfIc hahbut and PaafIc cod (m descendmg order of
Importance) composed the bulk of the trawl-caught stock of ground fIshes In shelf
and conhnental slope enVIronments of the GOA m 1996

The dOmInant flow In the offshore IS counterclockwIse, and It IS deSIgnated the
Alaska Current Because the Alaska Current has Its southern ongms m the oceamc
Subarchc Current, marrne polluhon and floahng refuse from as far away as AsIa, or
ongmahng from dehberate deep-ocean dumpmg or acodents at sea, can be swept
north and westward around the shelf edge m the GOA Trash from the
mternahonal fIShmg mdustry operahng 200 mIles offshore IS commonly found on
beaches Some of these pollutants can also be carned westward to the gulf m the
atmosphere

7.2.3 Intermediate Levels of the Food Web

Food webs are really pyramIds WIth seabIrds, marme mammals, and fIShes at
the top that depend lllitIally on energy captured by marIne plants at theIr base
Although there are hundreds-perhaps thousands-of dIfferent plant and ammal
plankters mvolved In the synthesIS and lllihal transfer of orgamc matter through
the food web, the pyramId of herbIvores and predators narrows quIckly

The dIets of seabIrds, marme mammals, and fIshes are composed of a relahvely
modest vanety of small schoohng fIshes and macroplankters, but they are
consumed m very large numbers SeabIrds are the clearest illustrahon Out of the
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hundreds of fIsh speCles m the gulf, a substanhal pomon of the chets of seabIrds
COnsISts marnly of smelts (capelm, eulachon, and rambow smelt), Juvemle herrmg,
pollock and salmon, PacIfIc sand lance, PaofIc sandfIsh, lanternfIshes, and adult
euphausnds In shallow waters, small benthIc fIshes lIke pncklebacks and gunnels
are also Important Many of these forage specIes are nch m fats, and almost all
exlubIt schoolmg behavIOrs that concentrate them for theIr bIrd, mammal, and
larger fIsh predators Herrmg, capelm, sand lance, and lanternftsh are probably
preferred for theIr hIgh calonc content Juvemle pollock, cod, and salmon are less
preferred, despIte theIr abundance, because of theIr lower energy content

DespIte the ecologIcal Importance of macroplankton and small schoolmg fIshes,
the dIStnbuhons, abundances, and forage requIrements of these speCles ale poorly
understood The mfluence of clImate change on theIr populahons IS also poorly
known ThIS IS partly because rouhne censusmg techmques are used prImanly to
count and map adult stocks of commercmlImportance, and Ignore the smaller
forage fIshes Modem techmques that use hIgh-speed mId-water and surface
trawls, marme acoushcs, LIDAR (hght detechon and rangmg), aenal surveys, and
morutormg the chets of top consumers lIke bIrds and large commercIal fIshes will
make It possIble to learn more about thIS VItallmk m the food web

Forage fIshes are often taken m the bycatch of federal and state-regulated
fIshenes m the GOA, and whIle the propomon relahve to the target speCIes tends to
be small, It may be ecolOgIcally SIgnIfIcant m some cases FIShenes targehng
herrmg, salmon, and pollock all have mCldental catches of Juvemles that mIght be
aVOIded as the mdustry develops new eqmpment and techruques to mmmuze the
Impact of bycatch mortalIty MortalIty of forage fIshes assoCIated WIth marme
polluhon and dIseases IS also poorly understood There IS some eVIdence that the
failure of herrmg m Prmce WIlliam Sound to recover from Oll spill mJUnes may be
due, m part, to an abnormally hIgh mCldence of Vl1 al Hel1wn haglc Sepncemra (VHS)

and a manne fungus plagumg these stocks

7 2 4 Plankton and Linkages to the PhySical Oceanography

Ocearuc, shelf, and coastal plankton are the base of a vast food web supporhng
most seabIrds, manne mammals, and fIshes These hny dnfters are supplemented
by nch populahons of plants and mostly small benthIc mvertebrates that feed
hIgher-level consumers m mtemdal and shallow subhdal areas Although adult
bIrds, fIshes, and mammals rarely feed drrectly on plankton, there are notable
excephons, such as adult walleye pollock, PaCIfIC herrmg, baleen whales, and some
seabIrds On the other hand, the plankton commuruty does playa drrect and
Important role durmg the early hfe hIStory of most fIShes Ichthyoplankters -larval
and Juvemle fIshes and shellflShes - denve cnhcal nutnhon from the plankton, but
are themselves also preyed upon by plankters, mostly small JellyfISh

Because fIsh are hIghly vulnerable m the egg, larval, and early Juveru1e stages,
only a frachon surVIVe to Jom the adult populahons Traillhonally, thIS surVIval
rate was eshmated m fIeld studIes of the early hfe stages of fIsh, mc1udmg the
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phYSICal and chenucal charactenshcs of the reanng waters These studIes have led
to several1ID.portant Ideas about cnhcal ecologIcal bottlenecks m the early
development of fIsh larvae and Juvem1es lmkmg changes m ocean currents and
c1lID.ate WIth dIstnbuhon, growth, and survIVal ThIs drrect he to ocean c1lID.ate
creates an 1ID.portant "handshake" that extends through the food web to adult fIsh
stocks Unfortunately, the small number and patchy dIstnbuhon of
Ichthyoplankters relahve to the non-fIsh plankton creates some extremely senous
dlffi.cu1hes WIth samplmg and data mterpretahon that hmIt the early-hfe hIstory
approach

The bloom of plankton each sprmg defmes the cycle of marme produchon for
that and succeedmg years as the Impact of the planktomc bIOmass moves through
the food web The plankton commumhes undergo huge seasonal changes m rates
of photosyntheSIS and growth, and m therr standmg stocks each year Imhated m
the sprmg by a stabIhzmgupper layer and mcreasmg ambIent hght levels, the
phytoplankton commumty undergoes explosIve growth dunng Apnl, May, and
June before bemg controlled by nutnent deplehon, srnkmg, and zooplankton
grazmg The orgamc matter produced m thIs burst of produchVIty mostly
compnses a relahvely small number of donunant speCIes In a S1ID.11ar way,
shallow-water plants-nucroalgae, seaweeds, and sea grasses-proVIde much of
the plant-denved orgamc matter ill mterhdal and shallow subhdal areas In the
late fall, plankton stocks plummet dramatIcally and remam low durmg wmter and
early sprmg

The hnung, durahon and mtensIty of manne plant blooms are controlled
largely by the phySIcal structure of the water column Dependmg on the varIable
conmhons of any gIven spnng, the plant bloom may be early or late by as much as
three weeks Warnung and freshenmg of the surface layers m response to longer
and bnghter days promote mtense photosyntheSIS However, the seasonal stability
of the upper layers that lillhates the growth of phytoplankton stocks also restncts
the vemcal movement of dIssolved mtrogen, phosphate, and silicon, resulhng m a
dramahc slowmg of growth m early and nud-summer PrevIOUS work suggests
that wmter-eonmhoned temperature and salmIty Influences plankton produchon,
workmg m concert WIth spnng weather conmhons to estabhsh the overall success
of the spnng bloom Recent observahons from moonngs that momtor chlorophyll
m the water mdIcate that a fall phytoplankton bloom also occurs m Pnnce WillIam
Sound m some years, but not others ThIs burst of produchon peaks m September
and can last through November The ecologIcal1ID.portance of thIs late-season
produchon and the phYSIcal forces that unleash the bloom are not yet understood

By defmIhon, the plankton are drIfters, they have httle or no mobility
Therefore, therr geograpmcallocahons are deternuned pnmanly by ocean currents
However, because many zooplankters are capable of daIly and!or seasonal verhcal
nugrahons of 100 m or more, these nugrahons may mteract WIth verhcal or
honzontal currents m ways that create localIzed swarms and layers (patches) of
plankton m the ocean These patches prOVIde food for brrds, fIshes, and marme
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mammals Whales feedmg on surface or subsurface swarms of large copepods or
euphusnds, and adult pollock and herrmg fIltermg or gu1pmg large calanOld
copepods m surface layers, are examples of patch feedmg Because the plankton
can be concentrated or chspersed by ocean currents, fronts, and eddIes, the physlCal
oceanography plays a huge role m creatmg and mamtammg "feedmg stahons" for
marme blIds, mammals, and fIshes

The marme produchon cycle beyond the shelf edge 15 excephonally complex
Phohc zone levels of mtrogen, phosphate, and silicon are apparently avaIlable m
suffJnent quanhhes to promote phytoplankton plOduchon durmg the sprmg,
summer, and fall However, levels of chlorophyll (a measure of the concentrahon
of hvmg phytoplankton m the water) m the upper layers remam very low
throughout the year at many 10cahons In the coastal regIOns and mner shelf, there
15 a burst of chlorophy11- the "b100m" - each sprmg ThlS bloom results from an
1lllbalance between rates of phytoplankton growth and rates of plant loss to grazers
or smkmg Over the deep ocean and outer shelf, thIS burst/bloom does not usually
occur, meanmg that growth and loss rates of the plants are nearly equal, and that
there 15 very httle "excess" plant matter m the water to smk to the deep sea bed
ThlS ba1ancmg act m offshore waters has generally been attnbuted to the ability of
the nucrograzers to effICIently"crop down" the plant stocks and prevent blooms

It has been suggested that morgamc lIon from atmosphenc sources 15 hnutmg
plant produchVlty to very small cell SIZes at the ocean surface These nucroscopIC
plants are cropped effICIently by ocearuc protozoans and other nucroconsumers
UnlIke the shelf and coastal plankton, where large cham-formmg dIatoms feed the
macrozoop1ankton drrectly, the ocearuc food web mstead supports an addIhonal
level of tmy consumers that are then grazed by larger zooplankters On the basIS of
food-cham theory, th15 addIhonal step at the base of the food web should reduce
the open ocean's ability to feed consumer stocks hIgher m the food web The fact
that the open GOA IS the preferred feedmg ground for a maJonty of salmon stocks
WIth ongms m North Amenca and AsIa suggests that an addIhonal step ill the food
web does not comproilllSe the regIon's ability to feed hundreds of mIlhons of these
fIsh each year

Very httle IS known about how the plankton communIty responds to human
achVlty Some recent and dramahc shIfts ill phytoplankton stocks m the Benng
Sea, assocIated WIth a summer warmmg trend, were accomparued by very
nohceab1e dechnes m seablId surVlvals m the shelf enVlIonment These
observahons suggest that any mcreased chmate warmmg due to human mfluence
could alter hIgh-1ahtude food webs WIth drashc effects for some consumers

7 2 5 Influences of Weather and Climate

Gulf orgarusms are mfluenced by a vanety of currents, frontal regIons, eddIes,
water temperatures, and salmIhes These condIhons defIne the ocean state and
reflect the mfluence of weather and chmate From September through AprIl each
year, weather ill the GOA regIon responds to the posIhon and mtensIty of the
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Aleuhan Low Pressme System (Aleuhan Low) The cyclomc storms that develop
m and around the GOA m assocmhon WIth the Aleuhan Low cause strong easterly
wmds to blow along the northern coastlme The fnchon of these wmds on the sea
surface promotes a net shoreward flow m the upper 60 to 90 meters, and a counter­
clockwISe dnft of the Alaska Gyre, the Alaska Current, Alaskan Stream, and Alaska
Coastal Current The frequency and mtensIty of storms estabhshes a "conveyor
belt," carrymg ocean-denved plankton stocks shoreward, some reachIng as far as
the protected coastal waters By usmg carbon ISotopes as mmcators, a strong
offshore SIgnal can be found m mshore zooplankton and .6.shes at some locahons
In contrast, dunng June, July, and August, the conveyor belt slows or weakly
reverses m response to the appearance of the North Pacr6.c hIgh-pressure system m
the GOA The reversal of the conveyor belt over the outer shelf allows deep water
below the surface to overrun the shelf break at some locahons, proVldmg a CruCIal
source of deep nutnents and oxygen renewal for deep coastal areas

The locahon and mtensIty of the Aleuhan Low IS not constant When the low IS
mtense, the weather IS stormy WIth mcreased precIpItahon m the coastal
mountams, and elevated sea levels and warmer water temperatures m the eastern
GOA Under these conmhons, desCrIbed as the posIhve phase of a weather
phenomenon called the PacIfIc Decadal Oscillahon (PDO), the wmd-mduced cross­
shelf transport mcreases, as does flow m the ACC Durmg the long term, these
conmhons seem to favor produchon of salmon, pollock, cod, and flounder, but
other specIes are dIsadvantaged, such as seabIrds at many locahons, some forage
.6.shes, and she1lfJ.sh lIke shnmp and crab When the PDO cycles back to Its next
negahve phase-as It IS predIcted to do, WIth colder, less stormy, lower sea levels­
condIhons should favor the recovery of she1lfJ.sh stocks, WIth salmon and gamd
populahons expected to shp mto declme Why these populahons fluctuate the way
they do m response to changes m ocean chmate IS unknown However, the cychng
of nature's laboratory from year to year, and through longer penods, prOVIdes a
strong baSIS for a number of mtngumg studIes to search for and descnbe the
underlymg mechamsms that create change, and somehmes complete reversals, m
flSh, bIrd, and mammal abundance

7 2 6 Toward a More Functional Understanding of GOA Ecosystems

Current knowledge about coastal, shelf, and oceamc ecosystems suppornng the
hvmg marme resources of the GOA IS hmIted and skewed heaVIly toward
structural elements-speaes lISts, hIStoncal patterns of produchon (catch and
harvest statlShcs), crude maps of dIstnbuhon and abundance, some dIet
mformahon, ffilgratory behaVIOrs, and, m a few cases, rates of produchon At the
level of plankton, the seasonal cycle IS qUIte well understood m relahonshIp to
factors hke hght and nutnents, but hIgher m the food web at the zooplankton level
and that of the small schoolmg flShes, httle mformahon IS avaIlable Therefore,
WIth a few excephons, the "puzzle pIeces" are begmmng to form reasonably
coherent pIctures at the top and bottom of the food web, but are absent or mostly
ffilSsmg from the ffilddle regIOns of the web
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The challenge for GEM will be to eventually understand how the major
phYSICal and bIOlogical components rnteract dynamIcally to produce the hIstoncal
patterns rn stock SIZe and produchon of key speCIes Convenhonal populahon
theory teaches that vanability at the highest levels rn food webs reflects the balance
between reproduchon and mortalIty (due to natural causes, predahon, harvests,
dIseases, and polluhon) A few stahshcal analyses pornt to sigruf1cant correlahons,
however, between populahon levels and weather, clImate, or phYSICal
oceanographIc condIhons, some apparently hed to recurnng cycles lIle the PDQ,
the Nortl1 PacIfIc Index (NPl), tl1e 18 6 year Lunar Nodal TIdal Cycle, and epISodIc
events lIle E1 NIfiojLa NIfia Unfortunately these mhigurng and often ephemeral
correlahons suggest, but do not Idenhfy, the mechanISms behmd U1ese
relahonshIps ThIS cnhcal illlSsrng mformahon must be obtamed at some pornt rn
comprehensIve fIeld and modelmg studIes that focus on selected ecosystem
processes

To be successful, these studIes must be funded at levels suffICIent to Idenhfy
and collect the relevant data, and supported over penods of hIDe that bndge the
cycles rn clImate and ocean condIhons Few studIes anywhere have been able to
sustarn thel! achVIhes long enough, or were suffICIently comprehensIve to meet
these cntena The GEM Program will be umque rn that regard and could assume a
strong leadership role m takIng the next bold steps m manne ecolOgical research
In so dorng, GEM will fInd ways to more fully explOIt some emergmg research
"themes" that are suggeshng new drrechons for process studIes of large
ecosystems

7.2.6.1 Nature Is Complex
Food web theory has played a major role rn shaprng quanhtahve approaches to

studymg marme systems Srnce the early 1940s, when aquahc commumhes were
perceIved as a lmear senes of rnterconnected levels-producers (plants), frrst-order
consumers (herbIvores), higher-level consumers (predators), and recyclers
(bactena) - thIS powerful Idea has pomted to ever more Soph15hcated rnqumes
about how matter and energy are cycled through these systems However, ill the
last few years, there has been a growrng awareness that the rnability to more fully
understand how nature works may be hed to a number of slillphfyrng assumphons
that have always been made about hvmg systems It 15 now understood that at
some level of detaIl, natural processes cannot all be adequately explamed by stnct
hnear theory ThIS means that unless the complexIty of nature IS acknowledged
and that constramt dealt WIth rn a reallShc manner, the GEM Program work will
fall short, as will the ability to resolve resource management and other ISsues

7.2.6.2 SurvwalStrategies Define Habitat DependenCies
There IS a growrng need to more fully understand what has been passed over

as mostly"old SCIence" - how the lIfe hIStory of a target speCIes explOIts the marme
ecosystem durmg Its entrre lIfe span For example, most marme fIshes begm lIfe as
hny pelagiC or demersal eggs followed by a dnfhng larval stage that may last for
weeks or months The dnfhng penod IS followed by succeSSIve Juvemle and
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maturmg older stages that may use dIfferent parts of the ecosystem from those that
host the adults Understandmg the enbre ecologIcal domam of a parncular speCIes
will help estabhsh the "connectIveness" needed to more fully understand how
human mfluences and perturbatIons m cbmate and weather work theIr way though

the marme ecosystem m the GOA

7.2.6.3 Use ofCommon BiologicalCurrency
Oceanographers have tradItIonally used measures of carbon or mtrogen as

common denommators to descnbe processes of orgaruc matter synthesIS and
transfer at lower tropluc levels At the other end of the food web, the flShenes
htelature tracks the abundance and bIOmass of explOIted stocks, usually expressed
m numbers or weIght Recently, the energy content of speCIes has been suggested
as a useful measure for assessmg the status of stocks and therr pnnClpal prey
BIOenergetIc modehng IS becommg more common and measures of whole body
energy content easIer to obtam For mstance, the overwmtenng starvatIon
mortalIty of Juverule Pacmc hernng reSldmg m Prmce Willlam Sound can now be
estImated through numencal analySIS of the fat stores of the herrmg as they go mto
wmter and the wmter water temperatures

7.2.6.4 Problems of Time andSpace
Attempts to understand how manne ecosystems react to cbmate and human

mfluences pose huge samphng problems for systems on the scale of the GOA
Current understandmg suggests that the lIDpacts of large-scale cbmate shIfts and
pollutIon are not uruform, but seem to be temporally and spatIally dlStnbuted m
ways that are not fully understood For example, seabIrd colomes at some
locatIons do well, wlule others do not Two aspects may be lIDpOrtant contrIbutors
to tlus uncertamty (1) VarIability m the tImmg, locatIon, and duratIon of prIIDary
productIVIty each year as mfluenced by weather - a kmd of"tImmg IS everythmg"
ISsue, and (2) spatIal patcluness on a vanety of length scales m forage stocks
respondmg locally to changmg temperature, salmIty, currents, and other ocean
characterIStIcs ThIs suggests that GEM will have to study a number of dIfferent
enVIronments at dIfferent tImes to fully understand the ecolOgIcal ramIfIcatIons of
cbmate-dnven change, and that care must be taken m generahzmg about cause and
effect Wlthm the regIon

7.2.6.5 Immigration orEmigration
Parncularly for seabIrds and marme mammals censused at nestIng SItes and

rookenes, some populatIon trends IDlght be explarned by IDlgratIons away from or
to these locatIons If tlus IS occurnng, these IDlgratIons could pose senous
problems m the mterpretatIon of hlStoncal trends m the GOA Some beheve that
fISh or sheilflSh stocks can also shIft therr dlStnbutIons m response to
enVIronmental change, leadmg to mcreases m some areas and dechnes mothers,
although the overall stock productIon IDlght remam unaltered ThIs potentIal
source of error must be addressed by GEM
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7.2.6.6 Top-Down and Bottom-Up Controls
HIstorIcal approaches to stuches of marme systems have led to a chchotomy of

chsClplmes Oceanographers have focused on the base of the food web and
relahonshIps WIth ocean phySICS and chemIstry, whereas fIshenes scIentIsts have
stuched explOIted stocks and, occasIOnally, the forage resources that support them
Top-down or bottom-up control has been debated endlessly for years WIthout
resoluhon It IS now begmrung to be understood, that thIs IS not an eltherj or
problem, but rather one of process mterachon Top-down and bottom-up control
of populahons occurs SImultaneously m all hvmg systems and must be stuched as
such to refIne undelstandmgs of systemfunchon FOI example, recent stuches of
Juvemle pm.b. salmon m Prmce WIlham Sound have demonstrated that top-down
losses to fIsh predators, such as adult pollock and herrmg, are modulated by the
.b.mds and amounts of zooplankton avaIlable, a bottom-up funchon The
opportumshc pollock and herrmg prefer to feed on macrozooplankton when
plenhful, thereby Improvmg the chance of Juvemle salmon to fatten up and escape
theIr role as prey However, when macrozooplan.b.ton IS not abundant, pollock and
hernng begm augmenhng theIr chets by feedmg more heavily on small fIshes,
mc1udmgJuvemle salmon In thIs way, bottom-up processes affechng the
produchon of copepods not only help feed and fatten young salmon, but top-down
processes of pollock feedmg on copepods help protect the salmon fry

7 2 7 ConclUSion

In the fInal analysIS, the GEM Program will engage a complex ecosystem-a
product of evoluhonary adaptahon through many thousands of years ThIs robust
hvmg assemblage exhIbIts ch£ferent characterIshcs of speCIes dommance,
chstnbuhon, and abundance m response to short-term and longer-perIod changes
m cbmate forcmg and human mfluences These dIfferent"states" have most
recently been descnbed as regImes In the GOA, at least two dommant phYSICal
states-EI NmojLa NIfia-and PDO are known to affect the produchoncyc1es of
several marme speCIes GEM proposes to mveshgate why some resources, but not
others, benefIt from these changmg and mterachng oceanIC conchhons ThIs
understandmg will ulhmately prOVIde mformahon to more prudently explOIt
andjor conserve speCIes of hIgh value for all users Knowmg why a partIcular set
of resources IS performmg at a gIven level of produchvIty will ulhmately prOVIde a
means to more e££echvely manage the system under chfferent states of specIes
dommance and external mfluences ThIs ambIhous goal will be addressed through
a long-term COmmItment to mnovahve SCIence, and the thoughtful apphcahon of
results

The Gulfaf
Alaska

7.3
The GOA encompasses watersheds and waters
south and east of the Alaska Penmsula from Great
SItkm Island (176° W), north of 52° N to the
Canachan mamland on Queen Charlotte Sound

(127° 30' W) Twelve and a half percent of the conhnental shelf of the Umted States
hes WIthIn GOA waters (Hood 1986)
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Figure 7.1 Distribution of oil from the Exxon Valdez oil spill.

The area of the GOA directly affected by the EVOS (Figure 7.1) encompasses
broadly diverse terrestrial and aquatic environments. Within the four broad
habitat types of the watersheds, intertidal-subtidal, Alaska Coastal Current (ACC),
and offshore (continental shelf break and Alaska Gyre), the geological, climatic,
oceanographic, and biological processes interact to produce the highly valued
natural beauty and bounty of this region.

Human uses of the GOA are extensive. The GOA is a major source of food and
recreation for the entire nation, a source of traditional foods and culture for
indigenous peoples, and a source of food and enjoyment for all Alaskans. Serving
as a "lung" of the planet, GOA resources are part of the process that provides
oxygen to the atmosphere. In addition, the GOA provides habitat for diverse
populations of plants, fish, and wildlife and is a source of beauty and inspiration to
those who love natural things.

The eastern boundary of the GOA is a geologically young, tectonically active
area that contains the world's third largest permanent icefield, after Greenland and
Antarctica. Consequently, the watersheds of the eastern boundary of the GOA lie
in a series of steep, high mountain ranges. Glaciers head many watersheds in this
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area, and the eastern boundary mountams trap weather systems from the west,
malmg orograpluc, or mountam-drrected, forcmg Important m shapmg the
regIon's cbmate From the southeastern GOA hnut (520 N at landfall) movmg
north, the eastern GOA headwater mountam ranges and heIght of the lughest
peals are the Pacrllc Coast (10,290 feet [ft]), St Ehas (18,000 ft), and Wrangell
(16,390 ft) Northern boundary mountam ranges from east to west are the Chugach
(13,176 ft), Talleetna (8,800 ft), and Alaska (20,320 ft) The western boundary of the
GOA headwaters 15 formed m the north by the Alaska Range and to the south­
southwest by the AleutIan Mountams (7,585 ft)

RelatIvely few maJor nver systems manage to pIerce the eastern boundary
mountams, although thousands of small mdependent dramages dot the eastern
coastlme and 15lands of the InSIde Passage MaJor eastern nvers from the south
movmg north to the penmeter of PrInce WIlliam Sound (PW5) are the Skeena and
Nass (Canada), the Stlkme, Talll, Ch11kat, ChIlkoot, Alsek, SItuk, and Copper All
maJor and nearly all smaller watersheds m the GOA regIon support anadromous
fIsh specIes For example, although PWS proper has no maJor nver systems, It does
have more than 800 mdependent dramages that are known to support anadromous

fISh specIes

To the west of PWS he the maJor nvers of Cook Inlet Two maJor tnbutanes of
Cook Inlet, the Kenai and the KaSl1of, ongmate on the Kenai PenInSula The Kenai
Penmsula hes between PWS, the northern GOA and Cook Inlet Cook Inlet's
largest northern trIbutary, the Susltna River, has headwaters m the Alaska Range
on the slopes of North Amenca's lughest peak, Mt McKmley Movmg southwest
down the Alaska Penmsu1a, only two maJor nver systems are found on the western
coastal boundary of the GOA, the Crescent and Clugmk, although many small
coastal watersheds connected to the GOA abound KodIak Island, off the coast of
the Alaska Penmsula, has a number of relatIvely large nver systems, mc1udmg the
Karluk, Red, and Frazer

The nature of the terrestnal boundarIes of the GOA 15 lIDpOrtant m def1nmg the
processes that dnve bIOlOgIcal productIon m all envrronments As descnbed m
more detaJ1 below, the Ice cap and the eastern boundary mountams create
substantlal freshwater runoff that controls salmIty m the nearshore GOA and helps
dnve the eastern boundary current The eastern mountams slow the pace of and
deflect weather systems that mfluence productIVity m freshwater and manne
enVIronments

The GOA shorehne 15 bordered by a contInental shelf rangmg to 200 meters (m)
m depth (FIgure 7 2) ExtensIve and spectacular shorehne has been and 15 bemg
shaped by plate tectomcs and masSIve glaCial actIVity (Hampton et al 1986) In the
eastern GOA, the shelf 15 VarIable m WIdth from Cape Spencer to Middleton Island
It broadens consIderably m the north between Middleton Island and the Shumagm
Islands and narrows agam through the AleutIan Islands The contInental slope,
down to 2,000 ill, IS very broad m the eastern GOA, but It narrows steadily
southwestward of KodIak, becommg only a narrow shoulder above the wall of the
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Figure 7.2 Satellite radar image of the northern Gulf of Alaska. Continental shelf,
seamounts, and abyssal plain can be seen in relief. (Composite image from Sea­
viewing Wide Field-of-view Sensor [SeaWiFSj, a National Aeronautics and Space
Agency remote-sensing satellite.)

deep Aleutian Trench just west of Unimak Pass. The continental shelf is incised by
extensive valleys or canyon~ that may be important in cross-shelf water movement
(Carlson et al. 1982), and by very large areas of drowned glacial moraines and
slumped sediments (Molnia 1981).

7.4 Climate

7.4.1 Introduction

The weather in the northern GOA, and by extension that of adjacent regions
such as PWS, is dominated for much of the year by extratropical cyclones. These
storms typically form well to the south and east of the region over the warm waters
of the central North Pacific Ocean and propagate northwestward into the cooler
waters of the GOA (Luick et al. 1987, Wilson and Overland 1986). Eventually these
storms make landfall in Southcentral or Southeast Alaska where their further
progress is impeded by the extreme terrain of the Saint Elias Mountains and other
coastal ranges. In fact, weather forecasters call the coastal region between Cordova
and Yakutat "Coffin Comer," in reference to the frequency of decaying
extratropical storms found there.
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The lugh probability of cycloruc d1sturbances m the northern GOA IS sIgmftcant
to the local weather and chmate of PWS ASSOCIated WIth these storms are large
offshore-drrected, low-level pressure gradIents (hghtly packed ISobars roughly
parallel to the coast) Dependmg on other factors (such as stahc stability, upper­
level wmd profIle) these gradIents can produce strong gradIent-balance wmds
parallel to the coastlme or downslope (offshore-duected) wmd events (MacUm et
al 1988) Further, because of the complex glaCIally sculptured nature of the terram
m PWS, several regIOns expenence sIgmhcant upslope wmds m certam favorable
storm situahons ThIS wmd conftgurahon, m concert WIth steep terram and nearly
saturated, low-level au masses, produces the local extreme m preclpltahon
responsIble for hdewater glaCIers of PWS

The combmahon of general stormmess, Slgmftcant wmdmess (and conCOmItant
wave generahon), and orograplucally enhanced preclpltahon are essenhal features
of the northern GOA and PWS, and have a strong Impact on the vanety and
compoSlhon of the bIOta tlus regIOn supports In addlhon, the annual melhng of
seasonal snowfall accumulahons, m combmahon WIth glaCIal ablahon, IS
responsIble for the bulk of freshwater mput mto PWS In thIS context, any changes
m chmate-naturally mduced or anthropogeruc-that substanhvely alter the
frequency and durahon of these common yet transIent weather features should also
affect related parts of the regIOnal ecosystem In the followmg dtscusSlon, the
factors responSIble for cltmate change are Idenhfted and explamed on a general
level m preparahon for specmc relahonslups among cltmate, phySIcal, and
chemIcal oceanography, SpecIes, and groups of speCIes that follow Chmate IS
recogruzed to be a major natural force mfluencmg change m bIOlOgical resources

The GEM mISSIOn IS to promote, " greater understandmg of how Its
produchVlty IS mfluenced by natural changes and human achvlhes" (EVOsrC
2000) Cltmahc forcmg IS an Important natural agent of change m the region's
populahons of buds, fIsh, mammals, and other plant and antmal specIes (Hare et
al 1999, Mantua et al 1997, Anderson and Platt 1999, FrancIS et al 1998) Human
achVIhes, or anthropogeruc forcmg, may have profound effects on chmate There IS
growmg eVidence that human achVlhes producmg"greenhouse gases" such as
carbon dIOXide may contrIbute to global cltmate change by altenng the global
carbon cycle (SIgman and Boyle 2000, Allen et al 2000) Understandmg how
natural and human forcmg mfluences bIOlOgical produchvlty reqUITes knowledge
of the major determmants of cltmate change descnbed m thIS sechon

Cltmate m the GOA results from the complex mterachons of geophysIcal and
astrophysIcal forces, and also m part by bIOgeochemtcal forcmg PhYSICal processes
achng on the global carbon cycle and Its hvmg component, the bIOlOgical pump,
dnve osctllahons m cltmate (SIgman and Boyle 2000) The most promment
geophysIcal feature assoCIated WIth chmate change m the GOA IS the Aleuhan Low
(WIlson and Overland 1986) The locahon and mtenslty of thIS system affects storm
tracks, au temperatures, wmd veloclhes, ocean currents and other key phYSICal
factors m the GOA and adjacent land areas Sharp vartahons, or osctllahons, m the
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locatIOn and mtensIty of the Aleuban Low are the result of phYSICal factors
operabng both proxnnally and at great dIstances from the GOA (Mantua et al
1997) PenodIc changes m the locabon and mtensity of the Aleuban Low are
related to movements of adjacent conbnental aIr masses and the Jet stream to
oceanography and weather m the eastern trOpICal Pacmc

AstrophysIcal forces contnbute to long-term trends and penodIc changes m the
clImate of the GOA by controllmg the amount of solar radIabon that reaches earth,
or msolabon (Rutherford and D'Hondt 2000) Clnnate also depends on the amount
of global msolabon and the propomon of the msolabon stored by the atmosphere,
oceans, and bIOlogical systems (SIgman and Boyle 2000) Changes m clImate and
bIOlogical systems occur through phYSICal forcmg of controllmg factors, such as
solar radIabon, strength of lunar nuxmg of water masses, and patterns of ocean
crrculabon PenodIc varIabons m the earth's solar orbIt, the speed of rotabon and
onentabon of the earth, and the deg~ee of mclmabon of the earth's axIS m relabon
to the sun result m penodIc changes m clImate and associated bIOlOgical acbvity

Understandmg clImabc change requrres sOrbng out the effects of phYSICal
forcmg factors that operate SImultaneously at dIfferent penods PenodICIbes of
phYSICal forcmg on factors potenbally controllmg clImate and bIolOgical systems
mclude are 100,000 years, 41,000 years, 23,000 years, 10,000 years, 20 years,
186 years, and 10 years, among many others For example, Mmobe (1999)
IdenbfIed penods of 50 and 20 years m an analysIS of the North PacIfIc Index (NPl)
(FIgure 73) (Mmobe 1999) The NPI IS a bme senes of geographIcally averaged
sea-level pressures represenbng a unIvanate (dependmg on only one random
VarIable) measure of locabon for the Aleuban Low (frenberth and Hurrell 1994)

Advances and retreats of Icenelds and glaCIers mark major changes m weather
and bIology Changes m the seasonal and geographic dIstnbubon of solar
radIabon are thought to be pnmarliy respOnSIble for the penodIc advance and
receSSIon of glaCIers durmg the past two millIon years (Hays et al 1976) The
amount of solar radIabon reachmg earth changes penodIcally, or oscillates, m
response to vanabons m the path of the earth's orbIt about the sun. Geographic
and seasonal changes m solar radIabon caused by perIOdIc vanabons m the earth's
orbIt around and onentabon toward the sun have been labelled "MIlankovIch
cycles," which are known to have characterlSbc frequencIes of 100,000, 41,000, and
23,000 years (Berger et al 1984) ShIfts m the penodICIty of long-term weather
patterns correspond to shIfts from one MIlankovIch cycle to another How and
why shIfts from one MIlankOVIch cycle to another occur are among the most
Important quesbons m paleoechmate research (Hays et al 76, Rutherford and
D'Hondt 2000)
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7.4.2 Long Time Scales

7.4.2.1 Orbital Eccentricity and Obliquity
Shifts in the periodicity of glaciation from 41,000 to 100,000 years between 1.5

and 0.6 million years before present (Myr bp) emphasize the importance of the
atmosphere and oceans in translating the effects of physical forcing into weather
cycles. Glacial cycles may have initially shifted from the 41,00o-year period of the
"obliquity cycle" to the 100,000-year period of the "orbital eccentricity" perhaps
caused initially by changes in the heat flux, from the equator to the higher latitudes
(Rutherford and D'Hondt 2000). (Obliquity is the angle between the plane of the
earth's orbit and the equatorial plane.) According to the theory advanced by
Rutherford and D'Hondt (2000), interactions between long-period physical forcing
(Milankovich cycles) and shorter-period forcing (precession) may have been a key
factor in lengthening the time period between glaciations in the transition period of
1.5 and 0.6 Myr bp. Transitions from glacial to interglacial periods may be
triggered by factors such as the micronutrient iron (Martin 1990) that control the
activity of the biological pump in the Southern Ocean, described below.

Theories about regulation of heat flux from the equator to northern latitudes
are central to understanding climate change. For example, the heat flux that occurs
when the Gulf Stream moves equatorial warmth north to surround the United
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Kmgdom, Iceland, and Northern Europe defmes comfortable human hfe styles m
these countnes Anythmg that dlsmpts tlus heat flux process would drashcally
alter chmate m Northern Europe

7.4.2.2 Day Length
Day length IS mcreasmg by one to two seconds each 100,000 years pnmanly

because of lunar hdal achon (D S Naval Observatory) Dnderstandmg the role of
day length m chmate vanahon IS problemahc because the rotahonal speed of the
earth cannot be predIcted exactly due to the effects of a large number of poorly
understood sources of vanahon Short-term effects are probably mconsequenhal
bIOlOgIcally, because vanahons m dcu1y rotahonal speed are very small, but
cumulahve effects could be more substantral m the long term

7.4.2.3 carbon Cycling and the BiologicalPump
Changes m the amount of solar radIahon avculable to drIve phYSIcal and

bIOlOgIcal systems on earth are not the only causes of chmate oscillahons m the
GOA, or elsewhere m earth Of cnhcalImportance to hfe on earth, changes m
Insolahon result m changes m the amount of a " greenhouse gas," carbon dIOXIde m
the atmosphere resulhng from changes m phYSICal properhes, such as ocean
temperature, and due to bIOlOgIcal processes collechvely known as the bIOlOgIcal
pump (Clusholm 2000) The Importance of the bIOlOgIcal pump m determmmg
levels of atmosphenc carbon dIOXIde IS thought to be substantral, smce the drrect
phYSICal and chemIcal effects of changes m msolahon on the carbon cycle alone
(SIgman and Boyle 2000) (FIgure 74) are not suffICIent to account for the magmtude
of the changes m atmosphenc carbon dIOXIde between major clImate changes, such
as glaaahons

The BIOlogICal Pump PhotosyntheSIS and resprrahon by marme plants and
anImals play key roles m the global carbon cycle by "pumpmg" carbon dIOXIde
from the atmosphere to the surface ocean and mcorporahng It mto orgamc carbon
durmg photosyntheSIS Orgamc carbon not hberated as carbon dIOXIde durmg
resprrahon IS "pumped" (exported) to deep ocean water where bacterIa convert It
to carbon dIOXIde Over a penod of about 1,000 years, ocean currents return the
deep water's carbon dIOXIde to the surface (through upwellmg) where It agam
drIves photosynthesIS and ventrlates to the atmosphere The degree to whIch tlus
deep-water's carbon dIOXIde IS "pumped" back mto the atmosphere or "pumped"
back mto deep water depends on the mtenSIty of the photosynthehc aChvIty, whIch
depends on avculabIhty of the macronutnents phosphate, mtrate, and SIhcate, and
on ffilCronutnents such as reduced rron (Ousholm 2000)

Areas where mtrates and phosphates do not hmIt phytoplankton produchon,
such as the Southern Ocean (600 S), can have very large effects on the global carbon
cycle through the achon of the bIOlOgIcal pump When strmulated by the
mIcronutnent rron, the bIOlOgIcal pump of the Southern Ocean becomes very
strong because of the presence of ample mtrate and phosphate to fuel
phOtOsynthesIS, as demonstrated by the Southern Ocean Iron Release ExperIment
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Figure 7.4 Global carbon cycle diagram showing the movement of carbon compounds of
the atmosphere, land, marine photic zone, the deep ocean, and the sea floor.

(SOIREE) at 61°S 1400 E in February 1999 (Boyd et al. 2000). SOIREE stimulated
phytoplankton production in surface waters for about two weeks fixing up to 3,000
metric ton (mt) of organic carbon. Although it has not been demonstrated that
"iron fertilization" increases export of carbon to deep waters (Chisholm 2000), it
clearly does enhance surface production. The Southern Ocean and much of the
GOA share the equality of being "high nitrate, low chlorophyll" waters, so it is
tempting to speculate that iron would play an important role in controlling
production, if not export production, in the GOA.

The Carbon Cycle. An accounting of changes in the amount of carbon in each
component of the earth's terrestrial and ocean carbon cycles (Sigmon and Boyd,
Figure 7.4), as influenced and represented by the physical and chemical factors of
ocean temperature, dissolved inorganic carbon, ocean alkalinity, and the deep
reservoir of the nutrients phosphate and nitrate, has to incorporate changes in the
strength of the ocean's biological pump to be complete (Sigman and Boyle 2000).
The amount of atmospheric carbon dioxide decreases during glacial periods.
Because physical-ehemical effects do not fully account for these changes, the ruling
hypothesis is that the biological pump is stronger during glaciations. But why
would the biological pump be stronger during glaciations?
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Two leadmg theones explarn decreases m atmosphenc carbon choxlde by
means of mcreased achV1ty m the ocean's bIOlOgIcal pump durmg glaoahons
(SIgman and Boyle 2000) Both theones explarn how mcreased export produchon
of carbon from surface waters to long-term storage m deep ocean waters can lower
atmosphenc carbon choXIde durmg glaoal penods The Broecker theory develops
mechamsms based on mcreasmg export from low- to Dlld-lahtude surface waters
(Broecker 1982, McElroy 1983), and the second theory rehes on hIgh-lahtude export
produchon of drrect relevance to the GOA Patterns and trends m nutrIent use m
mgh-lahtude oceans, such as the GOA, where nutrIents usually do not hDllt
phytoplankton produchon, could hold the key to understandmg chmate
oscillahons

7.4.2.4 Ocean CIrculation
Because of the heat energy stored m seawater, oceans are vast mtegrators of

past chmahc events, as well as agents and buffers of chmate change Wmd,
preClpItahon, and other features of chmate shape surface ocean currents (WIlson
and Overland 1986), and ocean currents m turn strongly feed back mto chmate
Deep ocean waters dnven by thermohahne crrculahon m the Atlanhc and southern
oceans mfluence arr temperatures over these porhons of the globe by transporhng
and exchangmg large quanhhes of heat energy WIth the atmosphere (PeIXOtO and
OoTt 1992) Patterns of thermohahne (affected by salt and temperature) ocean
crrculahon probably change durmg penods of glaClahon (Lynch-Sheghtz et al
1999) The nature of changes m patterns of thermohahne crrculahon appear to
deteTDlllle the durahon and mtensIty of chmate change (Ganopolsla. and Rahmstorf
2001) Although the chmate of the GOA IS not drrectly affected by thermohahne
crrculahon, chmate m the GOA IS mfluenced by thermohahne crrculahon through
chmahc hnkages to other parts of the globe

Teleconnechon between North Pacilic and the TropIcal Paoflc can penochcally
strongly mfluence levels of coastal and mtenor preClpItahon Because changmg
patterns m preClpItahon alter the expressIon of the ACC (FIgure 75), whIch IS

largely dnven by runoff (Royer 1981a), penodlcally changmg weather patterns
such as the Paoflc Decadal Oscillahon (PDO) and the El NIfio Southern Oscillahon
(ENSO) can profoundly alter the crrculahon and bIOlogy of the GOA (See
Sechon 7 2 2 3 )

The effects of the cool ACC and the warmer Alaska Stream moderate arr
temperatures GOA ocean temperatures are lDlpOrtant m determmmg chmate m
the fall and early wmter m the northern GOA and may be mfluenb.a1 at other b.mes
of the year Because the cool glaClally mfluenced waters of the ACC moderate arr
temperatures along the coast, the strength and stability of the ACC are lDlportant m
deterDllllIDg chmate
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Figure 7.5 Schematic surface circulation fields in the Gulf of Alaska and mean annual
precipitation totals from coastal stations (black vertical bars) and for the central gulf (Baumgartner
and Reichel 1975).

7.4.3 Multi-decadal and Multi-annual Time Scales

7.4.3.1 Precession and Nutation
Short period changes in the seasonal and geographic distribution of solar

radiation are also due to changes in the earth's orientation and rotational speed
(day length) (Lambeck 1980). Wobbling (precession) and nodding (nutation) of the
earth as it spins on its axis are primarily due to the fluid nature of the atmosphere
and oceans, the gravitational attraction of sun and moon, and the irregular shape of
the planet.

Small periodic variations in the length of the day occur with periods of
18.6 years, 1 year, and 60 other periodic components. The periodic components are
due to both lunar and solar tidal forcing. In addition to its effect on day length,
lunar tidal forcing with a period of 18.6 years has been associated with high­
latitude climate forcing, periodic changes in intensity of transport of nutrients by
tidal mixing, and periodic changes in fish recruitment (Royer 1993, Parker et al.
1995). Biological and physical effects of the lunar tidal cycle may extend beyond
effects associated with tidal mixing. About one-third of the energy input to the sea
by lunar forcing serves to mix deep-water masses with adjacent waters (Egbert and
Ray 2000). Oscillations in the lunar energy input could contribute to oscillations in
biological productivity through effects on the rate of transport of nutrients to
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surface waters The lunaI hdal cycle appears to be approx1lllately synchronous
WIth thePDO

Contemporary clllllate m the GOA IS defIned by large-scale abnosphenc and
oceamc crrculahon on a global scale Two penodIc changes m ocean and
abnosphenc condIhons are pamcu1arly useful for understandmg change m the
c1llllate of the GOA, the PD~ and the ENSO Although weather patterns m the
Archc and North Atlanhc are also correlated WIth weather m the North Pacmc,
these relahons are far from clear The PDO, ENSO, and other patterns of clllllate
vanabIhty combme to grve the GOA a varIable and somehmes severe clllllate that
serves as the mcubator for the wmter storms that sweep across the North Amencan
conhnent through the Aleuhan storm track (Wilson and Overland 1986)

Increased understandmg of the PD~ has been made possIble by s1lllple yet
hIghly descnphve mdIces of weather, such as the North Pacmc Index (NPI) These
mdIces are dIscussed below Changes m the annual values of these mdIces led to
the reahzahon that weather conmhons m the GOA somehmes change sharply from
one set of average conmhons to a dJfferent set durmg a penod of only a few years
These rapId clllllahc and oceanographIc regrme shIfts are assoClated WIth s1ffi11arly
rapId changes m the anllllals and plants of the regron that are of VItal mterest to
government, mdustry, and the general pubhc

7.4.3.2 Pacific Decadal Oscillation
The PD~ and asSOCIated phenomena appear to be maJor sources of

oceanographIc and bIOlogrcal vanabIhty (Mantua et al 1997) ASSOCIated WIth the
PD~ are three semI-permanent atmosphenc pressure regrons dOffi1TIahng chmate
m the northern GOA-the SIbenan and East PacIfIc hIgh-pressure systems and the
Aleuhan Low These regrons have VarIable, but characterIStIc, seasona1locahons
A promment feature of the PD~ and the c1llllate of the GOA IS the Aleuhan Low,
for whIch average geographIc locahon changes penodIcally durmg the wmter
Wmterhme locahon of the Aleuhan Low affects ocean crrculahon patterns and sea­
level pressure patterns It IS characterIShc of two c1llllahc regrmes a southwestern
locus called a negahve PD~ regrme (as m 1972) and a northeastern locus called a
posIhve PD~ (1977) (FIgures 7 6 and 7 7) The locahon of the Aleuhan Low m the
wmter appears to be synchroruzed WIth annual abundances and strength of
reCruItment of some fISh SpecIes (Hollowed and Wooster 1992, FranCIS and Hare
1994) The Aleuhan Low averages about 1,002 mIlhbars (Favonte et al 1976), IS
most mtense m wmter, and appears to cycle m Its average posIhon and mtensIty
WIth about a 20- to 25-year penod (Rogers 1981, Trenberth and Hurrell 1994)

The PD~ IS studIed WIth mulhple mmces, mcludmg the anomahes of sea level
pressure (as m the NPI, whIch IS dIScussed below), anomahes of sea surface
temperature, and wmd stress (Mantua et al 1997, Hare et al 1999) The PD~
changes, or oscillates, between posIhve (warm) and negahve (cool) states
(FIgures 78 and 79) In decades of posIhve PDOs, below-normal sea surface
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Figure 7.7 Mean sea-level pressure patterns from the winters of 1972 (left) and 1977
(right) (Emery and Hamilton 1985).

temperatures occur in the central and western North Pacific and above normal
temperatures occur in the GOA. An intense low pressure is centered over the
Alaska Peninsula, resulting in the GOA being warm and windy with lots of
precipitation. In decades of negative PDOs, the opposite sea surface temperature
and pressure patterns occur.

The NPI, a univariate time series representing the strength of the Aleutian Low,
shows the same twentieth-eentury regimes defined by the PDO. The NPI is the
anomaly, or deviation from the long-term average, of geographically averaged sea­
level pressure in the region from 1600 E to 1400 W, 300 to 650 N, for the years 1899
to 1997 (Trenberth and Hurrell 1994, Trenberth and Paolino 1980). The NPI was
used to identify climatic regimes in the twentieth century, for the years 1899 to
1924,1925 to 1947, 1948 to 1976, and 1977 to 1997, and to explore the interactions of
short (20-year) and long (50-year) period effects on the timing of regime shifts.
Negative (cool) PDOs occurred during 1890 to 1924 and 1947 to 1976, and positive
(warm) PDOs dominated from 1925 to 1946 and from 1977 to about 1995 (Mantua
et al. 1997, Minobe 1997). Minobe's analysis of the NPI identified a characteristic
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Figure 7.8 Schematic of physical processes during the winter in a positive PD~ climatic regime
in the Gulf of Alaska from offshore to nearshore areas showing the Alaska Current and the Alaska
Coastal Current.

S-shaped waveform with a 50-year period (sinusoidal pentadecadal) (Figure 7.3).
His analysis pointed out that rapid transitions from one regime to another could
not be fully explained by a single sinusoidal-wavelike effect. The speed with which
regime shifts occurred in the twentieth century led Minobe to suggest that the
pentadecadal cycle is synchronized or phase locked with another climate variation
on a shorter bidecadal time scale (Anderson and Munson 1972).

In addition to periodic and seasonal changes, there is evidence that the
Aleutian storm track has shifted to an overall more southerly position during the
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Figure 7.9 Schematic of physical processes during the winter in a negative PDQ climatic
regime in the Gulf of Alaska from offshore to nearshore areas showing the Alaska Current and
the Alaska Coastal Current.

twentieth century (Richardson 1936, Klein 1957, Whittaker and Hom 1982, Wilson
and Overland 1986).

7.4.3.3 £1 Nino Southern Oscillation
The ENSO is a weather pattern originating in the equatorial Pacific with strong

influences as far north as the GOA (Emery and Hamilton 1985). ENSO is marked
by three states: warm, normal, and cool (Enfield 1997). Under normal conditions,
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the water temperatures at the conbnental boundmy of the eastern PacIfIc are

around 20° C, as cold bottom waters (8° C) nux WIth warmer SUIface water to form
a large pool of relatIvely cool water of the coast of Peru When an El Nlfio (warm)
event starts, the pool of cool coastal water at the conbnental boundary becomes
smaller and smaller as warm water masses (20° C to 30° C) from the west move on
top of them, and the sea level starts to nse At full El Nlfio, mcreases m the surface
water temperatures of as much as 5 4°C have been observed very close to the coast
of Peru El Nlfio also bnngs a sea level nse along the Equator m the eastern PacIfIc
Ocean of as much as 34 centImeters, as warm buoyant waters movmg m from the
west overnde cooler, denser water masses at the conbnental boundary In a cool
La Nlfia event, the sea levels are the OpposIte from an El Nlfio, and relatIvely cool
(less than 20° C) waters extend well offshore along the equator Note that the sea
surface temperature changes assocIated WIth ENSO events extend well mto the

GOA

The ENSO has effects m some of the same geographIc areas as PDO, but there
are two major dIfferences between these patterns Frrst, an ENSO event does not
last as long as a PD~ event, and second an ENSO event starts, and IS eaSIest to
detect, m the eastern equatonal PacIf1c, whereas PD~ dommates the eastern North
PacIf1c, mcludmg the GOA The SImultaneous occurrence of two major weather
patterns m one locatIon Illustrates Mmobe's pomt that multIple forcmg factors With
dIfferent charactenstIc frequencIes must be operabng SImultaneously to create
regIme shIfts (FIgure 73)

Marine­
Terrestrial
Connections

7.5
The role of marme mputs to the watershed phase
of regIOnal bIOgeochemIcal cycles has been
recogrnzed for some tIme (MathISen 1972)
Expenments m artIfICIal and natural streams have
shown that chlO1 ophyll aand the bIOmasses of the

bIOfI1m (bactena and molds) and aquatIc macromvertebrates, such as Insects,
mcrease as the amount of salmon carcass bIOmass mcreases Chlo10p7ujll ahas been
observed to mcrease over the full range of carcass bIOmass, whereas mcreases m
macromvertebrates stop at some hmIbng value of carcass loadmg (WIpfh et al
1998, WIpfh et al 1999) Salmon carcasses stImulate productIon of multIple trophIc
levels, mcludmg decomposers, m watersheds by provIdmg carbon and nutnents
In earher studies of an Alaskan stream contamIng ChInook salmon, PIOrkowski
(1995) supported the hypothesIS OfWIpfh et al (1998) that salmon carcasses can be
Important m structunng aquatIc food webs In partIcular, mICrobIal compOSItIon
and diverSIty may determme the ability of the stream ecosystem to use nutnents
from salmon carcasses, a pnnCIpal source of marme rutrogen

Marme nutnents and carbon move from the marme envrronment mto
terrestnal speCIes m the watersheds of the GOA (WIpfh et al 1999), as has been
shown to be the case m anadromous flSh-bearmg watersheds elsewhere m the
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north PacIbc regIOn (Bilby et al 1996) The followmg speCIes have been found to
transport marme nutrIents withm watersheds

• Anadromous specIes, such as salmon (Klme et al 1993, Ben-DaVid et al
1998a),

• Marme-feedmg land anImals, such as nver otters (Ben-DavId et al 1998b)
and coastal mml (Ben-DavId et al 1997a),

• Opportunlshc scavengers as nverme mml (Ben-DaVid et al 1997a), wolf
(Szepans1J. et al 1999), and martens (Ben-DaVid et al 1997b), and

• RIpanan zone plants such as trees (Bilby et al 1996)

In theory, any terrestnal plant or anImal specIes that feeds m the marme
enVIronment or that receIves nutrIents from anadromous fISh, such as Harlequm
duck or SItka spruce, IS a pathway to the watersheds for marme carbon and
nutnents SpeCIes that contam marme nutrIents are WIdely distrIbuted throughout
watersheds, as determmed from levels of marme mtrogen m Juvemle fIsh,
mvertebrates, and aquahc and nparIan plants (Bilby et al 1996, PIOrkowski 1995,
Ben-DaVid et al 1998a,1998b) The role of marme nutnents m watersheds IS key to
understandmg the relahve Importance of clImate and human-mduced changes m
populahon levels of bIrds, fIsh, and mammals Indeed, losses of baSIC habItat
produchVIty because of low numbers of salmon entermg a watershed (Klme et al
1993, MathISen 1972, PIOrkowski 1995, Fmney et al 2000) may be confused WIth the
effects of fIshenes mtercephons or marme clImate trends ComparISon of
anadromous fIsh-bearmg streams to non-anadromous streams has demonstrated
differences m produchVIhes related to marme nutnent cyclmg Import of marme
nutnents and food energy to the lohc (flowmg water) ecosystem may be retarded m
systems that have been denuded of salmon for any length of hIDe (PIOrkowski
1995)

Paleoecological studies (whIch focus on anCIent events) m watersheds bearmg
anadromous speCIes can shed hght on long-te~trends m marme produchVIty
Use of marme mtrogen m sechment cores from freshwater spawmng and rearmg
areas to reconstruct prehIStonc abundance of salmon offers some InsIghts mto long­

term trends m clImate, and mto how to separate the
effects of clImate from human Impacts such as fIshmg and
habItat degradahon (Fmney 1998, Fmney et al 2000)

Watershed studies lmkIng the freshwater and marme
porhons of the regional ecosystem could pay Important
benefIts to natural resource management agenCIes As
agenCIes grapple WIth Implementahon of ecosystem-based
management, conservahon achons are hkely to focus

more on ecosystem processes and less on smgle speCIes (Mangel et al 1996) In the
long-term, protechon of Alaska's natural resources will reqUITe extendmg the
protechon now afforded to smgle speCIes, such as targeted commerCIally Important
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salmon stocks, to ecosystem funchons (Mangel et al 1996) III process-onented
conservahon (Mangel et al 1996), produchon of ecologrcally central vertebrate
specIes IS combmed WIth measures of the produchon of other speCIes and measures
of energy and nutrIent flow among tropluc levels to Idenhfy and protect ecologrcal
processes such as nutrIent transport ApphcahOns of ecologrcal process measures
m Alaska ecosystems have shown the feaSIbility and potenhalImportance of such
measures (Klme et al 1990, Klme et al 1993, MathISen 1972, PIOrkowskI 1995, Ben­
DavId et al 1997a, 1997b, 1998a, 1998b, SzepanskI et al 1999), as have apphcahons
outsIde of Alaska (Bilby et al 1996, Lar1.m and Slaney 1997)

7.6 PhySical and Geological
Oceanography' Coastal
Boundaries and Coastal and
Ocean Circulation

7 6 1 PhySical Settmg, Geology, and Geography

The GOA rncludes the conhnental shelf, slope, and abyssal plam of the
northern part (north of 500 N) of the northeastern PacIfIc Ocean It extends 3,600
kIlometers (km) westward from 12~30' W near the northern end of Vancouver
Island, BntISh ColumbIa, to 1760 W along the southern edge of the central Aleutran
Islands (FIgure 710) It mcludes a conhnental shelf area of about 3 7 x 1()5 km2

(110,000 square nauhcal mIles [Lynde 1986]) The area of the shelf amounts to
about 17 percent of the entIre Alaskan conhnental shelf area (286 x 106 km2 total)
and approxImately 12 5percent of the total conhnental shelf of the Umted States
(McRoy and Goenng 1974) ThIS vast oceamc domam sustams a nch and dIverse
marme lIfe that supports the econOmIC and subSIStence hvehhood for both
Alaskans and people hvmg m ASIa and North Amenca The GOA IS also an
Important transportahon comdor for vessels carrymg cargo to and from Alaska
and vessels travelmg the Great CIrcle Route between North Amenca and ASIa

The lugh-lahtude locahon and geologrcal hIStOry of the GOA and adJacent
landmass strongly mfluence present-day regronal meteorology, oceanography, and
sedImentary enVIronment The northern extensIOn of the Cascade Range, WIth
mountams rangmg m alhtude from 3 to 6 km, rmgs the coast from BntISh
ColumbIa to Southcentral Alaska (Royer 1982) The Aleuhan Range spans the
Alaska Penmsula m the western GOA and contams peaks exceedmg 1000 m rn
elevahon All of the mountams are young and therefore prOVIde plentIful sources
of sedIment to the ocean The regron IS selSffilcally achve because It hes WIthrn the
convergmg boundanes of the Pacmc and North Amencan plates The mohons of
these plates control the SeISmICIty, tectomcs, volcamsm, and much of the
morphology of the GOA and make thIS regron one of the most tectomcally achve
regrons on earth Gacob 1986) Indeed, tectonIC mohon conhnuously reshapes the
seafloor through faulhng, subSIdence, landshdes, tsunamIS, and soil hquefachon
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Figure 7.1 Oa Shelf topography of the northern Gulf of Alaska and adjacent waters (Martin 1997).

For example, as much as 15 m of uplift occurred over portions of the shelf during
the Great Alaska Earthquake of 1964 (Malloy and Merrill 1972, plafker 1972, von
Huene et al. 1972). These geological processes influence ocean circulation patterns,
delivery of terrestrial sediments to the ocean, and reworking of seabed sediments.

Approximately 20 percent of the GOA watershed is covered by glaciers today
(Royer 1982) making the region the third greatest glacial field on earth (Meier
1984). The glaciers reflect both the subpolar, maritime climate and the regional
distribution of mountains, or orography, of the GOA (see Section 7.3) of the GOA.
The climate setting includes high rates of precipitation and cool temperatures,
especially at high altitudes, that enhance the formation of the icefields and glaciers.
The icefields are both a source and sink for the fresh water delivered to the ocean.
In some years the glaciers gain and store the precipitation as ice and snow; in other
years, the stored precipitation is released into the numerous streams and rivers
draining into the GOA. Glacial scouring of the underlying bedrock provides an
abundance of fine-grained sediments to the GOA shelf and basin (Hampton et aI.

124 CHAf'1l:R 7 JULY 2002



GULF ECOSYSTEM MONITORING AND RESEARCH PROGRAM

-145"00'

55"00,1--.···---·--\---··-··---·------

-150''00' -145"00'

-141)"00' -l35'\lO'

-140''00'

-130"00'

-135"00'

55"00'

Figure 7.1 Db Shelf topography of the northern Gulf of Alaska and adjacent waters (Martin 1997).

1986). The major inputs of glacial sediment are the Bering and Malaspina glaciers
and the Alsek and Copper rivers in the northern GOA and the Knik, Matanuska,
and Susitna rivers that feed Cook Inlet in the northwest GOA (Hampton et al.
1986).

The bathymetry, or bottom depth variations, of the GOA reflects the diverse
and complex geomorphological processes that have worked the region during
millions of years. The GOA abyssal plain gradually shoals from a 5,OOO-m depth in
the southwestern GOA to less than 3000 m in the northeastern GOA. Maximal
depths exceed 7,000 m near the central Aleutian Trench along the continental slope
south of the Aleutian Islands. Numerous seamounts, remnants of subsea volcanoes
associated with spreading centers in the Pacific lithospheric plate (at the earth's
crust), are scattered across the central basin. Several of the seamounts or guyots
(flat-topped seamounts) rise to within a few hundred meters of the sea surface and

JULY 2002 CHAPTER 7 125



GULF ECOSYSTEM MONITORING AND RESEARCH PROGRAM

provIde illlportant mesopelagIc (mIddle depth of the open sea) habItat for pelagIc
(open sea) and benthIc (bottom) manne orgamsms

The contmental shelf vanes m WIdth from about 5 1m off the Queen Charlotte
Islands m the eastern GOA to about 200 km north and south of KodIak Island
Along the AleutIan Islands, the shelf break IS extremely narrow or even absent, as
depths plunge rapIdly north and south of the ISland cham The numerous passes
between these ISlands control the flow between the GOA and the Bermg Sea, WIth
depths (and mflow) generally mcreasmg m the westerly drrectIon (Favonte 1974)
In the eastern AleutIans, most of the passes are shallow and nauow, the largest
bemg Amukta Pass WIth a maxilllal depth of 430 m and an area of about 20 km2

(Favonte 1974) UTIlllak Pass IS the easternmost pass (of oceanographIc
SlgmfIcance) and connects the southeast Bermg Sea shelf drrectly to the GOA shelf
near the Shumagm Islands ThIs pass IS about 75 m deep and has a cross-sectIonal
area of about 1 km2 (Schumacher et al 1982)

The shelf topography m the northern GOA IS enormously complex because of
both tectomc and glaCIal processes (FIgures 710a and b) Numerous troughs and
canyons, many onented across the shelf, punctuate the sea floor Subsea
embankments and ndges abound as a result of subsIdence, uplIft, and glaCIal
morames These geolOgIcal processes have also shaped the munensely comphcated
coastlme that mc1udes numerous silled and unSIiled fJords, embayments, capes,
and ISland groups

The northwestern GOA mc1udes several promment geolOgIcal features that
mfluence the regIonal oceanography Kayak Island, whIch extends about 50 km
across the shelf east of the mouth of the Copper RIver, can deflect Inner shelf
waters offshore InteractIon of shelf currents WIth thIS ISland can also spawn eddIes
that transport nearshore waters, whIch have a hIgh suspended sedIment load, onto
the outer shelf (Ahlnaes et al 1987)

PWS, whIch hes west of Kayak Island, IS a large complex, fJord-type estuanne
system WIth characte!1StIcs of an mland sea (Muench and HeggIe 1978) The sound
commumcates WIth the GOA shelf through Hmchmbrook Entrance m the eastern
sound and Montague StraIt and several smaller passes m the western sound The
shelf IS relatIvely shallow (about 125 m deep) south of Hmchmbrook Entrance and
along the eastern shore of Montague StraIt Hmchmbrook Canyon, however, has
depths of about 200 m and extends southward from Hmchmbrook Entrance and
opens onto the contmental slope ThIS canyon IS a potentIally illlpOrtant condUIt by
whIch slope waters can commumcate drrectly WIth sound Central PWS IS about
60 km by 90 km WIth depths tyPICally m excess of 200 m and a maxllla1 depth of
about 750 m m the northern sound The entrances to PWS are guarded by the shelf,
sills, or both of about 18D-m depth Numerous ISlands are scattered throughout the
sound and bays, fJords, and numerous glaCIers are mterspersed along Its rugged
coasthne
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Several silled ~ords mdent the northern GOA coast, between PWS and Cook
Inlet Inner ~ord depths can exceed 250 m, wluch are greater than the depths over
the adjacent shelf To the west of the KenaI Penmsu1a IS Cook Inlet, wluch extends
about 275 km. from Its mouth to Anchorage at Its head The mlet IS about 90 1Jn
wIde at Its mouth, narrows to about 20 km. at the Forelands some 200 1Jn from the
mouth, and then wIdens to about 30 1Jn near Anchorage Upper Cook Inlet
branches mto two narrow arms (Tumagam and Kruk) that extend mland another
70 km. Depths range from 100 m to 150 m at the mouth of Cook Inlet to less than
40 m m the upper end, WIth the upper arms bemg so shallow that extensIve
mudflats are exposed durmg low hdes The bottom topography throughout the
mlet reflects extensIve faulhng and glaCIal erOSIOn (Hampton et al 1986)

At ItS mouth, Cook Inlet commumcates WIth the northern shelf through
Kennedy Entrance, to the east, and WIth Shehkof StraIt, to the west The latter IS a
200-km. by 50-km. rectangular channel between KodIak Island and the Alaska
Penmsula WIth numerous ~ordsmdenhng the coast along both SIdes of the straIt
The mam channel, WIth depths between 150 and 300 m, veers southeastward at the
lower end of KodIak Island and mtersects the conhnental slope west of Clunkof
Island Southwest of Shehkof StraIt bottom depths shoal to 100 to 150 m, and the
shelf IS comphcated by the passes and channels aSSOCIated WIth the Shumagm and
SemImISlands

7 6 2 Atmospheric ForCing of GOA Waters

The chmate over the GOA IS largely shaped by three semI-permanent
atmosphenc pressure patterns the Aleuhan Low, the SIbenan HIgh, and the East
Pao&c HIgh (WIlson and Overland 1986) These systems represent statlShcal
compOSItes of many mmvIdual pressure cells movmg across the northern North
PacrfIc The chmatologrcal posIhon of these pressure systems varIes seasonally, as
shown m FIgure 711 From October through Apnl, the cold au masses of the
SIbenan HIgh deepen over northeastern SIbena, and the East PacrfIc HIgh IS
centered off the southwest coast of Cahforma From May through September, the
SIbenan HIgh weakens and the East Pacmc HIgh mIgrates northward to about
40° N and attaIns Its greatest mtensIty (lughest pressure) m June The seasonal
changes m mtensIty and posIhon of these hIgh-pressure systems mfluence the
strength and propagahon paths of low-pressure systems (cyclones) over the North
Pao&c In wmter, the SIbenan HIgh forces storms mto the GOA, and lows are
strong, m summer, these systems are weaker and propagate along a more northerly
track across the Bermg Sea and mto the Archc Ocean.

The low-pressure storm systems that compose the Aleuhan Low form m three
ways Many are generated m the western Pacmc when cold, dry au flows off ASIa
and encounters northward-flowmg, warm ocean waters along the ASIan conhnent
Admhonal formahon regrons occur m the central Pacmc along the Subarchc Front
(near 35° N) where strong lahtudmal graments of ocean temperature mteract WIth
unstable, wmter au masses (Roden 1970) Fmally, the GOA can also be a regron of
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Figure 7.11 Typical summer (left) and winter (right) examples of the Aleutian Low
and Siberian High pressure systems. Contours are sea-level pressure in millibars.
(Hollowed and Wooster 1987)

active cyclogenesis (low-pressure formation), particularly in winter when frigid air
spills southward over the frozen Bering Sea, the Alaska mainland, or both (Winston
1955). Such conditions can be hazardous to mariners because the accompanying
high wind speeds and subfreezing air temperatures can lead to rapid vessel icing
(Overland 1990).

Regardless of origin, these lows generally strengthen as they track eastward
across the North Pacific. This intensification results from the flux of heat and
moisture from the ocean to the atmosphere. The lows attain maximal strength
(lowest pressure) in the western and central GOA. Once in the GOA, the coastal
mountains inhibit inland propagation, so that the storms often stall and dissipate
here. Indeed, Russian mariners refer to the northeastern GOA as the"graveyard of
lows" (Plakhotnik 1964).

The mountains also force air masses upward, resulting in cooling,
condensation, and enhanced precipitation. The precipitation feeds numerous
mountain drainages that feed the GOA or, in winter, is stored in snowfields and
glaciers where it can remain for periods ranging from months to years.

Seasonal variations in the intensity and paths of these low-pressure systems
markedly influence meteorological conditions in the GOA. Of particular
importance to the marine ecosystem are the seasonal changes in radiation, wind
velocity, precipitation, and coastal runoff.
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The mcommg short-wave ramahon that warnlS the sea surface and proVIdes
the energy for marme photosyntheSIs IS strongly affected by cloud cover
Throughout the year, cloud cover of more than 75 percent occurs over the northern
GOA more than 60 percent of the hIDe (Brower et al 1988), and cloud cover of less
than 25 percent occurs less than 15 percent of the hIDe
Interannual varIability m cloud cover, especIally m
summer, can affect sea-surface temperatures and pOSSIbly
the nuxed-layer structure (whIch also depends heavily on
salmIty dIStnbuhon) The anomalously warm surface
waters observed m the summer and fall of 1997 were
probably due to unusually low cloud cover and mild
wmds (Hunt et al 1999) The charactemhc cloud cover IS so heavy that It hmders
the effechve use of paSSIve illlcrowave sensors, such as Advanced Very HIgh
Resoluhon Radar and Sea-VIewmg WIde FIeld of VIew Sensor (SeaWIfs), m
ecosystem momtormg

The cyclomc (counterclockwIse) wmds assoCIated WIth the low-pressure
systems force an onshore surface transport (Elman transport) over the shelf and
downwellmg along the coast FIgure 712 shows the mean monthly upwellmg
mdex on the northern GOA shelf ThIS mdex IS negahve (lillplymg downwellmg)
m most months, mmcahng the prevalence of onshore Ekman transport and coastal
convergence Downwe11mg favorable wmds are strongest from November through
March, and feeble or even weakly anhcyclomc (upwellmg favorable) m summer
when the Aleuhan Low IS dISplaced by the East Pacmc HIgh (Royer 1975, Wilson,
and Overland 1986) Over the central basm, these wmds exert a cyclomc torque (or
wmd-stress curl) that forces the large-scale ocean crrculahon

The mgh rates of preClpitahon are eVIdent m long-term average measurements
FIgure 7 5 IS a compOSIte of long-term average annual preClpitahon measurements
from stahons around the GOA PreClpitahon rates of 2 to 4 meters per year (m-yr-I)
are typICal throughout the regIOn, but rates m southeast Alaska and PWS exceed
4 m-yr-I Except over the Alaska Penmsula m the western GOA, the coastal
preClpitahon rates are much greater than the eshIDated net preClpitahon rate of
1 m-yr-I over the central baSIn (Baumgartner and ReIchel 1975) The coastal
eshmates are undoubtedly bIased because most of the measurements are made at
sea level and therefore do not fully capture the mfluence of alhtude on the
preClpItahve flux

FIgure 712 also mcludes the mean monthly coastal dIScharge from Southeast
and Southcentral Alaska as eshmated by Royer (1982) On an annual average thIS

freshwater mflux IS enormous and amounts to about 23,000 m3 s 1, or about 20
percent greater than the mean annual MISSISSIppI River dIscharge, and accounts for
nearly 40 percent of the freshwater flux mto the GOA ThIS runoff enters the shelf
mamly through many small (and ungauged) dramage systems, rather than from a
few major nvers Consequently, the dIscharge can be thought of as a dIffuse,
coastal "lme" source around the GOA penmeter, rather than arlSlng from a few,
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Figure 7 12 Mean monthly upwelling Index 1946 to 1999 (red) and mean monthly
coastal discharge 1930 to 1999 (blue) (Royer 1982 2000) In the northern GOA NegatIve
values of the Index Imply onshore Ekman transport and coastal downwelling Discharge
IS shown In cubiC meters per second a measure of flow

large "pomt" sources The chscharge 15 greatest m early fall and decreases rapIdly
through wmter, when preCIpItahon 15 stored as snow There 15 a secondary runoff
peal m sprmg and summer, because of snowmelt (Royer 1982) The phasmg and
magmtude of tlus freshwater flux IS Important, because salmIty prImarliy affects

water densIhes (and therefore ocean dynamICS) m the northern GOA

FIgure 712 shows that the seasonal vanahon m wmd stress and freshwater
dIscharge 15 large, but also that these VarIables are not m-phase WIth one another,
downwellmg 15 maxImal m wmter and mmIma1 m summer, whereas chscharge IS
maxnnal m fall and mmIma1 m late wmter Both wmds and buoyant dIscharge
affect the verhca1 densIty strahfIcahon and contnbute to the formahon of honzontal
pressure (and densIty) gradIents over the shelf and slope The wmd fIeld over the
shelf 15 spahally coherent (LlVmgstone and Royer 1980) because the scales of the
storm systems that enter the GOA are comparable to the SIZe of the basm The
alongshore coherence of the wmd fIeld and the dIstnbuted nature of the coastal
dIscharge suggest that forcmg by wmds and buoyancy 15 approxnnately umform
along the length of the shelf Both the ~mds and buoyant flux force the mean
cyc10ruc alongshore flow over the GOA shelf and slope (Reed and Schumacher
1986, Royer 1998), as shown schemahcally m FIgure 7 5 On the mner shelf, the
flow consISts of the ACC, and over the slope, It COnsISts of the Alaska Current
(eastern and northeastern GOA) and the Alaskan Stream (northwestern GOA)
These current systems are extensIve, swIft, and conhnuous over a vast alongshore
extent Thus, the shelf and slope are strongly affected by advechon (transport of
momentum, energy, and dISsolve and suspended matenals by ocean currents),
Implymg that clImate perturbahons, even those occurrmg far from the GEM study
area, can be effICIently commurucated mto the northwestern GOA by the ocean
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crrcu1ahon The strong advechon also Imphes that plOcesses occumng far

upstream nught substantIally mfluence bIOlogIcal produchon WIthIn the GEM area

7 6 3 PhySical Oceanography of the Gulf of Alaska Shelf
and Shelf Slope

The GOA shelf can be dIVIded on the baSIS of water-mass structure and
crrculahon charactenshcs mto three domams

The mner shelf (or ACC domam) COllSIShng of the ACC,

The outer shelf, mcludmg the shelf-bleak front, and

The nud-shelf regIon between fue mner and outer shelves

Because the boundanes separahng these regIons are dynamIC, therr locahollS
vary m space and hme Although dynamIC connechons among these domams
undoubtedly exISt, the nature of these hnks IS poorly understood

The ACC IS the most promment aspect of the shelf crrcu1ahon It IS a perSIStent
crrcu1ahon feature that flows cyclorucally (westward m the northern GOA)
throughout the year ThIs current ongmates on the BntISh ColumbIan shelf
(although m some months or years, It nught ongmate as far soufu as fue Columbia
River [Royer, T C 1998, Thomson et al 1989]), about 2,500 km from Its entrance
mto the Benng Sea through Urumak Pass, m the western GOA (Schumacher et al
1982)

The ACC IS a swIft (20 to 180 cenhmeters per second [cm S-I] [04 to 3 6 knots]),
coastally trapped flow typICally found WIthIn 35 km of the shore (Royer 1981b,
Johnson et al1988, Stabeno et al 1995) Much or all of the ACC loops through
southern PWS, entenng through Hmchmbrook Entrance and exIhng through
Montague Strait (NIebauer et al 1994) Therefore, the ACC potentIally IS Important
to the crrcu1ahon dynamICS of PWS, clearly, It IS a cnhcal advechve and mIgratory
path for matenal and organISms between the GOA and sound West of PWS, the
ACC branches northeast of Kodiak Island The bulk of the current curves around
the mouth of Cook Inlet and conhnues southward through Shehkof Strait (Muench
et al 1978), the remamder flows southward along the shelf east of KodIak Island
(Stabeno et al 1995) Although there are no long-term (mulhyear) eshmates of
transport m the ACC, drrect measurements (Schumacher et al 1990, Stabeno et al
1995) along the KenaI Penmsula and upstream of KodIak suggest an average
transport of about 0 8 Sverdrup (Sv, a urut of flow equal to 1 mIllion CUbIC meters
per second [1 Sv equals 106 m3 S-1]), wlfu a maxImum m wmter and a nurumum m
summer

The large annual cycle m wmd and freshwater dIscharge IS reflected m the
mean monthly temperatures and salnuhes at hydrographIc stahon GAK 1, near
Seward, on the mner shelf (FIgure 713) Mean monthly sea-surface temperatures
range from about 35° C m March to about 14° C m August The amphtude of the
annual temperature cycle, however, dImmIshes WIth depth, Wlfu the annual range
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Figure 7.13 The mean annual cycle of temperature (upper) and salinity (lower) at various depths
at station GAK1 on the inner shelf of the northern GOA The monthly estimates are based on
data collected from 1970 through 1999. (The figure includes updated information [Xiong and
Royer 1984].)

being only about 10 C at depths greater than 150 m. Surface temperatures are
colder than subsurface temperatures from November through May, and the water
column has little thermal stratification from December through May.

Surface salinities range from a maximum of about 31 practical salinity units

(psu) in late winter to a minimum of 25 psu in August. Vertical salinity (density)
gradients are minimal in March and April and maximal in the summer months.
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Surface strab.6.cauon commences m AprIl or May (somew~at eaIher m PWS), as
cyclomc wmd stress decreases and runoff mcreases, and IS greatest m IDld- to late
summer The mner shelf and PWS strabfy frrst, because runoff lillUally IS confIDed
to nearshore regIons and only gradually spreads offshore through ocean processes
Solar heahng prOVIdes addluonal surface buoyancy by WaTIDlng the upper layers
umformly across the shelf However, the thermal strab.6.cauon rernatns weak untll
late Mayor June As wmds mtensIfy m fall, the strab.6.cauon erodes, resulnng from
stronger verucal nuxmg and mcreased downwelling, whIch causes surface waters
to sml along the coast

Withm the ACC, the annual amphtude m salmIty d1ID.lmshes WIth depth and
has a IDlillIDum of about a5 psu at about the 100-m depth At greater depths, the
annual amphtude mcreases but the annual salmIty cycle IS out of phase WIth near­
surface salmIty changes For example, at and below the 150 m depth, the salmIty IS
IDlillIDal m March and m.a.xJID.a1 m late summer-early fall The phase dIfference
between the near-surface and near-bottom layers reflects the combmed mfluence of
wmds and coastal dIScharge In summer, when downwelling relaxes, salty,
nutnent-nch water from offshore mvades the mner shelf (Royer 1975) The upper
poruon of the water column IS freshest m summer, when the wmds are weak (httle
IDlXIDg) and coastal dIScharge IS mcreasmg Verucal IDlXIDg IS strong through the
wmter and redIStnbutes fresh water, salt, and possIbly nutnents throughout the
water column

The effects of the seasonal cycle of wmd and buoyancy forcmg are also
reflected m both the hydrographIc propertIes and the along-shore velocIty
structure of the shelf The seasonal transIUOns m temperature and salmIty
propertIes are shown m FIgure 714, whIch IS constructed from cross-shore secuons
along the Seward LIne m the northern GOA for AprIl (representauve of late
wmter), August (summer), and October (fall)

The ACC domam, or rnner shelf, IS withm 50 km of the coast From February
through AprIl, the vertIcal and cross-shelf gradIents of salmIty and temperature are
weak, and the ACC front hes withm about 10 km of the coast and extends from the
surface to the bottom VertIcal shears (gradIents) of the along-shelf velocIty are
weak and the current dynaIDlcs are pnmarl1y wmd-driven and barotropIc
(controlled by sea-surface slopes setup by the wmds) at thIs hIDe (Johnson et al
1988, Stabeno et al 1995) In summer (late May to early September), the vertIcal
strab.6.cauon IS large, but cross-shelf salmIty (and denSIty) gradIents are weak The
ACC front extends from 30 to 50 km offshore and usually no deeper than 40 m
The along-shelf flow IS weak, although hIghly VarIable, m summer VertIcal
strab.6.cauon weakens m fall, but the cross-shelf salmIty gradIents and the ACC
front are stronger than at other hIDes of the year As coastal downwelling
mcreases, the front moves shoreward to withm 30 km of the coast and steepens so
that the base of the front mtersects the bottom between the 50 and 100 m ISobaths

JULY 2002 CHAPTER] 133



------------------------ ---- ----

GULF ECOSYSTEM MONITORING AND RESEARCH PROGRAM

Temperature (oq Salinity (PSU)

300

5.25

April

August

... :;:;:;:;:;:;:;";:;:;:;:;:;:;:;:;:;:;:;:
';';';';';':';::':';':':':':';';';';.'

o 50 100 150 200

Distance From Shore (kmj

October

o 50 100 150 200

Distance From Shore (km)

Figure 7.14 Seasonal cross-shore distributions of temperature (left) and salinity (right)
along the Seward Line in the northern GOA. The graphs are based on data collected in
1999 as part of the GOA GLOBEC program (Weingartner 2001). The vertical axis is in
pressure units (decibars [db]), with 1 db the equivalent of about 1 m.

Theory (Garrett and Loder 1981, Yankovsky and O1apman 1997, O1apman and
Lentz 1994, O1apman 2000) suggests that seasonal variations in the ACC frontal
structure should strongly influence the vertical and horizontal transport and
mixing of dissolved and suspended material, both across and along the inner shelf.
Royer et al. (1979) showed that surface drifters released seaward of the ACC front
first drifted onshore (in accordance with Ekman dynamics) and then drifted along­
shore upon encountering the ACC front. Conversely, Johnson et al. (1988) showed
that, inshore of the front, the surface layer spreads offshore, with this offshore flow
increasing as discharge increases in fall. Taken together, these results suggest
cross-frontal convergence arising from differing dynamics on either side of the
ACC front. Buoyancy effects dominate at the surface inshore of the front (at least
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for part of the yem), wmd forcmg dommates offshore of the front Convergence
across the front would tend to accumulate plankton along the frontal boundary,
possIbly attractmg foragmg fIsh, seabrrds, and marme mammals (Haldorson 2001)
The front illlght also be a regIon of slgru.fJ.cant vertlcal mohons Downwellmg
veloClhes of about 30 meters per day (m-d 1) m the upper 30 m of the water column
are possIble m fall (ThIs eshmate 15 based on the assumphon that the cross-frontal
convergence occurs over a frontal WIdth of 15 km WIth an onshore Ekman flow of
3 cm-s-1 seaward of the front and an offshore flow of ~15 cm-s 1 Uohnson et al 1988]
mshore of the front)

PWS 15 an lillportant part of the GOA ecosystem proVldmg both habItat to
numerous orgamsms and bemg a potenhal sml and source for dlSsolved and
suspended matenals carned by shelf waters The sound has a large central basm of
about 60 by 90 km Depths m the central basm are about 350 m deep However,
ll1aXlllum depths exceed 750 m m the northwest sound and are typICally about 500
m along the western SIde of the sound It 15 surrounded by numerous bays and
fJords that proVlde a dIverSIty of habItats for marme orgamsms (Schmldt 1977,
NIebauer et al 1994, Gay III, S M and Vaughan 2001) The mountaIns and glaCIers
that rmg PWS compTlSe Its watershed and prOVIde a plenhful supply of freshwater
and sedIment to the sound through numerous streams and nvers Flow through
thIs seilll-enciosed sea 15 generally counterclockw15e WIth shelf waters entenng
through Hmchmbrook Entrance m the east and eXltmg through Montague Strmt m
the west The crrculahon vanes seasonally m accordance WIth the seasonal cycle of
wmds and runoff, and It appears that the c1ockw15e crrculahon illlght reverse
seasonally, or at least occasIOnally, m summer WIth surface waters eXltmg through
Hmchmbrook Entrance and entenng through Montague Strmt (Vaughan et al
2001) Most of the exchange WIth the shelf occurs WIth the ACC as mdeed at least a
portlon 1f not most of the ACC flows through the lower sound However,
Hmchmbrook Entrance can also commumcate drrectly WIth the contmental slope
through Hmchmbrook Canyon, willch extends from the entrance southward for
more than 100 km to the shelfbreak Deep water exchange appears to be most
promment m the summer, however, deep water mflow events occur throughout
the year (NIebauer et al 1994, Vaughan et al 2001) The canyon therefore
represents a potenhal condwt by willch slope waters can enter the sound Because
these deep waters are relahvely nch m nutnents they could be lillpOrtant to the
nutnent budgets of the sound and may prOVIde an advechve pathway by whIch
oceamc plankton can be carned mto the sound Rehable transport eshmates of
mass and property exchanges between the sound and the shelf are not avatlable,
although NIebauer et al (1994) suggest that as much as 40 percent of the sound's
volume 15 exchanged m summer (May - September) and 200 percent of the volume
15 exchanged m wmter (October through Aprl1) WillIe these eshmates need to be
venned, they nevertheless suggest effi.Clent exchange between the shelf and sound
and lillply that the sound ecosystem 15 mhmately lrnked to shelf processes Water
property dlStnbuhons and strahflcahon m the sound are generally slillllar to those
of the ACC on the shelf However, because of the sheltenng effects of land, the

JULY 2002 CHAPTER 7 135



--------------

GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

sound water column strab.f:tes earher m sprmg and persISts longer m fall than does
the shelf

The illld-shelf domam covers the regIon between the ACC and the shelfbreak
Cross-shelf temperature and sabmty gradIents are weak m all seasons In general,
the strongest honzontal densIty gradIents occur withm the bottom 50 m of the
water column, probably assoCIated wIth the mshore locatIOn of the shelfbreak front
(wluch does not always have a surface expressIOn) The bottom of the shelfbreak
front IS generally found farther Inshore m summer than m fall or wmter Over the
upper porhon of the illld-shelf watel column, the verhcal strab.f:tcahon IS largely
controlled m most months by salmIty, although verhcal salmlty gradIents are
weaker here m summer and fall than on the mner shelf Consequently, m summer,
thermal strab.f:tcahon plays an lffipOrtant role m strahfymg the illld-shelf water
column Here, the along-shelf flow IS weakly westward on average because of the
feeble horIZontal densIty gradIents It should also vary seasonally strengthenmg m
the wmter and weakenmg m the summer m accordance WIth the wmds However,
both the flow and horIZontal denSIty gradIents are illghly vanable because of
energehc mesoscale (10 - 50 kID) flow features Potenhal sources for the mesoscale
vanability mc1ude (1) separahon of the ACC from capes (Ahlnaes et al 1987), (2)
Instabilihes of the ACC (Mysak et al 1981, Bogard et al 1994), (3) mterachons of the
shelf flow WIth topography (Lagerloef 1983), and (4) meandermg of the Alaska
Current along the conhnental slope (NIebauer et al 1981) ThIS mesoscale
vanability IS very dJ.ffJ.cu1t to quanhfy, for It depends on spahal vanahons m the
coastlme and the bottom topography and on seasonal vanahons m the wmds and
shelf densIty structure Nevertheless, these mesoscale features appear to be
bIOlOgIcally SIgmfIcant For example, Incze et al (1989), Vastano et al (1992),
Schumacher and Kendall, (1991), Schumacher et al (1993), and Bogard et al (1994)
show the comcidence between larval pollock numbers and the presence of eddIes
m Shehkof StraIt Moreover, the nutnhonal condIhon of fust-feedmg larvae IS
sIgmf1cantly better mSlde than outsIde of eddIes (Canmo et al 1991) Although the
illld-shelf regIon IS poorly studIed and understood compared to other porhons of
the GOA shelf and slope, It IS cnhcally mvolved m the cross-shelf transport and
verhcal ffi1Xmg of nutnents, sedIments, orgamsms, heat, and salt At the very least
It serves as an lffipOrtant 1mk between the mner shelf and the conhnental slope

The illld-shelf domam covers the regIon between 50 and 125 km from the coast
Here cross-shelf temperature and salmIty gradIents are weak m all seasons In
general, the strongest horIZontal denSIty gradIents occur Withm the bottom 50 m of
the water column, probably assoClated With the Inshore locahon of the shelf-break
front (whIch does not always have a surface expresSIon) The bottom of the shelf­
break front IS generally found farther Inshore m summer than m fall or wmter
Over the upper porhon of the illld-shelf water column, the verhcal strab.f:tcahon IS
largely controlled by salmIty m most months, although verhcal salmIty gradIents
are weaker here m summer and fall than on the mner shelf Consequently, m
summer, thermal strab.f:tcahon plays an lffiportant role m strahfymg the illld-shelf
water column Here, the along-shelf flow IS weakly westward on average because
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of the feeble hOrIZontal densIty gradIents Both the flow and hOrIZontal densIty
gradIents are hIghly varIable, however, because of energehc mesoscale (10- to
50-km) flow features Potenhal sources for the mesoscale VarIability are as follows

1 Separahon of the ACC from capes (Ahlnaes et al 1987),

2 InstabIhhes of the ACC (Mysal et al 1981, Bogard et al 1994),

3 Interachons of the shelf flow WIth topography (Lagerloef 1983), and

4 Meandermg of the Alaska Current along the conhnental slope (NIebauer et
al 198])

ThIs mesoscale vanability IS very dJ.££Icu1t to quanbfy, because It depends on
spahal vanahons m the coasthne and the bottom topography and on seasonal
vanahons ill the wmds and shelf densIty structure Nevertheless, these mesoscale
features appear to be bIOlOgIcally sIgrufIcant For example, Incze et al (1989),
Vastano et al (1992), Schumacher and Kendall (1991), Schumacher et al (1993), and
Bograd et al (1994) show the comCldence between larval pollock numbers and the
presence of eddIes m Shehkof StraIt Moreover, the nutnhonal condIhon of fust­
feedmg larvae IS SlgrufIcantly better InsIde than outSIde of eddIes (CanIDo et al
1991)

The mner and mId-shelf domaIns share two other noteworthy characterIShcs
Frrst, durmg much of the year, the cross-shelf sea surface temperature contrasts are
generally small (about 2°C) The small thermal gradIents and heavy cloud cover
reduce the utility of thermal mfrared radIometry m assessmg crrculahon features
and frontal boundanes m the northern GOA

Second, the bottom-water properhes of the shelf change markedly throughout
the year The above fIgures show that the hIgh-sahmty bottom waters CarrIed
mshore are drawn from over the conhnental slope m summer ThIs mflow occurs
annually and probably exerts an Important dynamIcal mfluence on the shelf
crrcu1ahon by modIfymg the bottom boundary layer (GawarkIewIcz and Chapman
1992, Chapman 2000, PIckart 2000) It mIght also serve as an Important seasonal
onshore pathway for oceamc zooplankton These anImals mIgrate dIurnally over
the full depth of the water column, durmg the long summer day length, the
zooplankton will spend more hIDe at the bottom than at the surface The bottom
flow that transports the hIgh-salmIty water shoreward mIght then result m a net
shoreward flux of zooplankton m summer The summertIme mflow of salme water
onto the mner shelf IS one means by whIch the slope and baSIn mtenor
commumcates drrectly WIth the nearshore, because (as dIScussed below) thIs water
IS drawn from Wlthm the permanent halochne (depth hOrIZon over whIch salmIty
changes rapIdly) of the GOA The deep summer mflow IS a potenhally Important
condUIt for nutrIents from offshore to onshore Inflow, however, IS not the only
means by whIch nutnent-nch offshore water can supply the shelf Other
mechanISms mclude flow-up canyons mtersectmg the shelf break (KlInck 1996,
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Allen 1996, Allen 2000, Hld.ey 1997), topographicaily-mduced upwellmg (Freeland
and Denman 1982), and shelf-break eddIes and flow meanders (Bower 1991)

The thrrd domam, COnsIStmg of the shelf break and contmental slope IS
mfluenced by the Alaska Current, whIch flows along the northeastern and northern
GOA, and Its transformabon west of 150° W, mto the southwestward-flowmg
Alaskan Stream These currents comprISe the poleward lImb of the North PacIfIc
Subarcbc Gyre and proVIde the ocearuc connecbon between the GOA shelf and the
PacIfIc Ocean The Alaska Current IS a broad (300 km), sluggish (5 to 15 em!s) flow
WIth weak honzontal and verbcal velOCIty shears The Alaskan Stream IS a narrow
(100 km), SWIft (100 cm!s) flow WIth large velOCIty shear ovel the upper 500 m
(Reed and Schumacher 1986) The stream contmues westward along the southern
flank of the Alaska Penmsula and Aleuban Islands and gradually weakens west of
180° W (Thomson 1972) The convergence of the Alaska Current mto the Alaskan
Stream probably entaIls conCOmItant changes ill the velOCIty and thermohalme
gradIents along the shelf break Insofar as these gradIents mfluence fluxes between
the shelf and slope (GawarlaewIcz 1991), the transformabon of the Alaska Current
mto the Alaskan Stream Imphes that shelf-break exchange mechanISms are not
uruform around the GOA Moreover, the effects of these exchanges on the shelf
will also be mfluenced by the shelf WIdth, whIch vanes from 50 km or less ill the
eastern and northeastern GOA to about 200 km ill the northern and northwestern
GOA

The Alaskan Stream has a mean annual volume transport (flow of water) of
between 15 and 20 Sv (Sv=Sverdrup=measure of volume) (Reed and Schumacher
1986, Musgrave et al 1992), and although seasonal transport vanabons appear
small, mterannual transport vanabons may be as great as 30 percent (Royer 1981a)
Thomson et al (1990) found that the Alaska Current IS swIfter and narrower m
wmter than ill summer Surface salmIbes Withill the Alaska Current vary by only
about 0 5 psu throughout the year, whereas the seasonal change ill sea surface
temperature (SS1) IS comparable to that of the shelf (about 10° C) Nevertheless,
hOrIZontal and verbcal densIty gradIents are controlled by the sahmty dlStribubon
MaxImal strabfIcabon occurs between depths of 100 and 300 m and IS assoClated
WIth the permanent haloclme of the GOA Haloclme sahmbes range between 33
and 34 psu, and temperatures are between 5° C and 6° C (Tully and Barber 1960,
DodImead et al 1963, ReIdJr 1965, Favonte et al 1976, Musgrave et al 1992)
These water-mass charactensbcs are Idenbcal to the properbes of the deep water
that floods the shelf bottom each summer (FIgure 714)

Although eddy energies of the Alaskan Stream appear small (Royer 1981a,
Reed and Schumacher 1986), SIgnIfIcant alterabon of the slope and shelf-break
crrculabon IS hkely durmg OCcaSIOnal passage of large (200-km-dIameter) eddIes
that populate the illtenor basill (Crawford et al 1999) Musgrave et al (1992) show
consIderable alterabon ill the structure of the shelf-break front off KodIak Island
durmg the passage of one such eddy These eddIes are long-hved (two to three
years) and energebc, havrng typIcal swrrl speeds of 20 to 50 cm!s (Tabata 1982,
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Musgrave et al 1992, Ollonen 1992, Crawford et al 1999) They formm the
eastern GOA, pnmanly m years of anomalously strong cydomc wmd forcmg along
the eastern boundary (Willmott and Mysal1980, Melsom A et al 1999, Meyers
and Basu 1999) and then propagate westward at about 2 to 3 cm!s Most of the
eddIes remam over the deep basm and far from the contmental slope, however,
some propagate along the slope, requrrmg several months to transIt from Yalutat
to KodIak Island (Crawford et al 1999, Oll.onen 2001)

EddIes that lffipmge upon the contmental slope could sigruf1cantly mfluence
the shelf crrculahon and exchanges between the shelf and slope of salt, heat,
nutnents, and plankton Therr mfluence on shelf-slope exchange m the northern
GOA has not been ascertamed, but because they propagate slowly, are long-hved,
and form epISodIcally, they could be a source of mterannual VarIability for thIS
shelf These eddIes have many features m common WIth the Gulf Stream rmgs that
Slgruf1cantly modIfy shelf propemes along the East Coast of the Umted States
(Houghton et al 1986, Ramp 1986, Joyce et al 1992, Wang 1992, Schhtz submItted)
In the eastern GOA, WhItney et al (1998) showed that these eddIes cause a net
offshelf nutrIent flux In the northern GOA, they mIght have the OppOSIte effect,
because nutnent concentrahons are generally hIgher over the slope than on the
shelf (WhItledge 2000, ChIlders 2000)

7 6 4 Biophysical Implications

The magmtude of the spnng phytoplankton bloom depends on surface nutnent
concentrahons and water-eolumn stability The annual resupply of nutnents to the
euphohc zone IS not understood for the mner shelf, however Cross-shelf, surface
Ekman transport m wmter cannot account for the hIgh nutnent concentrahons
observed on the mner shelf m sprmg (ChIlders 2000, WhItledge 2000) Turbulent
mIXmg durmg late fall and wmter could mIX the nutrient-nch deep water (brought
onto the shelf m summer) up mto the surface layer m hIDe for the spnng bloom If
so, vernal nutnent levels mIght result from a two-stage precondIhonmg process
occurnng durmg the several months precedmg the spnng bloom The frrst stage
occurs m summer and IS related to the onshelf movement of salIne, nutnent-nch,
bottom water as descnbed above The quanhty of nutnents carned onshore then
depends upon the summer wmd fIeld and the propemes of the slope source water
that contnbutes to thIS mflow The second step occurs m fall and wmter and
depends on turbulence Current mstabilihes, downwellmg-mduced convechon,
and dIffusIOn accomphsh the vemcal ffilXIDg The extent of thIS ffilXIDg depends
upon the seasonally varymg strahfIcahon and the verhcal and hOrIZontal velOCIty
structure of the ACC Each of these mechamsms probably varIes from year to year,
suggestmg that sprmg nutnent concentrahons will also vary

Another potenhally Important nutnent source for the mner shelf m sprmg IS
PWS Wmter ffilXIDg m the sound could bnng nutrient-nch water to the surface,
where It IS exported to the shelf by that porhon of the ACC that loops through
PWS
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The hmmg of the sprmg bloom depends on development of stratIfIcahon
wIthm the euphohc zone The euphohc zone extends from the surface to a depth
where suffIcIent hght sb.1l eXIsts to support photosynthesIS StratIfIcahon wIthm
the euphohc zone IS rnfluenced by freshwater dIscharge and solar heahng
Prehmmary GLOBEC data (Wlutledge 2000, Stockwell 2000) suggest that the sprmg
bloom begms m protected regIOns of PWS m late March as day length mcreases and
stratIfIcahon bwlds as a result of snowmelt, ramfall, and the sheltermg effect of the
PWS from wmds The bloom on the shelf lags that of PWS by from two to SIX
weeks and may not proceed SImultaneously aclOSS the shelf ThIs delay results
from the b.me reqUITed to stratIfy the shelf Because denSIty 15 shongly affected by
sahmty and, therefore, by the spreadIng of fresh water on the shelf, strabfIcahon
does not evolve by verhcal (one-dImensIOnal) processes phase-locked to the annual
solar cycle Rather, stratIfIcahon depends prImarIly on the rate at whIch fresh
water spreads offshore, whIch 15 a consequence of three-dImensIOnal crrculahon
and ffilXlTIg processes mb.mately assocIated WIth ocean dynamICS

Several Imphcahons follow from thIS hypothesIS Frrst, sprmg bloom dynamICS
on the shelf are not as hghtly coupled to the solar cycle as on mId-lahtude shelves
where temperature controls densIty Second, mIXed-layer development depends
on processes operahng spanrung a range of b.me scales and mvolves a plethora of
VarIables that affect verhcal mIXmg and the offshore flux of fresh water from the
nearshore These varIables mclude the frachons of wmter preClpItahon dehvered to
the coast as snow and ram, the hmmg and rate of sprmg snowmelt (a funchon of
aIr temperature and cloudIness), and the wmd velOCIty The relevant b.me scales
range from a few days (storm events) to seasonal or longer The long b.me scales
follow from the fact that the shelf crrculahon, parhcularly the ACC, can advect the
freshwater that contnbutes to stratIfIcahon from very dIStant regIOns Thrrd,
mterannual VarIability m the onset and strength of stratIfIcahon on the GOA
conhnental shelf 15 probably greater than for mId-lahtude shelves ThIs expectahon
follows from the fact that several potenb.a1ly mterachng parameters affect
stratIfIcahon, and each or all can vary consIderably from year to year Therefore,
apphcahon of Gargetl's (1997) hypotheSlS of the opb.ma1 stability wmdow to the
GOA shelf mvolves more degrees of freedom than Its use on eIther mId-lahtude
shelves or the central GOA (where temperature exerts prImary control on
strahfIcahon m the euphohc zone) -

All of these consIderahons suggest that stratIfIcahon probably does not develop
uruformly m space or b.me on the GOA shelf The lffiphcahons are potenhally
enormous WIth respect to feedIng opportumhes for zooplankton m sprmg These
anImals must encounter abundant prey shortly after mIgrahng to the surface from
therr overwmtermg depths Emergence from dIapause (a penod of reduced
metabohsm and machV1ty) 15 hghtly coupled to the solar cycle, rather than the
onset of stratIfIcahon ConceIvably then, zooplankton reCruItment success mIght
depend on shelf phYSICal processes occurrmg over a penod of several months pnor
to the onset of the bloom In parhcular, the magmtude and phaSlTIg of the sprmg
bloom mIght be precondIhoned by shelf processes that occurred throughout the
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precedmg summer and wmter Perturbahons m the magmtude and phasmg of the
sprmg bloom nught propagate through the food cham and affect summer and fall
feedmg success of JUvem1e fIshes (Denman et al 1989)

765 Tides

The trdes m the GOA are of the nuxed type wIth the prmClpallunar senu­
dIurnal (M2) trde bemg dommant and the lum-solar dIurnal (K1) hde bem~m
general, of secondary Importance TIdal charactenstrcs (amphtudes and veloCltres)
are strongly mfluenced by the complex shelf and slope bathymetry and coastal
geometry, however Consequently, spahal vanahons m the hdal charactenstrcs of
these two specIes are large For example, Anchorage has the largest trdal
amphtudes m the northern GOA, WIth the M2 trde bemg about 36m and the K1
hde bemg about 0 7 m In contrast, the amphtudes of both of these constrtuents m
KodIal and Seward are less than half those of Anchorage Foreman et al (Foreman
et al 2000) found that the cross-shelf flux of trdal energy onto the northwest GOA
shelf IS enormous and 15 accompamed by hIgh (bottom) fnchonal dISSIpatron rates
Therr model eshmates mdIcate that the hdal dISsIpahon rate m Kennedy Entrance
accounts for nearly 50 percent of the total dIssIpahon of the M2 conshtuent m the
GOA Further, about one-thrrd of the energy of the K1 trde m the GOA IS dISSIpated
m Cook Inlet Some of the energy lost from hdes 15 available for nuxm~whIch
would reduce verhcal strahfIcahon and enhance the transfer of nutnents mto the
euphohc zone

The mterachon of the hdal wave WIth varymg bottom topography can also
generate shelf waves at the dIurnal frequency and generate reSIdual flows The
waves are a promment feature of the low-frequency crrcu1ahon along the BntISh
ColumbIan shelf (Crawford 1984, Crawford and Thomson 1984, Flather 1988,
Foreman and Thomson 1997, Cummms and Oey 2000) and could affect pycnochne
dISplacements (The pycnochne IS a verhca1layer across whIch water densIty
changes are large and stable) The model of Foreman et al (2000) predIcts dIurnal­
penod shelf waves m the northwest GOA and espeaally along the KodIak shelf
break Although no observahons are avaIlable to confrrm the presence of such
waves along the KodIak shelf, therr presence could mfluence bIOlOgIcal produchon
here as well as the dIspersal of planktomc orgamsms ReSIdual flows resulhng
from non-hnear hdal dynamICS could (locally) mfluence the transport of suspended
and dISsolved materIals on the shelf

Seasonal changes m water-eolumn strahfIcahon can also affect the verhcal
dIStnbuhon of hdal energy over the shelf through the generahon of mternal
(barochmc) waves of hdal penod Such mohons are hkely to occur m summer and
fall m the northwestern GOA where the flux of barotropIC hdal energy (whIch IS

nearly umformly dIStnbuted over the water column) across the shelf break
(Foreman et al 2000) mteracts WIth the hIghly strahfIed water column on the shelf
The mtemal waves generated can have small spahal scales (lOs of km) m contrast
to the large scale (l,OOOs of km) of the generahng barotropIC hdal waves
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Moreover, the phases and amphtudes of the baroclnuc hdes will vary WIth seasonal
changes m strabfIcahon Although no systemahc mveshgahon of mternal hdes on
the GOA shelf has been conducted, Damelson (2000) found that the hdal veloCIhes
m the ACC near Seward m wmter are about 5 cm!s and are barotropIc However,
m late summer, hdal veloCIhes m the upper 50 m are about 20 em!s whereas below
100-m depth they are about 5 cm!s Internal hdes will also dIsplace the pycnochne
suffICIently to have bIOlOgical consequences, mcludmg the purnpmg of nutrIents
mto the surface layer, the dIspersal of plankton and small fIShes, and t11e formahon
of transItOry and small-scale zones of hOrIZontal dIvergence and conveigence that
affect feedmg behaVIOrs (Mann and LaZier 1996) StrabfIed hdal flows ffilght also
be SIgmhcant for some silled ~ords The mterachon of the hde WIth the sill can
enhance nuxmg and exchange (Farmer and Sffilth 1980, Freeland and Farmer 1980)
and can resupply the mner ~ordWIth nutnent-nch, hIgh-salmIty water and
plankton through Bernoulli suchon effects (Thompson and Goldmg 1981, Thomson
and WolanskI 1984)

7 6 6 Gulf of Alaska BaSin

The crrculahon m the central GOA consISts of the cyclomcally
(counterclockwISe) flowmg Alaska Gyre, whIch IS part of the more extensIve
subarchc gyre of the North Pacmc Ocean The center of the gyre IS at about 530 N,
and 1450 to 1500 W The gyre mcludes the Alaska Current and Stream and the
eastward-flowmg North Pacmc Current along the southern boundary of the GOA
The latter IS a trans-PacIfIc flow that ongmates at the confluence of the northward­
flowmg KuroshIo Current and the southward-flowmg OyashIo Current m the
western Pacmc Some water from the Alaska Stream apparently recrrculates mto
the North PacIfIc Current, but the strength and locahon of thIs recrrculahon IS
poorly understood and appears to be extremely vanable (Favonte et al 1976) The
North PacIfIc Current bIfurcates off of the western coast of North Amenca, WIth the
northward flow feedmg the Alaska Gyre and the southward branch entermg the
CalIforma Current The bIfurcahon zone IS located roughly along the zero hne m
the chmatologIcal mean for the wmd stress curl The gyral flow reflects the large­
scale cyclomc wmd-stress dIstnbuhon over the GOA Mean speeds of dnfters
deployed m the upper 150 m of thIs gyre (far from the conhnental slope) are 2 to 10
cm!s, but the variability IS large (Thomson et al 1990) These cyclomc wmds also
force a long-term average upwelhng rate of about 10 to 30 m!yr m the gyre center
(XIe and HsIeh 1995)

The verhca1 thermohalme structure of the Alaska Gyre IS descnbed by Tully
and Barber (1960) and DodImead et al (1963) and COnsISts of the followmg
components

1 A seasonally varymg upper layer that extends from the surface to about the
100-m depth,
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2 A haloclme that extends from 100 m to about the 20D-m depth over wluch
sahmty mcreases from 33 to 34 psu and temperatures decrease from 6 to
4° C, and
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7.7

3 A deep layer, extendmg from the bottom of the haloclme to about the 1,000­
m depth, over wluch sahmty mcreases more slowly to about 34 4 psu and
temperatures decrease from 4° to 3° C

Below the deep layer sahmty mcreases more slowly to Its maxImal value of
about 34 7 psu at the bottom

The seasonal val1ahons of fue uppel layer reflect the effects of wmd-mIXmg and
heat exchange WIth the atmosphere-essenhally one-dImenSIOnal ffilXIDg processes
The ocean loses heat to the atmosphere from October through March and gams
heat from April through September The upper layer IS ISohalme and ISothermal m
wmter down to the top of the haloclme At thIs hIDe, upper-layer sahmhes range
from 32 5 to 328 psu, and temperatures range from 4° to 6° C The upper layer IS
fresher and colder m the northern GOA and salher and warmer m the southern
GOA The upper layer gradually freshens and warms m sprmg, as wmd speeds
decrease and solar heahng mcreases A summer mIXed layer forms that mc1udes a
weak secondary haloclme and a strong seasonal thermoclme, WIth both centered at
about the 30 m depth The seasonal pycnoclme erodes and upper layer propemes
revert to wmter conmhons as coolmg and wmd-ffilXIDg mcrease m fall

The haloclme IS a permanent feature of the SubarctIc North PaofIc Ocean and
represents the deepest hmIt over wluch wmter ffilXIDg occurs Wlthm the upper
layer The haloclme results from the lugh (compared WIth other ocean basms) rates
of precipitahon and runoff m conJunchon WIth large-scale, three-dImensIOnal
crrcu1ahon and mtenor ffilXIDg processes occurnng over the North PacIfIc (ReId Jr
1965, Warren 1983, Van Scoy et al 1991, Musgrave et al 1992) The strong densIty
gradIent of the haloclme effechvely hmIts verncal exchange between salme and
nutnent-nch deep water and the upper layer The deep waters of the GOA COnsISt
of the North PacIfIc Intermemate Water (formed m the northwestern PacIfIc Ocean)
and, at greater depths, contnbunons from the North Atlannc Mean flows m the
deep mtenor are feeble (1 cm/s), and the flow dynamICS are governed by both the
clImatolOgical wmd stress dlStnbunon (Koblmsky et al 1989) and the global
thermohalme crrculanon (Warren and Owens 1985) modilled by the bottom
topography The thermohalme crrculanon carnes nutnent-nch waters mto the
North PacIfIc and forces a weak and deep upwelhng throughout the region
(Stommel and Arons 1960a, 1960b, ReId 1981)

The overall fertility of the GOA depends pnmanly
on nutrIent resupply from deep-water sources to
the surface layer were plants grow Rates of
carbon frxanon by phytoplankton m the euphonc
zone are hmIted seasonally and annually by
changIng hght levels and the kInds and supply
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rates of several dIssolved morgaruc chenucal specIes Three elements-mtrogen,
phosphorus, and silicon-are essentIal to the photosynthetIc process (parsons et al
1984) Other dISsolved morgamc constItuents such as Iron are also beheved to
control rates of photosynthesIs at some locatIons and hIDes (Freeland et al 1997,
Marhn and Gordon 1988, Pahlow and RIebse1l2000)

Orgamc matter syntheSIZed by plants m the hghted surface layer IS consumed
there or smls down mto the deeper water column where some may eventually
reach the seabed The unconsumed portIon IS oXIdIzed to morgamc dISsolved
fOlms by bactena at all depths In the euphotIc zone, morgamc nutnents excreted
by zooplankton and by nucronekton and macronekton (fISh), hberated by bactenal
oXIdatIon (a process referred to as renuneralIzatIon), or both excreted and hberated
are lIDIDedIately recycled by phytoplanlton (Nekton IS SWlIDID.IDg marme hfe) In
contrast, hvmg cells, orgaruc detrItus (remams of dead orgarusms), and fecal pellets
that escape the euphotIc zone by smkmg are remmeralIzed below the hghted upper
layer, and the resulhng morgamc forms are lost to surface plant stocks The result
of these combmed processes leads to vertIcal dIstnbutIons of dISsolved morgaruc
mtrogen, phosphorus, and silicon m whIch the surface concentratIons are much
lower than those found deeper m the water column Such IS the case for the GOA
(Reeburgh and KIpphut 1986) GeOStrOphiC (shaped by the earth's rotatIon) and
wmd-forced upwellmg and deep seasonal overturn proVide local mechamsms that
bnng nutnent ennched deep water back mto the surface layer each year
(Schumacher and Royer 1993) AddItIonally, at depths shallower than about 100 m,
tIdalllUX1ng resulhng from fnctIon across the bottom can mteract WIth the wmd­
mIXed surface layer to proVide an mternuttent avenue for surface nutnent
replemshment durmg all seasons

ConcentratIons of the dIssolved morgaruc forms of mtrogen (mtrate, mtnte, and
ammoma), phosphorus (phosphate), and silicon (silicate) occur at some of the
hIghest levels measured anywhere m the deep waters of the GOA (Mantyla and
ReId 1983) A permanent pycnochne, resulhng from the relatIvely low salmIty of
the upper 120 to 150 m, hnuts access to thIS valuable pool, however, deep wmter
llUXlng rarely reaches below about 110 m m waters over the deep ocean (DodImead
et al 1963, Favonte et al 1976) Although upwellmg occurs m the center of the
Alaska Gyre, It IS beheved to be only on the order of a meter (or cOnslderably less)
per day (SugImoto 1993, Xle and HSIeh 1995), a relatIvely modest rate compared to
some regions of hIgh prodUCtIVity hke the Peru or Oregon coastal upwellmgs
Away from the Alaska Gyre upwellmg along the northern conhnental margm of
the GOA, the prevailing wmds dnve a predommately downwellmg envrronment
over the shelf for seven to eIght months each year Although thIS condItlon usually
moderates durmg the summer, there IS httle eVIdence that wmd-forced coastal
upwellmg IS ever well developed Instead, durmg the penod of relaxed
downwellmg or sporadIc and weak upwellmg, a rebound of ISOpycnal (densIty
boundanes, waters havmg the same densitles) surfaces along the shelf edge pernuts
the run-up of dense slope water onto and across the shelf ThIS subsurface water,
contammg elevated concentratlons of dIssolved nutrIents, flows mto the deeper
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coastal basms and ~ords (Muench and HeggIe 1978, HeggIe and Burrell 1981)
Presumably the bmmg and duranon of tlus coastal bottom renewal IS related to the
nature of the Pacmc HIgh pressure dommance m the GOA each summer

The coastal and mshore waters m the northern GOA are also mfluenced by
runoff from a large number of streams, rIvers, and glaCIers m the rugged coastal
margm In these areas that are largely untouched by agnculture, tlus mput
probably contrIbutes httle to the coastal nutrIent cycle,
except pOSSIbly as a source for silicon and Iron (Burrell
1986) Therefore, the major pool of plant nutrIents for
water column producnon m ocean, shelf, and coastal
regIons IS derIved from marme sources and reSIdes m the
deep waters below the surface producnon zone

Because hght hmIts carbon fIxanon durmg the wmter months, there IS a strong
seasonal SIgnal m nutrIent concentranons of the euphonc zone m upper-layer shelf,
coastal, and msIde waters Durmg the wmter, dISsolved morgaruc plant nutrIents
buIld theIr concentranons m the deepenmg wmd-IDlXed layer as deeper, nutrIent
rIch water becomes mvolved m the seasonal overturn at a b.me when uptake by
phytoplankton IS mmIIDal Under seasonal hght hmItanon, surface nutrIent
concentranons probably peak m early March, Just before the onset of the annual
plankton producnon cycle By mId- to late-May and early June, euphonc zone
nutrIents are drawn down dramancally to seasonal lows as the strab.fIcanon that
lllihates the spnng "bloom" of plant plankton severely restrICts the vemcal flux of
new nutrIents (Goermg et al 1973) NItrate can become undetectable or nearly so ­
durmg the summer months m many shelf and coastal areas, and ammoma
(excreted by grazers) becomes Important m sustammg the much-reduced pnmary
producnVlty Later m fall, WIth the onset of the Aleuhan Low and the storms that It
produces, a coohng and deepenmg wmd-IDlXed layer can remJect suffICIent new
nutrIents mto a shnnkmg euphonc zone to lllinate a fall plant bloom m some years
(Eshnger et al 2001)

The strong seasonal SIgnal of nutrIents and plant stocks eVIdent on the
conhnental shelf IS dImmIShed m surface waters seaward of the shelf break m the
GOA The regIon beyond the conhnental shelf break IS descnbed as "hIgh nutrIent,
low chlorophyll" It was beheved hIStOrIcally that grazmg by a collecnve of large
calanOld copepods (specIes of zooplankton endemIC to the subarcnc PacIfIc)
consumed enough plant bIOmass each year to control the overall producnvIty
below levels needed to completely exhaust the surface rutrogen (HemrIch 1962,
Parsons and LallI 1988)

More recently, Iron hmItanon has been posed as a mecharusm controllmg
prImary producnon ill the GOA and m several other offshore regIons of the world's
oceans (Martm and Gordon 1988) Contemporary research ill the GOA has
revealed that control of the amount of food produced by phytoplankton through
grazmg of zooplankters IS probably Important, although the specIes of zooplankton
illvolved are not the large calanOld copepods (Dagg and Walser 1987, Frost 1991,
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Dagg 1993) Produchon of phytoplanlton IS thought to be controlled by an
assemblage of nucrozooplanlters, nucroconsumers, represented by abundant
ciliate protozoans and small flagellates, rather than by large calanOld copepods
(Booth et al 1993) Because the growth rates of these grazers are hIgher than those
of the plants, It IS hypothesIZed that these mIcroconsumers are capable of effi.C1ently
traclmg and hnuhng the overall oceamc produchvity by eahng the pnmary
producers, the phytoplankton (Banse 1982) The control mechanISillIS made
possIble because the plant commumhes are dommated by very small cells, 10
mIcrometers 01 less, that can serve as food for the nucroconsumers

A counter-hypothesIs asserts that the small SIZe of the plants IS actually m
response to low levels of Iron It IS known that faced WIth nutrIent hnutahon,
phytoplankton commumhes generally shIft to small-SIZed speCIes whose surface­
area-to-volume rahos are hIgh Resoluhon of these related Ideas IS sought m
conhnumg studIes of the oceamc produchon cycle

SurprISmg recent observahons demonstrate a trend m mcreasmg temperatures
m the upper layers that may be causmg a shIft m the seasonal nutrIent balance
offshore (Freeland et al 1997, Polovma et al 1995) For the fIrst hIDe, there are
reports that rutrogen has been drawn down to undetectable levels along Ime P m
the southern GOA out to a dIstance of 600 km from the coast (Welch 2001) LIne P
IS an oceanographIc transect run by the CanadIan government that IS the oldest
source of data from the southern GOA In addIhon, the eVIdence prOVIded by
Welch mdIcates that the wmter illlXed layer IS shoalmgunder long-term warmmg
condIhons

An essenhalISsue for the GEM Program will be to understand how, at a vanety
of spahal and temporal scales, the supply rates of morgamc rutrogen, phosphorus,
silicon, and other essenhal nutrIents for plant growth m the euphohc zone are
medIated by clImate-drIven phYSICal mechamsms m the GOA Inorgamc nutrIent
supphes mIght be mfluenced by clImate changes m the followmg ways

•

•

Upwellmg m the Alaska Gyre,

Deep wmter nuxmg,

•

•

•

Shelf and coastal upwellmg and downwellmg,

Verhcal transport m frontal zones and eddIes, and

Deep and shallow cross-shelf transports

In addIhon to these mechamsms, the ACC may playa role that has yet to be
determmed m the supply rates of dIssolved morganIc nutrIents to nearshore
habItats (Schumacher and Royer 1993) Fmally, the Import of marme-denved
rutrogen aSSOCIated WIth the spawmng mIgrahons of salmon and other
anadromous fIshes has been descnbed as a novel means by whIch the oceamc GOA
ennches the terrestrIal margm each year ThIS allochthonous mput (food from an
outsIde source) to the dramages bordenng the GOA IS clearly Important m many
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freshwater nursery areas hostmg the early hie stages of PacI.6.c salmon (Fmney
1998) and must vary WIth mterannual and longer-term changes m salmon
abundance

7.8 Biological Oceanography·
Plankton and ProductiVity

7 8 1 Plankton Investogatuons En the Gu!f of Alaska

Much of what IS presently understood about the plankton commumtIes and
theIr productIVity m the GOA has arISen from several programs exammmg the
open ocean and shelf enVIronments These programs have mcluded the followmg;

• US -Canada NORPAC surveys (LeBrasseur 1965),

• SubarctIc PacI.6.c Ecosystem Research (SUPER) project of the NatIonal
SCIence FoundatIon (NSF) (Miller 1993),

• The multI-decadal plankton observatIons from CanadIan Ocean StatIon P
(OSP) and Lme P (McAllister 1969, Fulton 1983, Frost 1983, Parsons and
La1h 1988),

• Annual summer Japanese vessel surveys by Hokkaido Umversity
(Kawamura 1988),

• The Outer ContInental Shelf Energy Assessment Program (OCSEAP) by
Mmerals Management SerVice (MMS) and NatIonal OCeanIC and
Atmosphenc AdmmlStratIon (NOAA) (Hood and ZImmerman 1986), and

• The Shehkof Strait FIshenes Oceanography CooperatIve InvestIgatIon
(FOCI) study by NOAA and NMFS (Kendall et al 1996)

AddItIonal and more recent programs mc1ude the North Pacmc GLOBEC of the
NSF and those supported by the EVOS Trustee COunCll The above-mentIoned
programs and a few other studIes prOVide a reasonably coherent frrst-order pICture
of the structure and functlon of lower trophIc levels m the northeastern subarctIc
PacI.6.c Ocean A senous gap m the detaIled understandmg
of relatIonshIps between the observed Inshore and offshore
productIon cycles remaInS, however-namely how these
qUIte dIfferent ecosystems are phased through tIme and
mteract at theIr boundarIes over the shelf As a result,
mformatIon IS lackmg about how the effects of future
cInnate change may mamfest m food webs supportmg
hIgher level consumers
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7 8 2 Seasona~ and Annual Plankton Dynamics

The composIuon, dIStnbuuon, abundance, and producuVlty of plant and
anImal plankton commuruues m the GOA have been revIewed by Sambrotto and
Lorenzen (1986), Cooney (1986), Miller (1993), and Mad,as and Frost (1993) In
general, dramauc dIfferences are observed between pelagIc commuruues over the
deep ocean, and those found m shelf, coastal, and protected InSIde waters (sounds,
fjords, and estuanes) Specmcally, the euphouc zone seaward of the shelf edge IS
dommated year round by very small phytoplankters-hny dIatoms, naked
flagellates, and cyanobactena (Booth 1988) Most are smaller than 10 mIcrons m
SIZe, and U1eIr combmed standmg stocks (measured as chlorophyll concentrauon)
occur at very low and seasonally stable levels It was ongmally hypotheSIZed that a
small group of large ocearuc copepods (Neocalanlls spp and Ellcalanlls bllngu)
hmIted plant numbers and open ocean producuon by efflClenUy controllmg the
plant stocks through grazmg (Hemnch 1962) More recent eVIdence, however,
mdIcates the predommant grazers on the oceamc flora are not the large calanOlds
(Dagg 1993), but InStead abundant populauons of ciliate protozoans and
heterotrophIc illlcroflagellates (Miller et al 1991a, 1991b, Frost 1993) It has been
further suggested that m these hIgh nutnent, low chlorophyll oceamc waters, very
low levels of dIssolved morgamc Iron (commg mamly from annosphenc sources)
are ulhmately responsIble for structunng the composIuon of the pnmary producers
and consumers (Marhn and Gordon 1988, Marhn 1991) Close reproducuve and
trophIc couplmg between the nanophytoplankton and illlcroconsumers appears to
restnct levels of pnmary producuVlty below that needed to exhaust all of the
seasonally available mtrogen each year (Banse 1982) Moreover, the excreta of the
mIcroconsumers IS dIffuse, WIth low smkmg rates, and IS easIly OXIdIZed by
bacterIa Ammoma (denved from grazer-released urea) IS a preferred plant
nutnent, and the mst oXIdauon product recycled m thIS way Wheeler and
KokkmakJ.s (1990) demonstrated that as long as ammoma IS available for the plants,
mtrate uptake m the euphouc zone IS much reduced Together, these fmdmgs are
pamhng a consIderably reVISed pIcture of lower trophIc level relauonshIps and
nutnent balances at the base of the offshore pelagIc ecosystem m the GOA

In contrast, shelf, coastal, and InSIde waters host a more tradIuonal plankton
commumty ill whIch large and small dIatoms and dmoflagellates support a
copepod-dommated grazmg assemblage (Sambrotto and Lorenzen 1986, Cooney
1986) Here, the annual producuon cycle IS charactenzed by well-defIned spnng
(and somehmes fall) blooms of large dIatom specIes (most larger than 50 mIcrons)
whose producuVlues are hmIted annually by the rapId uhlIZauon of dIssolved
morgamc mtrogen, phosphorus, and silicon ill the euphouc zone (Eslmger et al
2001, Ward 1997) These blooms typICally begm m late March and early Apnl m
response to a seasonal stabIlIZauon of the wmter-condIuoned deep mIXed layer
HIgh rates of photosynthesIS typICally last only four to SIX weeks (Goenng et al
1973) Strong penods of wmd, udal illlXlng, or both durmg the bloom can prolong
these events by mterruphng the condIuons of hght and stability needed to support
plant growth When the phytoplankton bloom IS prolonged m thIS way, Its
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mtenslty 15 lessened, but conSlderably mOle orgamc matter IS apparently drrected
mto pelagic food webs, rather than smlmg to feed seabed consumers (Eslmger et
al 2001) Accelerated seasonal warmmg and freshenmg of the upper layers m May
and June proVlde mcreasmg stratmcahon that eventually restrlCts the verhcal flux
of new nutnents and hmlts summer pTlmary produchvity to very low levels In
some years, a fall bloom of dIatoms occurs m September and October m response to
a deepenmg wmd-nuxed layer and enhanced nutrIent levels The ecological
slgrubcance of the fall porhon of the pelagiC produchon cycle remams largely
undescnbed

In both the ocean and shelf domams, strong seasonal sIgnals occur m standIng
stocks and eshmates of daily and annual rates of produchon for the phytoplankton
and zooplanlton Some of the earhest measurements of photosynthes15 at OSP
placed the annual pnmary produchon m the southern part of the Alaska Gyre at
about 50 grams of carbon per square meter per year (g C m 2y 1) (McAlhster 1969),
or somewhat lower than the overall world ocean average of 70 g C m 2y 1 More
recent studIes usmg other techmques, however, have suggested mgher annual
rates, somewhere between 100 to 170 g C m 2y -1 (Welschmeyer et al 1993) Unhke
the produchon cycle over the shelf, the oceamc pnmary produchvlty does not
produce an Ident1.flable sprmgjsummer plant bloom Instead, the oceamc
phytoplankton stock remams at low levels (about 03 mllhgrams [mg] of clzlO1 ophyll
am 3) year-round for reasons dlScussed above In stark contrast, oceamc stocks of
zooplankton (upper 150 m) do exhJ.blt marked seasonallty Late wmter values of 5
to 20 mg m 3 (wet weIght) r15e to 100 to 500 mg m 3 m illld-summer, when upper­
layer populahons of large calanOlds dommate the standIng stock Assummg the
zooplankton produchon 15 roughly 15 percent of the oceamc pnmary produchVlty
(Parsons 1986), annual eshillates of zooplankton carbon produchon eshmated from
pnmary produchvlty range between 8 and 26 g C m 2 GIven that the carbon
content of an average zooplankter 15 approxnnately 45 percent of the dry weIght,
and that dry weIght 15 about 15 percent of the wet weIght (Omon 1969), the carbon
produchon can be converted to eshmates of bIOmass Results from thlS calcu1ahon
suggest that between 119 and 385 g of bIOmass m 2 may be produced each year m
the upper layers of the oceamc regtme from sources thought to be largely
zooplankton

The shelf, coastal, and lnSlde waters present a mOSaIC of many d1fferent pelagic
habItats The open shelf (depths less than 200 m) 15 narrow m the east between
Yakutat and Kayak Island (20 to 25 km m some places), but broadens m the north
and west beyond the Copper River (about 100 to 200 km) The shelf 15 punctuated
by submarme canyons and deep straIts, but also nses to extensIve shallow shoals at
some locahons The rugged northern coastal margtn 15 charactenzed by numerous
15lands, coastal and protected fjords, and estuanes Only PWS 15 deeper than
400m

Although the measurements are sparse, the open shelf and coastal areas of the
northern GOA are beheved to be qillte produchve, parhcu1arly the region between

JULY 2002 CHAPTER] 149



GULF ECOSYSTEM MONITORING AND RESEARCH PROGRAM

PWS and Shehlof StraIt (Sambrotto and Lorenzen 1986) Coastal transport and
turbulence along the KenaI Perunsula, ill lower Cook Inlet, and around KodIak and
Afognak 1Slands appears to enhance nutrIent supphes dunng the sprmg and
summer Annual rates of pnmary produchon approachmg 200 to 300 g C m 2 y 1

have been descnbed In other coastal ~ords, sounds, and bays, the eshmates of
annual pnmary produchon range from 140 to more than 200 g C m 2 y 1 (Goermg
et al 1973, Sambrotto and Lorenzen 1986) Assummg agmn that the annual
zooplankton produchon 15 roughly 15 percent of the pnmary produchvlty, yearly
zooplankton growth ill shelf and coastal areas probably ranges between about 21
and 45 g C m 2 y -I, 01 311 to 667 g m 2 y 1 wet weIght In PWS, the wet-weIght
bIOmass of zooplankton caught ill nets (net-zooplankton) ill the upper 50 m vanes
from a low ill February of about 10 mg m 3 to a mgh of more than 600 mg m 3 ill
June and July (Cooney et al 2001a) For selected other coastal areas outsIde PWS,
the seasonal range of zooplankton bIOmass illcludes willter lows of about 40 mg m 3

to sprmgjsummer hIghs approachillg 5,000 mg m 3 (ill outer Kachemak Bay, for
wmch a converSIOn of settled volumes may have been contammated by large
phytoplankton ill the samples, see (Cooney 1986)

In adillhon to strong seasonallty ill standmg stocks and rates of produchon,
plankton commumhes also exhIbIt preillctable seasonal specIes succeSSIOn each
year ill the oceamc and shelf envrronments Over the shelf, the large illatom­
dommated sprmg bloom glVes way to dmoflagellates and other smaller forms as
nutnent supphes d1mm1sh ill late May and early June Ward (1997) descnbed the
phytoplankton specres succeSSIOn ill PWS She found that early season dommance
ill the phytoplankton bloom was shared by the large cham-formmg illatoms
Skeletonema, ThalasslOsl1 a, and Chaetoce1 os Later ill June, under post-bloom nutnent
restrlchon, dIatoms were dommated by smaller Rlnzosolema and trny flagellates
ThIs seasonal shlft ill dommance from larger to smaller plant specres ill response to
dechnmg nutnent concentrahons and supply rates 15 commonly observed ill other
hlgh-Iahtude systems and 15 beheved to be responsIble for dnvmg the succeSSIOn ill
the grazmg commumty

The zooplankton succeSSIOn 15 somewhat more complex and illvolves
illterchanges between the ocean and shelf ecosystems In the late willter and
sprmg, the early copepoillte stages of Neocalanus spp begm arnvillg ill the upper
layers from deepwater spawnmg populahons (Miller 1988, Miller and NIelsen 1988,
Miller and Oemons 1988) ThlS arnval occurs ill some coastal areas (at depths of
more than 400m) ill late February and early March, but 18 delayed about thrrty days
ill the open ocean Both Neocalamts spp and Eucalamts bungn are illterzonal
seasonal illlgrators, hvmg a pomon of thel! hfe cycle ill the upper layers as
developmg copepoilltes, and later reshng m dmpause ill the deep water preparmg
for reproduchon at depth While maturillg m the oceamc surface water, Neocalanus
plumchrns and N flemmgen mhablt the wmd-illlXed layer above the seasonal
thermochne (upper 25 to 30 m), while N C11status (the largest of the subarchc
copepods) and Eucalanus bungll are found below the seasonal strahflcahon (Mackas
et al 1993) ThIs unusual parhhonmg of the surface ocean envrronment by these
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speCIes has not yet been venfIed for shelf and coastal waters, although It has been
suggested that the parhhomng may occur m the deep-water ~ords and sounds
(Cooney unpubhshed)

Along WIth the early copepodItes of the mterzonal nugrators, the late wmter
and sprmg shelf zooplankton commurnty also hosts small numbers of
Pselldocalanlls spp , Metndra paClfica, M okhotensls, and adult Calanlls mm slrallae
Because these copepods must frrst feed before reproducmg, theIr seasonal numbers
and bIOmass are set by the hmmg, mteTISlty and durahon of the dIatom bloom By
May and early June, the abundances of small copepods lJle Pselldowlanlls and
Acm tw are mcreasmg, but the commuruty bIOmass IS often dommated by relahvely
small numbers of very large developmental stages (C4 and C5) of Neocalanus
(Cooney et al 200la) After Neocalanlls leaves the surface waters m late May and
early June for dIapause deep below the surface (at locahons where depths pernut),
Pselldocalanus, Acm ha, and Cennopages (small copepods), the pteropod LU1llClna
paClfica, and larvaceans (OklOplelll aand Fnhllm ra) occur ill mcreasmg abundance
Later, from summer to fall and extendmg mto early wmter, CarnIvorous
Jellyplankters represented by ctenophores, small hydromedusae, and chaetognaths
(Sagrtta elegans) become common These shIftmg seasonal donunants are Jomed by
several dIfferent euphausnds (EuphaUSIa and Thysanoessa) and amphIpods
(Cyphocm IS and Pm athel111sto) throughout the year DespIte the fact that the
subarchc net-zooplankton commuruty COnsISts of a large number of dIfferent types
of anImal (taxa), most of the bIOmass and much of the abundance m the upper 100
m IS accounted for by fewer than two dozen specIes (Cooney 1986)

7 8 3 Interannual and Decadal-Scale Variation In Plankton Stocks

Few measurements and eshIDates are available for year-to-year and decadal­
scale varIability m pnmary and secondary produchVlty m all marme enVIronments
m the northern GOA (Sambrotto and Lorenzen 1986) Fortunately, some
mformahon IS available about VarIable levels of zooplankton stocks Frost (1993)
descnbed mterannual changes m net-zooplankton sampled from 1956 to 1980 at
CanadIan asp Year-to-year varmhons m stocks of about a factor of five were
characteTlShc of that data set, and a shght posIhve correlahon WIth salmIty was
observed Cooney et al (2001b) exanuned an 18-year
hIDe senes of zooplankton settled volumes from eastern
PWS collected near salmon hatchenes by the personnel of
the Prmce WIlliam Sound Aquaculture Corporahon,
Cordova Once agam, annual sprmgtrme dIfferences of
about a factor of five were apparent m that data In
addIhon, from 1981 to 1991, settled zooplankton volumes m PWS were also
strongly and pOSlhvely correlated WIth the strength of the Bakun upwelling mdex
calculated for a locahon near Hmchmbrook Entrance 'flus correlahon completely
dISappeared after 1991, however (Eshnger et al 2001) Also of some mterest, the
years of hIghest settled volumes m eastern PWS (1985 and 1989) were only
moderate years for zooplankton reported by Incze et al (1997) for Shehkof StraIt,
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suggestmg the KodIal. shelf and PWS reglOns were phased dJ.fferently for at least
those years Sugnnoto and Tadokoro (1997) report a regID1e sluft m the subarcbc
PacJfIc and Bermg Sea m the early 1990s that generally resulted m lower
zooplankton stocks m both regIons Perhaps m response to tlus phenomenon,
sprmghme settled zooplankton volumes m PWS also declmed by about 50 percent
after 1991 (Cooney et al 2001b)

The most provocabve pIcture of decadal-scale change m zooplankton
abundance m the GOA IS prOVIded by Brodeur and Ware (1992) (FIgure 715) WIth
the use of spahally dIStrIbuted oceamc data sets reportmg zooplankton blOmass
from 1956 to 1962, and agam from 1980 to 1989, these autl10rs were apparently able
to capture large-scale propemes of the pelagIc producbon cycle durmg both
posIbve and negabve aspects of the PDO (Mantua et al 1997) A doublmg of net­
zooplankton blOmass was observed under conmhons of mcreased wmter wmds
respondmg to an mtensJfIed Aleuban Low (the decade of the 1980s) ThIs
sustaIned doublmg of blOmass was also reflected at hIgher trophIc levels m the
offshore food web (Brodeur and Ware 1995) It IS generally beheved the observed
produchon sbIDulabon durmg the decade of the 1980s was created by mcreased
nutrIent levels assoCIated WIth greater upwellmg m the Alaska Gyre The observed
hOrIZontal pattern of upper layer zooplankton stocks (FIgure 715) was an
ImpreSSIVe areal expansIon (posIbve PDO) or contrachon (negahve PDO) Under
penods of mtensJfIed wmter wmds, some of the hIghest oceamc zooplankton
concentrabons were developed m a band along the shelf edge m the northern
regIons m the GOA Unfortunately, data from the shelf ItSelf durmg thIs same bIDe
penod are not suffICIent to ascertam how tlus elevated blOmass may have mtruded
the contmental margm or reached the coastal areas

7 8 4 Factors Effecting TrophiC Exchanges Between the Plankton
and Larger Consumers

Most would concede that the general theory of trophodynamICS arbcu1ated by
Lmdeman (1942) nearly fIfty years ago to represent ways m whIch matter and
energy are transferred through aquabc communIbes (by dJ.fferent levels of
producers and consumers) IS an overly SImphsbc pIcture of complex mterachons
and non-lmear relabonshIps Useful m the lecture hall as a teachIng tool, and
successfully apphed to certaIn problems where fust-order esbmates of produchon
at hypothebcallevels are sought based on esbmates of plankton producbvIty, these
formulahons usually lack any dynamIC connecbon wIth the phYSIcal enVIronment
or nutrIent levels They also generally fail to delmeate seasonalIty or other
Important temporal vanabIhty Nonetheless, because of the ease of theIr
apphcahon and the accep~ceof certam Slffiphfymg assumpbons (generalIzed
ecolOgIcal transfer effICIenCIes and lumpmg taxa WIthm trophIc levels), the lmear
food-web or carbon budget approach contmues to be used for selected purposes

Bottom-up trophIc models of food web structure supportmg the producbon of
fIshes, bIrds, and mammals m open ocean, slope, estuarme, and fjord enVIronments
m the GOA were formulated by Parsons (1986) m a synthesIS of mformabon
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Figure 7.15 Biomass of plankton for the spring and summer period contrasted
for a negative POO period (top) and a positive POO period (bottom). The
shaded boxes present zooplankton biomass as follows: A represents 100 to

200 g/1.000 m3
, B represents 201 to 300 g/m 3

, and C represents more than
300 g/m 3

. (Brodeur and Ware 1992)

compiled primarily as the result of the Minerals Management Service (MMS)­
funded Outer Continental Shelf (OCS) studies. More recently Okey and Pauly
(1998) developed a mass balance formulation with the Ecopath model of trophic
mass balance for a PWS food web as the result of the EVOS Restoration Program.
These models are certainly instructive at some level of generality, but their
usefulness for describing specific climate-related mechanisms that might modify
food-web transfers is probably limited by their detachment from the physical
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enVIronment and therr rehance on annually or seasonally avetaged stock. SlZes and
producbVIbes

Instead, It may be more mstrucbve to examme how evolved behavIOral traIts
and other aspects of the lIfe hIStOrIeS of the dommant plankters (and other forage
taxa) lend themselves to food-web transfers that could be affected by chmate
change To do thIS, It will be Important to study how the bIOlogy at lower trophIc
levels mteracts (on a vanety of bIDe and space scales) WIth the phYSIcal
envrronment to create enhanced (or dlIDilllShed) trophIc opportumbes m the
consumer matrIX of dIfferent habItats and seasonal charactenzabons that pervade
the marme ecosystem m the northern GOA The compressed nature of the annual
plankton producbon cycle m OCeanIC, shelf, and coastal waters seemmgly places a
premIUm on "bmmg" as a strategy to maxmuze the chances for successfully hnk.mg
consumers to each year's burst of organIc matter synthesIS Paul and Silllth (1993)
found that yellowfm sole replenIShed therr seasonally depleted energy reserves
each year m a short perIod of about one month followmg the peak. m pnmary
producbVIty ThIS rapId replenIShment of energy reserves IS presumably pOSSIble
because of the structural properbes of forage populabons that occur abundantly
durmg the short and mtense producbon cycle Patch-dependent feedmg 18 a term
used to deSCrIbe how many consumers respond to the graIny bIDe and space
dIStribubons of food m therr feedmg enVIronments (Vahela 1995) In the case of
plankters, whIch by defmIbon move WIth the water, temporal and spabal
patchmess can be created or dISSIpated ~ough mteracbons WIth (1) phYSICal
processes such as verbcal and hOrIZontal transport and dIffuSIon, and (2) bIOlOgical
attnbutes such as rapId growth and swarmmg or layermg m assocrnbon WIth
feedmg, reproducbve behaVIors, or both

For example, the more than two month maturabon process for the large oceamc
copepods (Neocalanus spp ) growmg m the near-surface of the open ocean, shelf,
and some coastal enVIronments concludes With a short perIod (fIfteen to thIrty
days) m whIch the bIOmass peaks each year, 18 concentrated m the largest (C4 and
CS) copepomtes, and IS compressed mto relabvely fum layers and swarms
conbguous for tens, possIbly hundreds of km (Mackas et al 1993, Cooney 1989,
Coyle 1997, Kirsch et al 2000) In Its most concentrated form, thIS seasonally
ephemeral bIOmass 18 an Important source of food for mvmg sea brrds (Coyle 1997),
whales, and plankbvorous fIshes such as adult Alaska pollock and Pacmc hernng
(Willette et al 1999) Acousbc observabons suggest the degree of plankton
swarmmg or layenng depends, m part, on the strength of water column IDlXillg
and stability NumerIcal models of the producbon cycle m PWS demonstrated that
mterannual vanabons m the bmmg of the annual peak m zooplankton probably
reflects chfferences m the bmmg of the earher phytoplankton bloom each year
Eshnger et al (2001) reported that the spnng dIatom bloom vaned by as much as
three weeks from year to year m PWS, but that the annual peak m zooplankton
always lagged the plants by about twenty-fIve to thrrty days Year-to-year shIfts of
a week or more m the peak of zooplankton bIOmasS may profoundly mfluence the
effecbveness of food-web transfers to fIshes, brrds, and other consumers WIth
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severe consequences Pac:rl1c herrmg have apparently evolved a reproduchve
strategy to place age-O Juverules m the water column preClsely at the tIme of the
nud-summer peak m plankton forage FaIlure to successfully proVlSlon themselves
by nussmg the most ophmal summer feedmg condIhons may contnbute to hIgh
rates of wmter starvahon for age-O herrmg m PWS (Cooney et al 2001b)

In another example, Cooney (1983) reported a posSIble mterachon between the
movements occurrmg over the lIfe cycle of large oceamc calanOld zooplankton,
ontogenhc nugrahons and an ennchment of feedmg habItats for fIshes, buds, and
mammals over the shelf forced by localIzed convergences m the late wmter and
sprmg months As pIevIOusly menhoned, Neocalanlls spp arrIve m the surface
waters of the deep ocean m March and April each year Early copepomte stages are
presumably CarrIed across the shelf m the wmd-forced Ekman flow (upper 60 to 90
m) where they eventually encounter zones of surface convergence (Cooney 1986)
Neocalanus spp m the shelf enVIronment depends on the sprmg dIatom bloom for
growth and maturahon Because the developmg copepomtes have an affmIty for
the upper layers where the phytoplankton produchon occurs (Mad,as et al 1993),
they may be able to counteract regIons of downwellmg and convergence by
conhnumg to lll1grate upward m these zones (a few tens of m per day at most)
Where they successfully detach themselves from the downwellmg water,
populahons advected shoreward mto convergences (pOSSIbly m the frontal regIon
of the ACe) will accumulate These zones of hIgh copepod (and perhaps other
taxa) bIOmass should represent regIons of potenhally hIgh trOphIC effIClency for
plankhvores built and mamtamed for a few weeks by wmd-forced honzontal and
verhcal transport

In a related exerCISe, Cooney (1988) calculated that nearly 10 nulhon metnc tons
of zooplankton could be mtroduced to the shelf annually over 1,000 km of coastlme
m the northern GOA by the wmd-forced shoreward Ekman transport each year If
only a porhon of thIS bIOmass IS retamed m shelf and coastal food webs, the "lateral
mput" of ocean-denved zooplankton (much of It represented by the large
mterzonal calanOlds) may partIally explam how the seasonally perSIStent
downwellmg shelf sustams the observed hIgh annual produchon at hIgher trophIc
levels I<1me (1999a), m stumes of carbon and rutrogen ISotopes of zooplankton
sampled m PWS, found that 50 percent or more of the mapausmg Neocalanus
cl1status overwmtermg m the deep water ongmated from populahons outSIde PWS
each year Sllllliar ISOtOPIC SIgnals m herrmg and other coastal fishes seem to
confrrm a parha! role for the bordenng ocean m IIfeedmg" at least some coastal
habItats

Coyle (1997) descnbed the dynallllcS of Neocala11.us cl1status m frontal areas
along the northern and southern approaches to the Aleuhan Islands In regIons
near water column InstabIhhes that fostered nutnent exchange for nearby strahfIed
phytoplankton populahons, these large oceamc copepods occurred along
pycnoclmes m subsurface swarms and layers that were m tum attrachve feedmg
SItes for mvmg least auklets These trophIc assoClahons (observed acoushcally)
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formed and dISSIpated m response to weather and hdal modmed forcmg of the
waters over the shelf north and south of the Aleuhan Islands

Krrsch et al (2000) descnbed dense layers (10 to 20 m m verhcal extent) of C4
and C5 Neocalanlls plll11lch11ls, N fle11ll11ge1l, and Calanlls 11lal shalle m the upper 50 m
of PWS that serve as seasonally Important feedIng zones for adult Alaska pollock
and Pacmc herrmg Swarmmg behavIOr m the upper layers by these copepods,
respondmg to the dIStnbuhon of theIr food m the euphohc zone, compresses
NeocalanllS mio layers stretchmg for tens of l.m that aIe Ieadily located and uhhzed
by plankhvores Other observahons at the hme found the layers of copepods wele
absent or only weally developed m areas WIth hIgh nuxmg energy hke outer
Montague StraIt

Dlel illlgrahons of many taxa bnng deep populahons rnto the surface waters
each mght The large bodIed copepod Men ldw spp and many PacIfIc euphausnds
(Euphausw and T7ujsanoessa) represent zooplankters that undergo substanhal daIly
illlgrahons from deep to shallow waters at mght A vanety of reasons have been
proposed for thIs behavIOr (Longhurst 1976) Regardless of the "why," verhcally
illlgrahng populahons that buIld local concentrahons near the sea surface durmg
darkness represent another way that behaVIOral traIts are responsIble for creahng
patchmess that may enhance trophIc exchange Cooney (1989) and Stockmar (1994)
studIed dIel and spahal changes rn the bIOmasS of net-zooplankton and
illlcronekton m the upper 10 m of the open ocean and shelf habItats m the northern
GOA They found a consIStent enrIchment of bIOmass m the surface waters at mght
caused by Metndla paClfica and several dIfferent euphausnds that often exceeded
dayhght levels by a factor of fIve or SIX

Sprrnger, et al (1996) make a strong case for the enhancement of pnmary and
secondary produchvlty along the shelf edge of the southeastern Benng Sea Clhng
hdal illlXmg, transverse cIrculahon, and eddIes as mechamsms to mcrease nutnent
supphes, thIs so-called"greenbelt" IS descnbed as 60 percent more produchve than
the outer-shelf enVIronment and 270 percent more produchve than the bordenng
deep ocean Earher, Cooney and Coyle (1982) documented the presence of a hIgh­
densIty band of upper-layer zooplankton along the shelf edge of the eastern Benng
Sea Compnsed pnmarIly of Men ldta spp , Neocalanus spp , and Eucalanus bungz,
thIs narrow zone of elevated bIOmass IS apparently also a part of the greenbelt
Although these features have yet to be descnbed for the northern GOA, the present
North PacIfIc GLOBEC study (Wemgartner 2000) IS momtonng pnmary
produchVlty and zooplankton stocks along cross-shelf transects that should
mtercept a shelf-edge greenbelt If one IS present rn the northern GOA

Fmally, meso and large-scale eddy formahon over the shelf and slope regImes
may also mfluence the patchrness of plankton m ways that could be suscephble to
changmg clImate forcrng A permanent feature (eddy) m the coastal water west of
Kayak Island IS often VlSlble because of entramed sedIment from the Copper RIver
Formed by a branch of the ACC, thIS eddy may help concentrate plankton
populahons of the upper layer rn ways that could later mfluence PWS (Reed and
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Schumacher 1986) Vaughan et al (2001) and Wang (2001) descnbe surface eddIes
m the central regIon of PWS wIth 1ll1phcahons for the transport and retenhon of
lCthyoplanlton These eddIes (cyc1omc and anhcyc1omc) are beheved to form m
response to seasonal changes m freshwater outflow and wmd forcmg Large-scale
coastal and shelf eddIes apparently form near SItka and propagate north and west
around the penphery of the GOA (Musgrave et al 1992) Smular features on the
east coast of the Umted States have been shown to be long-hved (many months)
and capable of sustallling umque bIOlOgIcal assemblages as they move through
hIDe and space These same charactenshcs are also expected for the northern GOA

7 8 5 Chmate Forcmg of P~anktonProduction In the Gu~fof Alaska

A major challenge for the GEM Program will be to eventually produce a
detaIled understandmg of lower trophIc level processes that anse through
bIOlOgIcal mterachons WIth the spahally dIstnbuted geolOgIcal and phySIcal
properhes of the northern GOA ThIS evolvmg understandmg must take mto
account the flow-through nature of the northern and eastern regIons-downstream
from southern Southeast Alaska and Northern Canada (through the ACe) and also
downstream from porhons of the southern oceamc Subarchc and TransIhon Zone
domams (through the North Pacmc and Alaska currents) The "open" condIhon
places mcreasmg 1ll1portance on understandmg levels of plankton 1ll1ports (from
the south) and exports (to the west) m the penphery of the GOA affected by the
ACC (Napp et al 1996) and shelf-break flows (Alaska Current and Alaska Stream)
It will also be necessary to understand the effects that the open ocean gyre may
exert on shelf and coastal plankton stocks and therr seasonal and annual
produchon WIthm the northern GOA Here too the lIDpOrt (or export) of nutnents,
orgamc detntus, and hvmg plankton stocks to (or from) the shelf must be evaluated
under dllferent condIhons of chmate and weather

The pIcture that emerges from the aggregate of preVIOUS and ongomg plankton
studIes portrays a large oceamc ecosystem forced strongly by phYSICal processes
that are meteorologIcally dnven PhYSICal processes such as deep and shallow
currents, large-scale and locahzed upwelling and downwelling, seasonally phased
preClpItahon, and runoff may brmg about changes m the ecosystem. The
reproduchon, growth and death processes of the plants and anllllals of the oceamc
ecosystem appear to be respondmg pnmanly to marked seasonalIty and
mterannual and longer-penod shIfts m the mtensIty and locahon of the wmter
Aleuhan Low Increased upwelling m the offshore Alaska Gyre may promote
hIgher rates of nutnent renewal m the oceamc surface waters WIth attendant
mcreases m pnmary and secondary produchVIty Elevated wmd-fornng probably
accelerates the transport of upper-layer oceamc zooplankton shoreward to the shelf
edge and beyond The frequency and degree to whIch thIS ocean-denved bIOmass
"feeds" the food webs of the conhnental shelf and coastal areas will depend, m
part, on bIOlOgIcal mterachons WIth a large array of phYSICal processes and
phenomena Processes and phenomena achve m regIons of hOrIZontal and verhcal
currents asSOCIated WIth oceanographIc fronts, eddIes, coastal Jets, shelf-break
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flows, and turbulence are expected to have a strong mfluence on the movement of
ocean bIOmasS onto the shelf and coastal areas The actual effect of such processes
and phenomena on dJ.stnbutIOn of oceamc bIOmass also depends on responses of
plankton productIon to changes m levels of freshwater runoff m these regIOns, and
on the seasonal and longer cycles m temperature and sabmty SpecJ.fIc mechamsms
by whIch surface zone nutnent levels are cycled and mamtamed m the varIety of
dtfferent habItats that compose the open shelf and rugged coastal margms must be
understood m much greater detail to be useful to the overall GEM 1lliSSIon

It seems hlely that the sophIstIcated understandmg sought by the GEM
Program of chmate mfluences on the coupled nutrIent and plankton productIon
regunes that support selected consumer stocks may have to come from studIes that
abandon the practIce of lumpmg taxa Withm broad ecolOgically functIonal umts,
and mstead focus on "key specIes" Fortunately, the subarctIc pelagiC ecosystem
(oceamc, shelf, and coastal) lS donunated by a relatIvely small number of plankton
speCIes that serve as major condmts for matter and energy exchange to htgher-level
consumers each year In the case of the zooplankton, fewer than ftfty speCIes
Withm a handful of major taxa compnse 95 percent or more of the abundance and
bIOmass throughout the year Because of thIS pattern of dommance, and further
because of the dtfferent hfe hIstory strategies employed by these specIes, a more
comprehensIve understandmg of theu ecolOgical roles lS both necessary and
feaSIble A declSlon to conduct donunant specIes ecology must be understood at all
levels of the study so that, for Instance, techmcians conduchng future stomach
analyses of ftshes, buds, or mammals will report not Just "large copepods and
amphtpods," but rather Neocalan.us C11status and Pm athell11sto llbellula ThIS nuance
holds partIcular lillportance for future modelers workrng on numencal
formulatIons that mclude "plankton" WIthout thlS degree of speooClty,It lS
unlIkely that further (held and numencal) studIes will forge the understandmg of
lower trophIC level functIon sought by the GEM Program m the northern GOA

Nearshore
BenthiC
Communities

7.9
Because the GOA covers a vast and dIverse area,
Its benthIC commumtIes exhIbIt tremendous
vanatIon (Feder and Jewett 1986) As many
marme benthIc system, however, the compOSItIon,
functIonmg, and dynarntcs of the GOA benthIc

commumtIes change predIctably WIth certam umversally lillpOrtant vanables The
most lillpOrtant two envrronmental varmbles are water depth and substratum type
(Rafaelh and HawkIns 1996) The followmg depth zones are typICally
dlShngmshed

• The mtertIdal zone,

• The shallow subtIdal zone (bounded by depth of lIght penetratIon suffiCIent
for photosytheSlS of benthIc algae),
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• The conbnental shelf (to about 200 m), and

• The conbnental slope (from 200 to 4,000 m)

The most fundamental substratum dlsbnchons are hard bottom (rocks, boulders,
cobbles) and soft bottom (mobile sednnentary habItats hke sands and muds)
Withm these two types, geomorphology vanes substanbally, WIth bIOlOgical
lIDphcahons that often mduce further habItat parhhomng (Page et al 1995,
Sundberg et al 1996)

Understandmg of commumty composihon and seasonal dynamICS of GOA
benthos has grown dramahcally over tile past thrrty years, WIth two dlsbnct pulses
of research Frrst, m contemplahon of explorahon and development of the oil and
gas resources of the region, the MMS, NOAA NMFS, and Alyeska Consorhum
funded geograprncally focused benthIc survey and momtormg work m the 1970s
ThIs work prOVided the frrst wmdows mto the quanhtahve benthIc ecology of the
region Focus was most mtense on lower Cook Inlet, the AleuUan Islands, the
Alaska Penmsula, KodIak Island, and northeast GOA, mcludmg the Valdez Arm m
PWS (Rosenberg 1972, Hood and Zmunerman 1986) The second phase of growth
m knowledge of the benthos of the GOA region was tnggered by the EVOS m 1989
ThIs work had broad geographIc coverage of the rocky mterhdal zone The area
receIvmg the most mtense study was PWS, where the spill ongmated Geograprnc
coverage also mcluded two other regions, the KenaI Penmsu1a-Iower Cook Inlet
and the KodIak arcrnpelago-Alaska Penmsu1a (page et al 1995, Giliillan et al
1995a, Giliillan et al 1996b, HighSIDlth et al 1994b, HlghsIDlth et al 1996,
Houghton et al 1996a, Houghton et al 1996b, Sundberg et al 1996) Some of thIs
benthIc study followmg the oil spill was conducted m other habItats (soft substrata
[DnskellJet al 1996]) and at other depths (shallow and deep subbdal habItats
(Houghton et al 1993, Armstrong et al 1995, Dean et al 1996a, Dean et al 1996b,
Dean et al 1998, Dean et al 2000, Feder and Blanchard 1998, Jewett et al 1999)
Herrmg Bay on Krught Island m PWS was a SIte of espeCIally mtense momtormg
and expenmentahon on rocky mtemdal commumhes followmg the oil spill (van
Tamelen et al 1997)

7 9 1 Intertidal CommUnities

The mterhdal habItat 15 the pomon of the shorehne m between the rngh and
low (0 O-m datum) hde marks ThIs mterhdal zone occupIes the umque tnple
mterface among the land, sea, and arr The land prOVides substrate for occupabon
by mterhdal organISms, the seawater the vehIcle to supply necessary nutrIents, and
the arr a medIum for passage of solar energy, yet a source of phYSICal stresses
(Connell 1972, Underwood and Denley 1984, Peterson 1991) Interfaces between
separate systems are locabons of typICally rngh bIOlOgical achvity As a tnple
mterface, the mtemdal zone 15 excephonally nch and bIOlOgically produchve
(Ricketts and Calvm 1968, Leigh et al 1987) Wmd and bdal energy combme to
SUbSIdIze the mtemdal zone With planktomc foods produced m the phob.c (sun-ht)
zone of the coastal ocean Runoff from the adjacent land mass mJects new supphes
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of morgaruc nutnents to help fuel coastal produchon of bentluc algae, although
such runoff m Alaska IS typICally nutrIent-poor and can be very turbId (Hood and
Z1ll1lllerman 1986) The consequent abundance and dlversity of hfe and hfe forms
m the mterhdal zone serves many lillportant consumers, commg from land, sea,
and all, and mc1udmg humans The aesthehc, econOilllC, cultural, and recreahonal
values of the mterhdal zone and Its resources augment Its Slgmf1cance, especIally m
the GOA reglOn (Peterson 2001)

The bIOta of mterhdal habItats vanes wIth changes m phySIcal subshate type,
wave energy regllle, and annosphenc cllllate (Lubdlenco and Games 1981)
Substrata m the GOA mterhdal zone chffer as a funchon of SIZe, rangmg from
1ll1lllobile rock walls and platforms, to boulders and cobbles, to gravel, to sands,
and fmally to muds at the fmest end of thIS parhc1e-SlZe spectrum Rock surfaces m
the mterhdal zone are populated by eplblOta, WhICh are most commonly attached
macro- and illlcroalgae, sessile, or 1ll1lllobile, suspenslOn-feedmg mvertebrates, and
mobile grazmg mvertebrates, as well as predatory seastars and gastropods (Connell
1972, Rafaelli and Hawkms 1996) UnconsolIdated (soft) substrata-the sands and
muds-are occupIed by large plants m low-energy envrronments, such as marshes,
and illlcroalgae and mfaunal (buned) mvertebrates m all energy regllles (peterson
1991) Mobile scavengmg and predatory mvertebrates occur on both types of
substratum Interhdal commumhes vary WIth wave energy because of
bIOmechamcal constramts (espeaally on potenhally sIgmf1cant predators),
changmg levels of food subSldy, and mterdependenCles between wave energy and
substratum type (LeIgh et al 1987, Denny 1988) Interhdal commumhes tend to be
most luxunous m temperate chmates, Ice scour and turbId fresh water hilllt
mterhdal bIOta at mgh lahtudes such as those m the eastern GOA The rock-y
mterhdal commumhes of the Pacmc Northwest, mc1udmg the rock-y shores of
ISlands m the GOA regIOn, are mghly dlverse, although less so than those m
Washmgton These commumhes are also produchve, although hilllted by
dISturbance of wmter storms and reduced solar msulahon (Bakus 1978)

The rocky mterhdal ecosystem may represent the best understood natural
commumty of plants and anlillals on earth EcologISts realIzed more than forty
years ago that thIs system was umquely well smted to expenmentahon because the
habItat was acceSSIble and basICally two-dlmensIOnal and the organISms were
manlpulable and observable Consequently, ecolOgIcal SClence has used
SophIShcated expenmental mampulahons to produce a detaIled understandmg of
the complex processes mvolved m determmmg patterns of dIStrIbuhon and
abundance of rocky mterhdal orgamsms (pame et al 1996, Dayton 1971, Connell
1972, Underwood and Denley 1984) Plants and anImals of temperate rocky shores
exillblt strong patterns of verhcal zonahon m the mterhdal zone PhYSICal stresses
tend to hlllt the upper dIStrlbuhons of specIes populahons and to be more
lillportant mgher onshore, compehhon for space and predahon tend to hilllt
dlstnbuhons lower on the shore Surface space for attachment IS potenhal1y
hlllhng to both plants and ammals m the rocky mterhdal zone In the absence of
dISturbance, space becomes hlllhng, and compehhon for that hlllted space results
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m compehhve exclusIOn of mfenor compehtors and monopobzahon of space by a
compehhve dommant PhysIcal dIsturbance, bIologIcal dIsturbance, and
recrmtment hmItahon are all processes that can serve to mamtam denSIhes below
the level at whIch compehhve excluSIon occurs (Menge and Sutherland 1987)
Because of the Importance of such strong bIOlogIcal mterachons m determmmg the
commumty structure and dynamICS m thIs system, changes m abundance of certam
keystone speaes can produce mtense drrect and mdrrect effects on other speaes
that cascade through the ecosystem (Menge et al 1994, Wootton 1994, Menge 1995,
Pame et al 1996)

Interhdal commumhes occupymg unconsohdated sedIments (sands and muds)
are qmte chfferent from those found on rocky shores (Peterson 1991) These soft­
bottom commumhes are composed of mfaunal (buned) mvertebrates, mobile
mIcroalgae, and abundant tranSIent consumers, such as shorebrrds, fIshes, and
crustaceans (Rafaelh and Hawkms 1996) Macroalgae are sparse, and are found
attached to large shell fragments or other stable hard substrata In very low energy
envrronments, large plants, such as salt marsh grasses and forbs lugh on shore and
seagrasses low on shore, occur m mterhdal soft sedIments (Peterson 1991) The
large stretch of mterhdal soft-sedIment shore m between those vegetated zones has
an empty appearance, whIch IS ffilSleadmg The plants are mICroSCOpIC and
produchve, the mvertebrate anImals are buned out of SIght The soft-bottom
mterhdal habItat represents a cnhcally Important feedmg ground, especIally for
shorebrrds, because the flat topography allows eaSIer access than IS prOVided by
steep rocky coasts and because mvertebrates WithOUt heavy protechve ca1aum
carbonate shells are common, partIcularly polychaetes and amplupods (Peterson
1991)

The mterhdal shorehnes of the GOA exlublt a WIde range of habItat types True
soft-sedIment shores are not common, except m Cook Inlet Marshes, fme-gramed
and coarse-gramed sand beaches, and exposed and sheltered hdal flats represent a
small frachon of the coastlme m the GOA Sheltered and exposed rocky shores,
wave-eut platforms, and beaches WIth varymg mIXtures of sand, gravel, cobble, and
boulders are the dommant habItats m thIs regIon (page et al 1995, Sundberg et al
1996) Abundance, bIOmass, produchVIty, and IDversity of mterhdal commumhes
on the shores of the eastern GOA WIth nearby glaClers are depressed by proXlffilty
to sources of runoff from glaCIer Ice melt The ISlands m PWS and the Aleuhan
Islands, for example, have ncher mtertrdal commumhes than the mamland of the
northeast GOA, and the mterhdal commumhes of Koillak and Afognak tend to be
ncher than those of the Shehkof StraIt mamland on the Alaska Penmsula (Bakus
1978, HIghsmIth et al 1994b) GlaCIer Ice melt depresses mterhdal bIOhc
commumhes by mtroducmg turbIdIty and freshwater stresses

Wmter Ice scour seasonally denudes epibIOta along the Cook Inlet shores
(Bakus 1978) Intense wave exposure can cause substratum mstability on mtertrdal
cobble and boulder shores, thereby removmg mterhdal epibIOta drrectly through
abraSIOn (Sousa 1979) Shores WIth well rounded cobbles and boulders have
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accordmgly poorer mterndal bIOtas than those WIth reduced levels of physIcal
dIsturbance Bashmg from logs also represents an agent of dIsturbance to those
rocky shores exposed to mtense wave acnon m tlus regIon (Dayton 1971)
Consequently, exposed rock-y coastlmes may expenence more seasonal fluctuanons
m eplbIOnc coverage than commumnes on sImIlar substrata m protected fjords and
embayments (Bakus 1978)

The rocky mterhdal shores of the spill area exhIbIt a typIcal pattern of verhcal
zonanon, although tlle parncu1ar specIes that dommate VaIy m Importance as a
funcnon of changmg habItat condInons (HIghsmIth et al 1996, Houghton et al
1996a, Houghton et al 1996b) Verhcal zonanon on mterhdal rocky shores IS a
umversal feature, caused by a combmanon of drrect and mdrrect effects of helght­
specIfIc duranon of exposure to au (PaIne 1966, Connell 1972)

The uppermost mterndal zone on rocky shores of the GOA IS characterIZed by
a dark band of the alga Ven'uccalIa The rockweed (FuCHS gal dnen) dommates the
upper mterndal zone, wInch also mcludes two common barnacles (Balanus glandula
and Chthamalus dalll), two abundant bmpets (TectUl apel sona and LottIa pelta), and
the penwmkle (Llttonna sltkana) (SAl 1980, Hood and ZImmerman 1986, HIghSmIth
et al 1994b)

The mIddle mterndal zone commonly has even Ingher cover of Fucus, along
WIth beds of blue mussels (Myhlus h ossulus), the penwmkle (LlttOl ma sCHhllata),
barnacles, and the predatory dnllmg snail (Nucella lamellosa and N lllna) (Carroll
and HIghsmIth 1996) In the low mterndal zone, a red alga (Rhodymenza palmata)
often IS dommant, although mussel beds often occupy large areas and the grazIng
cIntons (Kathanna tumcata, Mopalza mucosa, and Tonlcella lmeata) and predatory
seastars (Leptastenas he:wctls and others) occur here (SAl 1980, HIghSmIth et al
1994b) The blue mussel IS a very SIgnIfIcant member of thIs commumty because It
IS a potent1al compennve dommant (VanBlancom 1987) and because Its byssus and
between-shell mtersnces prOVIde a protected habItat for a dIverse SUIte of smaller
mobile mvertebrates, mc1udmg Isopods, ampInpods, polychaetes, gastropods, and
crabs (Suchanek 1985)

Abundances of rocky mterndal plants and anImals m the GOA are controlled
by the same SUIte of factors that affect rocky shore abundances and dynamICS
elsewhere, especIally m the PacIfIc Northwest PhySlcalfactors, such as wave
acnon from wmter storms, exposure to au Ingh on shore, Ice scour, and low salmIty
and turbIdIty from glaCIal and land runoff, have Important effects on wave­
exposed areas (Dayton 1971, Dayton 1975, Bakus 1978)

BIOlOgIcal controls also exert SIgnIfIcant mfluences Probably the most
SIgnIfIcant of these lIkely controllmg factors for mterhdal bIOta are predanon and
recruItment hmItanon Predanon by seastars IS an Important control of
mvertebrate prey populanon abundances and, therefore, of commumty
composlnon low on mterhdal rocky shores (PaIne 1966, Detluer and DuggIns 1988)
Because blue mussels are typICally the preferred prey and represent the dOmInant
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compehtor for potenhally hnuted attachment space, tlus predahon by seastars has
Important cascadmg effects of enhancmg abundances of poorer compehtors on the
rock surfaces (Pame 1966) Predahon by gastropods occaslOnally helps control
mussel abundances (Carroll and Hlghsnuth 1996) and barnacle populahons lugher
on shore m the GOA (Ebert and Lees 1996) Shorebrrd predahon, espeCIally by
black oystercatchers, IS also known to hnut abundances of lImpets on honzontal
rock surfaces of the Pacmc Northwest mterhdal zones, and tlus process can be
readJly dISrupted by human mterference WIth the shy shorebrrds (Lmdberg et al
1998) The presence of numerous strong blOhc mterachons m tlus rocky mterhdal
commumty of the GOA led to many mdrrect effects of the EVOS m tlus system
(Peterson 2001) Because of the mfluence of current flows and mortahty factors
such as predahon m the water column, larval recrmtment can also 1Imlt populahon
abundances of marme mvertebrates on mterhdal rody coasts (Games and
Roughgarden 1987, Menge and Sutherland 1987) WIth a short warm season of
hIgh produchon m the GOA, the potenhal for such recrmtment hnutahon seems
lugh, but process studIes to charactenze and quanhfy tlus factor have not been
conducted m the GOA Changes m prImary produchon, water temperature (and
thus breedmg season), and phYSICal transport dynanucs aSSOCiated WIth reglOnal
clImate shIfts could reasonably be expected to regulate the mtenslty of recruItment
hnutahon on some rocky shores m the GOA

The consequences of change caused by varlOUS natural and human-dnven
factors on the structure and dynanucs of the rocky mterhdal commumhes are not
well developed m the sclenhf1c hterature For example, human harvest by flshenes
or subSlstence users of lillportant apex predators that exert top-down control on
mterhdal commumhes could cause substanhal cascadmg effects through the
system But the seastars and gastropods that are the strong predatory mteractors m
tlus commumty m the GOA regIOn are not targets for harvest The mussels that are
taken m subSIStence harvest prOVIde Important ecosystem servIces as structural
habItat for small mvertebrates (Suchanek 1985), as a dommant space compehtor
(Pame 1966), and as a WIdely used prey resource (Peterson 2001), but mussels do
not appear hnuted m abundance m the GOA reglOn

OceanographIc processes related to chmate change, eIther natural or human­
dnven through global warmmg, have the potenhal to eIther enhance or reduce
recrmtment of component mvertebrate speaes of the rocky mterhdal commumhes,
but studIes of the connechons between coastal phYSICal dynanucs and shorehne
commumhes are m therr mfancy (Caley et al 1996) Perhaps the best documented
dnver of change m composlhon and dynanucs of rocky mterhdal commumhes IS
the lillpact of 011 spills The cleanup treatments after the spill, eIther dISpersants
(Southward and Southward 1978) or pressurIZed washes (Mearns 1996), have far
more senous Impacts than the 011 Itself Because of the Important strong
mterachons among speCIes m rocky shore commumhes, the mulhple mdrrect
effects of 011 spills on thIS system take about a decade to work therr way out of the
system (Southward and Southward 1978, Peterson 2001) IntensIve samphng and
experImental work on rocky mterhdal commumhes on sheltered shores m PWS
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followmg the EVOS male tlus regIon data-nch relahve to most other Alaskan
shores

Interhdal soft sechments m the spill regIon of the GOA typICally possess lower
bIOmass of macroalgae and mvertebrates than correspondmg rock)' shores at the
same elevahons (SAl 1980, HlghSffi1th et al 1994b) The taxonOffilC groups that
dOIDlllate mtemdal soft bottoms are polychaete worms, mollusks (especIally
bIvalves), and ampmpods (DrISkell et al 1996) Sandy sechments have hIgher
Iepiesentahon by suspenslOn-feedmg mvertebrates, whereas fIner, muddy
sechments are dOIDlllated by deposit-feedmg specIes (Bakus 1978, Feder and Jewett
1986) Interhdal sandy beaches are habItat for several large suspenslOn-feedmg
clams m the GOA that represent lffiportant prey resources for many valued
consumers and that support commerCIal, recreahonal, and subSlStence harvest
(Feder and KaISer 1980) Most lffipOrtant are the httleneck clam (Plotothaca
stammea), the butter clam (Sa:udomus gr.gantells), the razor clam (Slllqlla patllla), the
cockle (elmocm dlUm nuttallll), the pmk-neck clam (Splsula polynyma), the gapers
(Tl eSllS nuttallll and T capa:>..), and others (Feder and Paul 1974) In mudflats, such
as those along the shores of Cook Inlet, dense beds of a depoSlt-feedmg clam,
Macoma baltlllca, and the soft-shell clam (Mya a1 enana) frequently occur (Feder et al
1990) These two relahvely soft-shelled clams are sigruflcant food resources for
many seaducks, and the hard-shelled clams are lffipOrtant prey for sea otters
(KV1tek and Ohver 1992, KV1tek et al 1992), black and brown bears (Bakus 1978),
and several mvertebrate consumers Intemdal soft-bottom habItats are also
lffiportant feedmg grounds for shorebrrds and for demersal (deep-water) fIShes and
crustaceans (Peterson 2001) In addihon to macrofauna! mvertebrates, smaller
melOfaunal mvertebrates are abundant on mtemdal sechmentary shores
Macrofauna descnbes anlIDa1s that are retamed on a 0 5-mm mesh, melOfauna
refers to anImals passmg through a 0 5-mm mesh but retamed on 0 06-mm mesh,
and ffilcrofauna are anlIDa1s smaller than 0 06 mm Nematode worms and
harpachcOld_copepods are the most common meofaunal taxa m the GOA regIon
(Feder and Paul 1980b) HarpachcOlds serve an lffipOrtant role m the coastal food
cham as prey for Juvemle fIShes, mcludmg salmomds (Sturdevant et al 1996)

LIttle mformahon exISts on the dynaIDlcS of long-term change m structure and
compoSlhon of mtemdal commumhes m soft sechments anywhere Some of the

best understandmg of lffipOrtant processes actually comes
from the northern GOA regIon The Alaska earthquake of
1964 had a tremendous mfluence on soft-sechment
mtemdal commumhes because of the geomorpholOgIcal
modlfIcahons of habItat (NRC 1971) Uphft of the shorehne
around Cordova, for example, was great enough to elevate
the sechmentary shelf habItat out of the depth range that

could be occupIed by many speCIes of clams Clam populahons m Cordova, a town
once called the clam capItal of the world, have never recovered from the
earthquake The re-mvaSlOn of sea otters has s1ffil1arly caused tremendous changes
m clam populahons m shallow soft-sechment commumhes of the northern GOA,
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mostly m subhdal areas, but also m mtertrdal sedImentary enVIronments (KvItek et
al 1992)

Human lillpacts can cause change m soft-sedIment mterhdal commuruhes as
well Probably the most common means by whIch human achVIhes mochfy soft­
sedIment commuruhes m mterhdal habItats IS through alterahon of sedlments
themselves The apphcahon of pressunzed wash after the EVOS, for example,
eroded £me sedIments from mterhdal areas (DrISkell et al 1996) and may be
responsIble for long delay m recovery of clams and other mvertebrates because of a
slow return of sedlments (Coats et al 1999, Smgenaka et al 1999) Adillhon of
organIc ennchment can shmulate growth, abundance, and produchon of
opportunIShc mfaunal mvertebrates such as several polychaetes and ohgochaetes
m mtertrdal sedIments Such responses were documented followmg the EVOS
(Giliillan et al 1995a, Jewett et al 1999), presumably because the ollitself
represented orgamc ennchment that entered the food cham through enhanced
bactenal produchon (peterson 2001) Other types of orgamc ennchment, such as
bIOchemIcal oxygen demand m treated wastewater from murucipal treatment
facilihes or mdustrlal dIScharges, can create these same responses DepOSIts of
tOXiC heavy metals from rrunmg or other mdustnal achVIhes and of tOXiC synthehc
organIc or natural orgamc contarrunants, bke PAHs mOll, can cause change m
mtertrdal benthIc commuruhes by selechvely removrng sensIhve taxa such as
echmoderms and some crustaceans Gewett et al 1999)

Intertrdal commuruhes are open to use by consumers from other systems The
great extent and lillportance of thIs habItat as a feedmg grounds for major marme,
terrestnal, and aenal predators render the mtertrdal system a key to mtegrahng
understandmg of the funchon m the enhre coastal ecosystem (peterson 2001) The
mtertrdal habItats of the GOA are cnhcally lillpOrtant feedmg grounds for many
lillpOrtant consumers

• Marme-sea otters, Juvenile Dungeness and other crabs, Juvenile shnmps,
rockfIshes, cod, cutthroat trout, and Dolly Varden char m summer, and
Juvenile frshes of other stocks explOIted commerCIally, recreahonally, and
for subSIStence, mcludmg pmk and chum salmon,

• Terrestnal-brown bears, black bears, nver otters, SItka black-tailed deer,
and humans, and

• AVIan-black oystercatchers and other shorebrrds, harlequm ducks, surf
scoters, goldeneyes, and other seaducks, and bald eagles

Interhdal gravels m anadromous streams are lillportant spawnmg grounds
for pmk salmon, espeaally m PWS Therefore, the mtertrdal habItat prOVIdes
Vital ecosystem se!V1ces m the form of prey resources, spawnmg habItat, and
nursery, as well as human servIces m the form of commercIal, recreahonal, and
subSlStence harvest of shellfrshes and aesthehc, cultural, and recreahonal
opportumhes In short, a habItat that represents only a small frachon of the
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total area of the seafloor may be the most valuable for the servIces It prOVides to
the coastal ecosystem and to humans

7 9 2 Subtidal Commumtles

The subtIdal habItat IS the portIon of the seafloor found at depths below the low
tIde (0 0 m datum) mark on shore ThIS habItat mc1udes a relatIvely narrow band
of shallow subtIdal bottom at depths ill the photIc zone (the zone penetrated by
hght), where plants can hve, and a laIge area of unht seafloor, the deep subtIdal
bottom extendmg across the contInental shelf and slope to depths of 4,000 m ill the
GOA (Fedel and Jewett 1986) The depth to whIch suffIoent hght penetrates to
support photosynthesIS and the slope of the subtIdal seafloor determme the wIdth
of the shallow subtIdal zone Along a tectomc coasthne hke the GOA, depth
gradIents are typICally steep In addItIon, illJectIon of turbIdIty from glaCIer Ice
melt along the coast reduces hght penetratIon through the seawater These factors
combme to produce a shallow subtIdal zone supportmg benthIc plant productIon
ill the regIOn of the spill that IS very narrow Consequently, the vast majorIty of the
subtIdal ecosystem, the deep subtIdal area on the contInental shelf and slope,
depends on an energy subSIdy ill the form of mputs of orgamc matter from other
marme and, to some small extent, even terrestrIal habItats These orgamc mputs
illclude most Importantly detntus from productIon of mtertIdal seaweeds and from
shallow subtIdal seagrasses, seaweeds, and kelps, as well as partIculate mputs from
phytoplankton, zooplankton, and zooplankton fecal pellets smkmg down from the
photIc zone above to settle on the seafloor In addItIon, the carcasses of large
ammals such as whales, other marme mammals, and fIShes occaSIOnally smk to the
bottom and prOVide large dIscrete packages of detrItus to fuel subsequent nucroblal
and ammal productIon m the deep subtIdal ecosystem

Although narrow, the shallow subtIdal zone m wluch pnmary productIon does
occur IS of substantIal ecolOgical sIgmfIcance Many of these vegetated habItats,
espeCIally seagrass beds, macrophyte beds, and kelps, prOVIde the followillg-

1 Nursery grounds for marme anImals from other habItats,

2 Umque habItat for a reSIdent commumty of plant-assocIated anImals,

3 Feedmg grounds for Important consumers, mc1udmg marme mammals,
seaducks, and many fIshes and shel16.shes, and

4 A source of pnmary productIon for export as detntus to the deeper unht
seafloor ecosystem (Scluel and Foster 1986, DuggIns et al 1989)

In the spill area, eelgrass (Zoste1 a manna) beds are common m shallow
sedImentary bottoms at the margms of protected embayments (McRoy 1970),
whereas on shallow rocky subtIdal habItats, the kelps Agarum, Laml11.a1la, and
Ne1 eocysns form dense beds along a large fractIon of the coast (Calvrn and EllIS
1978, SAl 1980, Dean et al 19900) ProductIVity estImates m wet weIght for larger
kelps Ne1 eocysns and Lammana m the northeastern GOA range up to 37 to
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72 kgjm2jyr (O'Clarr and Zlillillerman 1986) In tlus shallow subhdal zone,

" prImary produchon also occurs m the form of smgle-eelled algae These nucroblal
plants mclude both the phytoplankton m the water column and bentluc nucroalgae
on and m the sedIments and rocks of the shallow seafloor Both the planktomc and
the benthIC nucroalgae represent ecolOgIcally Important food sources for
herbIVorous marme consumers The typICally hIgh turnover rates and hIgh food
value of these nucroalgal foods m the shallow subhdal zone helps explam the hIgh
produchon of mvertebrate and vertebrate consumers m tlus enVIronment

The sessIle 01 slow-movmg benthIC mvertebrates on the seafloor Iepresent the
bulk of the herbIVore tropluc level m the subhdal ecosystem TIus benthIc
mvertebrate fauna m the shallow subhdal zone dIffers markedly as a funchon of
bottom type (Peterson 1991) Rocky bottoms are mhabIted by epIfaunal bentluc
mvertebrates, such as sponges, bryozoans, barnacles, anthozoans, tunIcates, and
mussels Sand and mud bottoms are occupIed largely by mfaunal (buned)
mvertebrates, such as polychaete worms, clams, nematodes, and amphIpods The
feedmg or trophIc types of benthIc mvertebrates vary WIth enVIronment, espeCIally
WIth current flow regIme (Rhoads and Young 1970) Under more rapId flows, the

benthos 15 dommated by suspensIOn feeders, anImals extrachng partIculate foods
out of suspensIOn m the water column Under slower flows, depOSIt feeders
dommate the benthos, feedmg on orgamc matenals deposIted on or m the seafloor
The benthos also rncludes some predatory mvertebrates, such as seastars (for
example, leather star, De111lastmas l1nbl1.cata, and sunflower star, Pycnopodza
helzantholdes), crabs (for example, helmet crab, Te111lessus chen agonus), some
gastropods, and some scavengIng rnvertebrates (Dean et al 1996b) Bentluc
mvertebrates of soft sedIments are dlShngmshed by SIZe, WIth entrrely dIfferent
taxa and even phyla occurnng rn the separate SIZe classes Macrofauna rnclude the
most WIdely reCOgnIZed groups such as polychaete worms, clams, gastropods,
amphIpods, holothunans, and seastars (Hatch 2001, Dnskell et al 1996)
Mewfauna mclude most prommently m the GOA nematodes, harpachcOld
copepods, and turbel1arIans (Feder and Paul 1980b) Fmally, nucrofauna mclude
most prommently foramInIfera, ciliates, and other protozoans Because the actual
speCIes composIhon of the benthos changes WIth water depth, the shallow and
deep subhdal benthIc faunas m the spill zone hold few speCIes rn common Soft­
sedIment commumhes of Alaska are best descnbed and understood rn vanous

locahons WIthIn PWS, as a consequence of the mtense
study after the 011 spill

The shallow subhdal rocky shores that are vegetated
also mclude SUItes of bentluc mvertebrates umque to
those systems These benthIc mvertebrates eIther dIrectly
consume the large plants, such as sea urchIns, or else are
assocIated WIth the plant as habItat Those specIes that
depend upon the plant as habItat, such as several speCIes of amphIpods, crabs and
other crustaceans, gastropods, and polychaetes, often are grazers as well, takIng
some mIXture of macrophyhc and epIphyhc algae m theIr dIets Grazmg by sea
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urchIns on kelps IS suffIClently mtense m the absence of predahon on the urchms,
especIally by sea otters m the spill area, to create what are known as "urchIn
barrens" m whIch the macrophyhc vegetahon IS vIrtually removed from the
seafloor (Estes and PalmISano 1974, SImenstad et al 1978) In fact, thIs shallow
sl;lbhdal commumty on rocky shores of the GOA represents the best example mall
of marme ecology of a system controlled by top-down predahon Sea otters control
abundance of the green sea urchm, StJ ongylocentJ otIlS dl0ebaclnensls When released
from that otter predahon, sea urchm abundance mcreases to create fronts of urchIns
that overgraze and denude the kelps and other macroalgae,leavmg only crustose
fOlms behmd (SImenstad et al 1978) TIus loss of macroalgal habItat then reduces
the algal assocIated mvertebrate populahons and the fIShes that use the vegetated
habItat as nursery These reductIOns m turn can mfluence produchVIty and
abundance of pIScIvorous seabIrds (Estes and PalmlSano 1974) Recently, reduchon
of tradIhonal marme mammal prey of killer whales has mduced those apex
consumers to swItch to eahng sea otters m the Aleuhans, thereby extendIng tlus
trophIc cascade of strong mterachons to yet another level (Estes et al 1998, Estes
1999)

Consequently, the shallow subhdal commumty on rocky shores of the GOA IS
strongly mfluenced by predahon and prOVISIOn of bIogemc habItat (Estes and
Duggms 1995) Human dISruptIOn of the apex predators by hunhng them (as
hlStoncally occurred on sea otters [SImenstad et al 1978]) or by reducmg thel! prey
(as may conceIvably be occurnng m the case of the Steller sea hons and harbor seals
through overfIshmg theIr own prey fIshes [NRC 1996]) has great potenhal to create
tremendous cascadmg effects through the shallow subhdal benthIc ecosystem
Furthermore, If concentrahon and bIOmagnIfIcahon of orgamc contammants such
as PCBs, DDT, DDE, and dIOXIns m the tISsues of apex predators, m pamcu1ar m
transIent killer whales (Matkm unpublIshed data), causes Imparred reproduchve
success, then human mdustnal polluhon has great potenhal to modIfy these coastal
subhdal commumhes on rocky shores

The shallow subhdal commumty on rocky shores of the GOA IS also strongly
mfluenced by larval dIStnbuhon and reCruItment Recent studIes by PartnershIp
for the InterdIscIplInary Study of Coastal Oceans (PISCO) (see AppendIx A for web
lInk) have shown that not only are the effects of compehhon and predahon
Important ill structunng benthIC commumhes, but the sources and smks of larvae
are equally Important Larval abundance and behaVIor, where they come from,
how they respond to ocean condIhons, where they are retamed, where they are
reflected, and the dynamICS regulahng theIr recruItment are all Important processes
that ultrmately control what hves where Furthermore, knowledge about lIfe
hlStones IS InsuffICIent to make broad generalIzahons about the successes and
failures of reCruItment events

The shallow subhdal benthIc commumhes m soft sedIments of the GOA regron
funchon somewhat dIfferently from therr counterparts on rocky substrata These
commumhes are Important for nutnent regenerahon by mICrobIal decomposIhon
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and for produchon of bentluc mvertebrates that serve as prey for demersal
shnmps, crabs, and flshes In some protected areas wIthm bays, however, the
shallow subhdal benthos IS structured by emergent plants, specIfIcally eelgrass m
the GOA These eelgrass beds perform ecologrcal funchons snrular to those of
macrophyte-dommated rocky shores, namely nursery funchons, phytal habItat
roles, feedmg grounds, and sources of PrImarY produchon Q"ewett et al 1999) In
the vegetated habItats of the shallow subhdal zone, the demersal flsh assemblage IS
typIcally more dIverse than and quIte dIfferent from the demersal flshes of the
deeper subhdal zone (Hood and Zunmerman 1986) In eelgrass (Zoste7 a) beds as
well as m the beds of small kelps and other macrophytes (Agm 11m, Ne7 eOCljshs and
Lammm w) m the GOA, Juvemles of many speaes that hve m deeper waters as
adults use thIs enVIronment as a nursery for theIr young because of hIgh
produchon of food matenals and protechon from predators afforded by the
shIeldmg vegetahon (Dean et al 2000) Furthermore, several flshes are assocIated
WIth the plant habItat Itself, mcludmg especIally pIckers that consume crustaceans
and other mvertebrates from plant surfaces, a mche that IS unavaIlable m the
absence of the vegetatron Both types of vegetated habItats m the shallow subhdal
zone of the GOA contam larger predatory mvertebrates, specIfIcally seastars and
crabs In some cases, the same specIes occupy both eelgrass and kelp habItats
(Dean et a1 1996b)

MIcrobIal decomposers play an extremely SlgmfIcant role m both shallow and
deep subhdal sedImentary habItats of the sea (Braddock et al 1996) Fungr and
especIally bactena become assocIated WIth partIculate orgamc matter and degrade
the orgamc compounds ThIS decomposIhon process releases the nutrIents such as
phosphorus and mtrogen m a form that can be reused by plants when the water
mass IS ulhmately recycled mto the phohc zone In short, bentluc decomposers of
the subhdal seafloor playa necessary role m the nutrIent cychng upon whIch
sustamed produchon of the sea depends In addIhon, these decomposers
themselves represent the foods for many deposIt-feedmg mvertebrates of the
subhdal seafloor Much of the detrItus that reaches the seafloor IS composed of
relahvely refrachve orgamc compounds that are not readIly assllll1ated m the guts
of ammal consumers The growth of mIcrObIal decomposers on thIs detrItus acts to
convert these matenals mto more uhhzable mtrogen-nch bIOmasS, namely fungr
and espeCIally bactena Bactena also scavenge dISsolved orgamc matenals and
repackage them mto parhculate bactenal bIOmass, whIch IS then avaIlable for use m
consumer food chams

In the subtrdal habItats, the bentluc mvertebrates serve as the prey for mobile
epIbentluc mvertebrates and for demersal flshes (Hood and ZImmerman 1986,
Jewett and Feder 1982) Mobile epIbentluc mvertebrates are dIShnguIShed from the
benthos Itself by theIr greater mobility and theIr only pamal assocIahon WIth the
seafloor The vast maJonty of thIs group IS composed of crustaceans, namely crabs,
shrImps, tanards, and some larger amphIpods (Armstrong et al 1995, Orensanz et
al 1998) In the GOA, thIS group mcludes Dungeness crabs, kmg crabs, snow crabs,
Tanner crabs, both 0 angon and Pan.dalus shrImps, such as spot shrImp, coon-
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strIped shrImp, p:m1.. shnmp, and gray shrImp, and other she1lfIsh resources that
had great commerctallDlportance before the cllDlahc phase shIft of the nud 1970s
(Anderson and PIatt 1999, Mueter and Norcross 1999, Mueter and Norcross 2000)
CllDlate and phYSIcal oceanography have the potenb.a1 to exert lDlpOrtant
mfluences on recrmtment and year-elass strength of subhdal flshery stocks m the
GOA (Zheng and Kruse 2000b), but the mechanISms and processes are poorly
understood Demersal flshes are those flshes closely assocIated wIth the seafloor,
mcludmg flounders, halIbut, sole, rockflshes, PacIfIc Ocean perch, and gadnds lIke
cod and walleye pollock They feed predommantly on the epIbentlnc
mvertebrates-tl1e ShrlDlps, crabs, and amplupods-but m addIhon prey drrectly on
some sessile bentluc mvertebrates as well Juvem1e flatfIsh feed heavily by
croppmg (parb.a1 predahon) on exposed SIphons of clams and exposed palps of
polychaetes 1llis role of prOVISIOn of benthIC mvertebrate prey for demersal
crustaceans and flshes IS an lDlpOrtant ecosystem servIce of the shallow subhdal
seafloor

The sluft m the late 1970s from crabs and shrlDlps to donunance by demersal
fIshes assoCIated WIth the shIft m cllDlahc reglDle lDlphes a strong role for
envIronmental forcmg of commumty compoSIhon m tlus shallow subhdal system,
although mechanISms of change dynanucs are not understood (NRC 1996)
Because of the effects of trawlIng on bIOgemc habItat, such as sponges and erect
bryozoans, m subhdal soft sedIments and the potenb.a1 for fISherIes expioltahon to
modIfy abundances of both targeted stocks and specres caught as by-eatch (Dayton
et al 1995), flshery lDlpacts to the soft-bottom bentluc commumty are a pOSSIble
drIver of commumty change Because the demersal flshes that are taken by trawl
and other fIsherIes represent the prey of threatened and endangered marme
mammals such as Steller sea hons, the pOSSIble lDlphcahons of flshmg lDlpacts to
thIS commumty are lDlpOrtant (NRC 1996)

The benthIC mvertebrate commumty of shallow unvegetated subhdal
sedlDlents has served worldWIde as an mdIcator system for the bIOlOgIcal mfluence
of marme polluhon The mfaunal mvertebrates that compose t1us bottom
commumty are sessile or slow-movmg They are dIverse, composed of many phyla
and taxa WIth dIverse responses to the SUIte of potenhal pollutants that depOSIt
upon the sedImentary seafloor Consequently, tlus system IS an Ideal chOICe to
momtor and test effects of manne polluhon (WarwIck 1993) The subhdal bentluc
commumty on the sedImentary seafloor IS hnuted by food supply Consequently,
commumty abundance and bIOmass reflect the effects of orgamc ennchment 1llis
IS eVIdent from varmhon m bIOmass among subhdal bentluc commumhes
geograprucally Wlthm the GOA (Feder and Jewett 1986) Therefore, changes m
prlDlary produchvIty m the water column above, allocahon of that produchon
between zooplanktomc herbIvores and bentluc mvertebrates, and phYSICal
transport reglDles combme to cause spahally exphCIt modIfIcahon of soft-sedlDlent
bentluc commumhes m unvegetated subhdal sedIments that can serve to momtor
ecosystem status Furthermore, the taxononuc composIhon of soft-sedIment
bentluc commumhes responds dIfferenhally to orgamc loadmg and tOXIC polluhon
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(WarwIck and Clarke 1993, Peterson et al 1996), thereby rendenng thIS system an
excellent chOIce for momtonng to test among alternatIve drIvers of ecosystem
change Among common mvertebrate taxa of subtIdal sedImentary habItats, the
echmoderms and crustaceans (espeCIally amphIpods) are hIghly sensItIve to tOXIC
accumulatIon of heavy metals, PAHs, and synthetIc orgamc compounds Other
taxa such as polychaetes mc1ude many opportunIstIc specIes that bloom WIth
loadmg WIth orgamc pollutants, thereby allowmg mferences about causatIon of
anthropogemc responses (Peterson et al 1996) Tlus capability of subtIdal benthIc
commumtIes m soft sedIments may prove useful m testIng among alternatIve
explanatIons for ecosystem change m the GOA

The deeper subtIdal habItats on the outer contInental shelf and the contInental
slope are not well studIed m the GOA system (Bakus 1978, SAl 1980a, SAl 1980b)
There has been some descnptIon of the mobile epIbenthIc commumtIes and the
demersal fIsh commumtIes of these deeper benthIC habItats (Feder and Jewett
1986) Most samphng of these deeper benthIc habItats mvolves trawhng and
focuses on the stocks of crabs, shnmps, and demersal fIshes that are commerCIally
explOIted (Rosenberg 1972, Bak-us 1978) The contInental shelf as a whole (shallow
to deep) represents a key fIshmg grounds m the GOA and has correspondmgly
hIgh value to humans Because commumty structure of benthIc systems can be
modIfIed dramatIcally by the phYSICal damage done by trawls to blOgemc habItat
such as sponges and soft corals (Dayton et al 1995), thIs human actIVIty IS the
object of concern The contInental slope, on the other hand, does not expenence
great fIshmg pressure

7.10 Forage Species

7 10 1 Definition

Forage specIes mc1ude a broad SUIte of speCIes that are commonly consumed by
hIgher trophIc level speCIes (fIsh, seabIrds, and manne mammals) SpecIfc speCIes
mc1uded m the forage speCIes complex vary among authors and management
agenCIes The North PacIfIc FIShenes Management Council (NPFMC) groundfIsh
fIshenes management plan defInes the forage speCIes complex as a group of speCIes
that mc1udes the followmg (NMFS 2001)

•

•

•

•

•

•

Smelts (capehn, rambow smelt, eulachon, and famIly Osmendae),

PaCIfIc sand lance (Ammodytes he:wpterus),

Lantern fIshes (famIly MyctophIdae),

Deep-sea smelts (famIly BathylagIdae),

PaCIfIc sandfIsh (Tnchodon tnchodon),

EuphauSllds (Thysanopoda, Euphausla, Thysanoesssa, and Stylochel1 on),
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Gunnels (fanuly Phohdae),

Pncllebacks (fanuly ShchaeIdae), and

Bnstlemouths, hght6.shes, and anglemouths

Sprmger and Speckman (1997) extend thIS defuuhon to mc1ude Juvernle stages
of commercIally explOIted speCIes such as Pacmc herrmg (Clupea pallasl), walleye
pollock (Thel agJ a chalcogJ amma), and Pacmc salmon (Onc01 hync7ms sp) For the
purposes of thIS background reVIew, the GEM Program focuses on a subset of
speCIes that are commonly found m coastal 01 oceamc regIOns of the GEM study
regIOn In the shelf envITonment, thIs subset mc1udes euphausnds, capelm,
eulachon, sand lance, Juvernle pollock, Juvernle herrmg and JUvernle pmk salmon
(Onc01 hynchus g01 buscha) In the offshore envrronment, thIS subset mc1udes
common myctophIds, such as small-fmned lantern fIShes (Stenobl ac7uus leucopsa11ls
and Dwplms theta), and bathylagIds, such as the northern smoothtounge
(Lew oglossus sc7umdn) nus parhhonmg allows GEM to hIghhght several key
research queshons that could be the focus of future GEM research

A more complete descnphon of the hfe hIStory charactenshcs of the forage
speCIes IdenhfIed by the GEM Program can be found m Hart (1973, NMFS 2001)
Table 72 summanzes key features of the hfe hIStory charactenshcs

7 10 2 Resource ExplOitation In the GEM Region

Small amounts of non-commerCIal forage speCIes are taken as bycatch m federal
and state fIshenes m the GOA (NPFMC 2000, NMFS 2001) In an attempt to
dIscourage the development of target fIShenes for forage specIes, the NPFMC
restncts the catch of forage speCIes to no more than 2 percent of the total landed
catch of commercm1 fIshenes m federal waters (NMFS 2001) Although the bycatch
of non-commercIal forage specIes tends to be low relahve to target fIShenes for
commerCIally explOIted speCIes, the percentage of the bycatch relahve to regIonal
abundances of mdIVIdual forage speCIes IS often not known because of the
dJ.ffIcu1ty mvolved m assessmg these speCIes

PaClfIc salmon fIShenes off the coast of Alaska are managed by a complex
system of treahes, regulahons, and mternahonal agreements State and federal
agencIes cooperate m managmg salmon resources The State of Alaska regulates
commerCIalfIShenes for salmon WIthm state waters where the maJonty of the catch
occurs Federal agenCIes control the bycatch of Juvernle salmon m groundflSh
fIShenes through prohIbIted-specIes bycatch restnchons (NMFS 2001) In the GEM
study regIon, pmk salmon are pnmanly harvested by purse semes Most of the
pmk salmon taken m PWS are of hatchery ongm

State and federal agenCIes also cooperate m managmg Pacmc herrmg fIShenes
Most of the drrected hernng removals occur Wlthm state waters and are regulated
by ADF&G In federal waters, the removals of PaClfIc hernng m groundflSh
fIShenes are regulated through prohIbIted-specIes bycatch restnchons (NMFS 2001)
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Table 7 2 Summary of Key Life History Characteristics of Selected Forage SpeCIes

PacifiC sand Northern
Capelln Eulachon lance Walleye Pollock Pmksalmon lanternflsh

Euphausllds Mallotus Tha/elchthyes Ammodytes Theragra Pacific herrmg Oncorhynchus Stenobrachlus
Characteristics 11 species villasus pacificus hexapterus chalcogramma Clupea pallasll gorbuscha leucopsarus

Maximum age 2 4 5 3 21 18 2 6
(years)

Maximum length 4 25 25 15 80 45~ 65 9
(centimeters)

Prey planktlvorous planktIvorous planktlvorous planktlvorous plankton and fish planktlvorous plankton and fish planktIvorous

Peak spawnmg spring spring spring Winter Winter-spring winter-spring summer unknown-
Winter?

Spawn location unknown IntertIdal rivers late fall early pelagiC on shelf nearshore rivers unknown
winter

Abundance unknown low stable low stable unknown low stable low high stable unknown
trend (uncertain) (uncertain) (uncertain)

Foragmg habitat pelagiC- pelaglc- pelaglc- demersal- mesopelaglc- pelagiC shelf pelagiC shelf and mesopelaglc-
mid water over mid-water over mid-water over 0-100 m demersal and open ocean outer shelf and
shelf shelf shelf over shelf open ocean
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State and federal agencIes regulate commerCIal removals of walleye pollock
The maJonty of the catch occurs m federal waters, however, small state fIshenes
have started m PWS In federal waters, the catch IS regulated by federal agencIes
based on recommended harvest regulahons prOVIded by the NPFMC The catch of
Juveru1e pollock IS assessed WIthIn the stock assessment and fIshenes evaluahon
(SAFE) reports Juveru1e pollock catch IS mcluded m consIderahons regardmg
annual quotas for thIs speCIes The lack of a market for Juverule pollock less than 30
cm m length serves as an mcenhve to mdustry to mmmuze the bycatch of Juverule
pollock Efforts to nurumIZe bycatch of Juverule pollock m pollock target fIshenes
mclude the voluntary adophon of alternahve mesh confIgurahons deSIgned to
reduce the retenhon of small pollock (Enckson et al 1999)

7 10 3 Assessment Methods and Challenges

There are several ImpedIments to the development of forage speoes
assessments The dIverSIty of lIfe hIStory charactenshcs confound efforts to
develop a mulhpurpose survey to assess forage speoes as a smgle complex In
addIhon, several forage specIes are small and pelagIc, makmg them less vulnerable
to the standard trawl gear used m broad-scale surveys to assess stocks conducted
by ADF&G or NMFS A hIgh pnonty should be placed on research deSIgned to
overcome these ImpedIments

Several authors have reported on possIble trends m forage speCIes abundance
m the shelf and offshore enVIronment (Hay et al 1997, Anderson and PIatt 1999,
Blackburn and Anderson 1997, BeamISh et al 1999a) These papers rely on
anecdotal mformahon from surveys that were deSIgned to assess the abundance of
another specIes (such as shrImp, salmon, crab, or groundfIsh) IndIces of
abundance based on these data may be subject to error because of problems WIth
the selechvIty of the gear or the lImIted spahal or temporal scope of the surveys

An assessment deSIgned for forage speoes IS needed to develop an accurate
evaluahon of the dIStnbuhon and abundance of thIs Important group of specIes It
IS unlIkely that a smgle survey would be adequate for all forage specIes, therefore,
a vanety of survey methods should be consIdered Potenhal survey methods for
forage speCIes are IdentIfied m Table 7 3

7 10 4 Hypotheses About Factors InfluenCing Food Production
for Forage Fish Production

Several hypotheses (summanzed below) have been advanced to explam trends
m forage fIsh dIStnbuhon and abundance For the most part, these hypotheses are
based on research m the shelf and coastal waters of the western central GOA
ecosystem, mcludmg PWS DetaIled process-onented research has been conducted
to confIrm hypotheses for a small number of forage speCIes, although these studIes
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Table 7 3 Potential Surveys for Assessment of Selected Forage Species

Type

Small mesh mid water surveys

High-speed near-surface trawls

Acoustic mid-water trawl surveys

Small-mesh beach seines

Aerial spawning surveys

Light detection and ranging (L1DAR)

MOnitoring diets of key bird predators

Candidate Species

Euphausllds capehn eulachon Juvenile
pollock (age 0 and age 1) Juvenile
herrmg, small finned lanternfishes,
northern smoothtongue

Juvenile salmon

Capehn eulachon Juvenile pollock
Juvenile herring euphausllds

Sand lance

PaCifiC herring and capehn

Useful for species Wlthm the upper 50 m

Juvenile pollock capehn and sand lance

were often conducted m a hrruted geographIc area representmg only a fractlon of
the range of the speCIes

1 Feedmg opporturutles for early feedmg larvae Slufts m large-scale
atmosphenc forcmg controls the structure of manne fIsh commumtles m
the western central GOA ecosystem through Its role m determmmg the
tlmmg of peak productlon Speaes that spawn m the wmter and early
sprmg will be favored by penods of early peak productlon, whIle specIes
that spawn m the late spnng and summer will be favored by penods of
delayed productlon (Mackas et al 1998, Anderson and PIatt 1999)

2 Concentratlon of prey for early feedmg larvae Ocean condItlons that favor
concentratlon of forage fIsh and thel! prey will enhance productlon of
forage speCIes The FOCI program IdentlfJed a potentlal mechamsm lmkmg
mcreased preClpitatlon to enhanced eddy formatlon and reduced larval
mortalIty EddIes are beheved to prOVIde a favorable enVIronment for
pollock larvae by mcreasmg the probability of encounters between larvae
and thel! prey (Megrey et al 1996) Research IS needed to determme
whether thIS mechanISm may be Important for other forage fIshes wlthm
the western and central GOA

3 Prey dISpersal for early feedmg larvae An mverse or dome-shaped
relatlonshlp eXISts between the amount of wmd moong and forage fIsh
productlon Bailey and Mackhn (1995b) compared hatch date dIStributlons
of larval pollock WIth daily wmd nuxmg ThIs analySIS showed that fust­
feedmg larvae exlubIted hIgher surVival dunng penods of low wmd
nuxmg Megrey et al (1996) speculated that extremes m wmd nuxmg
would result m reduced pollock SU!Vlval because low-wmd nuxmg would
reduce the availability of nutrIents m the illlXed layer and hIgh-wmd
nuxmg would lead to reduced encounters between pollock and thel! prey
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4 CompetItIon for prey At fmer spatIal scales, prey resources for forage :&sh
may be brruted, leadmg to resource partItIonmg to mmmuze competItIon
between forage :&sh specIes that occupy SlIDllar habItats Willette et al
(1997) exammed the mets of Juvemle walleye polJ.ock, Pacmc herrmg, pmk
salmon, and chum salmon m PWS TheIr study revealed that two speCIes
parrs (walleye pollock and Pacmc herrmg, and pmk and chum salmon)
exlubited a mgh degree of dIetary overlap ThIs fmdmg suggests that m
PWS, competItIon for food resources may occur Wlthm these parrs when
food abundance IS brruted Purcell and Sturdevant (2001) found eVidence
of potentIal competItIon between zooplantIvorous JellyfIsh and Juvemle
:&shes m PWS TheIr study showed mgh met overlaps m the mets of pelagiC
coelenterates and forage specIes and that these speCIes co-occur spatIally
and temporally ill PWS

5 Prey uhhzatIon Overwmtermg mortahty of forage specIes IS dependent on
the amount of energy accumulated durmg the summer FIeld and
laboratory expenments suggest that the overwmtermg success of both
age-D Pacmc herrmg and age-O walleye pollock may be dependent on the
amount of energy accumulated durmg summer (Foy and Paul 1999, Sogard
and Olla m press) However, the early hfe mstory strategy of walleye
pollock may make them less susceptIble to starvatIon durmg the wmter
penod Paul and Paul (1999) compared the growh strategies of larval and
age-D walleye pollock and Pacmc herrmg ThIs comparISon revealed that
walleye pollock metamorphose early, allowmg for an extended growth
penod, whIle Pacmc herrmg metamorphose later and accumulate energy
for overwmtermg RapId growth prOVides mcreased swmmung speed
leadmg to more successful prey capture and predator aVOIdance The
benefIts of the pollock strategy may allow them to conhnue to grow
through the wmter (Paul et al 1998)

7.10.4.1 Food Quality
Efforts to lffiprove understandmg of the mechanISms underlymg the

productIon of forage specIes would benefIt from an lffiproved understandmg of the
prmcipal prey uhhzed by forage specIes Although detailed InformatIon eXISts for
commerCIal speCIes such as JUvemle pollock, salmon, and herrmg (CIanelh and
Brodeur 1997, Willette et al 1997), only brruted InformatIon IS avaIlable to descnbe
the prey preferences of many members of the forage fIsh complex In partIcular,
InformatIon IS lackmg m the case of offshore speCIes

7 10 5 Hypotheses About Predation on Forage Fish

By defImtIon, forage specIes represent an lffiportant prey resource for many
mgher-tropmc-level consumers (:&sh, seabIrds, and marme mammals) Top-down
predatIon pressure on forage :&sh depends on several factors, mc1udmg predator
abundance, the abundance of alternatIve prey, the densIty of prey, and the
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patchmess of prey Changes m these factors will1l1f1uence the relatrve lillportance
of top trophIc-level forcmg on forage fIsh produchon

EVIdence suggests that m some years, fIsh predahon may exhIbIt a measurable
effect on forage specIes produchon m the GEM regIOn Anderson and Piatt (1999)
noted that the post regllle shIft mcrease m gadOld and pleuronectrd ftshes
comClded WIth marked declmes m capelm and shrlllp populahons They
proposed that thIS mverse relahonship could be caused by mcreased predahon
mortahty due to an mcrease m piCIvOroUS (fIsh-eabng) speCIes ConsIStent WIth
thIS hypothesIS, Bailey (2000) performed a retrospechve analysIS of factors
ll1f1uenongJuvenile pollock surVIVal He provIded eVIdence that durmg the 1980s,
pollock populahons were largely n1f1uenced by envrronmental condIhons, and after
the mld-1980s, Juvenile mortalIty was hIgher, resulbng from the bmldup of large
fIsh predator populahons In PWS, Cooney (1993) speculated that pollock
predahon could explam some of the observed trends m Juvenile salmon surVIval
He suggested that years of hIgh copepod abundance were aSSOCiated With hIgh
Juvenile salmon surVival, because pollock rehed on an altemahve prey resource In
the open ocean, BeamlSh et al (1999a) proposed that mesopelagIc fIshes transfer
and redIStnbute energy through two prlillary trophIc pathways (1) abundant
zooplankton to 5 leucopsaJ sus and then sqUId, and (2) 5 leucopsaJ sus, D theta, and
L SChl111dh to walleye pollock, salmon, dolphm, and whales The diVISIOn of energy
through these pathways IS thought to mfluence the amount of energy reachmg the
sea floor

The lmportance of forage fIsh m seabrrd and marme mammal diets has been
demonstrated by a number of authors (Hatch and Sanger 1992, Sprmger et al 1996,
Kuletz et al 1997, Ostrand et al 1998) There IS httle eVidence that seabrrd
predahon IS suff:t.Clent to regulate the produchon of forage fIshes m the GEM
region, however Therefore, key research elements for predahon of forage speCles
by marme mammals and seabrrds should focus on the role of oceanographIc
features m concentratrng forage speCles Withm the foragtng range of seabrrds and
marme mammals

While only a few studies have eXamlTIed the lillportance of gradients (fronts) or
water mass characterlShcs m aggregatrng forage speCIes for top predators m the
GEM region, the lmportance of these features IS well known m other regions In
the Atlanhc, aggregahons of capehn appear to be aSSOCiated WIth strong thermal
fronts (Marchland et al 1999) LikeWIse, chmate lillpacts on the dIStrIbuhon and
produchVIty of Antarchc krill (Euphausla sepe1 ba) have been shown to produce
lmportant lmpacts on hIgher trophIc level consumers (ReId and Croxall 2001, Loeb
et al 1997) Hay et al (1997) found that, m warm years, eulachon off the coast of
BntISh Columbia were more abundant m the offshore envrronment, while m cool
years, eulachon were more common m the nearshore envrronment ConsIStent
WIth the hypotheSlS of Hay et al, Carscadden and NakashIma (1997) noted a
marked dechne m offshore capehn abundance durmg a cool penod m 1990s m the
Atlanhc
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7 10 6 Hypotheses Concernmg Contammatlon

Because of the broad dIstnbutIOn and abundance of contammants, there IS httle
eVIdence to suggest that contanunants regulate the produchon of forage specIes m
Alaska waters If forage speCIes exlubit subpopulahon genehc structure,
contammants could be mfluentIal m the local mortahty rate of forage fISh
subpopulahons The small SIZe, short lIfe span, and Importance as a prey Item for
hIgher trophIc level foragers make fOlage speCIes Ideal mdIcators of regIOnal
contanunant levels (Yeardley 2000) For example, Roger et al (1990) noted that the
hIgh hpid content of eulachons suggests that they may be potenhal mtegrators of
low-level contammants If forage speCIes are to be used as a regIOnal mdicator of
ecosystem condIhons, research IS needed to determme whether forage speCIes
bwaccumulate tOXIC chemICals StudIes are needed to determme whether observed
accumulahons of tOXiC chemIcals are suffIcIent to change mortahty rage of forage
speCIes If forage speCIes accumulate lethal levels of tOXiC chemICals at the regIOnal
level, genehc studIes are needed to determme whether these populahons represent
genehcally uruque subpopulahon segments

7.11 Seabirds

7 11 1 Overview

The GOA supports huge numbers of reSIdent seabrrds twenty-sIX specIes nest
around the penphery of the GOA, WIth an eshmated total on the order of eIght
nulhon brrds (Table 74) Note that sea ducks are not consIdered seabrrds for the
purposes of thIS dIsCUSSIOn Most specIes of seabrrds are colomal and aggregate
dunng summer at about 800 colomes A vanety of habItats are used for neshng,
such as chff faces, boulder and talus fIelds, creVices, and burrows m soft sou Two
speCIes, K1tthtz's and marbled murrelets, are not colomal and nest m very atypIcal
habItats K1tthtz's murrelets nest on scree fIelds ill hIgh alpme regIOns often many
kIlometers from the coast, and marbled murrelets nest mamly ill mature trees ill

old-growth comfer forests, also often dIstant from the coast

Predahon by terrestnal mammals and rapaaous brrds undoubtedly IS
responsIble for the neshng habItats and habIts adopted by seabrrds Chff-neshng
speCIes are free to nest on mamland SItes, because mammals cannot reach them and
they are large enough to defend themselves and thel! nests agamst most aVIan
predators Ground-neshng specIes do not have thIS optIOn and must nest only on
ISlands free from predatory mammals AddIhonally, some ground-neshng specIes
come and go to and from colomes only at mght, apparently to further thwart aVIan
predators

Foxes, rats, voles, and ground squrrreis were vanously mtroduced to most
ISlands ill the Aleuhans and GOA between the late 1700s and early 1900s and
severely reduced the abundances of many speCIes of ground-neshng seabrrds, such
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Table 7 4 Nesting Seabirds In the Gulf of Alaska

Abundance1 Blomass2 Nesting Foraging
English Name SCientific Name (thousands) (tonnes) Habltae Mode4

Northern fulmar Fulmarus glaclalis 440 268 Cliff SF

Fork-tailed storm-petrel Oceanodroma furcata 640 32 Burrow SF

Leach s storm-petrel Oceanodroma leucorhoa 1 067 53 Burrow SF

Double crested cormorant Phalacrocorax auntus 33 6 Cliff CD

Brandt s cormorant Phalacrocorax pemcillatus 0086 02 Cliff CD

PelagiC cormorant Phalacrocorax pelaglcus 21 40 Cliff CD

Red-faced cormorant Phalacrocorax unle 20 38 Cliff CD

Unidentified cormorant Phalacrocorax spp 15 29 Cliff CD

Mew gull Larus canus 15 11 Ground SF

Herring gull Larus argentatus 1 1 Ground SF S

Glaucous WInged gull Larus glauscescens 185 241 Ground SF S

Black-legged kittiwake Rissa tridactyla 675 270 Cliff SF

Arctic tern Sterna paradlsaea 89 12 Ground SF

Aleutian tern Sterna aleuiJca 94 12 Ground SF

Unidentified tern Sterna spp 1 7 022 Ground SF

Common murre Una aalge 589 589 Cliff DO

Thick-billed murre Una 10mvia 55 55 Cliff DO

Unidentified murre5 Una spp 1 197 1197 Cliff DO

Pigeon gUillemot Cepphus columba 24 13 Crevice CD

Marbled murrelet Brachyramphus marmoratus 200 48 Tree CD

Klttlltzs murrelet Brachyramphus breVirostns + + Scree CD

Ancient murrelet Synthliboramphus antJquum 164 38 Burrow CD

Cassin s auklet Piychoramphus aleuiJcus 355 71 Burrow DO

Parakeet auklet Cerorhmca monocerata 58 17 Crevice DO

Least aukJet Aethla pusilla 002 00018 Talus DO

Crested auklet Aethla cnstatella 46 14 Talus DO

Rhinoceros auklet Cyclorrhynchus pS/ttacula 170 90 Burrow DO

Tufted puffin Lunda clrrhata 1 093 874 Burrow DO

Horned puffin Fratercula comlculata 773 425 Crevice DO

Total 7,826 4,423

1From U S Fish and Wildlife Service (USFWS), seabird colony database marbled murrelet m Gulf ofAlaska
from Platt and Ford (1993)

2Based on weights of seabirds presented by DeGange and Sanger (1986)

3Pnnclpal type

SF = surface-feeder, CD = coastal diver; DO = deep diver, S = scavenger From DeGange and Sanger (1986)

5EssentJallyall common murres

as storm-petrels, auklets, murrelets, and puffins (Bailey and Kooser 1993, Boersma
and Groom 1993, Sprmger et al 1993) Today, even though foxes no longer eXISt on
most ISlands, numbers of these speCIes of ground-nesbng seabIrds still hkely reflect
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the effects of mtroduced mammals Moreover, predators that occur naturally
oCCasIOnally have large, local effects on nestmg seabrrds m the GOA (OalJeyand
Kuletz 1996, SeISer 2000)

The dIStnbutIon and abundance of nestmg seabrrds m the GOA IS therefore
governed pnmanly by the availability of SUItable, safe nestmg habItats, as well as
by the availability of prey For example, chff-nestmg speCIes, such as murres and
kIttIwakes, requrre clIffs facmg the sea Therefore, regardless of the bIOmass of
potentIal forage specIes m the eastern GOA, theIe are no munes or kIttIwakes m
much of the regIOn because of the lack of sea chffs Where SUItable nestmg habItat
does eXIst, seabrrds nearly always occupy It, and fluctuatIons m therr productIVIty
and abundance through tIme are thought to be determmed for the most part by
fluctuatIons m prey populatIons

SpecIes that nest on chff faces, such as murres and kIttIwakes, are the most
well-studIed because of therr VISIbility Completmg censuses of chff-nestmg
seabrrds IS comparatIvely easy, as IS measunng several components of therr
breedmg bIOlogy, mcludmg the study of recurrIng natural phenomena such as
ll1lgratIon (phenology) and reproductIve success Consequently, precIse estImates
of abundance and productIvIty, and trends m these vanables through tIme, are
available for murres and kIttIwakes at many colomes m the GOA In addItIon to
therr vlSlbility, murres and kIttIwakes are extremely numerous and wIdely­
dIStrIbuted, and more IS known about them than about any other specIes

In contrast, seabrrds that nest underground are dIffIcult to study A further
comphcatIon IS that some of these are nocturnal as well DespIte huge numbers
and broad dIStnbutIons of some dIurnal speCIes, such as puffms, and nocturnal
speCIes, such as storm-petrels, much less IS known about populatIon SIZeS and
productIVIty or trends m these parameters through tIme and space They do have
SCIentIfIc value, however, because other characterIStIcs of therr bIOlogy offer
valuable opportunItIes for obtammg InformatIon on the dIStnbutIon and dynamICS
of prey populatIons Important to a varIety of seabrrds and marme mammals

Most seabrrds m the GOA are pnmanly plSCIvorous (fIsh eatmg) durmg the
nestmg season The prInCIpal exceptIons mclude northern fulmars, storm-petrels,
and thIck-billed murres, whIch consume large amounts of sqUId, auklets, whIch
specIalIze on zooplankton, and gulls, terns, and guillemots, whIch consume
COnsIderable amounts of crustaceans m addItIon to fIsh Many speCIes of fIshes are
taken, although a comparatIvely small number contnbute the bulk of the bIOmass
to dIets of most seabrrds Overall, the three most Important speCIes of fIshes are
sand lance, capehn, and pollock At certam colomes, at certam tImes, m certam
years, or any combmatIon of these condItIons, the myctophIds, PacIfIc cod, saffron
cod, herrmg, sablefIsh, pncklebacks, prowfIsh, and salmon are also Important to
some specIes (Hatch 1984, Baud and Gould 1986, DeGange and Sanger 1986,
Sanger 1987, Hatch and Sanger 1992, Irons 1992, PIatt and Anderson 1996, Suryan
et al 2000, Gill and Hatch unpublIShed data)
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ReSIdent GOA seabrrds can be dIVIded mto three groups based on therr
foragmg behaVIor (Table 74) Surface-feeders, as therr name lIDphes, obtam all of
therr food from about the upper 1 m of the water column and often forage over
broad areas Coastal dIvers can generally reach bottom and typICally forage m
shallow water near shore PelagIC mId-water and deep dIvers are capable of
explOItmg prey at depths of up to nearly 200 m and of foragmg over large areas
(SchneIder and Hunt 1982, PIatt and NettleshIp 1985) Most mdIVIduals of most
speCIes forage over the contmental shelf durmg summer ThIS IS due pnmanly to
the locahon of nestmg areas, wluch are along the mamland coast and on nearshore
ISlands, and the dlShIbuhon of forage speCIes, whIch m aggregate are more dIverse
and abundant on the shelf than off the shelf Excephons to thIs generahzahon are
the fulmars and storm-petrels, whIch have anatomIcal, behaVIoral, and
phySIOlOgIcal adaptahons that allow them to forage at great dIstances from therr
nestmg areas, gIvmg them access to resources off the shelf (Boersma and Groom
1993, Hatch 1993), and speCIes such as lIttrwakes that typIcally feed over the shelf,
but whIch can effICIently explOIt prey off the shelf when those prey are WIthm
foragmg range from therr nestmg locahons (Hunt et al 1981, Sprmger et al 1996,
Hatch unpubhshed data)

Therefore, as a group, seabrrds sample forage populahons broadly m three
dImensIOns These characterlShcs, plus VarIahons ill dIet between specIes and the
sensIhVIty of VarIOUS components of therr breedIng bIOlogy and populahon
abundance to fluctuahons m prey availability, make seabrrds m the GOA, as
elsewhere, valuable tools ill the study of marme ecosystems (Carrns 1987,
AeblScher et al 1990, Furness and NettleshIp 1991, Sprmger 1991, Hatch and
Sanger 1992, Montevecclu and Myers 1996, PIatt and Anderson 1996, Sprmger et al
1996)

Seabrrd populahons ill the North PaCIfIc from CalIforma to Archc Alaska are
very dynamIC, waxmg and wanmg m response to changes m prey abundance,
predators, entanglement m fIShmg gear, and Oll spI1ls
(Anderson et al 1980, Amley and Broekelheld 1990, Pame
et al 1990, Murphy et al 1991, Hatch 1993, Hatch et al
1993, Amley et al 1994, Byrd et al 1998, DIVOky 1998) 0I1
spilled from the E:>..:wn Valdez killed an eshmated 250,000
seabrrds m the GOA, 185,000 of whIch were murres (PIatt
and Ford 1996) Most murre mortalIty occurred
downstream from PWS near the Barren Islands and Alaska
Penmsula and'had an unknown effect on the abundance of murres at regIonal
colomes There IS eVIdence that the lIDIDedIate mortalIty and hngermg effects of
the spill m PWS have depressed the abundance of several other specIes of seabrrds
there throughout the 1990s (Irons et al 2000)

A strong case also has been made for a broad-scale dechne m seabrrd
abundance ill the GOA durmg the past two to three decades begmnmg before the
EVOS Marme brrds counted at sea m summer m PWS apparently dechned by
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some 25 percent m aggregate between 1972 and the early 1990s (Ku1etz et al 1997)
Many specIes contrIbuted to the declme, mc1udmg loons, cormorants (-95 percent),
mergansers, Bonaparte's gu11s, glaucous-wmged gulls (-69 percent), black-legged
kIttIwakes (-57percent), arctIc terns, pIgeon guillemots (-75 percent), marbled and
KItthtz's murrelets (-68 percent), parakeet aullets, tufted puffins, and homed
puffms (-65 percent) (KloslewskI and Lamg 1994) Other census data further
mdIcated that for the marbled murrelet, at-sea wmter abundance declmed by more
than 50 percent throughout the GOA durmg thIs tIme (BelSsmger 1995) Resu1ts
from studIes at several mune colomes ill the GOA ill summer tend to support thIs
pattern Platt and Anderson (1996) revIewed the abundance hIStones of SIXteen
colomes and concluded that many were ill declme before the EVOS Therefore, It
proved dJ.ffIcult to estImate the effect oil had on murre popu1atIons

It IS generally thought that alteratIons m forage fISh abundance and commumty
structure brought on by envIronmental change not assocIated WIth the oil spill,
such as clImate change, have been pnmanly responsIble for fallmg seabIrd
popu1atIons (Oakley and Ku1etz 1996, PIatt and Anderson 1996, Hayes and Ku1etz
1997, Ku1etz et al 1997, Anderson and PIatt 1999) For example, pIgeon guillemot
numbers ill PWS ill 1978 to 1980 averaged about 40 percent hIgher than ill the early
1990s, and they declmed further through 1996 (Oalley and Ku1etz 1996) The
declme m abundance was accompamed by a declme ill the occurrence of sand lance
ill theIr dIets, and It has been suggested that cause and effect relate the two
Because sand lance has a much hIgher fat content than the forage specIes
guillemots SWItched to, such as pollock and blenmes, It IS nutrItIonally supenor
(Anthony and Roby 1997, Van Pelt et al1997) In Kachemak Bay, sand lance was
partIcularly abundant m dIets of guillemots nestIng ill hIgh-densIty colomes ill the
late-1990s, and chICks fed predommantly sand lance grew faster than chIcks fed
lower-quahty prey (Pnchard 1997) LIkewISe, reductIons ill energy-dense capelm
ill the GOA and ill dIets of several specIes of seabIrd ill the 1980s compared to the
1970s also have been lmked to populatIon declmes (pIatt and Anderson 1996,
Anderson and PIatt 1999)

AddItIonal eVIdence of posSIble clImate-medIated popu1atIon declme IS the
frequency and magmtude of large seabIrd dIe-offs m the past two decades Some
of these illvolved huge numbers of surface-feedmg speCIes m summer, partIcularly
kIttIwakes and shearwaters ill the GOA and especIally the Bermg Sea, durillg years
of strong EI NIfio events, notably 1983 and 1997 (Nysewander and Trapp 1984,
Mendenhall1997) Others illvolved prmClpally murres ill the GOA ill wmter In
1993, on the order of 100,000 common murres starved to death, and m 1997, at least
tens of thousands suffered a sImIlar fate (pIatt and van Pelt 1993, PIatt unpublIShed
data) Such acute mortalIty, when added to the normal, or perhaps elevated,
attntIon suffered by Juvemle bIrds ill recent years, cou1d have sIgrnfIcant
repercusSIOns on populatIon SIZe As PIatt and Anderson (PIatt and Anderson
1996) note, there was only one reported dIe-off of seabIrds m the general regIOn
before 1983, and that was ill the Benng Sea ill 1970 (Bailey and Davenport 1972)
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There IS no eVIdence that seabIrds ill the GOA have been drrectly affected by
commercIal fIshenes Most of the prey of seabIrds are not targeted, for example,
sand lance and capelm Adults of some prey specIes are fIshed, such as pollock,
PaCIfIc cod, and hernng, but most seabIrds can feed only on the small age-O and
age-1 fIsh of these large types and therefore do not compete WIth commercIal
fIshenes for bIOmass Indrrect effects of commerCIal fIshmg are possIble If stock
SIZes are affected by fIshmg and If stock SIZe mfluences the abundance of young age
classes of those speCIes or the abundance of other forage speCIes

7112 Case Studies

A lot of InformatIon has been collected on seabIrds ill the GOA ill the past
three decades, although much of the data obtamed ill the last ten years has not yet
been publIshed or even presented Therefore, the
illtegratIon of all results illtO a composIte pIcture of
seabIrd ecology IS not currently pOSSIble Nevertheless,
good mformatIon IS avaIlable for some aspects of the
bIOlogy of certaill specIes at certaIn SItes, and these
examples can be used to gIVe a general Idea of the status
of seabIrds and theIr SensItIVIty to change ill the
enVIronment Promment speCIes are the black-legged
kIttIwake and common murre They are among the most abundant and WIdely
dIStnbuted seabIrds, nestIng at hundreds of colomes from Southeastern Alaska to
Ummak Pass These attnbutes and theIr ease of study have made them the best
known of all specIes ill the GOA InformatIon on trends ill abundance,
prodUCtIVIty, and dIets of kIttIwakes and murres at several locatIons spans perIOds
of one to more than four decades InformatIon on other speCIes, notably fulmars
and puffms, at some colomes prOVIdes addItIonal context

7.11.2.1 Middleton Island
The longest tIme senes of relIable abundance estImates for seabIrds ill the GOA

comes from MIddleton Island, where the frrst count was made ill 1956 (Rausch

1958) Between 1956 and 1974, the number of kIttIwakes illcreased by an order of
magmtude, from about 14,000 to 144,000 bIrds (Barrd and Gould 1986) That
illcrease IS thought to have been made pOSSIble by the 1964 earthquake, whIch
uplIfted large sectIons of MIddleton Island and created extensIve new nestIng
habItat Numbers of kIttIwakes remamed hIgh there throughout the 1970s, but
began to declme steadIly ill the early 1980s from a peak of about 166,000 bIrds to
about 16,000 today (Hatch et al 1993, Hatch unpublIshed data)

The declme ill abundance has been accomparued by generally low productIVIty
Sillce the early 1980s, averagmg Just 0 06 chIcks per parr between 1983 and 1999
(Table 7 5) Supplemental feedIng of kIttIwakes ill recent years altered a varIety of
adult breedIng parameters sensItIve to food supply and illcreased surVIval of
chIcks, strongly supportIng the notIon that food hmItatIon has been the cause of
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Table 7 5 Trends In Kittiwake Abundance and Productivity at Colonies
In the Gulf of Alaska

Population Average Production, Number of Colony
Colony(s) TraJectory 1983-2000 Colomes years

Increasmg

Gull Island' Up 039 1 15

Prince Wilham Sound2 Up 030 4 67

Barren Island3 Up 040 1 7

Stable

Prince Wilham Sound- Level 018 22 372
Overall2

Prince Wilham Sound2 Up-Down 014 5 94

Prince Wilham Sound2 Level 015 2 34

Chiniak Bal Level 019 1 16

Decllnmg

Semldl Islands3
4 Down 005 1 11

Chlslk Island' Down 006 1 9

Prince Wilham Sound2 Down 004 11 177

Middleton Island4 Down 006 1 ?

Colomes m PWS are divided mto groups of mcreasmg, stable and declmmg abundance, overall
krttlwake abundance IS stable m PWS

1From J Platt (unpublished data)

2From 0 Irons (unpublished data)

3From USFWS (unpublished data)

4From S Hatch (unpublished data)

poor productIVIty and populatIon dechne (Gill 1999, Gill and Hatch unpubhshed
data)

The longest bme senes of abundance data for murres also comes from
MIddleton Island As WIth kIttIwakes, the murre populatIOn mcreased by about an
order of magmtude followmg the 1964 earthquake, numbermg 6,000 to 7,000
mmviduals by the ffild-1970s Also bke kIttIwakes, murre abundance at MIddleton
Island was m dechne by the end of the decade, faI1mg to about 4,000 mmVlduals by
1985 The populatIon abruptly mcreased the followmg year to nearly 8,000 buds,
where It remamed through 1988, rapIdly dechned agam to about 2000 by 1992, and
has been more or less stable smce (Hatch unpubhshed data) The cause of the
dechne IS thought to have been dnven m part by the growth of vegetatIon that
hampers access of ChICks to the sea once they leave the nest (Hatch unpublIShed
data), but the sharp mcreases and decreases dunng the course of the overall dechne
argues for other controllmg factors

Glaucous-wmged gulls also probably nested m comparatIvely small numbers
on MIddleton Island before 1964, although no counts were made m the early years
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By 1973 there were fewer than 1,000 mchVlduals and fewer than 2,000 a decade
later However, ill contrast to fmdmgs for murres and lIttrwakes, the populanon
ballooned to more than 12,000 brrds between 1984 and 1993, and now totals about
11,000 (Hatch unpubhshed data) Predanon by gulls on lIttrwake and murre eggs
and clucks may have contnbuted to the dechnes of those speCIes (2001)

The abundance of rhmoceros aulJets on MIddleton Island more than doubled
from about 1,800 to 4,100 burrows between 1978 and 1998 (Hatch unpubhshed
data) Although there are no hard data, It seems lIkely that few or no rlunoceros
aulJets nested there before the earthquake because of a lack of habItat (Hatch
unpubhshed data) Therefore, the mcrease ill rhmoceros aulJet abundance nught
be Just the result of an mcrease m the extent of neshng habItat as vegetanon
covered uplIfted soils At St Lazarm Island m Southeast Alaska, however,
rhmoceros aulJet numbers nearly doubled durmg the 1990s (Byrd et al 1999),
mchcahng that other factors are pOSSIbly mvolved

A lack of adequate data precludes fum conclusIOns about trends m abundance
of tufted puffms, but It IS thought that they are mcreasmg m abundance on
Middleton Island as well (Hatch unpubhshed data)

PelagiC cormorants are known to move between neshng areas withm colomes
between years, therefore, census data are not necessarily as accurate for them as for
other chff-neshng specIes of seabrrds The data show that numbers of neshng parrs
were comparanvely stable at about 2,000 to 2,800 between the nud-1970s and nud­
1980s The number of parrs was extremely volatIle from 1985 to 1993, however,
nsmg and fallmg by as much as 700 percent between consecunve years In1993,
pelagiC cormorants numbered about 800 parrs, and have mcreased steach1y smce
then to about 1,600 parrs (Hatch unpublIshed data)

Seabrrds at Middleton Island feed on a vanety of forage specIes common
throughout the GOA (Hatch 1984, Hatch and Gill unpubhshed data) Early m the
neshng season kIttrwakes typIcally prey on extremely energy-dense myctopluds,
wluch are generally restrIcted m therr chstnbunon to deep-water regions off
conhnental shelves (WillIS et a1 1988, Sobolevsky et a1 1996) Later they SWItch to
other, lIkely more accesSIble, prey and feed clucks pnmanly on sand lance,
although capehn and sablefIsh are also Important m some years (Hatch and Gill
unpubhshed data)

RhInoceros auklets feed on numerous speCIes of fIshes, but seem to be sand
lance speCIalIsts (Hatch 1984, Vermeer and WestrheIm 1984, Vermeer et al 1987)
At Middleton Island, sand lance contnbuted on average 62 percent of the bIOmasS
fed to clucks ill eleven years between 1978 and 2000 (Hatch unpublIshed data) In
years of apparent low abundance durmg the fust half of the 1990s, pmk salmon,
capelm, greenhngs, and sablefIsh replaced sand lance

Tufted puffms at Middleton Island feed therr clucks predommantly sand lance
m years when sand lance are most abundant sand lance make up as much as 90
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percent of blOmass m peak years Tufted puffms apparently swItch to other prey
sooner than rhInoceros aullets when sand lance IS scarce AlternatIve prey of
tufted puffIns consISts mamly of pollock and prowflSh, WIth somewhat lesser
amounts of sableflSh (Hatch unpubhshed data)

7.11.2.2 PrInce William Sound
Twenty-three kIttIwake colomes m PWS were frrst counted m 1972, but were

not counted agam untl11984 These and an adilitIonal SlX colomes have been
VISIted nearly each yea! smce (Irons 1996, Irons unpubhshed data) Dunng thIS
tIme, long-term mcreases and decreases have been noted at Va!'lOUS colomes, but no
obvlOus geographIc pattern to the changes was found Instead, four colomes have
grown to large SIZe, and eleven smaller colomes have declmed, WIth some
dlSappearmg completely FIve other colomes rust mcreased, then decreased, and
two have not changed apprecIably At least some of these changes lIkely resulted
from movements of adults between SItes (Irons unpubhshed data) For example, as
the Icy Bay colony declmed from about 2,400 buds m 1972 to fewer than 100 by
2000, the nearby North Icy Bay colony grew from about 500 buds m 1972 to about
2,000 by the late 1990s Overall, the total abundance of kIttIwakes m PWS has
remamed stable, or perhaps mcreased slIghtly, despIte substantIal mterannual
vanability, for example, decreasmg by 45 percent between 1991 and 1993 and
mcreasmg by 35 percent between 1999 and 2000

Overall productIvIty lIkeWISe has been hIghly vanable between years, but
generally has been much greater than at MIddleton Island, averagmg 0 18 chIcks
per parr smce 1984 (Table 75) Average productIvIty dIffered cOnslderably
between colomes WIth dIfferent populatIon traJectones, however (Table 7 4) The
average productIVIty of four colomes WIth mcreasmg populatIons was twIce that of
two stable colomes and fIve colomes that expenenced matchmg mcreases and
decreases, whIle prodUCtIVIty at those was nearly four tImes as great as that at
eleven declmmg colomes

7.11.2.3 Lower Cook Inlet
KIttIwakes at ChlSlk Island m Lower Cook Inlet were frrst counted m 1971

(SnarskI 1971), and the populatIon appears to have fallen steadily smce then By
1978, the number of buds was down by about 40 percent and today It IS Just 25
percent of the 1971 total (PIatt unpubhshed data) The trend m murre abundance at
Ch1sIk Island has paralleled that of kIttIwakes, but the declme has been even
steeper The populatIon fell by more than half between 1971 and 1978, and today
stands at Just about 10 percent of Its former abundance KIttIwake productIVIty has
been poor m most years, averagmg Just 0 06 chICks per parr (Table 7 5) Less IS
known about productIVIty of murres, whIch has been estImated only smce 1996 In
that tIme, It has been vanable and averaged 0 56 chIcks per parr (Table 7 6)

In contrast, Just across Cook Inlet at Gull Island m lower Kachemak Bay,
numbers of kIttIwakes and murres have mcreased substantIally smce counts were
frrst made m 1976 The abundance of kIttIwakes more than doubled between the
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nud-1970s and nud-1980s, peaked m 1988, and has averaged about 10 percent to 15
percent lower through the 1990s (pIatt unpubhshed data) The growth m numbers
of murres was somewhat less abrupt, but more endurmg, WIth steady, exponenbal
growth of about 300 percent through 1999 ProducbvIty of kIttIwakes at Gull
Island has been much hIgher than at ChlSl1 Island, and has been among the hIghest
anywhere m the GOA WIth comparable data (Table 75) ProducbvIty of murres at
Gull Island has been less vanable than at OllStl Island, but has averaged
essenbally the same, 0 52 chIck per adult (Table 7 6)

Table 7 6 Trends In Murre Abundance and ProductIVity at ColOnies
In the Gulf of Alaska

Population
Colony Trajectory

Gull Island' Up

Chlslk Island' Down

Barren Island 2 Up

Semldl Islands 2 3 Up

Average Production, Colony
1989-2000 Range Years

052 028-065 4

056 018-074 4

073 058-075 5

048 021-058 6

1From J Piatt (unpub!lshed data)

2From USFWS (unpub!lshed data)

3From S Hatch (unpublIshed data)

KIttIwakes were frrst counted on the Barren Islands, at the mouth of Cook Inlet,
m 1977 The next counts m 1989 to 1991 were apparently comparable Systemabc
counts began m 1993 and have conbnued smce It IS not known If the earher (1977
to 1991) and later (1993 to 1999) groups are comparable WIthm-grOUp data
mdIcate that there was no apparent change m kIttIwake abundance durmg eIther
bme penod LIkeWIse, there are two groups of counts for murres - seven counts
between 1975 and 1991 and ten systemabc counts between 1991 and 1999 Counts
m the early part of the frrst mterval are not comparable to later counts m that
mterval, therefore, It IS not known whether murre numbers changed from the 1970s
to the late 1980s Smce 1989, however, the populabon has steadily grown by about
40 percent (Roseneau unpubhshed data) KIttIwake producbVIty at the Barren
Islands m the 1990s was as hIgh as at Gull Island (Table 75) Murre producbVIty
SInce 1995 has averaged 0 73 chIck per parr, whIch IS hIgher than at eIther of the
other colomes m Lower Cook Inlet

KIttIwakes and murres at all thr~e locabons prey on a sImllar SUIte of forage
fIshes, but the propomon of each specIes m dIets VarIes dependmg on thel! relabve
abundance Sand lance, capehn, and cods are the three most Important taxa of prey
(PIatt unpubhshed data, Roseneau unpubhshed data) Among the cods, the
propomons of pollock, PacrfIc cod, and saffron cod vary by locabon A varIety of
eVIdence from the Lower Cook Inlet regIOn mdIcates that populabon trends of
kIttIwakes and murres at the three colomes are dIrectly related to the abundance of

I
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prey avaJ1able to the brrds (KItaysky et al 1999, Robards et al 1999, PIatt
unpubhshed data, Roseneau unpubhshed data)

7.11.2.4 KodIak Island
Of numerous seabrrd colomes on Kochak Island, only the one at Cluruak Bay

has receIved much attentIOn KIttIwakes were frrst counted there m 1975 to 1977
and numbers were stable They were next counted m 1984, by whIch bme the
population had more than doubled Numbers have smce been varIable, but
showed no sIgmfIcant changes unh11999, when they were about twICe as great as
m 1997 to 1998 KIttIwake productivIty at Oumak Bay was very hIgh for at least
two years m the lllid-1970s (about one chIck per nest), but was poor m the 1980s,
averagmg Just 0 11 chIck per nest between 1983 and 1989 ProductivIty lffiproved
m the 1990s, averagmg 0 24 chIck per nest, and has averaged 0 19 chIck per nest
overall smce 1983 (Table 7 5)

KIttIwakes at Oumak Bay preyed pflffiarily on sand lance and capehn m the
1970s VanatIons m chet between years were correlated WIth varIations m
productIVlty (Barrd 1990)

7.11.2.5 SemldiIslands
ApproXlffiately 2,500,000 seabrrds, or about a thrrd of all the seabrrds nestIng m

the GOA, are found on the Selllim Islands, mc1udmg about 10 percent of the
la.ttIwakes, half of the murres and homed puffms, and nearly all of the northern
fulmars (Hatch and Hatch 1983) Seabrrd stuches on the Selllich Islands began m
1976 and have contInued m most years smce Most work has occurred at Chowlet
Island, whIch hosts on the order of 400,000 brrds of at least fIfteen speCIes, WIth the
chff-nestIng species-la.ttIwakes, murres, and fulmars-reeeIVmg the greatest
attention

The number of la.ttIwakes at ChoWlet Island vaned httle through 1981,
although the number of nests grew by 60 percent No counts were made m 1982 to
1988 KIttIwake abundance m 1989 and 1990 had not changed, but It deehned
abruptly m 1991, and has averaged about 30 percent lower smce The number of
la.ttIwake nests m 1989 had fallen back to the late 1970s level, where It has tended to
remam (USFWS unpubhshed data) ProductivIty of la.ttIwakes at Chowlet Island
was generally hIgh between 1976 and 1981, averagmg 0 43 cruck per nest, WIth the
hIghest level (about 1 chIck per nest) m 1981 KIttIwakes began faJ1mg to produce
chIcks at least by 1983 (no data were obtamed m 1982), however, and m eleven
years between then and 1998, the average productIVlty has been JUst 0 05 chIck per
nest (Table 75) Accompanymg the dechne m abundance and collapse of
productIVlty was a delay of nme days m the mean laymg date m the 1990s
compared to the 1970s and early 1980s Poor productIVlty and delayed laymg are
both symptomatic of food stress

Murre abundance on ChoWlet Island was stable between 1977 and 1981
Abundance was the same m 1989 when counts were next made, but m contrast to
fmdmgs for la.ttIwakes, the population has grown steadily smce, standmg 30
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percent lugher by 1998 As for 1J.ttrwakes, the mean lay111g date of murres was
about ten days later 111 the 1990s than ill the 1970s Produchvity has not vaned
appreciably between years, except 111 1998 when It was very low The average
produchVlty S111ce 1989 was 048 cluck per parr, or about the same as at C1usJ.k and
Gull ISlands (Table 7 5)

Trends 111 fulmar abundance, produchVlty, and phenology through hme
exlubited patterns SImllar to those of 1J.ttrwakes and murres As WIth murres,
abundance has illcreased numbers of fulmars grew steadIly between 1976 and
1981, and generally conhnued that haJectory at least through the mId-1990s An
excephonally low number recOlded ill 1998, the last year they were counted and
the only year Sillce 1995, may be an arhfact and not representahve of the long-term
trend, or It may represent a real dechne As With 1J.ttrwakes, produchvity of
fulmars was lower 111 the 1980s and 1990s, averagmgJust 0 24 cluck per nest from
1983 through 1998, compared to an average of 0 52 cluck per nest from 1976
through 1981 In addIhon, as found for both kIttrwakes and murres, the neshng
phenology of fulmars was conspIcuously later 111 the 1990s than ill the 1970s

Little IS drrectly known about dIets of 1J.ttrwakes and murres at the SemIdI
Islands, but based on dIets of rhmoceros auklets and tufted and homed puffIns
there (Hatch 1984, Hatch and Sanger 1992), It can be assumed that the usual food
sources-sand lance, capelm, and pollock-are most Important These prey also are
SlgrufJ.cant for fulmars In general, the dIets of fulmars overlap extensIvely WIth
those of kIttrwakes and murres, although overall fulmar dIets are much more
vaned (Sanger 1987, Hatch 1993) For example, fulmars are noted for eahng large
amounts of JellyfISh and offal and for feedIng JellyfISh to clucks

7113 ConclUSions

SeabIrd populahons at colomes 111 the GOA are very dynamIC, WIth numerous
examples of growth and dechne dunng the past three decades

In spIte of COnsIderable uncertarnty about the magmtude, a WIdespread dechne
rn the abundance of murres rn the GOA may have occurred smce the 1970s
Numbers are clearly down ill such dIverse habItats as MIddleton Island, wluch hes
near the edge of the conhnental shelf and IS the most oceamc of all colomes rn the
GOA, at OusIk Island, wluch IS arguably the most nenhc (nearshore) colony, and
apparently at several colomes along the south SIde of the Alaska Penmsula Murre
numbers are not umformly down, however, they have rncreased dramahcally at
Gull Island dunng the past flfteen years and at the Barren Islands and the SemIm
Islands dunng the past ten years Although comparahvely httle IS known about
murre produchvIty, It has been essenhal1y the same ill recent years at the dechnmg
colony on ChlSIk Island as at the growrng colomes on Gull Island and the SemIm
Islands At OusIk Island, the rate of dec1me of the populahon equals the eshmated
adult mortahty-produchVlty seems to be sufftClent to maIntam numbers~ those
bIrds were recrUlhng to the populahon Therefore, recruItment appears to have
been lackmg, wluch could be explarned by poor SUTVlval of bIrds raISed there or by
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errugrabon to other colomes (pIatt personal commurucabon) At Gull Island,
producbVlty and recruItment can account for only about half the rate of populabon
growth, WIth lll1llllgrabon requrred to explam the other half

In most cases, local trends m the abundance of murres and kItbwakes, lIkely
reflect mesoscale or regIOnal processes affecbng prey availability For example,
dIfferences m populabon trends of both specIes at ChJ.sJ.l Island and Gull Island,
and dIfferences m producbvlty of kItbwakes between the 15lands, are related to
regIOnal vallabons m the abundance of forage fIShes (PIatt unpublIShed data) The
sImllanty m murre producbvlty between colomes 15 lIkely explamed by fleXIble
bme budgets, whIch buffers them agamst fluctuabons m prey (Burger and PIatt
1990, Zador and Platt 1999)

There 15 not enough mformabon to determme whether tota1kItbwake
abundance m the GOA has changed one way or another Many examples of
growth, declme, and StaSIS m mdIVldual colomes are available, but there 15 no
apparent broad geographIc pattern to the trends At the few colomes where both
kItbwakes and murres have been momtored, abundances of the two specIes tend to
track each other through bIDe KItbwakes, along WIth murres, have declmed at
Middleton Island and OusIk Island, and apparently mcreased, WIth murres, at Gull
Island The one excepbon 15 at Chowlet Island m the SerrudI Islands, where
kItbwakes decreased and murres mcreased Elsewhere, kItbwakes have mcreased
at ChmIak Bay on KodIak Island and remamed stable overall m PWS

There 15 a strong correlabon between populabon trajectory and long-term
average producbVlty of kItbwakes at many colomes Those colomes that are
mcreasmg m SIZe have the hIghest producbVlty, those that are dechmng have the
lowest Colomes that show no change have mtermedIate levels There are varIOUS
mterpretabons of such a relabonshlp One 15 that producbvlty and subsequent
recrUItment of young determmes abundance Another 15 that kItbwake abundance
and producbVlty SImply track changes m prey, that 15, m years of hIgh prey
abundance, more adults attend colomes and produce greater numbers of chIcks
than m years of low prey abundance There would not necessanly have to be any
other relabonshIp between the two

There are COnsPICUOUS temporal patterns of kItbwake producbVlty at many
colomes durmg the past seventeen years ProducbVlty at colomes m PWS and at
Gull Island has vaned m tandem, With peaks and valleys at about 5-year mtervals
hIgh producbVlty m the rrud- to late 1980s, low m the early 1990s, and hIgher agam
after 1995 For most of the record, from the early 1980s through the illld-1990s, thIS
pattern was OppOSIte that at ChmIak Bay on KodIak Island, where producbVlty
peaked m the early 1990s whIle It bottomed-out m PWS and at Gull Island
Producbvlty at the three locatlons tended to track together dunng the latter half of
the 1990s

KItbwake producbVlty and populabon trends ill PWS are well-eorrelated
before 1991 and SInce 1991, but the SIgn (poslbve or negabve) of the relabonshIp
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chffers Before 1991, lugh produchvity was assoCIated WIth low numbers of bIrds at
the colomes, but Sillce 1991, the relahonship has been OpposIte A smular swItch
occurred at about the same hIDe ill the relahonslup between lIthwale produchVlty
ill PWS and the abundance of age-1 herrillg Such d.Jfferences ill SIgn and behaVIOr,
of relahonslups before and after the 1989-to-1990 regmt.e shIft have been pOillted
out for lathwales ill the Bermg Sea and for vanous other ecosystem components of
the North PacIfIc It has been suggested that the d.Jfferences reflect fundamental
changes ill ecosystem processes (Sprillger 1998, Welch et al 1998, Hare and Mantua
2000)

The peals and valleys ill lIthwale produchVlty ill PWS have punctuated a
general declmmg trend durmg the longel term If produchvity depends more on
prey abundance than on predahon, then It seems as though prey have tended to
declme throughout PWS ill the past seventeen years, notwithstandmg apparent
oscillahons

7 11 4 Future Directions

SeabIrds ill the GOA are sensIhve illmcators of vanability ill the abundance of
forage fIshes through hIDe and space How well mformahon from parhcular
speCIes at parhcu1ar colomes reflects broad patterns of ecosystem behaVIOr ill the
GOA remams to be seen The problem IS that nearly all of the colomes are SItuated
ill habItats WIth dlShnct mesoscale or regIonal properhes PWS IS a pnme example,
where colomes are located at the heads of fJords WIth and WIthout glaCIers, ill bays
and on ISlands around the penmeter of the mam body of the sound, and on ISlands
ill the center of the sound The Barren Islands and Gull Island are strongly
mfluenced by illtense upwellmg ill Kennedy Entrance that greatly modIfIes local
phYSICal conmhons and produchon processes waters ill the relahvely small regIon
are cold, nutrIent-nch, and produchve ClusIk Island hes ill the path of the outflow
of warm, nutrIent-poor water from Cook Inlet The Seffilm Islands he at the
downstream end of Shehkof StraIt and the center of dlStrIbuhon of spawrung
pollock ill the GOA

Thus, there are vanous trends ill abundance of lathwakes at the numerous
colomes ill PWS Trends ill abundance of lathwakes and murres at the Barren
Islands and Gull Island are OppOSIte those at neighbonng ChISIk Island, and
patterns of lathwake produchVlty at Gull Island and ChmIak Bay are OppOSIte of
each other Only MIddleton Island, wluch SIts ISolated near the edge of the
conhnental shelf and the Alaska Stream, and SItes on or near the coast of the Alaska
Penmsu1a west of KodIak Island, wluch he ill the flow of the Alaska Coastal
Current, seem to have the potenhal to represent gulf-WIde varIability
unencumbered by pOSSIbly confusmg smaller-scale features

On the other hand, there IS reason for ophmIsm that broad-scale varIability IS
illdeed expressed ill seabIrd bIOlogy In spIte of a WIde vanety of local habItat
characterlShcs and populahon trends of lathwakes at the many colomes ill PWS,
and large d.Jfferences ill average long-term produchVlty among colomes WIth
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chffermg abundance trends, a common temporal pattern of productIvIty has been
shared by almost all colomes Concordant, clearly defmed peals and valleys have
been observed at about fIve-year mtervals A sound-wIde envrronmental SIgnal has
propagated through the kIttIwakes regardless of thel! locatIon or status

Moreover, the SIgnal captured by kIttIwakes m PWS and expressed m patterns
of productIvIty was also captured by kIttIwakes at Gull Island, lffiplymg that they
may not be as ecolOgIcally separated as one ffilght assume consIdermg thel!
geographIc dIstance and charactellstIcs of thel! envrronments And further
expandIng the spatIal dImensIOn, the temporal pattern of sand lance abundance m
the VIClillty of MIddleton Island dmmg the past fIfteen years, as revealed by Its
occurrence m mets of rhmoceros auklets and tufted puffms there, matches closely
the patterns of kIttIwake productIvIty m PWS and at Gull Island Although a long
geographIcal stretch, It ffilght not be such a long ecolOgIcal stretch when VIewed
broadly, at the GOA scale, rather than m a regIonal geographIc and ecolOgIcal
context And fmally, the lattIwakes at ChmIak Bay also seemed to be attuned to
thIs same SIgnal, notwIthstandIng the fact that It apparently led to OpposIte
behaVIOr m the local system for some of the hme One thmg that IS farrly certam of
IS that the temporal and spatIal patterns m varIOUS components of seabrrd bIOlogy
exhIbIted m the GOA do reflect underlymg patterns m food-web productIon and
ecosystem processes Because of the range of oceanographIc SItuatIons
surroundmg the VarIOUS colomes, detaIled InformatIon from them should prove
valuable m bmldIng a composIte VIew of ecosystem behaVIOr m the GOA

A varIety of approaches to developmg a long-term momtormg program m the
GOA ffilght work, but the framework that has evolved over the past three decades
already has proved useful In-depth work IS occurrmg or has occurred m many
years smce the 1970s at well-placed locatIons throughout the GOA These locatIons
mclude St Lazana Island and Forrester Island m Southeast Alaska, MIddleton
Island, many colomes m PWS, ChlSlk Island, Gull Island, and the Barren Islands m
Lower Cook Inlet, Koiliak Island, the Seffilm Islands, and AIktak Island on the
south SIde of Ummak Pass Colomes at these locatIons share several well-known,
tractable speCIes that prOVIde complementary VIews of the ecosystem, partIcularly
If they are systematIcally explOIted for therr contnbutIons Just as InformatIon from
each of these colomes will help bmld a compOSIte broad VIew of the GOA,
InformatIon from several speCIes of seabrrds at each colony will help bmld a
compOSIte regIonal VIew of ecosystem behaVIor

Therefore, the most popular specIes should conhnue to be the mam focus
These are lattIwakes and murres, the speCIes m the GOA WIth the hIghest
combmed score of abundance, dIstrIbutIon, and ease of study Elements of therr
bIOlogy are SensItIve to varIability m prey, as seen m the GOA and numerous
places elsewhere m the North PaCIfIC and North AtlantIc

KIttIwakes and murres do not do some thmgs as well as second-tIer speCIes,
namely the puffms ComparatIvely httle IS known about populatIon trends of
puffms, despIte the fact that they are among the most abundant and WIdespread of
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the seabIrds m the GOA ThIS lack of knowledge results because they nest
underground However, puffms have been used to momtor trends m forage fIsh
abundance at numerous colomes throughout the GOA, Aleuban Islands, and
BntlSh ColumbIa (Hatch 1984, Vermeer and Westrhemt 1984, Hatch and Sanger
1992, Hatch unpublIShed data, PIatt unpubhshed data) Diets of the three speCIes of
puffms overlap extensIvely, but each samples the enVIronment somewhat
dIfferently vanability m mets among the puffms, locatIons, and tIme reveals
geograpluc patterns of forage fISh commumty structure and fluctuatIons m the
abundances of mmVIdual species Puffms return whole, fresh prey to theIr clucks,
a behaVior that proVides an economIcal, effICIent means of measunng vanous
attributes of forage fISh populatIons, such as mmVIdual growth rates wlthm and
bernreen years and relatIve year-elass strength

ThIrd-tIer speCIes, the cormorants, gmllemots, and storm-petrels, also have
attnbutes that can prOVide admtIonal useful mformatIon Cormorant and
guillemot mets overlap extensIvely With those of kIttIwakes, murres, and puffms,
but the cormorants and gmllemots sample prey much nearer to colomes and
sample admtIonal speCies not used by the others Storm-petrels, m contrast, range
Widely and sample oceamc prey not commonly consumed by any other speCIes In
combmatIon, the mets, abundance, and productIvity of the vanous species of
seabIrds prOVide mformatIon on prey at multIple spatIal scales around colomes In
SituatIons when thIS mformatIon can be eaSIly obtamed, It should not be
overlooked

A successful strategy for seabIrd momtonng will balance breadth (geograpluc
and ecolOgical) With mtellSlty (how much IS done at each Site) On the one hand, It
IS Important to select a suffICIent number of Sites to adequately represent a range of
enVIronmental conmtIons m mesoscale and macroscale mmensIons On the other
hand, stumes must be thorough at each colony SImply comparmg populatIon
trends of one or two speCIes may give uncertaIn, pOSSIbly IDlSleadmg mformatIon
on underlymg conditIons of the enVIronment Without admtIonal mformatIon on
such thmgs as surVIval, emIgratIon, recruItment, diet, and phySIOlOgical conmtIon
of the bIrds, conclUSIOns about causes of populatIon change, or about what
populatIon change IS saymg about the enVIronment versus what productIVity IS
saymg, are elUSIve

Another need for a long-term momtonng plan IS knowledge about when
rehable tIme senes begm For example, several estImates of murre abundance at
colomes m the GOA from the 1970s are hkely not comparable to more recent
systematIc counts (Enkson 1995, Roseneau unpubhshed data) Inappropnate
comparISOns could result m erroneous conclusIOns about populatIon changes that
mIght further lead to unsupported speculatIon concernmg broader trends ill

ecosystem change The consequences of mappropnate comparISOns are mcely
illustrated by census data from the western Alaska Penmsula If taken at face
value, the mformatIon mmcates that dechnes m the abundance of murres have been
partIcularly severe at colomes from the Shumagm Islands westward to Ummak
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Pass However, the trend data for two of the colomes, BIrd Island and Unga Island,
COnsISt of smgle counts made m each of two years at both colomes The £rrst counts
m 1973 were made m nud-June, whIch IS early m the nestmg season when murre
numbers are unstable at colomes and often much hIgher than later durmg the
census penod (Hatch and Hatch 1989) At another of the colomes, AIltal Island,
the eVIdence of declme IS based on a smgle count of nearly 13,000 bIrds m 1980, the
fIrst year a census of the colony was performed (Byrd et al 1999) Smgle counts m
1982,1989, and 1990 ranged between 175 and about 8,000 bIrds And, the lower
boundary of the 90 percent confIdence mterval about the mean of multIple counts
m 1998 was less than zero, and the uppel boundary was nearly as great as the fust
count m 1980 One must therefore ask If the murre populatIon has mdeed changed
at all over the long term at AIltal Island, or at the other colomes m the region
where sInular uncertamty exISts, and If so how much

In spIte of such caveats, InformatIon gamed from seabIrds m the past three
decades reveals a great deal about the nature of VarIability m the GOA We can be
certam that the perpetuatIon and re£mement of seabIrd studIes will contmue to
prOVide InsIghts and hypotheses useful to the broader goal of understandmg the
GOA ecosystem

7.12 Fish and
Shellfish

7 12 1 Introduction

The GOA IS well known for Its fISh and shellfISh because of Its long-standmg
and hIghly valuable commerCIal and recreatIonal fIShenes Less well known are
the non-commerClal fISh and mvertebrate speCIes that compose the bulk of the
anImal bIOmass m the GOA As a rule, the econonucally Important specIes are
farrly well known from trawl, trap, and hook catches made by research and
commercial vessels (Cooney 1986a, Martm 1997a, WItherell 1999a, Kruse et al
2000a) By the same rule, the maJonty of fISh and shellfISh speCIes are less well
known, havrng been sampled dunng research mvestIgatIons of lImIted duratIon
(Feder and Jewett 1986, Rogers et al 1986, HIghsnuth et al 1994, Purcell et al 2000,
Rooper and Haldorson 2000) SpeCIes not commercIally harvested are less well
studIed than commercially harvested speCIes, such as Tanner crab For example,
because no commerCIal fIshenes are allowed for such forage fIShes as eulachon,
sand lance, capelm, and lantern fIsh, the fluctuatIons of theIr populatIons are not
well documented More detaIled conSIderatIon of some of the less econonucally
Important, but more ecolOgically promment forage speCIes IS found m SectIon 710,
Forage SpeCIes, and some of the less common shellfISh speCIes are COnSIdered m
SectIon 7 9, Nearshore BenthIc CommumtIes
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The manne .fIsh and shell.fJ.sh of tile GOA fall mto two maJor groups (Feder and
Jewett 1986, Rogers et ill 1986, Cooney 1986a, Cooney 1986a, Martm 1997b)

1 FISh-bony fISh, sharks, skates, and rays, and

2 Shell.fJ.sh-the mollusks (bIvalves mcludmg scallops, sqUId and octopus),
and Crustaceans-crabs and shrImp

Note that three other ecologIcally Important groups, the pelagIc JellyfIsh
(Cmdarm), the bottom dwellmg star.fIsh and urchms (Echmodermata), and the
segmented worms (AnnelIda) are not mcluded m the category of the .fIsh and
shell.fJ.sh A lISt of all the sCIenb..6.c names and many common names of the speCIes
acceSSIble to trawl gear on the contmental shelf and shelf break of the GOA IS
found m AppendIX G (see survey area map, FIgure 710)

As would be expected WIth hIgh manne produchVlty, the .fIsh and shell.fJ.sh
fIShenes of the GOA have been among the world's nchest m the second half of the
20th century MaJor fIShenes mclude, or have mcluded, hahbut, groundfIsh (pacmc
cod, pollock, sable.fJ.sh, PacIfIc ocean perch and other rock.fJ.sh, flat.fJ.sh such as soles
and flounders), Pacmc hernng, mulhple specIes of Pandahd shrImp and red kmg
crab, fIve speCIes of PacIfIc salmon, scallops, and other mvertebrates (Kruse et al
2000a, WItherell and Kimball 2000, Cooney 19800) The status of maJor nshenes
and stocks of mterest are addressed m the subsechons below

7 12 2 Overview of Fish

Most of the approXImately 287 known GOA fISh specIes are bony fISh, and the
largest number of specIes IS m the sculpm family (Cothdae), followed m order of
number of specIes by the snaI1.fJ.sh family (Cycloptendae), the rockfISh family
(Scorpaemdae) and the flat.fJ.sh family (pleuronechdae) (Tables 77 and 78) The
bony fISh dommate the number of specIes m the GOA, With less than 10 percent of
speCIes bemg carhlagmous fIShes (petromyzonhdae to ACIpensendae, Table 7 7)

SpeCIes ffiverSIty m the fISh depends on the type of gear used to sample (Table 7 7)

It IS Important to keep m mmd that trawl gear surveys are not deSIgned or mtended
to eshmate specIes ffiverSIty A comparISon of the known fISh speCIes compoSlhon
(Table 7 7, left two columns) to the speCIes composihon m the predommant types of
trawl gear surveys (Table 77, nght two columns) shows that trawl gear samples
underestrmate the fISh speCIes ffiversity of the GOA (Cooney 1986b) The longest
standIng trawl gear surveys for the GOA are hmIted to the contmental shelf and the
shelf break (to 500 m before 1999 and to 1,000 m thereafter) The NMFS has
measured relahve abundance and dIStnbuhon of the pnncipal groundfISh and
commercIa1ly Important mvertebrate speCIes (MartIn 1997b), and before 1980, the
Intemahonal Pacmc Hahbut COmmISSIOn (IPHO collected mformahon on the
abundance, dIStnbuhon and age structure of hahbut (see FIgure 710 ill Sechon
761) Hook and hne surveys for PacIfIc hahbut, sablefIsh, rock.fJ.sh, and Pacmc cod
on the contmental shelf m the GOA have been conducted by the IPHC SInce 1962
(Oark et al 1999)
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Table 7 7 Fish Families and the Approximate Number of Genera and Species
Reported from the Gulf of Alaska

Quast and Hall1 Miscellaneous Surveys2

Family
Number of Number of Number of Number of

Genera Species Genera Species

PetromyzontIdae 2 3

Hexanchldae 1 1

Lammdae 2 2

Carcharhlmdae 1 1

Squalidae 2 2 1

RaJldae 1 7 4

AClpensendae 1 2

Clupeldae 2 2 1 1

Salmomdae 6 12 1 3

Osmendae 5 6 5 6

Bathylagldae 1 4

OPlsthoproctldae 1 1

Gonostomatldae 2 4

MelanostomIIdae 1 1

Chauliodontldae 1 1 1

A1epocephalidae 1 1

Anotoptendae 1 1

Scopelarchldae 1 1

Myctophldae 7 10

Onelrodldae 1 3

Mondae 1 1

Gadidae 5 5 5 5

Ophldlldae 2 2

Zoarcldae 6 11 4 7

Macroundae 1 3 1 1

Scornberesocldae 1 1 1 1

Melamphaldae 3 3

Zeldae 1 1

Lampndae 1 1

Trachlptendae 1 1

Gasterosteldae 2 2

Scorpaemdae 2 22 2 30

Hexagrammldae 3 6 3 5

AnoplopomatIdae 2 2 1 1

Cottldae 30 54 15 24

PsychrolutIdae 1 1

Agomdae 8 12 8 9
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"
Table 7 7 Fish Families and the ApproxImate Number of Genera and SpecIes
Reported from the Gulf of Alaska

Quast and Hall' Miscellaneous Surveys2

Family Number of Number of Number of Number of
Genera Species Genera Species

Cycloptendae 12 38 5 7

Bramldae 1 1

Pentacerotldae 1 1

Sphyracmdae 1 1

Tnchodontldae 2 2 1 1

Bathymastendae 2 4 2 2

Anarhlchadldae 1 1 1 1

Stlchaeldae 10 15 4 6

PtlhchthYldae 1 1

Phohdldae 2 4

Scytahnldae 1 1

Zaprondae 1 1

Ammodytldae 1 1

Scombndae 2 2

Centrolophldae 1 1

Bothldae 1 1

Pleuronecbdae 15 17 15 16

Cryptacanthodldae3 2 2 2 2

Totals 167 287 84 138

Sources Hood and Zlmmennan 1986 (after Ronholt et al 1978)

1After Quast and Hall (1972)

2Gulf ofAlaska exploratory, BCF, IPHC, and NNIFS trawl survey data

3Quast and Hall (1972) rnclude these genera and specIes rn the famIly Stlchaeldae whIle Hart
(1973) recogntzes a separate famIly
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Table 7 8 Proportion of the Total Species ComposItion of Gulf of Alaska Fish
Fauna Contributed by the 10 Dommant Fish Families m Two Different Surveys

Famlly1
Percentage of

FamJll
Percentage of

Total Fish Species Total Fish Species

CottJdae 19 Scorpaemdae 10

Cyclopterldae 13 CottJdae 8

Scorpaemdae 8 PleuronectJdae 6

Pleuronectldae 6 Agonldae 3

Stlchaeldae 5 Zoarcldae 2

Salmomdae 4 Cyclopterldae 2

Agomdae 4 Stlchaeldae 2

Zoarlcldae 4 Osmerldae 2

Myctophldae 3 Gadidae 2

RaJldae 2 Hexagrammldae 2

Total 68 39

Source (Hood and ZImmerman 1986)

1From Quast and Hall (1972)

2From GOA exploratory crUIses and resource assessment surveys

On the basIS of the blOmass available to trawl gear on the contmental shelf and
shelf break, flatfish and roclJJsh dommate the fIsh fauna ill most areas of the GOA
As of 1996, a flatfIsh speCIes, arrowtooth flounder, dommated the overall trawl
survey of the fIsh blOmass ill the GOA, followed by Pacmc ocean perch (rockfIsh),
walleye pollock (gadId), Pacmc hahbut (flatfIsh), and Pacmc cod (gadId) (MartIn
1997a) BlOmasS of the arrowtooth flounder IS approachmg two mllhon mt, and Its
blOmass has been steadily illcreasillg Sillce 1977 (WItherell 1999a) Of the next
fIfteen largest blOmasses of speCIes ill the 1996 NMFS survey, SIX were flatfIsh and
fIve were rockfIsh

GeographIc dlStnbuhons of GOA fIsh bIomass ill the NMFS trawl surveys are
dIfferent from the overall total In the western GOA, Atka mackeral
(HexagrammId) had the hIghest blOmass ill the Shumagm Islands, but thIs specIes
was not among the twenty largest blOmasses of speCIes ill the four other lNPFC
areas of the GOA Arrowtooth flounder dommate the trawl survey blOmasS
throughout the GOA They are the most or second most abundant ill all fIve areas
FlatfIsh and espeCIally soles comprISe a large number of hIgh-blOmass speCIes ill
the western and northwestern GOA (Shumagm Islands, ChInkof, and KodIak), and
rockfish have a large number of hIgh-blOmass SpecIes ill the northeastern and
eastern GOA (YakLltat and Southeast) Pollock and cod are a dommant part of the
blOmass ill the western GOA, but less so ill the east Pacmc sleeper sharks are
among the twenty largest blOmasses of speCIes ill the north (ChInkof, KodIak, and
Yakutat), but not ill the south (Shumagm Islands and Southeast) The only
anadromous speCIes, the eulachon, occurs among the twenty largest blOmasses ill
the north, but not ill the south
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With the use of a vanety of gear types, mcludmg trawl net, try net, trammel
net, beach seme, and tow net m waters less than 100 m, Rogers et a1 (1986)
proVided a detaIled Image of the dlStnbuhon of fIsh speCIes and bIOmasS With
depth and by regIOn As was the case for the 1996 NMFS trawl surveys, speCIes
compoSlhon and relahve bIOmass of fIsh species m mulh-gear surveys change
substanhally m movmg from the nearshore toward offshore areas m the GOA, as
well as from one region to the next The fmdmgs of the mulhple gear surveys were
cOTISlStent With the trawl survey observahons m that shallow (smaller than 100 m)
fISh assemblages were more diverse m the north and west of the GOA than m the
northeast and east (Table 7 9 m comparISon to Table 7 7)

Table 7 9 Companson of the Number of FIsh Families and SpecIes Found
at less than 100 m In DIfferent RegIons ofthe Gulf of Alaska

Location

Kodiak

Lower Cook Inlet

Prince Wilham Sound

Southeast Alaska

Number of Families

22

25

18

NA

Number of Species

101

105

72
, 51

)

Information summarized from Rogers et al (1986)

NA = not available

Other trends m dlStrlbuhon correspond to reproduchon and seasonal changes
m shallow waters m some specIes of nearshore fIShes Estuarme bays m the Kodiak
archIpelago are nursery areas, With larvae and JUvem1es bemg found m nearshore
and pelagic habitats wlthm bays (Rogers et a1 1986) Blackburn (1979 m [Rogers et
a1 1986]) found a trend of larger fIsh With mcreaSlTIg depth m studies of Ugak Bay
and Ahtak Bay on Kodiak Island Most species of nearshore fIsh apparently move
to deeper water m the wmter In Lower Cook Inlet and Southeast Alaska, Juvem1es
and other smaller SIZe classes of the species of local fIsh assemblages are found
close to shore, water temperatures permIttIng, and larger SIZe classes are found
farther offshore at depths greater than 30 m at all hIDes of the year

Nearshore areas of the GOA prOVide rearmg enVlTonments for the JUveru1es of
many fISh speCIes Important nursery grounds for Juveru1e flatfIShes, such as soles
and PaafIc hahbut, are found ill waters of Kachemak Bay and other waters of
Lower Cook Inlet, as well as m ChImak Bay on Kodiak Island (Norcross 1998) In
Kachemak Bay, summer habitats of some JUveru1e flatfIShes are shallower than
wmter habitats Juveru1e flatfIsh dlStnbuhons m coastal waters are defIned by
substrate type, typiCally mud and mud-sand, and by depth, typiCally 10 to 80 m,
and m the case of Cluru.ak Bay, by temperature Deep-water and shallow-water
assemblages were IdenhfIed for the groundhsh commumhes m both Kachemak
and Cluru.ak bays, however, the hrruhng depths were chfferent for the se two
locahhes (Norcross 1998, Mueter and Norcross 1999)
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Both salmon and groundfIsh populatIOns m the northeastern PacJ11c appear to
vary annually m concert WIth features of cbmate, but the responses appear to be
dIfferent (FrancIS et al 1998) Annual groundfIsh recruItments follow a cycle WIth a
roughly 10-year penod that may be related to the ENSO (Hollowed and Wooster
1992), whereas salmon abundance changes sharply at mtervals of twenty to twenty­
fIve years m concert WIth the PDO (Brodeur et al 1996) The ENSO and the PDO
were shown to be mdependent of one another (Mantua et al 1997) The OpposIte
responses of grOundfISh and salmon (pOSItIve) and crab (negatIve) recruItment to
mtensJ11ed AleutIan Lows may be because dIfferent speCles-specJ11c mechanISmS
are mvo:ked by the same weather pattern Because the groundfISh speCIes
descnbed by Hollowed and Wooster (1992, 1995) were mostly wmter spavvners,
Zheng and Kruse (2000b) hypothesIZe tl1at strengfuened AleutIan Lows mcrease
advectIon of eggs and larvae of groundfIsh toward onshore nursery areas,
Improvmg survIVal Salmon, on the otl1er hand, benefIt from mcreased productIon
of prey Items under mtense lows The pOSSIble hnks between AleutIan Lows,
PDOs, and ENSO and populatIons of fish and otl1er anImals are chscussed further
below and m a recent reView paper (FrancIS et al 1998)

7.12.2.1 Salmon
The GOA IS the crossroads of the world for PacJ11c salmon Salmon from Japan,

RUSSIa, all of Alaska, BntIsh Columbia, and the PacJ11c Northwest spend part of
each lIfe cycle m the GOA (Myers et al 2000) FIve speCIes of salmon-pmk, chum,
sockeye, coho and Chmook-are very common m tl1e GOA These specIes appear m
the GOA as early as tl1e frrst year of lIfe (all pmk, chum, and ocean type chmook
and some sockeye), however, others may appear durmg tl1e second (all coho and
stream-type Chmook and most sockeye) and rarely durmg tl1e thrrd or later years
(some sockeye) (see Groot and MargolIS 1991) EcolOgically, the salmon specIes
may be dIVIded mto two broad groups, marme planktIvores (pmk, chum, and
sockeye) and marme pISClvores (coho and Chmook) Furtl1er ecolOgical
dIfferentIatIon IS apparent withm planktIvores For example, the SIZe groups of
plankton consumed by chum and sockeye are mferred to be qUIte dIfferent, because
chum use short stubby gIll rakers to separate food from water, and sockeye have
long featl1ery gIll rakers as filters

DIStrIbutIon Withm the GOA changes wItl1 tIme after marme entry (Nagasawa
2000), as salmon dISperse among coastal feedmg grounds accordmg to specIes and
stock, age, SIZe, feedmg behaVIOr, food preferences, and other factors (Myers et al
2000) Durmg the frrst year of marme lIfe, salmon are located m estuanes, bays,
and coastal areas wItl1m the ACC and contInental shelf (Myers et al 2000) WItl1
tIme and growth, frrst-year salmon move fartl1er away from theIr nver of ongIn
and father offshore FIrst-year salmon move out of the ACC mto colder waters m
fall and wmter of tl1eIr frrst year at sea

Salmon of all ages are tl10ught to exhIbIt seasonal mIgratIons m sprmg and fall
between onshore and offshore manne areas In tl1e fall, salmon of all ages move
offshore to spend the wmter m waters between 40 C and 80 C that are relatIvely
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poor m food, perhaps as an energy conservanon strategy for SUTVlvmg the wmter
(Nagasawa 2000) In the sprmg, salmon move onshore mto waters that may reach
15° C where food sources are relahve1y abundant

Salmon populanons overall are at very lugh levels m Alaska, WIth the notable
excephons of western Alaska chum and Clunook populahons ongmahng m
dramages between Norton Sound m the north and the KuskokwIm RIver, west of
Bnstol Bay (ADF&G 1998) On Norton Sound, the chum salmon populanons of the
Penny and Cnpple nvers have exlubited very low to zero spawnmg stocks m the
past 5 years Another notable excephon to the record lugh levels of Alaska salmon
producnon are the KVIchak RIver sockeye populahons of Bnstol Bay, wluchhave
faltered Some"off-peak cycle" brood years have recently failed to produce as
expected (Kruse et al 2000b)

The Sltuahon m Western Alaska notwithstandmg, the 1999 commercIal harvest
of 404,000 mt of salmon m Alaska was the second largest m recorded lustory
behmd 1995 (451,000 mt) (Kruse et al 2000b) A large pornon of the record
harvests m 1999 was pmk salmon from areas adJacent to the GOA, such as PWS,
and Southeast Alaska The status of salmon populahons and fIshenes m the
followmg areas were recently evaluated m terms of levels of harvest and spawnmg
escapements areas comCIdent WIth habItats m the north central GOA of the Stellar
sea hon, wluch IS lISted as an endangered speCIes under the Endangered SpeCIes
Act of 1973 (ESA), KodIak, the Alaska Penmsula, and Bnstol Bay All maJor
commerCIal salmon stocks were Judged to be healthy, WIth the excephon of the
KVlchak RIver off-cycle brood years (Kruse et al 2000b)

GIven that marme ffilgrahon patterns of each stock are thought to be
charactenshc and somewhat umque (Myers et al 2000), the contrast m the status of
salmon stocks between Western and Southcentral and Southeast Alaska offers
some mtrIgumg research queshons about the role of marme processes m salmon
producnon (Cooney 1984) Understandmg the processes that connect salmon
produchon to chmate, marme food produchon, and fIshmg reqUIres understandmg
of the marme pathways of the salmon through hme (BeamISh et al 1999)
Therefore, research approaches to understandmg changes m salmon abundance on
annual and decadal scales need to encompass locahhes that are representahve of
the full lIfe cycle of the salmon and, m parhcular, m estuarme and marme
enVIronments ScIenhfIc mformahon on freshwater locahhes IS far more common
than that available for estuarme and marme areas GIven the current state of
mformahon on both hatchery and wIld salmon, It IS lughly deSIrable to focus
current and future efforts on estuanes and marme areas for understandmg
mIgratory pathways and other habItats, phYSIOlOgIcal mdIcators of mdIVldual
health, trOphIC dynamICS, and the forcmg effects of weather and oceanographIc
processes (Brodeur et al 2000)
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7.12 2.2 PaCIfic Herring
PaCIfIc herrmg (herrmg) populahons (Fu.nk 2000) occur m the norU1east GOA,

wIth commercIal concentrahons m Southeast Alaska (SItka), PWS, western Lower
Cook Inlet, and occasIOnally around KodIak Most of the hIstOrIcal mformahon on
hernng m the GOA comes from coastal manne fIsherIes that started m Alaska m
1878 (Kruse et al 2000b), however, mteDSlve ecolOgIcal mveshgahons at the end of
the 20th century have added mformahon on early lIfe hIstory (Norcross et al 1999)
Herrmg depOSIt eggs onto vegetahon m the mtemdal and near subhdal waters ill

late sprmg, undergo a perIod of larval drIft, and spend the rust summer and wmter
nearshore m sheltered embayments Transport of larvae by currents m relahon to
sItes that are SUItable summer feedmg and overwmtenng grounds IS lIkely an
Important factor affechng survIVal m the rust year of lIfe m PWS (Norcross et al
1999), as IS the nutrIhonal status of these age-O herrmg m the fall of the year (Foy
and Paul 1999) Some porhon of the mature hernng must mIgrate annually
between onshore spawnmg grounds and offshore feedmg grounds, however, the
geography of the lIfe cycle between spawnmg and maturahon IS less certam

Although the geographIc scope of the hernng lIfe cycle m the Benng Sea IS
farrly well understood, mferences from the Bermg Sea to the GOA are not drrect
because of apparent dIfferences m lIfe hIStOry strategIes between the hernng of the
two regIons (Funk 2000) Adult hernng m the GOA are smaller and have shorter
lIfe spans than those m the Benng Sea Perhaps GOA hernng mIgrate shorter
dIStances to food sources that are not as rIch as those available to Benng Sea
herrmg, wInch mIgrate long dIstances from spawnmg to feed among the rIch food
sources of the conhnental shelf break (Funk 2000) Genehc analyses mmcate that
Benng Sea and GOA herrmg populahons are reproduchvely Isolated (Funk 2000)

Another ecolOgIcally SIgru.fIcant characteTlShc of PacIfIc hernng IS the temporal
change m SIZe at age over hIDe (Brown 2000) Annual devIahons from long-term
(1927 to 1998) mean length at age for SItka Sound hernng mmcate a decadal-scale
oscillahon between posIhve and negahve devIahons TIns fIndmg IS conSIStent
WIth the reported comCIdence of slZe-at-age data for PacIfIc hernng WIth the PDO
(Ware 1991) Hernng may be affected by ENSO events Decreased catches,
reCrUItments, and weIght-at-age of hernng are at hIDes assoCIated WIth ENSO
events SeabIrds m the GOA that depend on hernng and other pelagIC forage
speCIes showed WIdespread mortahhes and breedmg failures durmg the ENSO
events of 1983 and 1993 (Bailey et al 1995b) The sImIlanhes between the annual
patterns of abundance and the locahon of weather systems (annual geographIcally
averaged sea-level atmospherIC pressure) are not as clear WIth hernng as for other
fISh specIes, such as salmon The dIfference may result because hernng
populahons tend to be dommated by the occasIOnal strong year class and show
consIderable VarIability m Iandmgs through the years

The current status of hernng populahons may be closely related to hIStOrIcal
fIShmg patterns Long-term changes assoCIated WIth commerCIal fIShmg have
occurred m the apparent geographIC dIstnbuhon and abundance of GOA hernng
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Hernng-reduchon fIshenes (Oll and meal) from 1878 to 1967 reached a peak harvest
of 142,000 mt m 1934 That explOItahon rates were lugh may be mferred from the
fact that some locahons of major herrmg-reductIOn :fIshenes, such as SeldovIa Bay
(Kerun Penmsula and Lower Cook Inlet) are now devOId of herrmg It IS speculated
that reduchon :fIshenes at geographIc bottlenecks between herrmg spawnmg and
feedmg grounds, such as the entrance to SeldoVIa Bay and the passes of
southwestern PWS, were able to apply very lugh explOItahon rates to the adult
populahon Harvest management apphed by the State of Alaska rehes on bIOmass
estrmates, and harvests are held to a small frachon of the estrmated bIOmass
Harvest IS not allowed until the populahon eshmate rISes above a mmIIDUlll or
II threshold" bIOmass level

Recent statewIde herrmg harvests have averaged less than a thrrd of the 1934
peak DIrect companson of past and present catch stahshcs IS problemahc,
however, because current rates of harvest are thought to be substanhally below
those apphed m 1934 (Kruse et al 2000b) Also note that recent statewIde fIgures
for hernng harvests mclude substanhal harvests from outsIde the GOA, and
hernng-reduchon :fIshenes were located m the GOA Populahons of herrmg were
targeted for sac roe starhng m the 1970s and for sac roe and roe on kelp m the
1980s RegIOnal herrmg populahon status IS varIable Populahon levels of herrmg
m PWS remamed at low levels m 2000, and commeraal harvests were not allowed
m 1994, 1995, and 1996, nor smce 1998 In 1999, :fIshmg operahons were halted
because of low bIOmass and poor reCruItment DISease IS strongly suspected as a
factor m keepmg the populahon levels low The herrmg :fIshery of Lower Cook
Inlet m KamIShak Bay closed m 1999 after a very small catch m 1998 and remams
closed because of low bIOmass levels Catches m the KodIak fIshery for hernng sac
roe are dechnmg The baIt :fIshery m Shehkof StraIt was closed m 1999 because of
Its posSIble relahon to depressed KamIShak Bay hernng populahons

SIgmfIcant queshons remam about the geograpluc extent of the stocks to whIch
the bIOmass eshmates and :fIshmg explOItahon rates may apply m PWS (Norcross et
al 1999) The geomorphology of PWS m relahon to currents plays an Important
role m determmmg the retenhon of larvae m nearshore areas conduave to growth
and survIval The degree to wluch spawnmg aggregahons of hernng may
represent mmVldual stocks IS a SIgrufIcant queshon, because the actual explOltahon
rate of hernng m PWS depends on how many stocks are defIned Although It IS

not clear how many stocks of herrmg occupy PWS, conmhons appear to favor more
than one spawnmg stock (Norcross et al 1999)

Water temperatures appear to play Important roles m growth and surVIval of
age-O herrmg Warm summer water temperatures may be condUCIve to growth
and surVIval, however, the OppOSIte appears to be true of warm water
temperatures m spnng and wroter Increased metabohc demands Imposed by
warm water on yolk-sac larvae and overwmtenng age-D hernng could decrease
survIval (Norcross et al 1999) AvaIlability of food before wmter, and perhaps
dunng wmter may be key to surVIval of age-O hernng Input of food from the GOA
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may be an lillportant key to survIVal for age-D hernng at some locahhes
DIfferenhal survIval among nursery areas because of mterannual vanahon m
c1Jmate and accessIbility of GOA food sources could be a key determmant of year­
class strength m PWS The sources of vanability mean that geographIc locahty IS
no guarantee of any parhcular level of SUrvIVal from year to year Samphng whole
body energy content of age-O hernng at the end of the fIrst wmter among bays
could provIde an mdIcator of year class strength (Norcross et al 1999)

Queshons relahng to the ability of dISease outbreaks to control hernng
populahons have recently been explored Work has IdenhfIed the dISeases, Vu al
He11l011 hagc.c SephCe11lUl and a fungus as factors potenhally hnuhng the abundance of
hernng m PWS (Hostettler et al 2000, Fmney et al 2000)

7.12.2.3 Pollock
Pollock are an ecolOgIcally dommant and econoilllcally lillportant cod-hke fIsh

m the GOA They appear to spawn at the same locahons WIthm the same marme
areas each year, WIth locahon of spawnmg and 1lligrahons of adults hnked to
patterns of larval drIft and locahons of feedmg grounds (Bailey et al 1999)
Spawnmg occurs at depths of 100 to 400 m, and as a result, the dIStnbuhons of eggs
and larvae m some areas may have been well below the depths of hIStoncal
Ichthyoplankton surveys Pollock larvae feed on early developmental stages of
copepods and, as Juvem1es, move on to feed on larger zooplankton such as
euphausllds and small fIshes, mdudmg pollock Although canmbalISm IS regarded
as sIgruhcant m the Benng Sea, It IS not thought to be a SIgnIfIcant factor m the
GOA Pollock eggs and larvae are lillportant sources of food for other
zooplankters, and year class strength m pollock IS thought to be related abundances
of manne mammals and seabIrds, at least m the Benng Sea

Pollock mature at about age 4 and may hve as long as twenty years (Bailey et al
1999) Adult walleye pollock are dIStnbuted throughout the GOA at depths above
500 m A substanhal porhon (45 percent) of the total pollock bIOmass as well as the
hIghest catches per umt effort (CPUEs) of the 1996 NMFS survey were found at less
than 200 m m the area between KodIak and Chmkof ISlands (Marhn 1997) In the
western GOA, the hIghest pollock catches and CPUEs of the 1996 NMFS trawl
survey were found at less than 200 m, whereas m Yakutat and Southeast Alaska the
substanhal availability of pollock to trawl gear persISts above 300 m Pollock larger
than 30 cm were rarely found above 200 m m the eastern GOA m 1996 (Yakutat and
Southeast), although pollock of all SIZeS (about 10 to 70 cm) were found at all
depths down to 500 m m the western GOA (Marhn 1997) Although pollock are
commonly found m the outer conhnental shelf and slope, they may also be found
m nearshore areas where they may be lillportant predators and prey, for example,
m PWS (Willette et al 2001)

Populahons of pollock m the GOA are consIdered to be separate from those m
the Benng Sea (Bailey et al 1999) Among the most commerCIally lillpOrtant of the
GOA groundftsh specIes, explOItable bIOmasses of pollock populahons m 1999
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were esbmated at 738,000 mt, down from a peak of about three nulhon mt ill 1982
(Witherell 1999) Annual numbers of 2-year-old pollock entermg the fIshable
population (reCruItment) from 198 to 1987 were erratic and usually lower than
reCruItments esbmated ill 1977 to 1980

Followillg the clImatic regrme shIft ill 1978, pollock and other cod-lIke fIsh have
dramatically mcreased, replacmg slmmp ill nearshore waters as the dommant
group of orgarusms caught m mId-water trawls on the shelf (Pratt and Anderson
1996) RecruItment m pollock 15 heaVIly mfluenced by oceanographIc condItions
expenenced by the eggs and larvae Good condItions for Juvem1es of the 1976 and
1978 year class contnbuted to the 1982 peak m pollock bIOmass m the GOA (Bailey
et al 1999) Populations have gradually declmed smce then (Witherell 1999)
Increasmg mortahty schedules ill 1986 to 1991 may mdlcate mcreasmg predation
and detenorahng phYSiCal condItions for both Juvem1es and adults m the GOA
(Bailey et al 99) The larger-than-average year class for GOA pollock m 1988 may
be related to hIgh rates of Juvem1e growth cOillCIdent With warm water
temperatures, lack of wmds, low predator abundance, and low larval mortalIty
rates (Bailey et al 1996) As has been shown to be the case With other groundbsh
speCIes, GOA pollock reCruItments are positively correlated With ENSO events
(Bailey et al 1995b)

Issues m the management of pollock that currently remam unresolved mclude
the geographIc boundanes of stocks, theIr extent of mIgration, the effects of fIshmg
m one geographic locale on the populations of pollock and predators mother
geographIc locales, and what controls the annual recruItment of young pollock to
the fIshable populations (BaIley et al 1999) In relation to stock structure, spawnmg
aggregations m PWS, the Shumagm Islands (southwest KodIak), and Shehkof Stroot
(separatIng Kochak from the Alaska Penmsu1a) may represent separate stocks
CondItions of weather and changmg ocean currents and eddIes m the Shehkof
Stroot have the capaCIty to alter survival of pollock larvae from year to year (Bailey
et al 1995a) In partIcular, the effects of shIfts m the strength of the ACC on larval
transport pose Important questIons for how year class strength 15 determIned In
1996, anomalous relaxation of wmds resulted ill a dramatic mcrease m larval
retention m the Shehkof basm Increased larval retention may be favorable to
SUTVlval of pollock larvae m thIS area, With some exceptions (Bailey et al 1999)

7.12.2.4 Pacific Cod
Pamc cod 15 a groundbsh With demersal eggs and larvae found throughout the

GOA on the contInental shelf and shelf break Pamc cod of the GOA are also an
economIcally and ecologrcally Important speCIes Pacmc cod had an estImated
fIshable population of 648,000 mt m 1999, which 15 on the low end of the range of
600,000 to 950,000 mt estImated for 1978 to 1999 Annual reCruItments of GOA
Pamc cod have been relatively stable smce 1978, With exceptionally large numbers
of 3-year-old recruIts appearmg m 1980 and 1998 Biomass of the dommant flatfIsh
m the GOA, the arrowtooth flounder, 15 approachmg two nulhon mt Arrowtooth
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flounder IS not heaVJ1y harvested, and therr blOmass has been steachly mcreasmg
smce1977

Pac:t6.c cod are found throughout the GOA at depths less than 500 m They are
most abundant m the western GOA (KodIak, Clun.kof and Shumagm Islands)
where Pac:t6.c cod larger than 30 em are found at all depths above 300 m, but
smaller mdIvIduals are rarely found at depths less than 100 m (Martm 1997)

7.12.2.5 HalIbut
Pac:t6.c hahbut are common thlOughout the GOA at depths less than 400 m, and

hahbut are available to trawl gear at depths of 500 m (Martm 1997) In the 1996
NMFS trawl survey, the largest catches and the lughest CPUE were found at depths
of less than 100 m east southeast of KodIak on the Albatross Banis (FIgure 710) In
most areas of the GOA, the average weIght and length of hahbut caught m trawl
gear mcreases WIth depth, even though the CPUE dechnes WIth depth, partIcularly
ill the western GOA (Shumagm Islands, Chmlof, and KodIak) (Martm 1997)

The explOItable blOmass of another flatfISh, the lughly pnzed Pac:t6.c hahbut, m
1999 was esbmated at 258,000 mt, wluch 15 above average for 1974 to 1999
(WItherell 1999) ExplOItable blOmass of Pac:t6.c hahbut was also mcreasmg from
1974 to 1988, after wluch It dechned shghtly

Pac:t6.c hahbut appear to undergo decadal-scaIe changes m recruItment, wluch
have been correlated WIth both the 18 6-year cycle for lunar nodal hde (parker et al
1995) and the PDO

7 12 3 Overview of Shellfish and BenthiC Invertebrates

Shel1flsh are commonly found on or near the surface of the sea floor, they are
epIbenthIc, as adults, and m the water column, pelagIC, for varymg lengths of hIDe
as pre-adults Excephons to thIS rule abound, parhcularly among mollusks such as
sqUId, wluch hve free of the bottom as adults Beyond the nearshore envrronment
(at depths greater than 25 m), the shellfISh and other mvertebrates dommate the
number of specIes and the blOmass of the bottom, Just as other assemblages of
mvertebrates dommate the nearshore (see Sechon 7 9) Among the shellfISh, the
arthropods and mollusks often have the largest number of speCIes For example, of
287 speCIes of bottom fauna Ident:t6.ed m waters deeper than 25 m m Lower Cook
Inlet, more than 67 percent were arthropods and mollusks (Feder and Jewett 1986)
Many of the commerCIally lillpOrtant SpecIes of the GOA are dependent for food to
a greater or lesser extent on benthIc mvertebrates dIscussed here (CommercIally
lillportant crabs and Shrlillp are d.lScussed below) CommerCIal crabs and shTlillps,
and scallops, Jom the fISh speCIes of Pac:t6.c cod, walleye pollock, hahbut, and
Pac:t6.c Ocean perch as members of the subhdal benthIc food web for part of each
lIfe cycle Detntus, bactena, and IDlcroalgae form the base for the benthIc
mvertebrates of the GOA conhnental shelf, whIch are predommantly filter feeders
(60 percent), and detntus eaters (33 percent) (Semenov 1965 m Feder, H M and S C
Jewett 1986) Small mollusks, small crustaceans, polychaete annehds, and other
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worm-ble illvertebrates male up the fIlter-feedmg and detnvore component of thIS
food web

ReglOnal dJ£ferences are pronounced ill the bentluc food webs of the GOA The
eastern GOA has few fIlter feeders and lower average blOmass relaTIve to the
northern and western GOA, ill large part because of the nature of substrates and
currents In parhcular the bentluc specIes COmpOSITIOn and producTIVity ill the
GOA IS determmed ill part by the ACC, parTIcularly ill the embayments and fjords
(Feder and Jewett 1986) The ACC brillgs freshwater to the enVIronments
contammg the pelagic shelifIsh larvae and heavy sedIment loads that defme the
bottom habItats of the later stages of the lIfe cycle BlOmass of filter feeders on the
conhnental shelf ill the western Gulf (138 grams per square meter [g(m2]) IS far
hIgher than that found ill the northeastern or eastern GOA combilled (33 2 g(m2)

BlOmasses of detntus feeders ill the western (31 g(m2) and eastern (12 g(m2) GOA
are lower than those found ill the northeastern GOA (43 g(m2) BlOmasses of all
trophic groups on the shelf break are lower than those of the adjacent shelf The
dIStnbuTIon of bentluc illvertebrates ill the GOA attests to the vahdIty of the
hypothesIS that the type of bottom sedIment, as mfluenced by proxmuty to alluVIal
illpUts and currents, determmes the SpecIes cOmpOSITIOn, prodUCTIOn, and
producTIVITIes of bentluc commumTIes (Semenov 1965 ill (Feder and Jewett 1986))
SedIment SIZe IS dommant among the factors controllmg the dIstnbuTIon of bentluc
speCIes (Feder and Jewett 1986)

7.12.3.1 Crab
The prillCIpal commerCIal crab SpecIes ill the GOA are the lang crabs

(Pmahtlwdes spp), the tanner crab (Clllonoecetes bal1dr), and the Dungeness crab
(Cance1 magrste1) All speCIes have benthIC adults and pelagic larvae, although the
lIfe hIStory strategies vary substanhally Withill and among specIes For example,
the pelagiC stages of the red lang crab are herbIvorous, those of the tanner crab are
carmvorous, and those of the golden lang crab do not feed until they
metamorphose illtO the bentluc stages The bentluc stages of all crab specIes feed to
a large extent on the less well known mvertebrates of the bentluc enVIronments
(Feder and Paul 1980, Jewett and Feder 1983, Feder and Jewett 1986) dIscussed
bnefly above under the she1lfIsh overVIew

The status of crab populaTIOns IS relaTIvely poor ill companson to the
groundfJ.sh populaTIOns (Kruse et al 2000a) Crab catches ill the GOA have shown
sharp changes WIth hIDe, perhaps illdIcaTIve of SenSITIVity to clImaTIC forcillg ill
some speCIes, to flShmg, or a to combmaTIon of factors (Zheng and Kruse 2000b)
The red lang crab stock of the GOA collapsed ill the early 1980s and currently
shows no SIgns of recovery The tanner crab populaTIOns ill PWS, Cook Inlet,
KodIak, and the Alaska Penmsulahave declmed to low levels ill the early 1990s,
and harvest levels have been sharply reduced (Kruse et al 2000b)

In a study of hIDe-senes data on recruItment for fIfteen crab stocks m the Benng
Sea, AleuTIan Islands, and GOA, hIDe trends m seven of fIfteen crab stocks are
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slgrufIcantly correlated WIth bme senes of the strength of AleutIan Low chmate
regtmes (Zheng and Kruse 2000a) T1llle trends m recruItments among some kmg
crab stocks were correlated over broad geograpmc reglOns, suggestmg a slgrufIcant
role of envrronmental forcmg m regulatlon of populatlon numbers for these
specIes The mcreased ocean productlvlty assocmted WIth the mtense AleuUan
Low and wanner temperatures was mversely related to recruItment for seven of
the flfteen crab stocks The seven slgrufIcantly negahve correlatlons between ocean
productlV1ty and crab recrmtment were from Bnstol Bay, Cook Inlet ,and the GOA
Crab stocks declmed as the Aleutlan Low mtens1fIed A slgrufIcant mverse relatlon
between the brood strength of red kmg crab and Aleuhan Low mtensIty was
reported earIler for one of the stocks m th15 study, red kmg crab from B!lStol Bay
(Tyler and Kruse 1996)

Tyler and Kruse (1996, 1997) and (Zheng and Kruse 2000a) have amculated an
expIlot senes of hypotheses lmkmg features of phySIcal and geologIcal

J' oceanography to the reproductlve and developmental blOlogy of red kmg and
tanner crab The hypotheses explam observed relatlons between chmate and
recrmtment Tanner and red kmg crab m the Benng Sea are thought to respond
dlfferently to the phySIcal factors assoClated WIth the AleuUan Low because of the
dlStnbutlon of the dIfferent types of sea bottom reqUITed by the post-planktoruc
stage of each specIes Smtable bottom habItat for red kmg crabs m the Bermg Sea 15
more generally nearshore, whereas smtable bottom habItat for tanner crab 15
offshore Intense Aleutlan Low conmtlons favor surface currents that carry or hold
planktoruc crab larvae onshore, whereas weak AleuUan Low conmtlons favor
surface currents that move larvae offshore The process may not be speoes spec1flc,
but stock spec1flc, dependmg on the locatlon of smtable settlmg habItat m relatlon
to the prevallmg currents In the case of red kmg crab, Zheng and Kruse (2000b)
explarn the apparent paradox of lowered recruItment for red kmg crab durmg
penods of mcreased pnmary prodUCtlV1ty Red kmg crab eat dmtoms, but show a
preference for dmtoms sllllllar to Thalasswsl1 aspp , wmch dommate m years of
weak lows and stable water columns Strong lows contrIbute to well-ill1Xed water
columns and a mverse assemblage of pnmary producers, wmch may be
unfavorable for red kmg crab larvae, but favorable for tanner crab larvae Tanner
crab larvae eat copepods, wmch are favored by the mgher temperatures assoCIated
WIth mtense lows

Recently completed modelmg stumes (Rosenkranz 1999) support chmatlc
varIables as determmants of recruItment success m tanner crab Predommant wmd
drrectlon and temperature of bottom water were strongly related to strength of
tanner crab year classes m the Bermg Sea Northeast wmds are thought to set up
ocean transport processes that promote year-elass strength by carrymg the larvae
toward smtable habItat Elevated bottom-water temperatures were expected to
augment the effect of northeast wmd by mcreasmg SU!V1val of newly hatched
larvae (Rosenkranz, G 1999)

208 CHAPTER 7 JULY 2002



J
/

GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

7.12.3.2 Shrimp
The shnmp were once among the dommant benthIc ep:t.fauna ill Lower Cook

Inlet and KodIak and along the Alaska Penmsula (Anderson and Platt 1999, Feder
and Jewett 1986) and of substantIal commerclal1ID.portance ill the GOA FIve
speCIes of Pandahd shnmp dommated the commercIal catches, wluch occurred
west of 1440 W longitude ill PWS, Cook Inlet, KodIak and along the Alaska
Penmsula (Kruse et al 2000b) Shnmp fIshenes ill the GOA peaked at 67,000 mt m
1973, reached 59,000 mt ill 1977, and declmed thereafter to the POillt where shr1ID.p
fIshmg IS VIrtually noneXIStent ill the GOA today

Regional fIshenes follow the pattern seen for the GOA as a whole The trawl
fIshery for northern shnmp (pandl1llls bOl el111s) ill Lower Cook Inlet peaked at
2,800 mt ill 1980 to 1981 and was closed ill 1987 to 1988 The fIshery for northern
and SIdestnped shr1ID.p (P dlspm) along the outer Kenai Penmsula peaked at 888 mt
ill 1984 to 1985 and closed ill 1997 to 1998 The pot fIshery for spot (P platIJcelos)
and coonstrlped shnmp (P hypsmotus) ill PWS illcreased rapIdly after 1978 to Its
peak harvest of 132 mt ill 1986 ThIs pot fIshery then declmed to Its low of eIght mt
ill 1991 and has been closed smce 1992 The trawl shr1ID.p fIshery for northern
shr1ID.p ill PWS peaked at 586 mt ill 1984 and SWItched to sidestnped shrImp ill
1987 The PWS trawl fIshery for sidestnped shr1ID.p peaked at 89 mt ill 1992, and
the northern shr1ID.p catch was vrrtually zero at thIS tIme The PWS catch of
sidestnped shr1ID.p ill 1999 was 29 mt and fallmg The KodIak trawl fIshery for
northern shnmp peaked at 37,265 mt ill 1971, and catch thereafter declmed to three
mt ill 1997 to 1998 In the AleutIan Islands, shnmp catches after the 1978 season
declmed preCIpItously, and the fIshery has not rebounded smce

7.13 Marme Mammals

7 13 1 General Characteristics of the GOA Marme Mammal Fauna

The GOA has a mostly temperate marme mammal fauna Calkms (1986)
prOVIded the only preVIously publIShed reVIew of GOA marille mammals, and
lISted 26 speCIes as occurnng ill the region FIve of those (pilot whale, Risso's
dolphm, nght whale dolphm, wlute SIded dolphm, and Cal:t.forma sea hon) are
prImarily southern specIes that occur occaSIonally ill Southeast Alaska but rarely, If
at all, ill the EVOS regIOn He also lISted the Pac:t.flc walrus, wluch IS a subarctIc
specIes that occurs ill the GOA only as OCCasIOnal wanderers

Table 710 prOVIdes a summary of the general characte!lStIcs of twenty marme
mammal specIes that occur regularly ill the GEM region, illcludIng seven baleen
whales, eIght toothed whales and pOrpOISes, four pmmpeds, and the sea otter
Useful reVIews of mformatlon on these specIes can be found ill Lentfer (1988),
Ca1krns (1986), Perry et al (1999), Forney et al (2000), and Ferrero et al (2000)
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VarIOUS aspects of marme mammal bIOlogy are descrIbed m detaIl m Reynolds and
Rommel (1999)

Most of the marme mammal specIes shown m Table 710 are WIdely dIstrIbuted
m the North PacIfIc Ocean, and the anImals that mhabIt the GEM regIOn represent
only part of the total populatIon ApphcatIon of modem molecular genetIcs
technIques, however, has proVIded much new mformatIon on populatIon
structures (DIZon et al 1997) Researchers have found that for specIes such as killer
whales (Hoelzel et al 1998), beluga whales (O'Corry-Crowe and Lowry 1997),
(BIckham et al 1996), harbor seals (Westlake and O'Corry-Crowe 1997), and sea
otters (Scnbner et al 1997), genetIc exchange among adJacent and sometImes
overlappmg groups of anImals IS so low that they need to be managed as separate
stocks

TaxonOmIcally the GOA marme mammal fauna can be broken down mto four
maJor groups

•

•

•

•

MystIcete cetaceans - baleen whales,

Odontocete cetaceans-toothed whales,

Pmmpeds - seals, sea hons, and fur seals, and

Mustehds - sea otters

The baleen whales are pnmarily summer seasonal VISItors to the GOA that
come to the contInental shelf and offshore waters to feed on zooplankton and small
schoohng .&shes (Calkms 1986, Perry et al 1999) BreedIng and calvmg occur m
more southerly, warmer, regIOns The GOA IS pnmarily a mIgratIon route for the
gray whale, whIch breeds and calves m BaJa CalIforma, MeXICO, and has ItS pnmary
feedmg grounds m the northern Bermg and ChukchI seas 0"ones et al 1984)

The large specIes of baleen whales were all greatly reduced by commerCIal
over-explOItatIon (perry et al 1999) HIstoncal mformatIon on stock structure and
abundance IS very hmIted, and, partly because of therr broad chstrIbutIons,
accurately assessmg current abundance and populatIon trend IS generally dIffIcult
(Ferrero et al 2000) Humpback whales and gray whales are exceptIons to that
generalIZatIon For humpbacks, estImates of populatIon SIZe based on mmVIdual
IdentIfIcatIons from fluke photos (CalambokIdIs et al1997) suggest that the central
North PacIfIC stock IS mcreasmg (Ferrero et al 2000) For many years, systematIc
counts have been made of gray whales mIgratIng along the CalIfOrnIa coast, and
results mmcate that smce the 1960s the populatIon has been mcreasmg by 2 S
percent per year (BreIwIck 1999)

The SItuatIon WIth sperm whales IS much hke that of the large baleen whales
Many features of theIr basIC bIOlogy, such as stock structure, dIstrIbutIon,
mIgratory patterns, and feedIng ecology, are poorly known They occur
throughout the North PacIfIc, mostly m deep water south of SOO N latItude, but
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Table 710 Summary of Characteristics of Marine Mammal Species That Occur Regularly In the Gulf of Alaska Exxon Valdez all Spill
Area

Species shown In bold are those that have been selected as focal species for GEM

Use of Gulf of Alaska by Species Populatron Status Management elasslflcatron

Species Residence Habltats1 ActrvJtles2 Abundance3 Trend EVOS MMPA ESA

Mystlcetes

Blue whale seasonal S D F small? unknown depleted endangered

Fin whale seasonal S,D F medium? unknown depleted endangered

Sel whale seasonal S,D F medium? unknown depleted endangered

Humpback whale seasonal C,S, D F medium increasing depleted endangered

Gray whale seasonal C S M F? large Increasing

Right whale seasonal S F small unknown depleted endangered

Minke whale resident? C,S F C B? medium? unknown

Odontocetes

Sperm whale seasonal? S 0 F large? unknown depleted endangered

Killer whale resident e,s,o F,e,S small unknown damaged

Seluga whale resident e,s F,e,S small declining? depleted

Beaked whale4 reSident? S,D F C B unknown unknown

Dall's porpoIse reSident S,D F C,B large unknown

Harbor porpoise reSident C,S F, C B large unknown

Pmmpeds

Steller sea hon reSident T,e,S,O F,e,S large declining depleted endangered

Northern fur seal seasonal S D M F large stable depleted

Harbor seal reSident T,e,S F,e,S large declining damaged

Elephant seal seasonal S D F large Increasing

Mustelids

Sea otter reSIdent T,e,S F,e,S large unknown damaged

1 T =terrestrial, C =coastal, S =continental shelf, D =deep water
2 F =feeding, M =migrating, C =calVing/pupping, B =breeding
3 small =<1 ODD, medium =1,000-10 000 large =>10 000
4 Probably Includes at least 3 species Baird's beaked whale, Cuvler's beaked whale, and Bering Sea beaked whale

JULY 2002 CHAPTER 7 211



GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

some are seen m the northern GOA at least m summer (Callms 1986, Perry et al
1999) From what IS known of therr illet, sperm whales eat mostly deep-water
fIShes and sqUIds North Pac:JfIc sperm whales were illtensely harvested, WIth more
than 250,000 lilled durmg 1947 to 1987 (perry et al 1999) Current abundance and
populahon trends are complete unknowns

In contrast to the baleen whales and sperm whale, the smaller toothed whales
are pnmanly resIdent m the GOA Very httle IS known about the bIOlogy of
beaked whales, but the other specIes have been relahvely well stuilled Two
specIes, liller whales and beluga whales, have been selected as focal specIes for
GEM and are dIScussed m detail m later sechons Harbor porpoISes and Dall's
porpoIses both have relahvely large populahons, and WIth the excephon of
mCldental take m commercIal fIShenes, they are unblely to have been slgn:JfIcantly
lIDpacted by human achVlhes (Ferrero et al 2000) Both specIes feed on small fIShes
and sqUIds, With Dall's porpOIses usmg mostly conhnental shelf and slope areas
and harbor porpoISes most common m coastal and conhnental shelf waters
(Callms 1986)

The two resIdent pmmped specIes, Steller sea hons and harbor seals, are both
focal specIes for GEM and will be dJscussed later m thIS sechon Northern fur seals
pup and breed on ISlands ill the Benng Sea (Pnbilof Islands and Bogoslof Island)
A porhon of the populahon illlgrates through the GEM regIOn on Its way to and
from therr rookenes Adult fur seals may feed m the GOA durmg illlgrahon and
wmter months, and non-breedmg anlillals may feed ill the area year-round Small
fIShes and SqUIds are the pnmary foods of fur seals (Calkms 1986) HIStoncally,
northern fur seals were depleted by commercial harvests, but the populahon IS
now large, numbermg about one milllon anlillals, and currently stable (Ferrero et
al 2000) Northern elephant seals pup and breed at rookenes m Callforma and
MeXICO After breedmg, adult males go to the GOA to feed on deep-water fIShes
and cephalopods (Stewart 1997) The northern elephant seal populahon was
greatly depleted by harveshng, but It IS currently large and growmg (Forney et al
2000)

The sea otter IS a focal speCles for GEM and IS chscussed later m thIS sechon

As a group, marme mammals are managed and protected by domeshc
legISlahon and mternahonal treahes that generally do not apply to other marme
specIes (Baur et al 1999) (see Table 710) Early protechve efforts were ill response
to the need to 1lIDlt commercIal harvests and to reduce therr Impacts on dechnmg
and depleted populahons The North Paaflc Fur Seal Convenhon, agreed to ill
1911, proVlded protechon to both fur seals and sea otters In 1946, the Internahonal
Convenhon for the Regulahon of Whalmg began to manage harvests of large
whales, and It proVlded progressIve protechon to stocks as they became over­
explOIted The ESA proVldes protechon to marme mammals (and other speCles)
that may be m danger of exhnchon because of human achVlhes The SEA also
allows protechon of "cnhcal habItat" needed by those speCIes All speCles of
marme mammals are covered by the Marme Mammal Protechon Act (MMPA),
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wluch became federal law m 1972 PrImary obJechves of the MMPA are to
"mamtam the health and stability of the marme ecosystem," and for each marme
mammal specIes to "obtam an ophmum sustamable populahon keepmg m mmd
the carrymg capacIty of the habItat" ProvISIOns of the MMPA put a moratonum
on all"takmg" of marme mammals, WIth excephons allowed for subSIStence
huntmg by Alaska Nahves, sCIenhfIc research, pubhc dISplay, commerCIal fIshmg,
and certam other human achVIhes, subject to restnchons and permIttmg SpeCIes
determmed to be below thel! II ophmum sustamable populahon" level, and those
lISted as threatened or endangered under proVISIOns of the ESA, are lISted as
depleted under the MMPA and may be given admhonal protechon Certam
speCIes of marme mammals were determmed to have been damaged by the EVOS,
and therefore have been subjects of EVOS restorahon achVIhes

Another umque aspect of marme mammal management IS the strong
mvolvement of Alaska Nahves m the process Alaska Nahves have formed a
number of groups that represent thel! mterests m research, management,
conservahon, and tramhonal subSIStence uses of marme mammals Groups
especIally relevant to the EVOS GOA regIOn mclude the Alaska Nahve Harbor Seal
COmIDlSsIOn (ANHSC), the Alaska Sea Otter and Steller Sea LIon COmIDlSsIOn, and
the Cook Inlet Marme Mammal COunCll The ANHSC has been parhcularly achve
m the EVOS region, and has received funds from the Trustee CouncI1 to conduct a
bIOsamplmg program m PWS and the GOA, and to contnbute mformahon about
the dlStnbuhon, abundance, and health of seals Congress has recogruzed the
benefIts of mvolvmg Alaska Nahves m marme mammal management, and has
mcluded proVISIOns for co-management programs (Alaska Nahve orgaruzahons
workmg as partners WIth federal management agenCIes) m the 1994 amendments to
theMMPA

As will be dIscussed m detail m the followmg sechons, some marme mammal
populahons have declmed m the GOA (and elsewhere m Alaska) m recent years
In general, the causes of those declmes are unclear, but there has been speculahon
that they may be m some way related to the chmachc regrme shIft that occurred m
the region The eVIdence supportmg such a connechon IS the temporal comCIdence
of the shIft to a warmer regrme, wluch happened m the IDld-1970s, and the declme
of harbor seals and Steller sea hons that has occurred m the 1970s through the
1990s

The Nahonal Research COunCll (NRC) revIewed eVidence for a hnkage between
chmate and marme mammal dechnes as part of thel! effort to explam changes that
have occurred m recent years m the Bermg Sea (NRC 1996) They found data that
showed some hkely negahve effects of cold weather on northern fur seal pups
(Tntes 1990) and a strong mfluence of warm EI NIfio conmhons on CalIforma sea
hons (TrillmIch and Ono 1991) Because most GOA marme mammals have broad
ranges that mclude waters much warmer than the GOA, It IS unhkely that a
warmer regrme has had any dIrect negahve effect on thel! reproduchon or survIval
The warmer conmhons, however, have resulted m changes m fIsh and mvertebrate
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populahons (Anderson et al 1997) that may m turn have affected the nutnhon of
harbor seals and Steller sea hons (Alaska Sea Grant College Program 1993) The
NRC concluded that food hrrutahon was hkely a factor m Bermg Sea pmmped
populahon declInes, but that thIS was due to a complex sUlte of bIolOgIcal and
phYSICal mterachons and not slIDply the regrme sluft (NRC 1996)

7 13 2 Focal Marine Mammal Species for the GEM Program

7.13.2.1 KIller Whale
Killer whales are mernum- SIZed, toothed whales They are a cosmopohtan

speCIes generally found throughout the world's oceans, but most common m colder
nearshore waters (Heynmg and DahlhelID 1988) SIghhngs m Alaska show a WIde
dIstnbuhon, mostly on the conhnental shelf, but also offshore (Braham and
DahlhelID 1982) Because there has been no real effort to track mrnvidualkiller
whales, the understandmg of movements IS based p111panly on sIghhngs of
anlIDals that can be Idenbf:J.ed by marks and pigmentahon patterns (BIgg et al
1987) The general pattern seems to be that some killer whales may stay m areas for
several months whtle feedmg on seasonally abundant prey, but long-dIStance
movements are not uncommon (Ferrero et al 2000)

In the GOA, killer whales are seen frequently m Southeast Alaska and the area
between PWS and KodIak (Matkm and SauhtlS 1994) Withm the EVOS GOA
regIOn, whales are seen most commonly m southwestern PWS, Kenar FIOrds, and
southern Resurrechon Bay (Matkm et al 2000) Whales move back and forth
between these areas as well as to and from Southeast Alaska (Matkm et al 1997)
SIghhngs from the area around Kornak suggest that killer whales are common, but
there has been httle study effort devoted to that regIon (Matkm and Sauhhs 1994)

Killer whales have been sturned m detaIl m eaSIly accessIble areas such as
Washmgton state, Bnhsh ColumbIa, Southeast Alaska, and PWS Researchers have
found that killer whales have a very complex SOCIal system and populahon
structure Sturnes of assocIahon patterns (Matkm et al 1998), vocahzahons (Ford
1991, SauhtlS 1993), feedmg behaVIOr (Ford et al 1998), and molecular genehcs
(Hoelzel et al 1998, Barrett-Lermard et al m press) have shown that there are two
prlIDary types of killer whales The types are termed "transIent" and "resident" A
prlIDaty ecolOgIcal dIfference between the two types IS that reSIdents eat fISh, whtle
transIents mostly prey on other marme mammals (Ford et al 1998) Withm each of
these general types, killer whales are rnV1ded mto pods that may be composed of
one or more matnhneal groups In reSIdent whales, the pods are very stable
through b.me, WIth vrrtually no permanent exchange of mrnV1duals between pods,
but new pods may be formed by sphttmg off of a maternal group A thud killer
whale type called"offshore" has been encountered, but httle IS known about them
(Ford et al 1994)

What IS known of the lIfe hIStory and bIOlogy of killer whales m Alaska was
complied m Matkm and Sauhhs (1994) Both females and males are thought to
become sexually mature at about fIfteen years of age Females may produce calves
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unhl they are about forty, at mtervals of two to twelve years Matmg occurs mostly
durmg May through October, and most bIrths happen between fall and sprmg
Maxnnum longevIty has been estImated to be 80 to 90 years for females and 50 to
60 years for males Killer whales have no natural eneffiles, but m some areas, local
abundance and pod structure have been affected by human actIVitIes, mcludmg
hve captures for pubhc dIsplay, mteractIons WIth commerCIal ftshenes, and the
EVOS (OleslUl et al 1990, Dahlhelffi and Matlm 1994, Matlm et al 1994, Ferrero et
al 2000, Forney et al 2000) Normal bIrth and death rates for reSIdent liller whales
are about 2 percent per year (OleslUl et al 1990)

Surface observatIons and eXailllllatIon of stomach contents from stranded
anImals have shown that as a group liller whales can and do eat a WIde array of
prey, mcludmg ftshes, bIrds, and mammals (Matlm and Sauhtrs 1994) More
detaIled studIes have documented consIderable prey speCIahza.tIon m certaIn pods
and mdIVIduals ReSIdent killer whales m the PWS feed mostly on coho salmon
durmg the summer (Matkm et al 1997) and on ChInool salmon m wmter and
sprmg (Matlm 2000) TransIent whales m the same area eat mostly harbor seals,
Dall's porpOISe, and harbor pOrpOIse (Sauhtrs 1993, Matkm and Sauhtrs 1994)
Some GOA transIent liller whales occaSIOnally eat Steller sea hons (Barrett­
Lennard et al 1995)

It IS d1ffJ.cult to come up WIth meanmgful populatIon estImates for killer
whales, partly because they may move over great dIstances and partly because
some groups (such as the offshore type) and areas (such as the GOA west of
ResurrectIon Bay) have been poorly studIed Ferrero et al (2000) gave a ffillllffium
estImate of 717 whales m the northern reSIdent stock of the eastern North PacIfIc,
and Forney et al (2000) gave a ffillllffium number of 376 for the transIent stock of
the eastern North PaCIfIc Rehable data on trend m abundance are not avaIlable for
eIther stock The most recent census (1999) mdIcates that there are 135 killer whales
m the eIght pods that regularly use the Kenai FIOrds--PWS regIOn (Matkm 2000)

StudIes of killer whales m the PWS area began m the late 1970s (von Zlegesar et
al 1986, Leatherwood et al 1990) Because killer whales were determmed to have
been damaged by the EVOS, killer whale studIes were mtellSlfIed durmg 1989 to
2000 (Matkm et al 1994,2000) Those long-term studIes allow accurate
deteTffilllatIon of numbers, because all mdIVIduals m each pod are photoidentrfIed
nearly every year BIrths and deaths of mdIVldual anImals are momtored, whIch
allows the calculatIon of reproductIve and SurVival rates for each pod (Matkm and
Sauhtrs 1994, Matkm et al 2000)

Matkm et al (1999) used assOCiatIon and genealogical data to orgamze the
reSIdent killer whales m the EVOS GOA area mto nme pods Data on the number
of whales m each of those pods for the penod from 1984 to 2000 are shown m

/

Table 710 All reSIdent pods WIth the exceptIon of AB pod have eIther mcreased or
stayed the same SInce 1984 The number of whales m AB pod decreased by 36
percent from 1988 to 1990 and has stayed about the same smce Smce 1990, the
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recruItment rate for AB pod has been smular to other reSIdent pods, but the
mortahty rate has been more than twlCe as hIgh (Matlm et al 2000)

Less 18 known about transIent killer whales, and thel! stock structure withm the
eastern North Pacmc 18 less clear Stock assessment reports have dealt WIth all
transIent whales that occur from Alaska to Cahforma as a smgle stock (Forney et al
2000) StudIes have shown, however, that two groups of whales that occur m the
EVOS GOA region, called A11 transIents and GOA transIents, are genehcally and
acoushcally dlShnct from one another and from other west coast transIents
(SauhtlS, E L 1993, Barrett-Lennard et al m press) GOA transIents range WIdely,
but are seen only occaslOnally m the PWS--Kenal FlOrds area The A11 pod occurs
ill the PWS--Kenal FlOrds area year-round (SauhtlS 1993, Matlm et al 2000) The
number of whales m the A11 pod has deehned by more than 50 percent smce 1988,
WIth only ten mdIvlduals remammg ill 2000 (Table 711)

Table 711 Number of Whales Photographically Identified In Killer Whale Pods
In Gulf of Alaska Exxon Valdez all Spill Area, 1984 to 2000

Pod Identifier 1984 1988 1990 2000

ReSident Pods

AS 35 36 23 25

AD05 13 11 12 13

AD16 6 5 5 6

AE 13 12 13 18

AI 6 6 6 6

AJ 25 26 28 36

AK 7 8 9 11

AN10 12 13 13 20

AN20 23 26 29

Transient Groups

AT1 22 22 13 10

Source (Matkin et al 2000) and (Matkin 2000)

1 The entire AN20 pod has not been photographed since 1991

The deehnes m the AB and A11 killer whale pods are lSsues of maJor
conservahon concern Thrrteen whales, mostly Juvem1es and adult females,
dlSappeared from AB pod from March 1989 to June 1990, the hIghest mortallty rate
ever seen m a resIdent killer whale pod Although twelve calves have been born m
AB pod smce then, there 18 no clear trend toward recovery because an adillhonal
ten anImals have dIed For the A11 transIents, twelve whales have dIed smce 1988
and no calves have been reCruIted to the group smce 1984 (Matkm 2000)

The causes of the dechnes m these two killer whale pods are not entrrely clear
Killer whales are only rarely caught illCldental to commerclal flShmg operahons
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(Ferrero et al 2000) In the nud-1980s, however, the AB pod was mvolved m a
dIfferent type of mterachon wIth the longlme fIsherIes for sablefIsh and hahbut
(MatkIn and Sauhtls 1994) Whales removed hooked fIsh from the lmes, and
fIshermen attempted to deter them by shoohng at them and detonahng explosIves
A number of whales were seen WIth gunshot wounds, and some of those later
dIsappeared In spIte of eIght mortalIhes durmg the preVIOUS four years, the pod
numbered thrrty-sIX ammals m 1988, one more than m 1984 (Matkm et al 1994) In
March to September 1989, members of the AB pod were several trmes seen
SWImnung m oil from the EVOS Although a drrect cause-effect relahonshIp cannot
be shown, there IS reason to beheve that the populahon dechne IS m some way due
to the spill (DahlheIm and MatkIn 1994, Matkm et al 1994) Members of the ATI
transIent group were also seen moil m summer 1989, and many members of the
group were ffilSsmg the followmg year and have not been seen smce (MatkIn et al
1994, 2000) An addIhonal concern related to the potenhal effects of contact WIth oil
IS the consumphon of harbor seals, whIch ATI transIents feed on to a large extent
(Sauhtls 1993) Because many harbor seals were coated WIth oil by the spill (Lowry
et al 1994), the whales may have mgested contanunated prey In addIhon, the
harbor seal populahon has decreased Harbor seal numbers were dechnmg m parts
of PWS before 1989, an estrmated 300 seals were killed by the spill, and the seal
populahon has conhnued to declme at least through 1997 (Frost et al 1994, Frost et
al 1999) Therefore, the lack of recruItment mto the ATI pod may be at least partly
caused by the severe reduchon of harbor seal numbers m the EVOS GOA regIOn
(MatkIn et al 2000)

Other than therr general status under the MMPA, Alaskan killer whales have
not been afforded any SpecIal legal protechon Although the AB pod IS part of a
larger reSIdent populahon, the ATI group IS a dIshnct populahon that IS
demographIcally and genehcally ISolated from other killer whales For that reason,
protechve 1lShng under the ESA may be warranted for the ATI group

7.13.2.2 Beluga Whale
Belugas, also called white whales or belukhas, are medIum-SIZed, toothed

whales They have a dIsJunct crrcumpolar dIstnbuhon and occur pnncrpally m
archc and subarchc waters (O'Corry-Crowe and Lowry 1997) Recent studIes have
shown that belugas are separated mto a number of dIscrete genehc groups (stocks),
that generally correspond to groups of anImals that summer m dIfferent regIOns
(O'Corry-Crowe et al 1997, Brown Gladden et al 1999) There are four relahvely
large stocks that range throughout western and northern Alaska and a small stock
that occurs m Cook Inlet and the GOA (O'Corry-Crowe and Lowry 1997)

In the GOA, belugas are seen most commonly m Cook Inlet, but sIghhngs have
been made near KodIak Island, m PWS, and m Yakutat Bay (LaIdre et al m press)
The fact that there have been several reports of belugas m Yakutat Bay durmg 1976
to 1998 suggests the pOSSIbility of a small reSIdent group there The other SIghhngs
have most hkely been of anImals from the maID Cook Inlet concentrahon
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Because summer surveys of belugas m Cook Inlet have been conducted at
rrregular mtervals smce the 1960s and annually smce 1993, beluga mstnbutron m
that regIOn IS farrly well known (I<lmkhart 1966, Calkms 1984, Rugh et al m press)
Belugas may be found throughout Cook Inlet, and m mId-summer they are always
most common near the mouths of large nvers m Upper Cook Inlet, espeaally the
Beluga RIver, the SusItna RIver, and ChIckaloon Bay Other areas where they have
been commonly seen mclude Turnagarn Arm, Kruk Arm, Kachemak Bay, Redoubt
Bay, and Tradrng Bay Rugh et al (m press) compared the dIstnbutron of June and
July sIghhngs made rn the 1990s wIth earher years They found that the proporoon
of sIghhngs rn Upper Cook Inlet has rncreased greatly m the last decade, and they
conclude that the number of sIghhngs m Lower Cook Inlet and m offshore waters
has decmed dunng the years

In February-March 1997, aenal surveys were conducted WIth the specIfIc goal
of gathenng mformatron on wrnter dlStnbutron of the Cook Inlet beluga stock
(Hansen and Hubbard 1999) The area surveyed mcluded Cook Inlet and parts of
the GOA between Kod1ak Island and Yakutat Bay Almost all beluga sIghhngs (150
out of 160) were m the mIddle part of Cook Inlet, and the remarnmg sIghhngs were
rn Yakutat Bay

Smce 1999, the NMFS Natronal Marme Mammal Laboratory (NMML) has
gathered data on Cook Inlet beluga dlStnbutron and movements through use of
satelhte-hnked tags In 1999, one whale that was tagged and tracked for 110 days
(from May 31 to September 17) stayed m Upper Cook Inlet (Ferrero et al rn press)
To try to obtarn mformatron on wrnter dIstnbutron, two tags were attached to
whales on September 13, 2000 The whales were tracked untIl mId-January
Dunng that hille, they moved around qUIte a bIt rn Upper Cook Inlet, but md not
go south of Kalgrn Island (NMML unpublIshed data available at
http / /nmmlafsc.noaagov/CetaceanAssessment/2000]older/2000_beluga_whale_taggmg htm,

also 1999 and 2001 stumes available by substrtuhngyear)

In many parts of Alaska, mcludrng Cook Inlet, belugas are most common rn
nearshore waters durrng the summer (Calkms 1986, Frost and Lowry 1990)
Proposed reasons for the use of nearshore habItats rnclude the possIble advantage
of warm protected waters for newborn calves (Sergeant and Brome 1969),
facIhtatron of the epIdermal molt by fresh water and rubbrng on gravel (St Aubrn
et al 1990, SmIth et al 1992), and feedrng on seasonally abundant coastal and
anadromous fIShes (Seaman et al 1985, Frost and Lowry 1990) Although there
have been no drrect studIes of the dIet of Cook Inlet beluga whales, at least part of
the reason for theu congregahng nearshore and near nver mouths must be to feed
on abundant fIShes such as salmon and eulachon (Calkms 1984, Moore et al rn
press)

There has been no hfe hIStory mformahon collected from Cook Inlet belugas
BIOlOgIcal charactenstrcs of belugas rn other areas were reported by Hazard (1988)
Females become sexually mature at four to seven years of age and males at seven to
nrne years Mature females gIve bIrth to calves every two to three years, mostly rn
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late spnng or summer The maxImum bfe span has not been well defmed, but IS
hlely to be about forty years In the southern part of theIr range, belugas are
preyed upon by killer whales, and ill more northern areas by polar bears

Beluga whales are chffi.cu1t to enumerate for a number of reasons PrrnCIpal
problems are that whales are easy to mISS ill muddy water or when whItecaps are
present, and rn all condItIOns some frachon of the populahon will be underwater
where they cannot be seen Early survey efforts largely Ignored these problems
and Just reported the number of anImals counted, whIch dunng the 1960s to 1980s
was usually a few hundred In 1994 the NMFS NMML began to produce annual
eshmates of populahon SIZe WIth standardIZed aerIal surveys of the entIre Cook
Inlet and a sophIshcated set of methods to correct for whales that were mISsed by
observers (Hobbs et al ill press, Rugh et al rn press, Hobbs 2000) For each survey,
they reported the number of whales counted and an eshmate of the total
populahon SIZe (Table 712) Unfortunately because of problems mherent rn
counhng whales from the arr, the annual eshmates are ImprecISe and have a
relahvely large coeffioent of vanahon Nonetheless, regressIOn analysIS shows a
statIShcally SlgrufIcant populahon declrne durrng the 7-year penod The 2000
populahon IS most hlely at least one-thrrd smaller than It was ill1994 The 95
percent confIdence lImIts for the 2000 survey were 279 to 679 whales, meanrng It IS
very hlely that the true current populahon SIZe IS somewhere ill that range

Table 7 12 Counts and Population Estimates for Cook Inlet Beluga Whales,
1993 to 2000

Year Whale Count Abundance Estimate Coefficient of Variation

1994

1995

1996

1997

1998

1999

2000

Sources

281 653

324 491

307 594

264 440

193 347

217 357

184 435

(Hobbs et al In press) and (Hobbs 2000)

043

044

028

014

029

020

023

Available data suggest that beluga whales m Cook Inlet rarely become
entangled ill fIShmg gear (Ferrero et al 2000) The largest source of mortahty ill

recent years has been hunhng by Alaska Nahves Although harvest data are
ImprecISe, eshmates of the annual number of whales killed durrng 1993 to 1998
ranged from 21 to 123 anImals (Ferrero et al 2000, Mahoney and Shelden rn press)
ThIS compares to a lIkely sustamable harvest of about twenty whales from a
populahon of 500

Because of the populahon declme and the potenhal for contrnued overharvest,
several enVIronmental groups and one rndIvIdual submItted a pehhon to NMFS m
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March 1999 requestrng that the Cook Inlet beluga whale be hsted as an endangered
specIes under the ESA RespondIng to the same problems, Senator Ted Stevens
mserted language mto federal legISlatIOn passed m May 1999 that prohIbIted any
huntrng of beluga whales by Alaska Nahves, unless they had entered mto a co­
management agreement WIth NMFS to regulate the hunt In May 2000, NMFS
fmahzed a deSIgnahon of deplehon under proVISIOns of the MMPA for the Cook
Inlet beluga populahon, and m June 2000, the agency determmed that a hstrng
under the ESA was not warranted There was no legal harvest of Cook Inlet
belugas m eIther 1999 or 2000 NMFS IS currently workmg through provISIOns of
the MMPA to allow a small, regulated take of Cook Inlet belugas to satISfy the
cultural needs of Alaska Nahves

Although overharvest by Alaska Nahves m the 1990s appears to be suffICIent to
explam the populahon declme, concerns that thIS small Isolated populahon may be
vulnerable to other threats remam Areas of concern that have been IdenhfIed
mc1ude commerCIal flShmg, Oll and gas development, mumCIpal dIScharges, nOIse
from arrcraft and ShIpS, shIppmg traffIc, and tOUIlSm (Moore et al m press)

7.13.2.3 Steller sea Lion
Steller sea hons are the largest specIes of otarnd (eared seal) They are dIStnbuted

around the North Pacmc nm from northern Japan, the Kunl Islands and Okhotsk Sea,
through the Aleuhan Islands and Benng Sea, along the southern coast of Alaska, and
south to CalIforrna (Kenyon and RIce 1961, Loughhn et al 1984, Loughhn et al 1992)
Most large rookenes are m the GOA and AleutIan Islands The northernmost rookery,
Seal Rocks, IS m the EVOS regIOn at the entrance to PWS Currently the largest
rookery IS on Lowne Island, m the Forrester Island complex m southern Southeast
Alaska

Steller sea hons are hsted as two dlShnct populahon segments under the ESA an
eastern populatIOn that mc1udes all anImals east of Cape Suckhng, Alaska, and a
western populahon that mc1udes all anImals at and west of Cape Suckhng ThIS
dlShnchon IS based mostly on results from illltochondnal DNA genehc studIes that
found a dIShnct break m the dIstnbuhon of haplotypes between locahons sampled m
the western part of the range and eastern locahons, mdIcahng restncted gene flow
between two populahons (BIckham et al 1996, BIckham et al 1998a) Informahon on
dIstnbuhon, populahon response, and phenotypIC characteIlShcs, also support the
concept of two Steller sea hon stocks (Loughhn 1997)

Most adult Steller sea hons occupy rookenes durmg the puppmg and breedmg
season, whIch extends from late May to early July (pItcher and Calkms 1981, GlSIDer
1985) Some Juvem1es and non-breedmg adults may summer at or near the rookenes,
but most use other locahons as haul-outs Dunng fall and wmter, sea hons may be at
rookery and haul-out SItes that are used dunng the summer, and they are also seen at
other locahons They do not make regular illlgrahons, but do move COnSIderable
dIStances When they reach adulthood, females generally return to the rookenes of
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therr brrth to pUp and breed (Kenyon and RIce 1961, Cafuns and PItcher 1982,
Loughhn et al 1984)

Steller sea hons use a number of manne and terrestnal habItats Adults
congregate for puppmg and breedmg on rookenes that are usually on sand, gravel,
cobble, boulder, or bedrock beaches of relatIvely remote ISlands Haul-outs are SItes
used by adult sea hons durmg bmes other than the breedmg season, and by non­
breedmg adults and subadults throughout the year Haul-outs may be at SIteS also
used as rookenes, or on other rocks, reefs, beaches, JettIes, breakwaters, naVIgatIonal
aIds, floatmg docks, and sea Ice WIth the exceptIon of sea Ice, SItes used for rookenes
and haul-outs are tradItIonal and the spectftc locatIons used vary httle from year to
year Factors that mfluence the SUItability of a partIcular area are poorly understood
(Gentry 1m, Sandegren 1970, Calkms and PItcher 1982)

When not on land, Steller sea hons are seen near shore and out to the edge of the
contmental shelf, m the GOA, they commonly occur near the 200-m depth contour
(KaJImura and Loughhn 1988) StudIes WIth usmg satelhte-hnked telemetry have
prOVIded detaIled mformatIon on at-sea movements (Mernck and Loughhn 1997)
Adult females tagged at rookenes m the central GOA and AleutIan Islands m summer
made short tnps to sea and generally stayed on the contmental shelf In wmter, adult
females ranged more WIdely WIth some movmg to seamounts far offshore Pups
tracked durmg the wmter made relatIvely short tnps to sea, but one moved 320 km
from the eastern AleutIans to the Pnbliof Islands

Female Steller sea hons reach sexual matunty at three to SIX years of age and most
breed annually durmg June and July (PItcher and Calkms 1981) Males reach sexual
matunty at three to seven years of age and phYSICal matunty by age ten, they estabhsh
temtones on rookenes durmg the breedmg season, and one male may breed WIth
several females (Thorstemsonand Lensmk 1962, Gentry 1971, Sandegren 1970, GlSIDer
1985) Temtonal males fast for long penods durmg the puppmg and breedmg season
Pups are born on land, normally m late May to June, and they stay on land for about
two weeks, then spend an mcreasmg amount of bme m mterhdal areas and
SWlffiffiIDgnear shore After gIvmg brrth, sea hon mothers attend pups constantly for
about ten days, then alternate tnps to sea for feedmg WIth returns to the rookery to
suckle therr pup UnlIke most pmmpeds, for whIch weanmg IS predIctable and
abrupt, Steller sea hons may contmue to nurse until they are at least three years old
(Gentry 1971, Sandegren 1970, Calkms and PItcher 1982)

Steller sea hons dIe from a number of causes, mdudmg dIsease, predatIon,
shootmg by humans, and entanglement m fIshmg nets or debrIS (Mernck et al 1987)
In addItIon, pups may me from drownmg, starvatIon caused by separatIon from the
'mother, crushmg by larger anImals, and bltmg by females other than the mother (Orr
and Poulter 1967, Erne 1977)

Steller sea hons are generalISt predators that mostly eat a vanety of fIshes and
mvertebrates (pItcher 1981) Seals, sea otters, and brrds are also occaSIOnally eaten
(Gentry and Johnson 1981, PItcher and Fay 1982, O'Daruel and SchneewelS 1992)
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Much effort has been devoted to descnbmg the met of sea hons m the GOA In the
nud 1970s and nud 1980s, the pnmary food found m sea hon stomachs was walleye
pollock Octopus, sqUId, hernng, Pacrli.c cod, flathshes, capehn, and sand lance also
were consumed frequently (pItcher 1981, Cafuns and Goodwm 1988) In the 1970s,
walleye pollock was the most lillportant prey m all seasons, except summer, when
small forage fIshes (capehn, herrmg, and sand lance) were eaten more frequently
(Mernck and Cafuns 1996) Results from exammanon of scats collected on rookenes
and haul-outs m the GOA m the 1990s confrrmed that pollock has been overall the
donunant prey, WIth Pacmc cod and salmon also lillportant m some months (Mernck
et al 1997) The met of JUveru1e Steller sea hons has not been stumed m detal.1, but It IS
known that they eat somewhat smaller pollock than do adults (Frost and Lowry 1986,
Cafuns 1998) AvaJ.1able data suggest that the average daIly food requrrement for sea
hons IS on the order of 5 percent to 8 percent of theIr body weIght per day (Kaste1em
et al 1990, Rosen and Tntes 2000)

Satelhte-hnked tags attached to sea hons have proVIded mformanon on the
amount of tIme spent mvmg and illvmg depths (Mernck and Loughhn 1997) Adult
females m wmter spent the most tIme feedmg and dove the deepest, and young of the
year spent re1anvely httle tIme mvmg to shallow depths As young of the year
matured, foragmg effort mcreased from November to May

The abundance of Steller sea hons m the western populanon has decreased
greatly smce the 1960s, to the extent that the SpecIes has been lISted as endangered
under the ESA From the mId-late 1970s through 2000, mdex counts of adults and
Juveru1es for the western populanon as a whole dechned by 83 percent from
109,880 to 18,193 (Crane and Galasso 1999) Dechnes m the eastern GOA (Seal
Rocks to Outer Island) and central GOA (Sugarloaf Island to Chowlet Island) have
been of a generally slllllar magmtude (73 percent and 87 percent), but It appears
that the dechne m the eastern GOA began later than m the western GOA and other
regIOns (Sease and Loughhn 1999, Crane and Galasso 1999) (Table 713) Counts of
pups on rookenes have shown sllll1ar dechnes Modehng and taggmg studIes
have suggested that the prOXImate cause of the populanon dechne IS probably a
reducnon m surVIval of Juveru1e anlllals (York 1994, Chumbley et a1 1997) BIrth
rates are also comparanve1y low (Calkms and Goodwm 1988), wllich could be a
contnbutmg factor Populanon VIability analySIS suggests that If the dechne
contmues at Its current rate some rookenes will go extlnct m the next forty to fIfty
years, and the entrre western populanon could be extlnct WIthm 100 to 120 years
(York et a1 1996)
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Table 713 Index Counts of Steller Sea Lions In the Eastern Gulf of Alaska (Seal Rocks
to Outer Island) and Western Gulf of Alaska (Sugarloaf Island to ChoWlet Island)

Survey Year Eastern GOA Central GOA Western Stock Total

1976 7053 24678 1098801

1985 19002

1989 7241 8552

1990 5444 7050 30525

1991 4596 6273 29418

1992 3738 5721 27,286

1994 3369 4520 24119

1996 2133 3915 22223

1997 3352

1998 3346 20201

1999 1 952

2000 1 894 3,177 18193

Sources (Sease and Loughlin 1999) and (Crane and Galasso 1999)

The mulhple factors that have been suggested to affect abundance of the
western Steller sea hon populahon m the past three to four decades (Memck et a1
1987) are represented by SIX related hypotheses dIsplayed on a Nahona! Marme
FlShenes ServIce web page on December 27, 2001

BnefChm actenzatzon of the P11nczple Hypotheses Sun oundmg the
Stelle1 Sea LIOn Declme

http//wwwfala noaa gov/om7/gi ants/ssln/hypotheslS htm

1 Flshenes Compehhon

Comme1 czal fishenes potenhally cause 01 cont11bute to nuh1honal sh ess
m the weste1 n stock ofStelle1 sea ltons by 1educzng ezthe1 the abundance of
p1 ey at scales 1elevant to f01 agl11.g sea ltons 01 by dlStu1 bmg p1 ey patches so as
to 1educe thez1 avallabzltttj In tu1 n, nutnhonal sh ess IS manifested m the
populahon as mC1 eased mOl taltty 01 lawe1 ed 1ep1 oduchve output

2 Envl1 onmental Change

Envl1 onmental condlhons m a1 eas mhabzted bJ.j Stelle1 sea ltons may have
changed smce the 1970s m ways that 1educed the avallabIltty ofp1 eyfin
Stelle1 sea ltons and p1 eczpztated nutnhonal sh ess TIre changes may have
eztlw 1educed the abundance ofImp01 tant p1 ey Ite111S 01 alte1 ed thez1
dISt11buhons

3 P1edahon

P1 edahon ofStelle1 sea ltons by kIlle1 whales and slul1 ks has 111.C1 eased as
ajunchon ofa) thezr mC1 eased populahon SIze, b) thez1 mC1 eased pe1 capzta
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consumptIOn, 01 c) I emmned constant (JVeJ tlllle, but wlth mC1 easmg effects
as the StelleJ sea hon population has dlllllmshed OVe1 time

4 Antiu opogemc Effects

One 01 mOl esow ces ofantiu opogemc actimtlj, 111.cludl11.g lnadental
mOl tahtlj (e g entanglement), dll ect mOl tahtlj (e g shooting), comme1 aal
harvesting, Subs1stence harvesting, and hm assment have conb 1buted to the
declme m the Stelle1 sea hon population Such effects would 111.clude both
those OVe1 the past decades Slnce the dechne began and those winch may be
ongol11.g

5 DlSease

The Stellel sea hon population 15 bem.g I educed blj dlSeases 7.oinch may
I esult 111. mOl tahty 01 I educed I epl oductive output

6 Contmmnants

Contammants fi om Cltiw local 01 d1stant sow ces have had deb 1mental
phys1cal1l1lpacts on Stelle1 sea hons leadmg to mC1 eased mOl tahtlj 01 I educed
I ep7 oductive output

Avaliable data pemut no defuuhve evaluahon of any of these hypotheses at
present There IS no eVIdence that patterns of predahon, dISease, or envrronmental
contamInants have changed suffICIently to have caused such a maJor decrease m
abundance (Loughhn 1998) In the past, many sea hons were killed m commerCIal
harvests, by illCIdental entanglement ill nets, and by shoohng to reduce damage to
fIShmg gear and fIsh depredahon (Alverson 1992) That mortahty may have played
some part ill the early stages of the decbne, but such killmg has been ehmmated or
greatly reduced and cannot explam the WIdespread, conhnumg decbne SubsIStence
hunhng by Alaska Nahves occurs at low levels and IS not Judged to be an Important
factor overall (Ferrero et al 2000) Currently the most bkely explanahon IS that sea
hons, especIally Juvemles, are expenenClTIg hIgher than normal mortalIty because they
are nutnhonally hnuted (Loughhn 1998, Crane and Galasso 1999) The nutnhonal
hnutahon could be caused by envrronmental changes that have affected sea hon prey
speCIes, compehhon for prey WIth commerCIal fIShenes, or some combmahon of the

two

The decbne of the western populahon of Steller sea hons, and the need to recover
the populahon and protect cnhcal habItat as reqUITed by the ESA, have been a maJor
conservahon ISsue ill recent years (Lowry et al 1989, Fntz et al 1995) Achons
proposed to faCIhtate recovery may have substanhal effects on commerCIal fIShenes
and coastal commumhes ill the GOA and elsewhere (Crane and Galasso 1999) MaJor
research efforts have been generously funded ($43M FY 01, $40M FY 02, $60M FY 03)

by the federal government
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7.13.2.4 Pacmc Harbor Seal
Harbor seals are medmm-SIZed, "earless" seals that are wIdespread m

temperat~ waters of both the North AtlantIc and the North PacIfIc In the North
Paabc, theu dIstnbutIon 18 nearly contlnuous from BaJa CalIfOrnIa, MeXICO, to the
GOA and Bermg Sea, through the AleutIan Islands, and to eastern RUSSIa and
northern Japan (Shaughnessy and Fay 1977, Hoover-Miller 1994)

Harbor seals are found pnmarl1y m the coastal zone where they feed and haul
out to rest, give bIrth, care for theu young, and molt Haul-out SItes mclude
mtertIdal reefs, rocky shores, mud and sand bars, gravel and sand beaches, and
floatlng glaCIal Ice (Hoover-Miller 1994) From the results of satellite taggmg
studIes m PWS, most adult harbor seals are known to use the same few haul-outs
for most of the year (Frost et al 1996, Frost et al 1997)

Although It IS relatIvely easy to study harbor seals while they are on haul-outs,
thel! dIstnbutIon and movements at sea are not as well understood Durmg 1992 to
1997, as part of EVOS restoratIon studIes, satelhte-lmked depth recorders (SDRs)
were attached to seals m PWS to study thel! at-sea behavIOr AnalySIS of the
trackmg data from foorty-nme subadult and adult harbor seals mdIcated that most
tagged seals stayed m or near PWS, but some subadults moved 300 to 500 km. east
and west m the GOA (Frost et al 2001, Lowry et al 2001) VIrtually all relocatIons
were on the contlnental shelf m water less than 200 m deep Most feedIng tnps for
adults went 10 km. or less from haul-outs, and Juvemles fed mostly Withm 25 km.
Patterns of dIvmg (effort and depth) vaned geographIcally and seasonally DurIng
1997 to 1999, SDRs were attached to twenty-seven recently weaned harbor seal
pups m PWS Prehmmary analySIS of those data (Frost et al 1998, Lowry and Frost
unpubhshed) dId not show any extraordmary movement patterns

SDRs have also been attached to harbor seals m Southeast Alaska and the
KodIak region Prehmmary results from those taggmg efforts have been reported
m Small et al (1997,1998) The data are currently bemg analyzed and prepared for
pubhcatIon (Small 2001)

Overall, harbor seals are relatIvely sedentary and they show consIderable
fIdehty to haul-out SItes (pItcher and McAlhster 1981, Frost et al 1996, Frost et al
1997) For management purposes, NMFS has dehneated three harbor seal stocks m
Alaska

1 The southeast Alaska stock, mcludmg anImals east and south of Cape
Suckhng,

2 The GOA stock, mcludmg anImals from Cape Suckhng to Urumak Pass and
westward through the AleutIan Islands, and

3 The Benng Sea stock mcludmg anImals m BrIStol Bay and the Pnbl10f
Islands (Ferrero et al 2000)
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Dunng the past several years, an m-depth study of Alaska harbor seal genehcs
has been conducted by the NMFS Southwest FlShenes SCIence Center Prebnunary
analysIS of those data mmcate a number of relahvely small populahon uruts WIth
very hmIted mspersal among them (O'Corry-Crowe et al m press), m (Small et al
1999) Results suggest that WIthIn the EVOS area, there are mulhple harbor seal
stocks that may reqUITe mmVldual management attenhon NMFS SCIentISts are
currently analyzmg the molecular genehcs data and preparmg It for pubhcahon
NMFS managers are evaluahng those results WIth the mtenhon of refmmg stock
boundanes for Alaska harbor seals

Hoover-Miller (1994) summarIZed avaIlable mfonnahon on Alaska harbor seal
bIOlogy and lIfe hIStory Both male and female harbor seals reach sexual maturIty
at three to seven years old Adult females gIVe brrth to smgle pups once a year, on
land or on glacial Ice In PWS and the GOA, most puppmg occurs from ffild-May
through June Newborn harbor seals pups are born WIth therr eyes open, WIth an
adult-hke coat, and are 1ffiffiemately able to SWlffi Pups are weaned when they are
three to SIX weeks old Once each year m July to September, harbor seals shed thel!
old harr and grow a new coat Durmg thIS hIDe, the seals spend more hIDe hauled
out than they do at other hIDes For that reason, the molt penod IS a good hIDe to
count seals to eshIDate populahon SIZes and trends

Most mfonnahon about the met of harbor seals m PWS and the GOA was
collected m the ffild-1970s by exammahon of stomach contents (PItcher 1980) The
maJor prey overall m both PWS and adJacent parts of the GOA was pollock
Octopus, capehn, PacIfIC cod, and herrmg also are eaten frequently Stomachs of
young seals contamed mostly pollock, capehn, eulachon, and hemng As part of
EVOS restorahon studIes, blubber samples from PWS harbor seals have been
analyzed for thel! fatty aCId composihon to examme thel! recent mets (Iverson et al
1997), and (Lowry and Frost unpubhshed) Imhal results showed that hemng,
pollock, other fIShes, and cephalopods (a class of sqmd and OCtOpI) had been eaten
Seals sampled at the same haul-out had Slffi11ar fatty aCId composihons, suggestrng
that they had fed locally on s1ffi11ar prey In contrast, seals sampled from areas as
httle as 80 km apart had dIfferent fatty aCId composihons, mdIcahng substanhally
dJ.fferent mets Small et al (1999) have exammed scats from harbor seals collected
near Kornak and found mostly remams of sculplllS, greenhng, sand lance, and
pollock

Known predators of harbor seals mclude killer whales, Steller sea hons, and
sharks The Iffipact of these predators on harbor seal populahons IS unknown, but
may be SIgnIfIcant In PWS alone, killer whales may eat as many as 400 harbor
seals per year (Matkm 2000) The modence of sharks caught on halIbut longhnes m
the GOA has mcreased greatly m the last decade (Lowry and Frost unpubhshed
data) The degree to wllich these sharks prey on harbor seals IS unknown, but seal
remams have been observed m thel! stomachs (Matkm 2000)

Before the MMPA, harbor seals were hunted commercIally m Alaska, and they
were also killed to reduce thel! predahon on commercially IffipOrtant fIShes
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(Hoover-Miller 1994) Such 1JJls, wluch exceeded 10,000 arumals m many years,
were largely stopped m 1972 The MM:PA allowed fIshermen to shoot seals If they
were damagmg therr gear or catch and could not be deterred by other means A
few hundred arumals probably were 1JJled annually for that reason durmg 1973 to
1993 In 1994, the MMPA was amended to requrre that fIshermen use only non­
lethal means to keep marme mammals away from therr gear

Harbor seals have been and contmue to be an Important food and handIcraft
resource for Alaska Nahve subsIStence hunters m PWS and the GOA The ADF&G
DIvlSlon of SubSIStence estrmated the SIZe of the harbor seal harvest annually
durmg 1992 to 1998 The average annual1JJl durmg that penod was approxImately
380 seals m PWS and 360 for KodIak, Cool. Inlet-Kenal, and the south Alaska
Penmsula combmed (Wolfe and Hutclunson-Scarbrough 1999) About 88 percent
of the seals shot were retrIeved, and 12 percent were struck and lost Although
harvests at mdIVldual villages have vaned from year to year, reglOnal harvest
levels have shown no clear trend

Harbor seals are somehmes entangled and killed m the gear set by several
commercIal fIshenes that operate m the EVOS GOA reglOn Ferrero et al (2000)
estrmated an average mmImum annual mortallty of thrrty-SlX arumals for the GOA
stock ThIS fIgure was an undereshmate, because there have not been observer
programs for several of the fIshenes that are hkely to mteract Wlth harbor seals

Some harbor seals were 1Jlled by the EVOS, at least m PWS (Frost et a1. 1994) In
August and September 1989, ADF&G flew aerla1 surveys of harbor seals m oiled and
unoiled areas of central and eastern PWS Results of those surveys were compared to
earher surveys of the same haul--outs conducted m 1983,1984, and 1988 Before the
EVOS, counts m oiled and unoiled areas of PWS were dechnmg at a SIml1ar rate, about
12 percent per year From 1988 to 1989, however, there was a 43 percent dechne m
counts of seals at oiled SlteS compared to 11 percent at unoiled Sltes Other studIes
conducted as part of the EVOS damage assessment program showed that seals m
oiled areas became coated WIth oil (Lowry et al 1994) Many oiled seals acted Slck
and lethargiC for the fust few months after the spill Tests of bile and tISsues
showed that oiled seals were metabohzmg petroleum compounds (Frost et al
1994) MIcroscopIc exammahon mdIcated that some oiled seals had bram damage
that would hkely have mterfered WIth lIDpOrtant funchons such as breathmg,
SWImmmg, dIvmg, and feedmg (Spraker et al 1994) It was eshmated that
approXlIDately 300 seals dIed because of the EVOS (Frost et al 1994) Hoover-Miller et
a1. (2000) dISputed the mortallty eshmate of Frost et a1. (1994), but they admIt that the
spill had effects on harbor seals and do not proVlde an altemanve eshmate of
mortahty

Harbor seals are one of the most common marme mammals m the EVOS GOA
region In 1973, ADF&G eshmated there were about 125,000 m thIS region based on
harvest data, observed densihes of seals, and the amount of available habItat
(PItcher 1984) The most recent populahon estrmate for the GOA harbor seal stock,
denved from mtenslve aenal surveys conducted by NMFS, IS 29,175 (Ferrero et al
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2000) Although the methods used to denve the two estImates were very dIfferent
and they are not drrectly comparable, the dIfference does suggest that a large
declme m harbor seal numbers has occurred m the GOA

Counts at mdIvIdual haul-outs and along surveys routes establIshed to morutor
trends confIrm the declme and proVIde some mformahon on the temporal pattern
of changes (Table 714) At TUgIdak Island (south of KodIak Island), average molt
penod counts declmed by 85 percent from 1976 to 1988 (PItcher 1990), followed by
a penod of stabI.hzahon before a populahon mcrease of about 5 percent per year
durmg 1994 to 1999 (Small et al 1999) In eastern and central PWS, the number of
seals at twenty-fIve trend mdex SItes declmed by 42 percent between 1984 and 1988
(PItcher 1989) Trend counts at mdex SItes have shown that the declme m that part
of PWS conhnued at least through 1997, by whIch tIme there were 63 percent fewer
seals than there were m 1984 (Frost et al 1999) Counts on the PWS trend route
were farrly s1ffi11ar m 1994 to 1998 (Table 714), suggeshng that the declme m that
area may have stopped In the KodIak trend area, harbor seal counts mcreased by
56 percent per year durmg 1993 to 1999 (Small et al 1999)

Table 7 14 Counts of Harbor Seals at Index Sites In the Exxon Valdez all Spill
Gulf of Alaska Area

Year Tugldak Island PWS Kodiak

1976 5708

1977 4618

1978 3781

1979 3133

1982 1,918

1984 1469 2488

1986 1,181

1988 966 1875

1989 1423

1990 882 1282

1991 1200

1992 820 1 133

1993 805 1126 3129

1994 800 981 3478

1995 804 1126 3855

1996 819 962 3322

1997 844 929 3674

1998 880 1 053 4247

1999 929 4876

Sources (Pitcher 1990), Frost et al 1994, Frost et al unpublished, and Sma1/2001)

Counts have been adjusted to account for Important covarrates (Frost et al 1999)
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Mortahty of harbor seals caused by people because of fIshery mteractIons, the
EVOS, and hunbng has been farrly well documented Each of these causes may be a
contnbubng factor, but It seems unltlely that they could have caused such a
WIdespread and major population dechne Other factors that could be mvolved m the
declme mc1ude dIsease, food hmItatIon, predation, contammants, and changes m
habItat avaIlability No strong SCIentJ.fIc eVIdence has been produced, however, to
suggest that any of these factors has been a pnmary cause (Sease 1992, Hoover-Miller
1994) A Leshe matrIx model for population projection showed that large changes m
VItal parameters (reproduction and SUTVlval) must have occurred to cause the declmes
m abundance seen m PWS durmg 1984 to 1989, and that changes m JUvem1e SUTVlval
are hle1y to have the greatest effect on population growth (Frost et a11996)

The large decrease m harbor seal abundance m the GOA has been a major concern
among SCIentIsts, resource managers, Alaska Natives, and the pubhc After
completion of damage assessment, the Trustee CouncI1 funded restoration studIes to
learn about the bIology and ecology of harbor seals m the spill area, and to mvestIgate
pOSSIble causes for the dechne (Frost and Lowry 1994, Frost et al 1995, Frost et al
1996, Frostet al 1997, Frost et al 1998, Frost etal 1999) At about the same hIDe,
Congress began proVIdmgfunds to ADF&G to be used to mvestIgate causes of the
Alaskan harbor seal declme Those funds were used to nuhate harbor seal research
programs m Southeast Alaska and the KodIak area, and to resume long-term studIes
on TUgIdak Island (LeWIS 1996, Small et al 1997, Small 1998, Small et a11999, Small
and Pendleton 2001) A major part of all those studIes has been hve-<::apturmg seals
and attachmg SDRs to them to learn about theIr movements, foragmg patterns, and
behaVIor on land and at sea As part of the fIeld studIes, researchers have Weighed
and measured each seal, and have taken samples for studIes of blood chemIstry,
dIsease, genetics, and dIet Some parts of those studIes have been completed and
publIshed, some are m the analySIS and reporbng stage, and others are ongomg As
dIscussed above, the results have added greatly to the understandmg of harbor seals
m thIs area and will conbnue to do so as more of the work IS completed

Any hIDe a WIldhfe population declmes,It IS a cause for concern For harbor
seals m PWS and the GOA, however, the concern IS magruft.ed because the causes
for the declme are unknown and because these seals are an Important food and
cultural resource of Alaska Natives In addItIOn, the results of genetics studIes are
showmg very hnuted dIspersal between seals m adjacent areas, suggestIng that
harbor seals should be managed as a number of relatively small umts So far GOA
harbor seals have not been lIsted as depleted under the MJvIPA or as threatened or
endangered under the ESA The hsbng status could change If recovery doesn't
happen m some genetically dIscrete population umts

Harbor seals may have great value as an mdIcator specIes of envIronmental
condItions m the GEM region They are Important m the food web, both as upper
level predators on commerCIally explOIted fIShes and other fIshes and mvertebrates,
and also as a food resource for killer whales and Alaska Native hunters Because
they are non-nugratory and have low dIspersal rates, changes ill theIr abundance
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and behavIOr should be reflechve of changes ill local envrrorunental conmhons ill
the areas they rnhablt Further, they are relahvely easy to study, and durmg the
past 30 years a cOnsIderable amount of baselIne data has been collected on therr
abundance, dIstnbuhon, and other aspects of therr bIology and ecology

7.13.2.5 Sea Otter
Sea otters are the only completely marme speCIes of the aquahc lutrmae, or

otter subfamI1y of the famI1y Mustehdae They occur only ill coastal waters around
the North Pacmc nm, from central Baja Cahforma, MeXIco, to the northern Islands
of Japan The northern dIstrlbuhon of sea otters IS hmIted by the southern extent of
willter sea Ice that hmIts access to foragmg habItat (Kenyon 1969, RIedman and
Estes 1990) Southern range hmIts are less well understood, but are blely related to
reduced produchvlty at lower lahtudes, illcreasmg water temperatures, and
thermoregulatory constramts Imposed by the sea otter's dense fur

Three subspeCIes of sea otters are recogmzed Enhydl a lurns lutns from ASia to
the Commander Islands of RUSSIa, E 1 kenyon! from the western Aleuhans to
northern Cahforma, and E 1 news, south of the Oregon (Wilson et al 1991) The
subspecmc taxonomy suggested by morphological analyses IS largely supported by
subsequent molecular genehc data (Cronm et al 1996, Scnbner et al 1997) The
mstnbuhon of ffiltochondnal DNA haplotypes suggests httle or no recent female­
medIated gene flow among populahons Populahons separated by large
geographIc dIstances, however, share some haplotypes (for example, m the Kunl
and KodIak ISlands), suggeshve of common ancestry and some level of hIStoncal
gene flow The dIfferences m genehc markers among contemporary sea otter
populahons hkely reflect the followmg-

• Penods of habItat fragmentahon and consohdahon durmg PleIStocene
glaCIal advance and retreat,

• Some effect of reproduchve ISolahon over large spahal scale, and

• The recent hIStory of harvest-related reduchons and subsequent
recoloruzahon (Cronm et al 1996, Scnbner et al 1997)

Sea otters occupy and use only coastal manne habItats The seaward hmIt of
therr feedmg habItat, whIch IS about the 100-m depth contour, IS defmed by therr
ability to dIve to the sea floor Although sea otters may be found at the surface m
deeper water, eIther reshng or SWImmmg, they must mamtam relahvely frequent
access to shallower depths where they can feed In PWS, 98 percent of the sea
otters are found m water WIth depths less than 200 m and sea otter abundance IS
mverse1y correlated WIth water depth, With about 80 percent of the anImals
observed m water less than 40 m deep (Bodkm and Udevltz 1999) Sea otters
forage m dIverse bottom types, from £me mud and sand to rocky reefs Although
they may haul out on mterhdal or suprahdal shores, no aspect of therr lIfe hIStory
reqUITes leavmg the ocean Where present, surface-eanopy-foIffi1TIg kelps provIde
preferred reshng habItat In areas lackmg kelp canopIes, sea otters rest m groups or

230 CHAPTER 7 JULY 2002



------------ ----

GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

alone m open water, but may select aleas protected from large waves where
available Sea otters generally feed alone and often rest m groups of ten or fewer,
but also occur m groups numbermg m the hundreds (RIedman and Estes 1990)

Re1ahve1y few data are available to descnbe relahons between sea otter
del1S1hes and habItat charactenshcs Maxmlum sea otter densIhes of about twelve
per square Wometer (km2) have been reported from the Aleuhan and Commander
Islands (Kenyon 1969, Bodkm et al 2000) where habItats are largely rock-y
Maxmlum densIhes m Orca Inlet of PWS, a shallow soft-sedIment habItat, are
about 16 per km2 Equilibnum, or sustamable densIhes, hkely vary among habItats,
WIth reported values of about 5 to 8 per km2 In PWS, sea otter densIhes vary
among areas, averagmg about 1 5 per km2 and rangmg from fewer than one to
about 6 per km2 (Bodkm and UdevItz 1999, USGS unpubhshed data)

The sea otter IS the largest mustehd, WIth males cOl1S1derably larger than
females Adult males attaln weIghts of 45 kg and total lengths of 148 em Adult
females attaln weIghts of 36 kg and total lengths of 140 cm At bIrth, pups weIgh
about 1 7 to 2 3 kg and are about 60 cm m total length

Adult male sea otters gaIn access to estrous females by estabhshmg and
marntammg terntones from wmch other males are excluded (Kenyon 1969,
Garshehs et al 1984, Jameson 1989) Male terntones vary m SIZe from about 20 to
80 hectares Terntones may be located m or adjacent to female reshng or feedmg
areas or along travel corndors between those areas, and are occupIed conhnuously
or mtermlttently through tIme (Loughhn 1981, Garshehs et al 1984, Jameson 1989)
Female sea otters attaln sexual matunty as early as age two, and by age three most
females are sexually mature Where food resources may be hmIhng populahon
growth, sexual maturahon may be delayed to four to fIve years of age

Adult female reproduchve rates range from 0 80 to 0 94 (SmIff and Ralls 1991,
Bodkm et a11993, Jameson and Johnson 1993, RIedman et al 1994, Monson and
DeGange 1995, Monson et al 2000b) Among areas where sea otter reproduchon
has been studIed, reproduchve rates appear to be SImllar despIte dIfferences m
resource availability Although copulahon and subsequent puppmg can take place
at any hIDe of year, there appears to be a posIhve relahon between mcreasmg
lahtude and reproduchve synchrony (occurnng SImultaneously) In CahfomIa,
puppmg IS weakly synchrJonous to nearly umform across months, m PWS, a
dlShnct peak m puppmg occurs m late spnng

Reproduchve output remams relahvely constant across a broad range of
ecolOgIcal condIhons, and pup surVIVal appears to be mfluenced by resource
availability, pnmanly food At Amcmtka Island, a populahon at or near
equilibnum densIty, dependent pup SUfVlval ranged from 22 percent to 40 percent,
compared to nearly 85 percent at KodIak Island, where food was not hmIhng and
the populahon was mcreasmg (Monson et al 2000b) Post-weanmg annual survIval
IS VarIable among populahons and years, rangmg from 18 percent to nearly 60
percent (Monson et al 2000b) Factors affechng SUfVlval of young sea otters, rather
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than reproduchve rates, may be 1lllportant m ultllllately regulatmg sea otter
populahon SIZe SurvIval of sea otters more than two years of age IS generally lugh,
approachmg 90 percent, but gradually dec1mes through tlllle (BodkIn and Jameson
1991, Monson et al 2000b) Most mortahty, other than human related, occurs
durmg late wmter and sprmg (Kenyon 1969, BodkIn and Jameson 1991, BodkIn et
al 2000) Max1lllum ages, based on tooth annuh, are about twenty-two years for
females and fIfteen years for males

Although the sex raho before brrth (fetal sex raho) IS one to one (Kenyon 1982,
BodkIn et al 1993), sea otter populahons generally COnsISt of more females than
males Age-specIfIC surVIVal of sea otters IS generally lower among males (Kenyon
1969, Kenyon 1982, SmIff and Ralls 1991, Monson and DeGange 1995, BodkIn et al
2000), resultmg m a female-bIased adult populahon

The sea otter rehes on au trapped m the fur for msulahon and an elevated
metabohc rate to generate mternal body heat To mamtam the elevated metabohc
rate, energy mtake must be hIgh, requmng consumphon of prey equal to about 20
percent to 33 percent of therr body weIght per day (Kenyon 1969, Costa 1982)

The sea otter IS a generalISt predator, known to consume more than 150
dtfferent prey speCIes (Kenyon 1969, Rtedman and Estes 1990, Estes and Bodkm m
press) WIth few excephons, therr prey generally COnsISt of sessile or slow movmg
bentluc mvertebrates such as mollusks, crustaceans, and echmoderms Preferred
foragmg habItat IS generally m depths less than 40 m (Rtedman and Estes 1990),
although studIes m southeast Alaska have found that some anllllals forage mostly
at depths from 40 to 80 m A sea otter may forage several tlllles daIly, WIth feedmg
bouts averagmg about three hours, separated by penods of rest that also average
about three hours Generally, the amount of tlllle a sea otter allocates toward
foragmg IS posIhvely related to sea otter densIty and mverse1y related to prey
avaIlability T1llle spent foragmg may be a meanmgful measure of sea otter
populahon status (Estes et al 1982, Garshehs et al 1986)

Although the sea otter IS known to prey on a large number of speCIes, only a
few tend to predommate m the dIet, dependmg on locahon, habItat type, season,
and length of occupahon The predommately soft-sedIment habItats of Southeast
Alaska, PWS, and KodIak Island support populahons of clams that are the pnmary
prey of sea otters Throughout most of Southeast Alaska, burrowmg bIvalve clams
(specIes of Saxldomus, PI otothaca, Macoma, and Mya) predommate m the sea otter's
dIet (KVItek et al 1993) They account for more than 50 percent of the Idenhfted
prey, although urchIns (S dl0ebac7nenszs) and mussels (Modwlls modwlls, Musculus
spp ) can also be 1lllportant In PWS and at KodIak Island, clams account for 34
percent to 100percent of the otter's prey (Calkms 1978, Doroff and Bodkm 1994,
Doroff and DeGange 1994) Mussels (Mynlus bossulus) apparently become more
1lllportant as the length of occupahon by sea otters mcreases, rangmg from 0
percent at newly OCCUpIed SItes at KodIak to 22 percent m long-occupIed areas
(Doraff and DeGange 1994) Crabs (C magzstet) were once 1lllportant sea otter prey
m eastern PWS, but apparently have been depleted by otter foragmg and are no
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longer eaten m large numbers (Garshehs et al 1986) Sea urchms are nunor
components of the sea ottel chet m PWS and the Kochak arclupelago In contrast,
the sea otter chet m the Aleuhan, Commander, and Kurl11Slands IS dommated by
sea urchms and a varIety of fm fISh (mcludmg hexagrammlds, gachds, cottrds,
perclformes, cycloptends, and scorpaemds) (Kenyon 1969, Estes et al 1982) Sea
urcluns tend to dommate the chet of low-densIty sea otter populahons, whereas
fIShes are consumed m populahons near eqUIhbnum densIty (Estes et al 1982) For
111.1known reasons, sea otters m regIOns east of the Aleuhan Islands rarely consume
fISh

Sea otters also explOIt eplsochcally abundant prey such as sqUId (Lohgo spp )
and pelagIc red crabs (Ple1l1 oncodes plm'llpes) m Callforrua and smooth lumpsuckers
(AptOCljcllls ventncoslls) m the Aleuhan Islands On occasIOn, sea otters attack and
consume sea buds, mcludmg teal (Anas CI ecca), scoters (Melamta pel splClllata), loons
(Gmna Immel), gulls (Lams spp ), grebes (Aechmophom sOCClden.talls), and cormorants
(PhalaClocoHu spp) (Kenyon 1969, RIedman and Estes 1990)

Sea otters are known for the effects therr foragrng has on the structure and
funchon of nearshore marme commumhes They prOVIde an lillportant example of
the ecologIcal "keystone specIes" concept (Power et al 1996) In the absence of sea
otter foragrng durmg the 20th century, populahons of several speaes of urcluns
(Sh ongtjlocenh 000 spp ) became extremely abundant Grazmg achVlhes of urcluns
effechvely hmlted kelp populahons, resulhng m deforested areas known as "urchm
barrens" (Lawrence 1975, Estes and Harrold 1988) Because sea urcluns are a
preferred prey Item, as otters recovered, they dramahcally reduced the SIZes and
deTISlhes of urcluns, as well as other prey such as mussels, Mynhts spp Released
from the effects of urchm-related herbIVOry, populahons of macroalgae responded,
resulhng m chverse and abundant populahons of under-story and canopy-formmg
kelp forests Although other factors, both non-hvmg (abIOhc) and hvmg (bIOhc),
can also hmlt sea urchm populahons (Foster and Sch1eI1988, Foster 1990), the
generahty of the sea otter effect m reducmg urchms and mcreasmg kelp forests 18

WIdely recogruzed. (reVIewed m Estes and Duggrns 1995) Further cascadmg effects
of sea otters m coastal rocky subhdal commumhes may stem from the prollferahon
of kelp forests Followmg sea otter recovery, kelp forests proVlde food and habItat
for other speaes, mcludmg fm fISh (Slillenstad et al 1978, Ebehng and Laur 1998),
wluch proVlde forage for other fIShes, buds, and mammals Furthermore, where
present, kelps prOVIde the pnmary source of orgaruc carbon to the nearshore
marme commumty (Duggrns et al 1989)

Effects of sea otter foragrng are also documented m rocky mterhdal and soft­
sechment marme commumhes The SIZe-class dlStrlbuhon of mussels was strongly
skewed toward aTIllla1s WIth shell lengths smaller than 40 mm where otters were
present, however, mussels WIth shell lengths larger than 40 mm compflSed a large
component of the populahon where sea otters were absent (VanBlarIcom 1988) In
soft-sedm1.ent coastal commumhes, sea otters forage on eplfauna (crustaceans,
echmoderms, and mollusks) and mfauna (pnmanly clams) They generally select
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the largest mdividuals These foragmg charactenshcs cause declmes m prey
abundance and reduchons m sIZe-elass dIstnbuhons, although the deepest
burrowmg clams (such as, T1 eSllS nuttallll and Panopea genel osa) may attam refuge
from some sea otter predahon (KVltek and Ohver 1988, KVItek et al 1992)
Commumty level responses to reoccupahon by sea otters are much less well
studIed m soft-sedIment habItats that dommate much of the North Pacmc, and
addIhonal research IS needed m thIS area

A century ago, sea otters were nearly eXhnct, havmg been reduced from several
hundred thousand mdIVlduals, by a mulh-nahonal commerCIal fur harvest They
persISted largely because they became so rare that, despIte exhaushve efforts, they
were only seldom found (Lensmk 1962) Probably less than a few dozen
mdIviduals remamed m each of thrrteen remote populahons scattered between
CalIforma and RUSSIa (Kenyon 1969, BodkIn and Udevitz 1999) By about 1950, It
was clear that several of those ISolated populahons were recovermg Today, more
than 100,000 sea otters occur throughout much of theIr hIStone range (Table 715),
although SUItable unoccupIed habItat remams m ASla and North Amenca (Bodkm
and Kenyon m press)

Table 7 15 Recent Counts or Estimates of Sea Otter (Enhydra lutns) Abundance
In the North PaCific

SubspeCies Area Year Number Status

E { {utns RUSSia 1995-97 21 500 Stable In Kunls and Commander
Islands increasing In Kamchatka

E { kenYOn! Alaska USA 1994-99 100000 Declining In Aleutians uncertain In

GOA and increasing In Southeast

Bntlsh 1997 1,500 IncreaSing
Columbia
Canada

Washington 1997 500 IncreaSing
USA

E { nere/s California 1997 2200 Uncertain
USA

Total 125700

Source (Bodkm and Kenyon m press)

Trends m sea otter populahons today vary Widely from rapIdly mcreaSlTIg m
Canada, Washmgton, and Southeast Alaska, to stable or changmg shghtly m PWS,
the Commander Islands and CalIforrua, to dechnmg rapIdly throughout the enme
Aleuhan archIpelago (Estes et al 1998, Estes and Bodkm m press) RapIdly
mcreasmg populahons SIZes are easily explamed by abundant food and space
resources, and mcreases are anhCIpated until those resources become hmIhng
Relahvely stable populahons can be generally charactenzed by food hmItahon and
bIrth rates that approxImate death rates The recent large-scale declmes ill the
Aleuhan archIpelago are unprecedented m recent hIDes and demonstrate complex
relahons between coastal and oceamc manne ecosystems (Estes et al 1998) The
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magmtude and geograpluc extent of the Aleuhan declme mto the GOA are
unknown, but the PWS populahon appears relahvely stable The VIew of sea otter
populahons has been largely mfluenced by events m the past century when food
and space where generally unlmuted As food and space become hmIhng,
however, It IS blely that other mechamsms, such as predahon, contammahon,
human tale, or dIsease will play mcreasmgly Important roles m structurmg sea
otter populahons

A number of predators mclude sea otters m theIr dIet, most notably the wlute
shark (Cm ellm adon ellm cllm las) and the killer whale (01 en 01 cmus) Bald eagles
(Halzaeehls lellcoceplUllus) may be a SIgmhcant source of very young pup mortalIty
Terrestnal predators, rncludmg wolves (CanIS lupus), bears (Ul sus metos), and
wolverme (Glllo glllo) may kill sea otters when they come ashore, although such
rnstances are blely rare Before the work of Estes et al (1998) predahon was
thought to playa mmor role rn regulahng sea otters (Kenyon 1969)

PatholOgIcal dIsorders related to entenhs and pneumoma are common among
beach-east carcasses and may be related to rnadequate food resources, although
such mortalIhes generally cornClde WIth late wrnter penods of rnclement weather
(Kenyon 1969, Bodkrn and Jameson 1991, Bodkrn et al 2000) Non-lethal
gastrornteshnal paraSItes are common, and lethal mfestahons are occaSIonally
observed Among older anImals, tooth wear can lead to abscesses and systemIc
mfechon, eventually contrIbuhng to death

Contammants are of mcreaSlllg concern rn the conservahon and management of
sea otter populahons throughout the North PacIhc Concentrahons of
organochlormes, SlmIlar to levels caUSlllg reproduchve faIlure m caphve nunk
(Mustela VlSon), occurred m the Aleuhan Islands and Cahforma, whereas otters
from Southeast Alaska were relahvely uncontammated (Estes et al 1997, Bacon et
a1 1998) Elevated levels of butylhn reSIdues and organochlorme compounds have
been assocIated WIth sea otter mortalIty caused by mfechous dIsease rn CalIfOrnIa

(Kannan et al 1998, Nakata et al 1998) Changes m stable lead ISotope
compoSIhons from pre-rndustnal and modern sea otters rn the Aleuhans reflect
changes m the sources of lead rn coastal marrne food webs In pre-rndustnal
samples, lead was from natural depOSIts, rn contemporary sea otters, lead IS
pnmanly from ASIan and North Amencan rndustnal sources (SmIth et al 1990)

Suscephbility of sea otters to ou spI1ls, largely because of the relIance on therr
fur for thermoregulahon, has long been recogmzed (Kenyon 1969, SrnIff et al 1982)
and thIS was confrrmed by the EVOS Accurate eshmates of acute mortalIty
resulhng from the EVOS are not available, but nearly 1,000 sea otter carcasses were
recovered m the months followmg the spill (Ballachey et al 1994) Eshmates of
carcass recovery rates ranged from 20 percent to 59 percent (DeGange et al 1994,
Garshehs 1997), rndIcahng mortalIty of up to several thousand anImals (Ballachey
et al 1994) Sea otter mortahty rn areas where ou deposIhon was heaVIest and
perSIStent was nearly complete, and through at least 1997, sea otter numbers had
not completely recovered rn those heavuy oued areas (Bodkrn and UdeVItz 1994,
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Dean et al 2000) Long-term effects mclude reduced sea otter suTVlval for at least a
decade followmg the spill (Monson et al 2000a), hlely a result of sublethal oIlmg m
1989, chromc exposure to residual Oll m the years followmg the spill, and spill­
related effects on mvertebrate prey populahons (Ballachey et al 1994, Fuluyama et
al 2000, Peterson 2000) As human populahons mcrease, exposure to acute and
chromc envrronmental contammants will hlely mcrease Improved understandmg
of the effects of contammants on keystone species, such as sea otters, may be
valuable m understandmg how and why ecosystems change

Human achvlhes contrIbute to sea otter mortalIty throughout the Pacmc R1m
InCldental mortalIty occurs m the course of several commercial fJ.shenes In
Cahforma, an eshmated annual take of eighty sea otters m gill and trammel nets,
out of a populahon numbenng about 2,000, hlely contnbuted to a lack of
populahon growth durmg the 1980s (Wendell et al 1986) Developmg flshenes and
changmg fIshmg techmques conhnue to present potenhal problems to recovermg
sea otter populahons In Alaska, sea otters are taken mCldentally m gillnet, seme,
and crab trap fIshenes throughout the state, but total mortalIty has not been
eshmated (Rotterman and SlIDon-Jackson 1988) Alaska Nahves are perIDltted to
harvest sea otters for subSlStence and hanmcraft purposes The harvest 15 largely
unregulated and exceeded 1,200 m 1993, With most of that from a few, relahve1y
small areas In admhon, an illegal harvest of unknown magmtude conhnues
throughout much of the geographic range of sea otters

Sea otters occupy an lIDportant, and well documented, pOSIhon as an upper­
level predator m nearshore commumhes of the North Pacmc In contrast to most
manne mammals that are part of a plankton and fIsh trophIc web, sea otters rely
almost exclUSIVely on benthic mvertebrates Because both sea otters and therr prey
are resources

Relahvely httle work has been conducted m mveshgahng relahons between
those phYSIcal and bIOlOgical attrIbutes that contribute to varlahon m produchvlty
of nearshore marme mvertebrates, such as the clams, mussels, and crabs that sea
otters consume, and how that variability m produchvlty translates mto vanahon m
annual sea otter survival Given the observed varlahon m sea otter survival, and
the recogmzed role of food m regulahng sea otter populahons, understandmg these
relahons would provide some empmcal measure of the relahve contnbuhons of
predahon and prlIDarY produchon as controlling factors m structunng nearshore
marme commumhes Due to the SlZe of therr home ranges, sea otters are relahvely
sedentary They mtegrate phYSICal and bIOlOgical attributes of the ecosystem over
small spahal scales Further, both sea otters and therr prey occur nearshore,
allowmg accurate and effi.Clent momtonng of sea otters, therr prey, and phYSIcal
and bIOlOgical ecosystem attnbutes ThIS SUlte of factors offers a strong foundahon
for understandmg mechanlSIDS, and mterachons among factors that regulate long­
hved mammahan populahons GIVen that many populahons of large carruvorous
mammals are severely depleted worldwIde, such an understandmg would hkely be
broadly apphcable to conservahon and management
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Human uses have hlely affected the produchvIty
of GOA marme and surroundmg terrestnal
enVIronments dunng the 4,000 or more years of
human presence m the GOA regIOn

Introduction to
the Economics of
Human Uses and
Activities In the
Northern Gulf of
Alaska

7.14

Trends smce the 1989 EJ.."ton Valdez oil spill
suggest that the pace of change m human-caused
effects may have accelerated The spill Itself
changed athtudes toward acceptable nsks of

human-eaused dIsruphon, whIle econOmIC trends have brought about more mtense
use of some resources and dmurushmg use of others Understandmg these trends
will sharpen strategIes for long-term momtonng and extend our understandmg of
how human uses may affect ecosystem produchvIty

In the penod before contact WIth Europeans, KodIal, Prmce WillIam Sound,
and most other areas affected by the oil spill were populated by Alutnq peoples,
lmgmshcally related to the Yuplk Es1J.mos of the Benng Sea coast and the Aleut
cultures of the western Alaska Penmsula and Aleuhan Islands All of these cultures
were IIocean-facmg," denvmg most of theIr hvehhood from the sea, WIth relahvely
httle economIc dependence on upland resources (Dumond 1983)

The cultural values and econOmIC systems of these commumhes appear to have
been very stable The central role of marme mammal and fIsh resources m the
Alutnq subSIStence econOmIes profoundly mfluenced the SOCIal orgaruzahon of pre­
contact sOClehes and shaped theIr spmtual and cultural values In the face of
envIronmental vanability, ntuals and other cultural observances focused on
assunng predIctable marme resource abundance Failure of a pnme resource such
as a salmon run could threaten the exhnchon of an entrre commumty

While the Alutnq had hIghly developed technolOgIes for explO1hng fIshery
resources WIth illllllillUID expendItures of hme and labor, strongly conservahve
values and athtudes toward enVIronmental change and resource use tended to hmIt
overharvestmg Property nghts to resources such as salmon streams or sea otter
hunhng areas were vested m clans and vlllages, who were responsIble for
stewardshIp of the resource and Its spmtual embodIments (Cooley 1963) Elements
of these values remam strong m some GOA commumhes

NOtwIthStandmg the hIgh value attrIbuted to enVIronmental stability and
sustamability, human achvIty was a Slgmf1cant factor m pre-eontact changes m
resource abundance m other parts of the Pacmc httoral Gackson et al 2001)
Human-eaused effects mIght have extended to the salmon resources explOIted by
the Alutnq And certamly sea otters were extrrpated from the mtenor waters of
Pnnce WillIam Sound before the arrIval of Europeans m the mIddle of the 18th
century (Lensmk 1964, Slillenstad et al 1978)

The hundred years followmg contact brought an end to the relahve cultural and
econOmIC stability European traders and fur hunters possessed weapon
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technologres and an orgaruzahonal mfrastructure that allowed them to qUlC1Jy
dommate the small,. fragmented Alutnq commumhes Europeans also brought
upland-facmg cultural athtudes that reflected dmurushed concern for the
sustamability and stability of ocean resources Whatever constramts agamst
overexplO1tahon may have been afforded by the soplushcated system of Alutnq
property nghts and clan-based mshtuhonal systems, all were qUlC1Jy brushed
aSIde For resources that attracted European commercial attenhon, the results were
mvarmbly dIsastrous

The sea otter was the rust resource to attract commerCIal attenhon Though the
trade m pelts was fabulously profItable at the outset, the Iesource base that made
the trade pOSSIble qmc1Jy shrunk m the face of unreffilttmg harvest pressure to
supply ASIan and European markets By the hIDe of the transfer of Alaska to the
Uruted States, only remnant populahons remamed (Rogers 1962)

Improved transportahon and food preservahon technologres m the late 19th
century opened the regron's salmon resources to markets thousands to tens of
thousands of lalometers dIstant Canned salmon produchon grew from 1 3 millIon
cases m 1900 to a peak of 8 5 millIon m 1936, and then collapsed from
overexplO1tahon to 1 6 milllon cases m 1959, the year Alaska became a state Not
untIl the late 1970s md the lTIShtuhonal development of fIshery entry 1lffi1tahons
make It pOSSIble to meet the bIOlogrcal reqmrements of sustamed salmon harvests
WIthout dIssipatmg most of the potenhal econoffilc gams m excess costs

DespIte Its long and nch lustory of human occupahon and use, the GOA marme
enVlTonment remams relahve1y unsulhed, at least m the popular understandmg As
IS descnbed ill sechon 714 1, the closillg years of the 20th century saw sigruf1cant
declmes ill commerCIal bshmg, marme transportahon of oli, and loggmg
SubSIStence use of GOA resources parhaliy rebounded after the 1989 oli spill, while
tOUTlSm and recreahonal uses of the GOA resources and envrronment grew

Many of the benefIts of the GOA envrronment are largely non-market, non-use,
eXIStence values WIth heavy emphasIS on the future Future eXIStence of
endangered populahons of wild salmon stocks, future protechon of charISmahc
megafauna such as killer whales and sea otters, and the global marme commons are
examples (Brown 2000) Contmgent valuahon stumes conducted ill 1990 prOVided
an lmmemate post-spill benchmark of the econoffilc eXIStence value of GOA
resources drrectly affected by the oli spill (NOAA 1993) No follow up work has
been done to confrrm subsequent changes m GOA eXIStence values Other
econOffilC stumes, however, suggest that the pubhc conhnues to asSIgn high values
to the eXIStence of healthy envrronments, and apply mcreasmgly sophIShcated and
strmgent cnterm for evaluahng envrronmental health, parhcularly ill relahon to
envrronments VIewed as relahve1y pTlShne (WhItehead and Hoban 1999) The GEM
ffi1SSIOn of sustammg a healthy ecosystem and Its focus on long-term morutonng
have been shaped by the need for a long-term understandmg of how human
achVIty shapes the envrronment, and how human- and non-human-eaused
envrronmental change can be dIshnqUlShed
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7 14 1 Socioeconomic Profi~e of the Reggon

The bull of the land area drammg rnto the spill-affected parts of the GOA IS
found rn fIve boroughs (a county-level governmental urut uruque to Alaska), a
pomon of a SIXth borough, and one unorgaruzed census area Just under 400,000
people, 63 percent of Alaska's populahon, hve rn thIS phySIOgraphIc GOA regIOn as
of the 2000 census (about 71,000 people rn the regIOn drrectly affected by the oll
spill Prrnce Wllham Sound, lower Cook Inlet, KodIak Island, and the Alaska
Penrnsula) Two to three hmes that number use the area seasonally for work and
recreahon An esbmated 700,000 out-of-state tOurISts VISIt the regIOn each year
(ADCED 2002, Northern Econonucs Inc 2002) Although thIS area IS larger rn
geographIc scope than the GEM regIOn, It reflects the scope of the potenhal human
Im.pacts on the GEM regIOn

The GOA regIOn has grown rapIdly throughout the 20th century, but that
growth has recently decelerated Durrng the 1990s, populahon grew by 19 percent
and non-agrIcultural Jobs by 26 percent, the slowest decadal rates srnce the 1930s
(WillIams 2000)

Most growth m the 1990s has occurred rn three urbaruzed areas Anchorage, the
bedroom commuruhes of the southern Matanuska and Susitna valleys, and the
urbaruzed west-eentral KenaI Penmsula around the cIhes of KenaI and Soldotna In
the remamder of the regIOn, rncludrng almost all the areas ImmedIately Impacted by
the spill, growth has been slower Table 716 shows how boundarIes of the overall
regIOn and the subregion drrectly affected by the spill are defrned Durrng the
1990s, populahon m the drrectly affected subregion grew by seven percent, less than
half as fast as the populahon of the GOA region as a whole The 2000 census found
35,470 people resIdrng rn the drrectly affected subregion (D S Bureau of the Census
2001)

MIgrahon to and from the GOA region has been hIghly volatIle HI.gh wages
and low unemployment rn Alaska re1ahve to the Paaflc Northwest have generally
shmulated net mmIgrahon to the regIOn, while the reverse conmhon has led to a net
populahon exodus Over the last half century rn Alaska and the PacIfIc Northwest,
econonuc cycles have tended to be out of phase, amphfymg the nugratory swrngs

DemographIc data for the 1989-99 rnterval and prehmmary mformahon for
1999-00 suggest that the 1990s were the frrst decade srnce the 1930s rn whIch
newcomers to Alaska failed to replace all of those who left The GOA region IS
hkely to have expenenced SIml1ar net outnugrahon over the decade of the 1990s
(Wl1hams 2002)

The major reason for the recent net outnugrahon was the attrachon created by
the fast-growrng economy m the Paaflc Northwest and the rest of the nahon, and
the relahvely torpId rate of econonuc growth rn Alaska

JULY 2002 CHAPTER] 239



GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

Table 7 16 Representation of Boroughs and Census Areas In Gulf of Alaska
and all Spill Regions

Borough or Census Area

Anchorage Borough

Aleutians East Borough

Kenai Peninsula Borough

Kodiak Island Borough

Lake and Peninsula
Borough

Matanuska-Sustlna Borough

Valdez-Cordova Census
Area

GOA EconomIc Region

All

All

All

All

Southern portion only
Chignik Chignik Lagoon
Chignik Lake Ivanof Bay and
Perryville

All

All

011 SpIll (GEM) RegIon

None

None

South and southeast portion
Homer SeldOVia Port
Graham and Seward

All

Southern portion only
Chignik Chignik Lagoon
Chignik Lake Ivanof Bay and
Perryville

None

Pnnce Wilham Sound and
Cordova census subareas

Over the long term, net illlgrahon has been less lffiportant to Alaska populahon
growth than the state's chrome excess of bIrths over deaths Average annual net
illlgrahon m the twenty years between 1979 and 1999 was +1487 persons, wlule the
average excess of bIrths over deaths durmg the same penod was +8928 (W:illIams
2000)

TIus perSIStent excess has been a consequence of three longstandmg features of
the state's demograplucs-fertility rates well above the nahona! averages m all
raaal groups, an unusually large percentage of reSIdents of cluld-bearmg age, and
an unusually small share of the populahon m the older age groups where natural
mortalIty IS lughest

As IS descnbed m subsequent sechons, commercIal fIshmg, marme
transportahon of oil, and the wood products mdustnes m the GOA region have all
declmed m recent years, wlule tounsm and recreahon-related mdustnes have
grown, as has federal spendmg Money transfers to households have also grown,
most notably from the state's permanent fund dIVIdend, an annual payment to all
reSIdents from earmngs on the state's $25-b:illIon oil-money savmgs account (U S
Bureau of EconOilllC AnalysIS 2002) Deepenmg of local econoilllcs through support
sector growth has played a role too, WIth Alaska busmesses and households buymg
more locally and lIDpOrtmg less from outsIde the state Conhnuahon of these trends
would suggest a conhnuahon of slow econoilllc and populahon growth (Goidsilllth
2001)

The fundamentals of Alaska's economy are lIkely to remam rooted for some
hIDe m the state's natural resources, mcludmg the mdrrect effects of oil revenue
recycled through state government As the world's populahon grows, the demand
for access to Alaska's scemc beauty and open spaces of the state IS lIkely to mcrease
as well Beyond the econoilllc effects of mcreased tourlSlll, the mtangIble qualIty of
Alaska as a place of wilderness, beauty and a special way of lIfe will conhnue to
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athact illlgrants to the last fronner, mcreasmg pressures of human uses and
acnVlnes on the GOA enVlIonment

7.14.1.1 Prince William Sound-SoutheastKenai
The Prmce WillIam Sound-Southeast KenaI (PWS-SEK) regIon IS a coastal belt

extendmg from the mouth of the Copper RIver on the east, m an arc around Prmce
WIlham Sound, southwest along the GOA coast, and around the southern np of the
KenaI Penmsu1a to Just past Port Graham and Nanwalek It mc1udes numerous
offshore ISlands The regIon IS mountamous throughout, and three of Its four
largest commumnes are located at the heads of deep fIOrds All of the PWS-SEK
regIon IS WIthIn the Chugach or KenaI mountaIns, and the regIon's boundarIes are
roughly the same as those of the Chugach RegIOnal Nanve Corporanon Most of Its
land area IS ill or adjacent to the Chugach Nanonal Forest

Between 1990 and 2000, the populanon of the PWS-SEK regIon grew less than
SIX percent, well below the rates m the GOA regIon or the state In 2000, 12,211
people hved ill PWS-SEK, eIghty percent of whom hve m seven commurunes The
three largest commumnes-Cordova (populanon 2,454), greater Seward (3,430), and
Valdez (4,036)-are predoilllnantly non-Nanve, although Valdez and Cordova are
home to Alaska Nanve vtllage corporanons and tribes Of the fIve other
commumnes, Chenega Bay (86), Port Graham (171), Nanwalek (177), and Tantlek
(107) are Alaska Nanve villages, and WhIther (182) IS mostly non-Nanve (U S
Bureau of the Census 2001)

Of the seven commumnes, only Valdez, WhIther and Seward have hIghway
access to the state's mam road system WhIther and Seward have Alaska RaIlroad
passenger and freIght serVIce Cordova, Valdez, WhIther, Tantlek, Chenaga Bay,
and Seward are served by the Alaska Marme HIghway System Except for Valdez,
all of the commurunes grew durmg the 1990s, although at rates well below the
average of the state or GOA regIon The populanon of Valdez dechned by one
percent

The econOilllC base of the seven commurunes m PWS-SEK IS almost entrrely
resource dependent (Fned and Wmdtsch-Cole 1999a) The Cordova economy IS

based on commeroal ftshmg, pnmanly for pmk and red salmon Recent dechnes m
the value of landmgs have been a hardshIp to the commumty and to the Prmce
WillIam Sound Aquaculture Corporanon that operates hatchenes ill the sound
Some bIOlogISts have expressed concern that the 600 millton or more smolt that
hatchenes annually release mto the sound and adjacent waters have had a
deletenous effect on WIld salmon (HIlborn 1992)

In recent years formerly Important herrmg ftshenes have been closed due to
madequate stocks However, Cordova has recently benefIted from an mcrease m
small-scale tourISill, and some CruISe shIpS have VlSlted the port, but the commuruty
remaInS m econOmIC dIStress
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Valdez, as the termmus of the trans-Alaska pIpelme, depends on the oli
mdustry, but dId not suffer senously from the downslZIDg that occurred m the
mdustry durmg the 1990s ThJs 18 due to addItlOnallabor reqUITed m Valdez to
lillplement safety and polluhon prevenhon measures adopted m the wake of the
1989 spill The state's ofliClal oli produchon forecast suggests that crude shIpments
will roughly mamtam thel! current level over the next decade (see sechon 7 14 2)

NOtwIthStandmg Its dependence on oli, the Valdez economy 18 more dIversmed
than any other commuruty m PWS Valdez has used revenue from Its large oli­
related tax base m ways deSIgned to shmulate econoilllc dIversmcahon The Clty
mvested $48 milllon m cargo and port facmhes m an attempt to become the maJor
entry port for cargo headed to the Alaska Intenor The scheme has Ylelded some
success Other mvestments m seafood processmg have also resulted m addIhonal
Jobs, but thel! cost-effechveness remams uncertam Although the populahon of
Valdez dechned shghtly m the 1990s, Jobs do not appear to have expenenced a
sllll1ar dechne (Alaska Department of Labor 2001)

The maJor growth mdustry m Valdez 18 tounsm and recreahon The number of
hshmg charter boats operahng out of the local small boat harbor doubled between
1997 and 1999 Although crUlse shIp VlSlts have become an lillportant part of the
summer economy, crmse smp VlSItahon m 2002 18 anhClpated to be around twenty­
SlX crmse smps, down from forty-live m 2001 (Valdez Convenhon and V18ltor's
Bureau, personal commurucahon) As crmse ShIp operators redeploy vessels away
from foreIgn waters, the number of VlSIts 18 expected to mcrease

Seward, more than any other commuruty m the GOA reglOn, has tranSlhoned
from an econoilllc dependence on fluctuahng seafood and hmber markets to a
v18ltor and recreahon-based economy Most econOilllC growth smce 1990 has been
dnven by the VlSItor mdustry, WIth employment m trade, serVIces and
transportahon growmg at a 5 9 percent annual rate The commuruty has capItahzed
on ItS road and railroad access to market Itself as the maJor Jumpmg-off pomt for
VlSIts to the Kenal FJords Nahonal Park and Alaska MarIhme Nahonal Wlidhfe
Refuge Seward's Alaska SeaLlfe Center has created another v18ltor attrachon More
than 260,000 crmse shIp passengers dIsembarked at Seward m 2000 (GoldSilllth and
Martm2001)

CommerClal hshmg has trended downward m lIDportance throughout the
1990s, but It remams a slgrufIcant part of the Seward economy The nearby state
pTlSon and other government facilihes, mcludmg the headquarters for the Kenal
FJorcis Nahonal Park, are also lIDpOrtant year-round employers Although a maJor
sawmill was opened m 1993, It never became compehhve, and has remamed closed
smce1994

Although Its growmg dependence on the seasonal VlSItor mdustry has been a
concern, m the 1990s Seward developed a dIverse and dynailllc economy "Over the
last decade, It has successfully explOIted Its locahon beyond people's expectahons "
(Fned and WmdlSch-Cole 1999b)
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Wluther depends on transportabon and vISItor-related busmesses The other
four small commumbes m the PWS-SWK regIon augment commercial flshmg,
loggIng, aquaculture, and other cash-based acbvibes WIth subSIstence fishmg,
hunbng, and gathermg

7.14.1.2 Western Kenai Peninsula Borough
The western Kerun Penmsula (WKP) regIon encompasses all the dramages to

the northwest of the crest of the Kenai Mountarns except those at the southern bp of
the penmsula around Port Graham and Nanwalek In adillbon, It mcludes the
relabvely sparsely populated area on the west SIde of Cook Inlet

In terms of Its phYSIOgraphy the area faces Cook Inlet (Barnes 1958), Its
economy has been closely :I.mked smce the 1960s WIth the Oll and gas developments
m the mlet and on the nearby uplands

The WKP regIon IS connected to Alaska's maIn road system, and IS only a few
hours by car from Anchorage, the state's largest metropohtan area Homer and
Kenai have scheduled arr servIce from Anchorage

The regIOn grew twenty-three percent m the 1990s, makmg It second only to the
Matanuska-Susitna Borough as the fastest growmg area m the GOA regIon
(Wllhams 2000) In adillbon to Oll and gas, the WKP economy depends on
commercIal fIShmg, sport fIShmg and other outdoor recreabon About 46,500 people
hve ill the WKP regIon, With over two-thuds hvmg m or near the cibes of KenaI and
Soldotna Soldotna IS the headquarters of the Kenai Penmsula Borough and the
Kenai Borough School DIStnCt, the fourth and fIrst-largest employers m the
borough Government at all levels accounts for twenty-three percent of the non­
agrIcultural Jobs m the borough, shghtly less than the twenty-SIX percent stateWIde
(Fned and Wmd1sch-Cole 1999)

The southern Kerun Penmsula contarns SeldOVia (286 persons) and Homer
(3946) Homer, on the north SIde of Kachemak Bay, hes at the southern termmus of
the state's maIn road system, and has been populanzed ill the colorful wnbngs of
author Tom Bodett as "the end of the road"

Homer has attracted a sIgruhcant number of retIrees Accordmg to the 2000
census, 10 1 percent of Homer reSIdents are older than 64, the hIghest percentage of
any commumty m the state The percentage of over-64 reSIdents m the borough as a
whole IS 73 percent, the hIghest m the GOA regIon The stateWIde percentage of
reSIdents over age 64 IS 5 7 percent (Wllhams 2000)

7.14.1.3 Kodiak Island Borough
The Koillak Island Borough occupIes the Koillak ArchIpelago west of the GOA,

and a largely unmhabited stnp of the Alaska Penmsula coastlme across the stormy
Shehkof Strait The borough populabon m 2000 was 13,913, of willch SIXty-four
percent (8864) hved m the Clty of Koillak, the adjacent Coast Guard stabon, or on
the road system nearby The borough pOPulabon grew SIX percent between 1990
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and 2000, about one-tlurd as fast as growth m the GOA regIon as a whole (U S
Bureau of the Census 2001)

There are SlX outlymg commumhes, the Alaska Nahve villages of Port LIons,
Ouzmlle, Larsen Bay, Karluk, Old Harbor, and AkhIok, none of whIch have road
connechons to each other or the CIty of Komak

The regIon's only scheduled Jet servIce 15 to the KodIak mumcIpal allport, co­
located at the U S Coast Guard au stahon The Alaska Manne HIghway System
serves Komak and Port LIons Other commumhes depend exclUSIvely on au tax15
or unscheduled pnvate vessels for access

The economy of the arcmpelago depends heavily on commerCIal fIShIng and
seafood processmg, WIth the borough's populahon swellmg m the ftshIng season
(Alaska Department of Labor 2001) KodIak 15 one of the world's major centers of
seafood produchon and has long been among the largest ports m the nahon for
seafood volume and value of landmgs

Village reSIdents largely depend on subsIstence hunhng and fIShIng KodIak
Island also has a growmg recreahon and tounsm economy and 15 home to a state­
owned commerClal rocket launch facility that held Its fust successful launch m 1999
The U S Coast Guard Stahon, WIth 1,840 permanent reSIdents m 2000, 15 a major
employer

7.14.1.4 Alaska Peninsula
The Alaska Penmsula 15 on the western edge of the northern GOA, and

encompasses the Aleuhans East Borough and the southern part of the Lake and
Penmsula Borough The total populahon of the regIon 15 3,153 Sand Pomt, WIth 952
reSIdents, and Kmg Cove, WIth 792, are the largest commumhes (U S Bureau of the
Census 2001) AsIde from government spendmg, the cash economy of the area
depends on the success of the ftshmg fleets

FIve smaller commumhes on the south SIde of the Alaska Penmsula he WIthm
the area drrectly affected by the Enon Valdez Oll spIll ChIgrnk, ChIgrnk Lagoon,
ChIgrnk Lake, Ivanof Bay, and Perryville The populahon of th15 area 15 456, but
may double durmg the flShmg season All fIve of these commumhes are m the Lake
and Penmsula Borough and served by scheduled au taxl serVIce ChIgrnk 15 also
served by the Alaska Manne HIghway ferrIes on a seasonal bas15

SandPomt, ChIgrnk, ChIgrnk Lagoon, and Kmg Cove serve as regIOnal salmon
flShmg centers In admhon to salmon and salmon roe, fIsh processmg plants m
ChIgrnk produce herrmg roe, hahbut, cod, and crab About half the permanent
populahon of these commumhes 15 Alaska Nahve

ChIgrnk Lake, Ivanof Bay, and Perryville are predommantly Alaska Nahve
villages and mamtam a subs15tence hfestyle, relymg on salmon, trout, marme flSh
and sheilflSh, crab, clams, moose, canbou, and bear CommerCIal flShmg prOVIdes
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cash mcome Many reSIdents leave durmg the summer months to fish or work for
fish processors elsewhere m the regIon

7.14.1 5 AnchoragejMat-Su Urban Area
Anchorage, located at the head of Cook Inlet, and the Matanuska-SuSItna (Mat­

Su) Borough JUSt to the north of Anchorage, conshtute the econOmIC, financIal and
mdustnal capItal of the state Although outsIders often conceIve of Alaska as
sparsely populated, the state IS also hIghly urban, and becommg more so In 2000,
fifty-one percent of Alaska's populahon hved m the Anchorage/Mat-Su
metropohtan area, up from fOrty-€Ight percent a decade earher Between 1990 and
2000, Anchorage/Mat-Su added 53,584 reSIdents, more than the 2000 populahon of
Juneau and KetchIkan combmed, fue state's thIrd and fourth largest urban areas
(D S Bureau of the Census 2001) Although Anchorage/Mat-Su IS SItuated outsIde
the 011 spill subregIon, Its geographIc proXlllUty suggests that growth there will-as
It has m the past - produce envrronmenta1lffipacts m the area drrectly affected by
the oil spill ThIs IS h1..ely to be pamcularly true where the surface transportahon
connechons already eXIst, as they do to Seward, WhIther, and Valdez

No econOmIC development IS hkely to occur anywhere m the state WIthout hnks
to Anchorage It serves as headquarters for the state's major fmancIaI mshtuhons,
Its oil comparnes, major medIa outlets, largest labor UnIons, rehgIous orgarnzahons,
and most of Its federal mIhtary and CIvilian government bureaucracy The
Anchorage arrport IS the major funnel through whIch most of the state's VISItor
traffIc and a sIgrufIcant share of Its seafood harvest pass

Many Anchorage/ Mat-Su reSIdents work m other parts of the state, especIally
construchon workers, oil workers, and fIShermen (Fned 2000) These workers
prOVIde Anchorage WIth a drrect source of mcome earned m other parts of the state
WIth the most dIversIfIed economy m the state, Anchorage IS better posIhoned than
any other communIty m the state to mamtam growth m the face of econOmIC
hardshIp
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Economics and
Ecological
Impacts of
Human Use
ActiVities In the
Northern Gulf of
Alaska

715
1/Atfil st glance, Pl1nce Wlllwm Sound pi esents an
aspect ofpllstme and lmh ammeled unldel ness, and thIS
15 one ofhe1 I1WJOI del1ghts Anchol ed m asecl1lded
cove 01 ascendmg a h ackless 1ldge, It 15 easy to l11wgme
oneselfas the fil st e>..plol el Yet, a closeJ e>..mmnatlOn of
the ShOl elme qlllckly 1eveals s1lbtle sIgns offOl11leJ
habltatlOn DecmJed, sawed offShl11lPS lme the ShOl es ­
wItness to fOlmeJ hand-Ioggmg opel ahons TIle logs
'weI e1lsedfOl cabms, fill!Wood, fishh aps, cannery
pllmgs, mmmg hmbeJ 5, 1mb oad hes, fo'\. fm m pens and

I!ven ShIp buzldmg If one 11lmmages mOlmd the moss, aldeJ and de7.nls d1lb along the
ShOl es, 'l.nJ hwlly e7.1el")j bay 1eveals the lotted fOlmdahons ofsome old cabIn 01 fo'\. pen
Abandoned, ft ml h1lman Sh1£ch £1 es do not last long m tIns damp cll11wte and 1lndeJ s1lch
heavy wmteJ snow-loads And pel haps tIllS 15 as It shOl£ld be /I

fi om C7 UISl11g Gmde to Pll11Ce Wilham Sound AlasJ,a Jim and Nanc)' Lethcoe

TIus quote from a book about sailing ill Pnnce WIlliam. Sound IS a fIttmg
illtroduchon to a sechon on human use achVlhes ill the northern GOA At least a
pomon of the pubhc has a percephon that, pnor to the Euon Valdez Oll spill, the
regIOn had httle human Impact To the contrary, there has been a succeSSIOn of
dIfferent types of human habitahon and econonuc achVIhes ill the northern GOA
Many of these achVlhes had a rugh level of Impact on both the enVIronment and
other users and reSIdents of the regIOn

The earhest InhabItants of the regIOn were nomadIc ASIan explorers crossmg the
Benng Land Bndge and spreadmg southward The dates of fIrst human occupahon
ill Pnnce WillIam Sound are not known, but ramo carbon dahng estImates go as far
back as 205 AD

Begmnmg ill the WOOs, the northern GOA was used by a succeSSIOn of explorers
and developers RUSSIan and Enghsh fur traders ill the 1700s were followed by
development of fIsh cannenes ill the late 1880s The fIrst fox farms were developed
ill 1894 at Seal Island Mmmg achvity ill the regIOn also developed ill the latter part
of the 1890s In 1897, KlondIke gold was dIScovered, openmg up the regIOn as a
gateway to Alaska's illtenor Mmmg began ill the northern GOA ill 1896 The
commumhes of Ellamar and Latouche were bmlt to develop copper mmes The
Kenmcott copper mme was developed around 1905 and resulted ill the Valdez to
Copper River and Northwestern Railway ill 1911

Mmmg and fox farnung gradually dechned, and military achvity dunng World
War II added a new type of achVlty to the regIOn WhIther remamed an achve
military port untll1960 Commeraal fIshenes were developed and expanded ill the
1950s, 1960s and 1970s The late 1970s were donunated by development of the
trans-Alaska pipehne and the termmal at Valdez The 1980s and 1990s have shown
a large expanSIOn ill recreahon and tOurISm
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7 15 1 Commercia~ Fsshmg

CommerCIal ftshmg IS by far the predommant human achVlty m the northern
GOA and IS thought at thIs hme to have the potenhal for the most SIgrufIcant
Impacts on the GOA ecosystem WIthm the GOA, the major commercIal ftshenes
are salmon, PaofIc herrmg, pollock, cod, hahbut, and shellfIsh Tens of thousands
of mdIVlduals parhCIpate m these fIShenes

The penod before the 1989 oil spill was a hme of relahve prospenty for many
commercial fIShermen Smce 1989, commerCIal fIShmg m the northern GOA has
undergone dramahc changes as a result of changes m salmon markets, dechrung
abundance of other fISh stocks, mshtuhonal changes associated WIth fIShery
"rahonahzahon," harvest hnutahons deSIgned to protect endangered speCIes, and
other factors

Commumhes WIthm the GEM regIOn have varymg levels of dependence on
commercIal fIShmg The commumhes most dependent on commercIal fISlnng are
Cordova, KodIak (and the outlymg SIX villages wIthm the Kodiak Island Borough),
ChIgmk, ChIgruk Lagoon, Sand Pomt and Kmg Cove CommerCIal fIShmg IS an
Important but less dommant econoilllc sector m the road accessIble commumhes of
Valdez, WhIther, Seward, and Homer

7.15.1.1 Salmon
CommercIal fIShmg for pInk, sockeye, sockeye, chum, coho and chInook salmon

has long been a mamstay of the northern GOA commerCIal fIShmg mdustry
Salmon are harvested by seme, dnft gillnet and set gillnet gear PInk salmon are the
dommant speCIes m PWS, contnbUhng over eIght percent of total salmon landmgs
by volume and contnbuhng the largest share of ex-vessel value In Cook Inlet,
KodIak and the Alaska Penmsula, sockeye are by far the dommant speCIes

PWS exhIbIts a pattern of odd-even run strength for pInk salmon that persISts
even WIth the mfluence of hatchery produchon The very low catch levels m 1992
and 1993 were due to closures associated WIth the Ell-on Valdez oil spill Harvests
smce then have mcreased, but unlIke most other Alaska fIshenes, are now hIghly
dependent on hatchery returns

Non-profIt hatchenes have operated m Pnnce WillIam Sound smce the illld
1970s The Pnnce WillIam Sound Aquaculture Corporahon (PWSAC) began
operahons m 1976 and operates fIve hatchenes the W F Noerenberg, Armm F
Koermg, Cannery Creek, Mam Bay and Gulkana facilihes The Valdez FIShenes
Development AssoCIahon has operated the Solomon Gulch hatchery SInce 1979
(Kron 1993) Much smaller salmon enhancement programs operate m Cook Inlet
and KodIak

Returns of both wild and hatchery salmon fluctuate greatly from year to year
Dunng the penod 1960-1976, when the pInk salmon fIShery was supported wholly
by wild stocks, the average pInk salmon catch m Pnnce WillIam Sound was 3 3
millIon fISh (Eggers et al 1991) The pInk salmon harvest dunng thIS penod
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fluctuated from 0 1 to 73 nullion fIsh Smce hatchery releases were begun, the
average pml salmon catch has been 197 nullion

In 2001, 76 percent of the total pml salmon return was harvested by PWSAC to
cover the costs of hatchery operahons In 2002, the percentage was reduced to fIfty­
four percent m an attempt to male more of the salmon resource avculable to
commercIal fIshermen PWSAC has sIgrufIcant long-term £manClal obhgahons, WIth
over $30 nullion m outstandmg state loans

Salmon pnces and market demand for salmon produced m the northern GOA
as well as other parts of Alaska are at relahvely depressed levels The pnmary
reason for the market hend has been a huge mcrease m world produchon of farmed
salmon Alaska salmon face both pnce and quahty compehhon from salmon
ongmabng m ChIle, Norway, Canada and other farmed salmon-producmg
countnes

7.15.1.2 Herrmg
Hernng are harvested predommantly for sac roe for export to foreIgn markets

Quotas are establIshed for each dIscrete stock Herrmg fIshenes m the regIon are
currently at low levels In the 2000 season, Prmce WIlliam Sound and Cook Inlet
were both closed due to low abundance Llffilted hernng fIshenes occurred m
KodIak and the Alaska Penmsula

7.15.1.3 Shellfish
Most of the shellfISh fIshenes m the northern GOA are closed to commercIal

fIshmg due to madequate stocks WIthm PWS, no crab harvests have been
permItted for several years, and there 15 no eVIdence of recovery The decbne of
PWS crab 15 thought to be aSSOCIated WIth the growth of the sea otter populahon,
whIch preys heavily on she11£lSh (Trowbndge 1995)

MlScellaneous fIshenes for PWS scallops, Cook Inlet scallops and hard shell
clams, and KodIak sea cucumbers and dungeness crab offer llffilted opportunlhes
for fIshermen

7.15.1.4 Groundfish
GOA groundfIsh catches have ranged from a low of 135,400 metnc tons m 1978

to a hIgh of 352,800 metnc tons m 1984 The 2001 groundfIsh harvest was 181,400
metnc tons (NPFMC 2001) Pollock has been the dommant speCIes m the overall
catch, followed by PacIfIc cod and sablefIsh GroundfIsh abundance m the GOA has
been relahvely stable, rISmg slowly smce the mId 1980s The estrmated long-term
annual yIeld for GOA groundfIsh IS about 450 thousand metnc tons The recent
fIve-year average yIeld has been about 230 thousand tons per year The WIde
dISparIty between the potenhal and recent YIeld IS due to fIshmg restnchons
Imposed by the North PacIfIc FIshery Management Council to reduce mCldental
catches of PacIfIc hahbut A major porhon of the GOA groundfIsh bIOmasS COTISlSts
of arrowtooth flounder, WIth httle or no current commercIal value A 1989 Nahonal
Marme FIShenes SerVIce trawl survey estrmated that arrowtooth flounder made up
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the greatest proporhon of total bIOmass at nearly every sIte SUIveyed (NPFMC
2001)

A specIfIc Prmce WIlham Sound pollock quota has been establIshed smce 1995
The sound's pollock harvest has averaged 1,800 metrIc tons smce 1995 ThIs harvest
occurs mostly dunng the wmter months and IS processed m Cordova and Seward

7.15.1.5 Halibut
The Gulf of Alaska IS managed by the Internahonal PacIfIc HalIbut ComrrusSIOn

as Area 3B The 2001 harvest quote for Area 3B was 16 4 mIlhon pounds

HalIbut harvested m the central and western Gulf are dehvered to the ports of
Cordova, Homer, Seward, Valdez and WhIther In 2001, 12 2 mIlhon pounds of
halIbut was landed m Homer, makmg It the number one port m landmgs among the
enille west coast Most of the halIbut landed m Homer IS Iced, loaded mto
refngerator vans and trucked to the PacIfIc Northwest for dIStnbuhon to markets

7.15.1.6 Future Resource OutlookandIssues for CommercialFisheries
Commercral fIshenes m the GEM area have been m a state of dynamrc flux for

the past several years Among the ongomg ISsues affectmg commercIal fIshers are
the followmg-

EnvlTonmental and oceanograpluc conmhons Ocean SUTVivalIS a key factor m
regulatmg the magmtude of retummg salmon and the level of harvest Smce the
1970s, the ocean envrronment has been favorable off Alaska, and salmon runs
mcreased However, there are mmcahons that North PacIfIc crrculahon patterns
may be sluftmg away from conmhons favorable for Alaska salmon produchon
(Mantua et al 1997) If the warm water regrme off Alaska reverses to a cold regrme,
natural salmon produchon will decrease throughout Alaska to levels observed m
the 1960s Hatchery produchon and other salmon enhancement efforts may aId m
mamtammg harvests If natural produchon dechnes, but the outlook remams
uncertam GOA pollock and cod stocks are hkely to decrease over the next several
years, whIle most other GOA ground&sh remam stable

A major ecolOgical concern WIth all types of removals by fIshmg achVlhes IS the
sustamability of fIsh stocks, wluch could be affected by drrected fIshenes or as a
result of dIScarded bycatch mother fIshenes and lugh seas mtercephon ThIs
concern drIves responSIble fIshery management The predonunant fIShery stocks
lustoncally fluctuate because of natural variability and chmate cycles, and for that
reason, harvest rates are set at sustamable frachons of the available bIOmass
However, concern sh11 eXISts that settmg harvest rates WIthout a complete
understandmg of those fluctuahons could lead to unmtenhonal overharvest,
resultmg m populahon dechnes that could take years to rebound

In admhon. bycatch may have unmtended consequences on non-targeted fISh
populahons In many fIShenes, observers momtor the bycatch In admhon, bycatch
IS often only a small frachon of the overall mortalIty However, bycatch IS not
momtored m all fIshenes, and may be SIgnIfIcant m some
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Another ecologrcal concern WIth all types of fIslung IS the removal of manne
nutnents (mtrates, phosphates, Iron) that are key to sustammg the long-term
produchVlty of watersheds (Fmney et al 2000) FIShIng for a dommant anadromous
speCIes such as salmon may lower the produchve capacIty of a watershed not only
for salmon, but for a wIde range of plants, fIsh, and mammals that are known to
depend on marme nutnents When combmed WIth the loss of nutrIents assocIated
WIth development of nparmn (nver and other waterfront) habItats and wetlands,
the loss of manne nutrIents may contnbute to ohgotrophy or "starvahon" of the
watershed Unfortunately, not enough morutOlmg data on marme nutrIents m
tributanes of the GOA are available to understand the degree to whIch
ohgotrophIcahon IS occurrmg

A thIrd ecologrcal concern WIth fIshmg IS the potenhal for uruntenhonal
degradahon of habItats and attendant losses of plant and ammal specIes Sport­
fIshIng achVlhes m watersheds have substanhally degraded some nparmn habItats
m Southcentral Alaska, resulhng m lost vegetahon, lost fIsh habItat, and sI1tahon,
and necessitahng walkways and management restnchons Vanous types of marme
ft.shmg methods and gear, such as pots and bottom trawls (very large bag-shaped
nets), also have the potenhal for degradmg sea-bottom habItat and reducmg
populahons of sedentary speCIes such as corals and seaweeds

Protechon has already been afforded to marme habItats m some sensIhve areas
by excludmg gear types that are thought to be mJunous to habItat For example
most state waters are closed to bottom trawhng In the eastern GOA, both state and

federal waters are now closed to trawhng and dredgmg m
part to protect coral habItats from pOSSIble trawhng
lillpacts There are numerous trawl-and-dredge closure
areas near KodIak Island, the Alaska Pemnsula, and the
Aleuhan Islands But not all areas of the Benng Sea and
GOA (especIally those that have sandy and sedIment
bottom types) are vulnerable to trawhnglillpacts GIven
the amount of marme habItats already subject to closure,

more Informahon on how to de£me cnhcal marme habItats, a pOSSIble role for GEM,
IS essenhal to balancmg fIShIng opportun1hes and protechon of habItat

CommercIal flShmg also has the potenhal to affect other elements of the marme
ecosystem, such as bIrd and marme mammal populahons Effects result either
drrectly, through entanglement m flShmg nets or dISturbance to haul-outs and
rookenes, or mdrrectly, through lillpacts on food supphes Areas where manne
mammals feed and that are adjacent to theIr haul-out areas have been closed to
commerCIal fIShIng m parts of the Benng Sea, Aleutran Islands, and GOA A recent
Nahona! Marme FIShenes ServIce (NMFS) BIOlogrcal 0plllion (NMFS 2000)

concludes that lack of food IS the reason why the endangered Steller sea hon IS not
recovenng from senous dechnes m the GOA and Benng Sea On the basIS of tlus
oplllion, NMFS has severely hmIted fIxed-gear and trawl fIShIng for several
groundfIsh specIes, a major food source for the Steller sea hon However, tlus
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0pilllon has been extremely conhoversIal, and several mdependent teams of SCIence
reViewers have concluded that there IS no eVidence that sea hons are nutnhonally
hmIted and no eVidence that fIShenes are causmg prey dep1ehon

Salmon fIShenes m the GOA are notable because hatchenes produce the
maJonty of some salmon speCIes m some areas and, m specIfIc fIShenes, the maJonty
of salmon harvested BIllions of Juvemle salmon are
released annually fromhatchenes m three areas withm the
northern GOA Cook Inlet, KodIak, and PWS Withm thIS
regIOn, 56% of the salmon m the tradIhonal commercIal
harvest were of hatchery ongm m 1999 The percentage IS
lugher If cost-recovery fIshenes are also mcluded In PWS
m parhcu1ar, hatchery produchon prOVIdes a maJonty of
the pm and chum salmon harvested and a substantIal
fractIon of the sockeye and coho salmon harvested In 1999, hatchery pm salmon
contrIbuted 84% of the number of pm salmon harvested by commercIal fIShenes m
PWS

EcolOgical concerns related to hatchenes mc1ude reduced productIon of wild
fISh because of competItIon between hatchery and wild salmon dunng all stages of
the lIfe cycle, loss of genetIc dIverSIty m wild salmon and overharvest of wild
salmon dunng harvest operatIons targehng hatchery salmon InformatIon on the
mteractIons between hatchery and wild fISh m specIfIc locahons, as well as on the
Impact of salmon produced m hatchenes m both ASIa and North Amenca on food
webs m the GOA, appears to be essentIal to long-term fIShery management
programs

Resource and Legal Issues ActIons taken under the Endangered SpeCIes Act
(ESA) as a result of depressed levels of Steller sea hons have created econOmIC
hardshIp for commerCIal groundfISh fIshers from several commumtIes, partIcularly
KodIak, KIng Cove and Sand Pomt The NatIonal Marme FIShenes SerVIce
developed a bIOlOgical opmIOn that pomted to commerCIal fIShmg as one of the
factors m dechnmg numbers of Steller sea hons Regulahons deSIgned to protect the
speCIes by hmIhng groundfISh fIShmg were put m place m 2002 The status of
harbor seals and sea otters IS also uncertam, and ESA actIons m relatIon to these
speCIes could create addItIonal chffi.cu1tIes for fIShers and marme resource­

dependentcommumhes

Regulatory Achons The North PacIfIc FIShenes Management Council
(NPFMC) IS considermg a groundfIsh "ratIonalIzatIon" program for the GOA
groundfIsh fIShenes A s1ill11ar program covenng Benng Sea fIShenes estabhshed
mdIVIdua1 fIshenes quotas (IFQs), and made other major changes to fIShenes
management The fIShmg mterests m the northern GOA will be profoundly affected
by the decISIOns of the NPFMC on these ISsues

Smce Its ImplementatIon several years ago, the NPFMC's IFQ share system has
spread hahbut and sab1efISh landmgs over a longer penod of tIme, and as a result,
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the fresh market has largely dIsplaced hozen plOduchon Road-accessIble Homer IS
now the largest halIbut landIng port on the west coast, WIth over 10 millIon pounds
dehvered per year Most of the halIbut landed there are placed m Iced totes and
dehvered to processmg and dIstnbuhon compames m the PacIhc Northwest Via
refrIgerated van

Commercial Flshmg Summary

Reasons for mOnltormg Many commercial fishenes In the northern GOA are at
very depressed levels or are currently closed Interactions with protected species
or specIes that have a subSistence pnorlty may create new problems for
commercial fishing In the future Future activities can have Significant ecological
Impacts

Type of Impacts Commercial fishing activities create resource conflicts and
Impact other user groups through gear loss and discard, 011 and fuel spills
Resource competition can affect other fish, bird and manne mammal populations
Removal of manne nutnents can affect productiVity of watersheds Fishing gear
and techniques may degrade habitat Hatchery productIon and salmon farms can
have negative environmental effects

Who IS monItormg ADF&G IS the pnmary agency for monltonng commerCial
fishing effort and harvests In state waters The National Manne Flshenes Service
has pnmary responSibility for monltonng fishing effort and harvests In offshore
manne waters (three to 200 miles offshore) The International PaCIfic Halibut
Commission has pnmary responSibility for monltonng effort and harvests for
halibut

Regulatory Authonty The Alaska Board of Flshenes has regulatory authority for
fishenes that occur In state waters The North PaCIfic Fishery Management
CounCil has regulatory authority for fishenes that occur In offshore manne waters
Recommendations from the NPFMC require action by the Secretary of Commerce
to take effect

7 15 2 Recreation/Tourism

Recreahon and tOUrISm are the fastest growmg econOmIC achVlhes and human
uses m the northern GOA, but mcomplete data leave many uncertamhes regardIng
the charactenshcs of use and rates of growth

7.15.2.1 CommerCialRecreation on Excursion Vessels
CommercIal excurSIOn boats operahng out of Valdez, Wluther, Seward, Homer

and, to a lesser extent, KodIak prOVIde sightseemg trIps for VISItors TIns group IS
comprISed of several1arge compames that take most of the passengers, WIth smaller
compames proVIdmg serVIces to a much smaller sector of the market Accordmg to
a 1990 survey of excurSIon boat passengers vlSlhng the KenaI Fjords Nahona! Park
Itself, most boat passengers (77 percent) were from other states (72 percent) or other
countrIes (5 percent) (KenaI Fjords Nahona! Park 1990) The 5-year data senes
mcludes only passengers travelmg mto KenaI Fjords Nahona! Park, and excludes
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excursIOn boat passengers that stay witlun ResurrectIon Bay ThIs hnuted data
senes IS shown m Table 717 below

Table 717 Kenai Fjords Excursion Boat Passengers

1996

1997

1998

1999

2000

2001

71243

67934

81 538

93266

86963

85047

Source KenaI Fjords VIsitation Report, MIke Tetreau, personal
communicatIOn

ExcursIOn boat VISItatIon appears to have deelmed shghtly m 2000 and 2001, but
thIS may reflect a trend toward more ResurrectIon Bay tnps as excursIOn operators
attempted to accommodate the demand for shorter trIpS typICally sought by CruISe
shIp passengers As hnuted as the Kenai Fjords' data may be, It IS supenor to the
situahon for other areas m the northern GOA, where data IS completely lackmg

7.15.2.2 Trends in SportFIshing Effort
Data on sport fIshmg effort IS also hmIted ADF&G data shows the use of

pnvate boats for fIshmg out of Seward and Valdez mcreased steadIly from 1988
through 1995, dropped sharply m 19%, and has mcreased slowly smce that hme
(ADF&G vanous years) Because ADF&G changed the way these data were
compIled for the years after 1995, they are of only hmIted usefulness for long-term
trend analysIS

Overall sport fIshmg effort Witlun the northern GOA IS centered on the road­
accesSIble areas Cordova, Seward and Homer are the most popular ports for
manne fIshmg Wluther and Kodtak are less popular ports for manne fIshmg
Freshwater anglmg IS concentrated along the road-accessIble areas of Cook Inlet
and the SUSItna River watershed The number of reSIdent sport anglers m
southcentral Alaska has been on a shghtly decreasmg trend smce 1992, but the total
number of anglers has mcreased due to the growth m the numbers of non-resIdent
anglers Non-resIdent hcenses sold m Alaska mcreased 46 percent between 1987
and 1997 (see FIgure 716) The ADF&G has a study underway to mveshgate the
reasons for the dechnmg number of reSIdent anglers (ADF&G vanous years)

7.15.2.3 Cruise Ships
C!UlSe shIps dock at fIve ports m the greater GOA regIOn Anchorage, Homer,

Seward, Valdez and WhIther Seward dommates m C!UlSe shIp dockmgs C!UlSe
shIp patrons typICally take passage on eIther a northbound or southbound run,
choosmg to fly to or from Anchorage on the reverse leg of thel! trIp Seward has the
Important features of proXlilllty to Anchorage as well as access to the KenaI Fjords
Nahonal Park and the ease of combmmg a raIl or SCenIC bus nde segment Seward
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Fiaure 7.16 Alaska sPort fishina licenses: 1987 and 1997

also offers considerable time savings for cruise ships traveling to or from the Pacific
Northwest, compared with travel to the Port of Anchorage. Cruise ship docking in
Seward can offer passengers a one-week turnaround schedule via return air. The
growth of cruise ship use in the oil spill region has been well documented (Figure
7.17).

Cruise ship visitors are non-eonsumptive users of resources within the northern
GOA as they move from port to port, but may become consumptive users when in
port. Short-duration sport fishing trips are a popular activity for passengers while
in port. Recreation and tourist users, including cruise ship users, can be compatible
or incompatible with other uses and groups of users, based on their use
characteristics. For example, cruise ship passengers are probably not affected by
seeing groups of boaters or kayakers. However, boaters and kayakers may have
their experience adversely affected by too many contacts with cruise ships.

Cruise ships often carry more people than populate many Alaska towns. One
well known impact of cruise ships is air and water pollution. Cruise ships also
affect other user groups by their presence in the northern GOA and, in some areas,
by competing with local residents for sport fish harvests. In July 2001, Alaska
enacted a law to regulate cruise ship and ferry wastewater discharges in marine
waters. The new law sets discharge limits for greywater (sink, shower and galley
water) and blackwater (treated sewage) for fecal coliform and suspended solids. It
limits discharge to areas at least one mile offshore and requires vessels to be moving
at least six knots during discharge. Sampling of discharges is required, and the
Alaska Department of Environmental Conservation (ADEC) has independent
authority to perform additional sampling. Finally, the new law requires improved
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Figure 7.17 Cruise ship visitors to Seward and Valdez 1991 through 2001

Source: Seward Chamber of Commerce and Valdez Convention and Visitors
Bureau, 1997-2001. (McDowell Group 1991-1997)

record keeping and reporting of vessel disposal of wastewater, hazardous waste
and garbage.

Seward will continue to be the major southcentral Alaska port for cruise ship
passengers to embark and disembark. Valdez anticipates a sharp decline in cruise
ship passengers in 2002 due to Holland America ending its port calls in that
community. The cruise ship visitation in Valdez in 2002 is anticipated to be around
twenty-six cruise ships, down from 45 in 2001 (Valdez Convention & Visitors
bureau, personal communication).

7.15.2.4 Recreation/Tourism Issues
Sport fishing within the northern GOA has created local environmental damage

in some areas by concentrating activity in fragile areas. One area of major concern
is the Kenai River, famous for its king and sockeye sport fishing. ADF&G evaluated
these impacts along the Kenai River in 1994 (ADF&G 1994) to provide a baseline for
future assessments. Sport fishing can also contribute to localized depletion of fish
stocks.

Increased hiking and camping on coastal areas and riverbanks can lead to
trampling erosion and related impacts on local water quality. The Chugach
National Forest is currently completing an analysis of remote recreation carrying
capacity in areas around Prince William Sound that may provide information on
use impacts and appropriate levels of use. The Alaska Division of Parks completed
an analysis of carrying capacity for the Kenai River in 1991 which identified areas of
the river where crowding was diminishing user satisfaction for fishing and other
recreational experiences (Alaska State Parks 1993).
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In October 2001, the North Pacmc FIShery Management Council recommended
an mmV1dual fIshenes quota (IFQ) program for commercIal charter operators
fIshmg for halIbut Requmng new charter operators to purchase halIbut shares to
tale out sport charters may tend to shIft sports fIShmg effort toward currently non­
hmIted speCIes, such as PaafIc cod, Img cod and rockfIsh, creatmg localIzed
depletIons and potentIal resource concerns If commerCIal halIbut charter pnces
mcrease as a result of the IFQ program, use of the resource by non-charter pnvate
boats may mcrease m reactIon Impacts on the resource base could be sigrufIcant

The growmg use of Jet skIS for recreatIonal use and theIr potentIal for dISturbmg
nestmg waterfowl has led the Alaska Department of FISh and Game (ADF&G) to
ban Jet skI use m Kachemak Bay

Some reSIdents of Pnnce WillIam Sound commurutIes expressed concern WIth a
potentIal huge flood of new recreatIonal users to the regIOn as a result of completIon
of the WhIttIer tunnel, provIdmg road access to the sound and potentIal Impacts to
shorelmes, tIdelands and nearshore waters, as well as the fIsh and wildlIfe
populatIons that rely on these habItats The tunnel opened on June 7, 2000 and had
a total of 88,000 vehIcles for the remamder of that year In 2001, the WhIttIer tunnel
vehIcle traffIc totaled 85,772 through December 17th (Gordon Burton, personal
commurucatIon) The InltIallevel of traffIc through the WhIttIer tunnel IS much
lower than antIcIpated by the Alaska Department of TransportatIon and Pubhc
FacilitIes Local reSIdents speculate that the use tolls Imposed after the fITst year of
operatIon have dIScouraged users

RecreationlTourism Summary

Reasons for mOnltormg Immediate Impacts of high use levels on habitat as well as localized
depletion of fisheries resources Although recreational users may Impact other user groups, areas
of conflIct are largely unstudied

Type of Impacts Potential for resource depletion, damage to fragIle habitat, disturbance to
Wildlife on rookeries and haulouts, competition among user groups, water quality degradation from
discharges and spills

AgenCies managing for a subSistence priority can create Impacts on other user groups uSing
resources within the northern GOA

Who IS mOnltormg ADF&G IS the primary agency for monitoring sport fishing effort and harvests
The U S Forest Service monitors uses within Chugach National Forest The National Park Service
mOnitors use levels within the Kenai Fjords National Park

Regulatory Authority The Alaska Board of Fisheries and Board of Game have regulatory
authority over sport fishing and hunting within state lands and waters

The North Pacific Fishery Management CounCil has made a recommendation for new regulations
dealing with halibut charter vessels

The U S Coast Guard has enforcement authOrity for vessel operations In marine waters
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7 15 3 ORI and Gas Development

The Oll and gas rndustry IS a major econonuc force rn Prmce WIlliam Sound
(PWS) and Cook Inlet Crude oil from the Alaska North Slope IS transported by
pIpelme to Valdez, where It IS loaded onto tankers and shIpped to the contmental
Umted States, abroad, and to a refmery on Cook Inlet, near KenaI Whatever theIr
destmatIon, tankers carrymg thIS Oll traverse PWS and the GOA on theIr Journey
(Fned and WmdISch-Cole, 1999)

The number of tanker voyages from the Port of Valdez has declmed from 640 rn
1995 to 411 rn 1999, partly due to a four percent rncrease rn tlle average load per
vessel, but mostly as the result of reduced North Slope productIon (ADEC 2000)

Annual shIpments through PWS peaked at 705 nulhon barrels rn 1988 and have
declmed rn every year Sillce ShIpments ill 2001 are estImated at 366 nulhon barrels,
almost exactly one-half of what they were at the peak The annual rate of change ill
shIpments has vaned from -10 percent ill 1998-99, when oil pnces were low, to-1
percent last year (2000-01), when pnces were hIgh The state of Alaska's offIoal oil
productIon forecast ISsued ill December 2001 predIcts that North Slope productIon
will illcrease nme percent ill 2002, and then remaIn relatIvely constant through 2009
(see FIgure 718) The forecasters acknowledge, however, that unexpected changes
ill oil pnces could sluft the trajectory up or down (Alaska Department of Revenue
2001)
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Figure 7 18 PWS 011 shipments
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Commercmhzahon of NOlth Slope natural gas reserves-eshmated at more than
90 tnllion CUbIC feet-could cause PWS tanker traffIc to mcrease Under one
concept, proposed more than 30 years ago and sh1l popular m Alaska, a gas plpelme
would be bwlt parallel to the olilme, termmahng at a hquened natural gas (LNG)
facility near Valdez LNG from the plant would be exported m specmlly bwlt
tankslips to the Far East, MeXIco, or the U S West Coast A sImliar, but much
smaller LNG plant has operated m Cook Inlet smce 1966

A separate gas-to-hqUld (GTL) commercmhzahon proposal would transform the
gas to methanol hqmd or a chell1lcally related product that would be slipped to
Valdez m the eXlShng trans-Alaska oli plpelme (Alaska llighway Natural Gas
Pohcy Councli2001)

Three recent studIes, sponsored separately by the North Slope gas owners, the
state, and an mdependent energy consulhng fIrm, concluded that the GTL and LNG
proposals (mcludmg a plpelme proJect termmahng at an LNG plant m northern
Cook Inlet) are hkely to be less feasIble than alternahves m whIch the gas IS shIpped
by plpelme through Canada to markets m the conhnental Umted States (Alaska
llighway Natural Gas Pohey CouncI12001, Purvm & Gertz, Ltd 2000, Brown 2002)
Volumes of gas to be slipped under the VarIOUS commerclalIzahon proposals range
up to 2 2 tnllion CUbIC feet per year, equIvalent m energy content to roughly 350
nulhon barrels of oli (purvm & Gertz, Ltd 2000) In most apphcahons, subshtuhon
of gas for oli reduces greenhouse gas ellliSSlons by about fIfteen percent No proJect
for commercmhzmg North Slope gas has yet attracted COll1ll1lhnents for the $7
bI1hon to $20 bI1hon m mveshnent expected to be requITed

MegaproJects do not have an exclusIve francmse on potenhal petroleum
developments m the GOA area The frrst producmg oli wells m Alaska were at
Katalla, southeast of Cordova Small-scale produchon conhnued there from 1902,
until destruchon of the local refmery by frre m 1933 The Chugach Alaska
Corporahon, owner of much of the Katalla oli and gas acreage, beheves that modem
technology may make the Katalla oli resource econoll1lcal to redevelop (Chugach
Alaska Corporahon 2001)

Modem oli development m Alaska began m 1957 m the Cook Inlet basm, WIth
dIscovery of oli at the Swanson RIver fIeld m the KenaI Nahonal Wlidh£e Refuge In
2001, the basm produced eleven nulhon barrels of oJ.1, about three percent of the
volume commg from the North Slope (Alaska Oil and Gas Conservahon
COmmISsIon 2001)

Most of the oli and much of the natural gas produced from the Cook Inlet comes
from offshore platforms Underwater plpelmes transport oli and gas to terlllinals
on both SIdes of Cook Inlet Much of Cook Inlet oli produchon IS dehvered to a local
refmery m NIkISkI, north of KenaI, for processmg

State forecasters expect oli produchon from the Cook Inlet basm over the next
several years to mcrease, reachIng fIfteen mllhon barrels per year m state fIscal year
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2003-04 An aggressIve state leasmg program l1l1hated m 1999, together wIth
planned mcreases m federal offshore lease offelmgs, could stImulate addIhonal new
produchon thereafter (Alaska Department of Revenue 2001)

Much of the new explorahon m Cook Inlet, however, has been targeted toward
natural gas Cook Inlet gas has proVIded low cost energy to the Anchorage
metropohtan area smce 1962, and smce the late 1960s has provIded energy and
feedstock to an LNG plant and a large ferhhzer manufacturmg facility at NIkIskI
The bulk of the regIOn's electrICIty comes from gas-fIred generahon

In recent years Cook Inlet gas sales have_ranged close to a quarter trIlhon CUbIC
feet The regIon's uhhhes and maJor mdustrlal users beheve that addIhonal
dIscovenes or Imports from the North Slope will be needed m the next decade to
sustam current mdustrlal gas uses and meet the growmg demand for uhhty gas and
electnc generahon (ADNR 2002)

MaJor concerns about oil and gas development m the northern GOA mclude the
potenhal for oil spills from vessel traffIc, such as the 1987 TIS GlaClel Bay spill m
Cook Inlet and the 1989 EVOS Small chromc spills, plpehne corrOSIOn and
subsequent leaks, dIsposal of dnlhngwastes and potenha1lillpacts on water
quahty, and the mtroduchon of exohc specIes from ballast waters are other maJor
concerns Only SIX thousand gallons of crude oil were reported spilled m the regIon
from 1998 to 1999 (ADEC 2001)

all producers, shIppers, and refmers are reqUITed to have conhngency plans
detailing response capabilihes and specIfIc response achons m the event of a spill
In addIhon, the all Polluhon Act of 1990 authonzed regIonal CIhzens advISOry
groups m PWS and Cook Inlet to oversee oil and gas achVIhes These groups, along
WIth state and federal agenCIes, mamtam oversIght of oil mdustry operahons m
thel! respechve regIons

all and Gas Development Summary

Reasons for mOnltormg Increased North Slope development could result In Increased
tanker traffiC and more underwater pipelines Cook Inlet production IS mostly offshore or
near the shore and could have Impacts on marine system

Type of Impacts Potential for 011 spills from vessel traffiC small chrOniC spIlls pIpeline
corrosion and subsequent leaks, disposal of drilling wastes, introduction of exotic species In

ballast waters

Who IS mOnltonng ADEC and the U S Coast Guard require 011 producers shippers and
refiners to have contingency plans detailing capabilitIes and planned actions In response to
spills Regional citizens adVISOry councils In Prince William Sound and Cook Inlet provIde
Citizen oversight and conduct some mOnitoring activities

Regulatory authOrity US Coast Guard regulates tanker traffiC US EPA and ADEC are
primary agencies regulating actIvities because of potential Impacts on water quality
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7 15 4 Subsistence

SubsIStence IS an Important tradItlonal actlvIty practlced by resIdents of
northern GOA commumtles to prOVIde food and cultural ennchment FIfteen
predommantly Alaska Natlve commumtles m the GEM regIon, wIth a total
populatlon of about 2,200 people, rely heavIly on harvests of subSIStence resources
such as fISh, sheilfISh, seals, deer, and waterfowl SubSIStence harvests m 1998
vaned among commumtles from 250 to 500 pounds per person, mrncatlng strong
dependence on subSIstence resources SubSIStence actlvItles also support the
culture and tradItlons of these commumtles Many families mother commumtles
also rely on the subSIstence resources of the spill area

In adrntlon to the cultural aspects of subSIStence, Its econolllic Importance
comes from Import substltutlon Rural reSIdents are able to rely on wIld foods
rather than food Imported mto the regIon Dependence on subSIStence productlon
IS typICally hIgher m remote areas and lower near populatlon centers, although
there are exceptlons to thIS general trend

Knowledge of subSIstence patterns and consumptlon largely relIes on focused
household surveys conducted by the ADF&G's SubSIStence DIVISIon The rnV1SIOn's
analysIS and momtormg focuses on subSIStence productlon, consumptlon, sharmg
patterns and speCIes of concern SubSIStence sturnes are typICally conducted at
Irregular mtervals, often onented towards a specIfIc management ISSues or need,
such as the Ellon Valdez oIl spill The household studIes prOVIde a cross-sectlonal
profIle of use patterns at a partIcular tIme Due to the focus on oIl spill Impacts and
the avaIlability of fundmg, several subSIStence studIes conducted m commumtles
across the oil spill regIon over the past ten years have prOVIded a wealth of data and
mformatlon The dechmng frequency of subSIStence studIes suggests that future
changes m use patterns wIthm northern GOA commumtles may not be as well
documented

ADF&G researchers have developed village contacts who prOVIde accurate
trackIng of subSIStence harvests of salmon, seals, sea lIons, marme mammals and
halIbut It IS more chffi.cult for ADF&G to track subSIStence harvests of marme
mvertebrates and marme fISh, so there IS a much lower level of confIdence m the
estlmated use levels for these specIes

In a recent report funded Jomtly by the Mmerals Management SeTVlce (MMS)
and ADF&G, researchers analyzed subSIStence patterns for commumtles WIthIn the
area affected by the Ex:wn Valdez oIl spill (Fall et al 2001) The commumtles
analyzed were Chenega Bay, Cordova, Tatltlek, Valdez, KenaI, Nanwalek, Port
Graham, SeldOVIa, AkhIok, Karluk, Kornak CIty, Larsen Bay, Old Harbor, Ouzmlae,
Port LIOns, Ougmk, Ougmk Lagoon, Ougmk Lake, Ivanof Bay, and Perryville

The study tracked wild food harvests measured m pounds per capIta before and
after the Ellon Valdez oil spill, producmg the followmg fmdmgs
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SubsIStence produchon averages over 300 pounds per person pel year
throughout the regIOn In predommantly Nahve commumhes, subSIStence
produchon averages 352 pounds annually per person In Cordova,
subSIStence produchon averages 200 pounds per person annually and m
KodIak, It averages 148 pounds per person

SubsIStence produchon uses nearly seventeen chfferent types of resources
per household

The studIes show a very hIgh parhclpahon rate m subSIstence harvests and
use, partIcularly m predommantly Nahve commumhes where nmety-nme
percent of reSIdents used subSIStence resources

SubSIStence produchon IS often dIStnbuted through an extensIve network of
sharmg In predommantly Nahve commumhes, 875 percent of households
receIved resources and 78 3 percent of households gave away resources

Followmg the Euon Valdez oIlspill, there was an lIDllledIate declme of over
fIfty percent m subSIStence harvests Equally Important as the dec1me m
produchon was the reduchon m the range of resources used At frrst the
reduchon was due to fear of Oll contammahon, and later, due to the scarCIty
of resources

The Impacts of the Oll spill caused a dISruphon m sharmg and teachmg of
children and a temporary mcrease m household mcome associated With
spill cleanup achVlhes durmg the year followmg the spill

In the years from 1990 to the present, there has been a gradual rebound m
subSIStence produchon from the EVOS commumhes But, commumhes m
Prmce Wilham Sound have been slower to rebound than areas outsIde the
sound

• Smce the EVOS, several commumhes have mcreased therr dependence on
fIsh and reduced therr dependence on marme mammals and shellfIsh

In addIhon to ADF&G's SubSIStence DIVlSlon and the Federal SubSIStence
Board, others momtormg subsIStence uses and harvests of certam speCIes mclude
the Alaska Board of FIShenes and the North Paa&c FIShery Management COunCll
The COunCll recently completed an analysIS of Impacts relatrng to subSIStence
halIbut and has recommended new regulahons for that specIes

The Nahona! Marme FIShenes SerVIce (NMFS) follows the status of the beluga
whale populahon and funds operahon of the Alaska Beluga COmmIttee The
COmmIttee has attempted to understand beluga whale subsIStence harvests through
an mformal network of contacts The Cook Inlet Marme Mammal Counell,
comprISed of Cook Inlet beluga whale subSIStence hunters, works mdependently of
the Alaska Beluga COmmIttee to focus on beluga whales m Cook Inlet
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The Alaska Nahve Harbor Seal ConumssIOn partners WIth ADF&G's DIVISIOn of
SubsIStence m a harvest assessment project to mtervIew hunters and collect data on
the subsIstence harvest of seals T1us effort IS currently funded by the Nahonal
Marme FIShenes ServIce The U S FISh & Wl1dhfe ServIce has a program to momtor
the harvests of sea otters USFWS also momtors waterfowl

ADF&G's SubsIStence DIVISIOn has been workmg to coordmate and report on
the vanous momtonng efforts However, therr efforts have been funded through
speCIal research fundmg, such as EVOS Although another round of surveys IS
anhCIpated m 2004, future fundmg for ADF&G's SubsIStence DIVlSlon to conhnue
cOOldmahon of subSIStence momtormg as well as penodIc household surveys
WIthIn northern GOA commumhes IS uncertam

The lffipact of subSIStence harvests on mJured resources, partIcularly manne
mammals, has not been determmed In some cases, It may become necessary to
address the lffipact of subSIStence on recovery, as was necessary for Cook Inlet
beluga whales ADF&G and NMFS are workmg cooperahvely to combme research
efforts on harbor seals The results of thIS research program may lffiprove
understandmg of the status of harbor seals and reasons for populahon declmes
wIthm the northern GOA However, the program will not address the effects of
subSIStence harvests on thIS resource

7.15.4.1 Current and PotentIalFuture Issues, Subsistence
SubSIStence achVlhes and produchon are related to many factors, such as

populahon growth WIthIn villages and commumhes and changes m the abundance
and dlstnbuhon of fISh and wl1dbfe resources The cnmmal settlement subSIStence
restorahon program, usmg money from the E:>.:wn Valdez settlement, has funded
thIrty-two projects totalmg $5 6 milllon m support of subSIStence restorahon (Fall et
al 2001) These mc1uded fISh enhancement proJects, development of mfrastructure
for subsIStence achVlhes, cultural educahon and manculture The E:>.:>.on Valdez
Trustee Councl1's HabItat Protechon Program has protected over 650,000 acres
WIthIn the northern GOA through outnght purchase of lands or conservahon
easements ThIS program ensures that the lands protected will remam part of the
produchve ecosystem, thus aldmg support of the resource base for subSIStence
produchon

Increasmg use wIthm Pnnce Wilham Sound by boaters, fIShers, hunters and
other recreahonal users may affect future subSIStence opportumhes through drrect
compehhon or the mdrrect effects of mcreased traffic m areas where subSIStence
harvests occur In 1995, a consulhng fum evaluated the lffipact of complehon of the
WhIther tunnel on subSIStence uses Wlthm SIX commumhes Chenega Bay, Tahtlek,
Cordova, WhIther, Hope and Cooper Landmg (Stephen R Braund & ASSOCIates
1995)

The study found that subSIStence users from the GOA commumhes Ident1fJ.ed
mcreased boat traffic WIthIn Pnnce Wl1ham Sound and the potenhal mcreased
drrect compehhon for fISh and wl1dbfe resources from mcreased numbers of VISItors
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as theIr greatest concerns related to the openmg of the Wluther tunnel Although
use of the WIuther tunnel has been much lower than forecast, the overall trend m
mcreasmg recreahon use m the regIOn may create confhcts WIth subSIStence
achVlhes

Recent changes m subSIStence regulahon and management may affect other user
groups, mcludmg sport and commercIal fIshers, hunters and others

Some future ISsues may mclude

•

•

•

•

•

•

DefImhons of federally-recogruzed SubsIstence users could greatly mcrease
the number of subSIStence users from outsIde the GOA region For
example, the Federal SubsIstence Board currently plans to allow all
recogruzed subSIStence users from anywhere m Alaska to parhClpate m
subSIStence harvests on the KenaI Penmsula The Board earlIer moved to
restrIct subSIStence salmon fIShmg wlthm the Copper River watershed to
those hvmg m the region

The Federal SubSIStence Board has receIved proposals to extend Its
JunsdIchon to mclude marme waters and speCIes

In two declSlons m Southeast Alaska, the Federal SubSIstence Board has
preemphvely closed state fIshenes m fresh water to make sure that there
would be enough fISh for subSIStence m federal harvest areas Durmg the
2001 fIShmg season, the Federal SubSIstence Board preemphvely closed all
the commerCIal sport, sport and state subSIStence fIshenes operahng WIthm
federal waters m both the KuskokWIm and Yukon dramages to ensure that
the federal subsIStence users would have access to salmon resources

In a recent declSlon, the Federal SubSIStence Board mcreased the lImIts for
subSIStence harvests m the Copper River by fISh wheels, With no upper lImIt
on kmg salmon 1£ the subSIStence harvest of kmg salmon IS substanhally
mcreased m Copper River fIShenes, sport and commerCIal users could face
restnchons

The North PacIfIc FIShery Management Council took £mal achon m April
2002 to defIne subSIstence halIbut fIShmg m Alaska waters SubSIStence
management achons mclude a lImIt on the number of hooks, a 30-fISh
annual lImIt, a system to permIt temporary transfer of subSIStence nghts,
and a gear stackmg allowance for mulhple subSIStence fIShers on a smgle
vessel

The declIne of the beluga whale m Cook Inlet prOVIdes an example of a
resource problem alleged to be caused by subSIStence harvests Under the
Marme Mammal Protechon Act, state and federal agenCIes were unable to
take any achon to address the dechnmg resource untIl the populahon
reached the pomt where It could be classIfIed as depleted under the
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Endangered SpecIes Act If the beluga whales fall to Iecover, many
commerCIal achVlhes wIthIn Cook Inlet could face restnchon

SubSistence Summary

Reasons for mOnltormg SubSistence uses have not yet recovered and are a
Prlonty use under state and federal law

Type of Impacts SubSistence harvests of recovering species have the potentIal
for causing at least localIzed depletIon of some species

Agencies managing for a subSistence priority can create Impacts on other user
groups uSing resources wrt:hln the northern GOA

Who IS monltormg ADF&G IS the primary agency for monrt:orlng subSistence
uses and harvests

Regulatory Authority The U S FIsh and WildlIfe Federal SubSistence Board
has regulatory and allocatIon authorrt:y wrt:hln federal lands In Alaska

The Alaska Board of FIsheries and Board of Game have regulatory authority over
subSistence wrt:hln state lands and waters

The North Pacific Fishery Management CounCil has made a recommendation for
new regulations dealIng wrt:h subSistence halIbut

Federal laws, such as the Marine Mammal Protection Act and the Migratory Bird
Treaty Act regulate subSistence uses In both state and federal waters

7 15.5 Timber and Forest Products

Ancestors of the Alutnq peoples who occupIed most of the GOA area are
beheved to have illlgrated mto the regIon from treeless areas to the west and north
In the late 18th century, at the bme of the frrst contacts WIth Europeans, the Alutnq
made relahve1y httle use of bmber resources except for heat (Dumond 1983)

Many sma11loggmg and sawnull operahons grew up m the 19th century to
support local fIsh processmg and ill1nillg operahons In the early 20th century, most
of the sawlog bmber resources of the Prmce Wilham Sound area, the KenaI
Penmsula and the KodIak ArchIpelago came under the control of the US Forest
ServIce In addIhon to supporhng local f15h processmg and ill1nillg, GOA forests
also supphed raIlroad hes and bmber for bndges to the Alaska RaIlroad and the
Copper RIver & Northwestern Raliway

Throughout most of the 20th century, the bmber mdustry remamed small
From 1910 through 1986, total commerCIal harvests from government land m the
GOA regIon averaged less than four mIlhon board feet (MMBF) per year, and never
exceeded 12 MMBF per year As part of a pohcy to encourage bmber-based
rnanufacturmg wIthm the nahonal forest and nearby commumhes, the U S Forest
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SerVIce largely prolubIted the export from Alaska of unprocessed bmber (Rogers
1962) Unh11987, there were essenhally no forest products exported from the
regIOn to anywhere outsIde Alaska

That all changed m the 1980s, when regIOnal and Vl11age Nahve corporahons,
establIshed under the Alaska Nahve Clanns Settlement Act (ANCSA) began
reCeIVIng lands selected by them m accordance WIth the act For the frrst bme m the
hIstory of the GOA regIOn, sIgmhcant bmber resources moved under the control of
pnvate, profIt-seekmg corporahons Most of the lugh-quahty bmber has smce been
logged m an effort to monehze the bmber assets as rapIdly as possIble Annual
harvest volumes from the regIOn grew from less than ten MMBF m 1986, to a peak
of about 235 MMBF m 1995, and then qmcUy declmed (USDA Forest ServIce,
Chugach Nahonal Forest 2000b) Although a major sawmill was opened m Seward
m 1993, It never became compehhve, and has remamed closed smce 1994 As
allowed under federal law, almost all of the pnvate trmber was exported from the
state, most bemg sold abroad as unprocessed logs (Fned and WmdIsch-Cole, 1999)

Smce 1996, a dwmdlmgsupply oflugh-quahty bmber and a depressed world
market for softwood have caused a dramahc declme m harvest from the GOA
regIOn No major trmber operahons are currently operahng m PWS Some loggmg
conhnues m the Komak Arclupelago, and small-scale trmber operahons are planned
for parts of the Kenal Penmsu1a Improvmg market condIhons and nsmg softwood
pnces could Slgmhcantly mcrease the market for sIgmllcant volumes of currently
margmal hmber, espeCIally on Afognak Island

A sIgmflcant factor affechng forest plannmg m the GOA area 18 a major spruce
bark beetle mfestahon A senes of trmber sales of beetle-damaged stands on state
lands have been proposed (USDA Forest ServIce and State of Alaska 2000) Harvest
from the state's proposed sales would encompass an eshmated 115 MMBF over a
maxImum of fIve years, but adverse market conmhO~have caused commercIal
mterest m the offenngs to wane, and some recent sales have receIved no bIds In
2000 the state offered almost 12 MMBF, but the amount cut was less than three
MMBF (ADNR 2000)

Concerns about loggmg mclude long-term effects on the marme ecosystem of
bark detrItus at log transfer SItes, Impacts on anadromous streams from slltahon,
and upland habItat destruchon The Alaska Department of Envrronrnental
Conservahon reported m 2000 that twenty-four percent of the water bodIes on the
state's lISt of polluted Sltes are lISted due to some aspect of loggmg (ADEC 2000) A
sIgmhcant ISsue related to loggmg 18 the mcreased access to preVIously remote
lands prOVIded by loggmg roads Loggmg operahons on the Kenal Penmsula alone
have added more than 3,000 ml1es of roads m the regIOn 11us mcreased access has
encouraged all-terram velucle use m sensIhve habItats, such as the headwaters of
salmon streams
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Timber and Forest Products Summary

Reasons for momtormg Immediate Impacts of logging on anadromous fish and
npanan habitat POint source Impacts of wood processing faCIlities on air and
water quality Long-term habitat and water quality degradation from past logging
and pollution of uplands and manne sediments

Type of Impacts Erosion, wide sWings In water temperature, loss of habitat,
changes In carbon cycle, Increased human pressure due to access Industnal air
and water quality Impacts from wood processing

Who IS momtonng USFS on federal land ADNR on state and pnvate land
ADF&G monitors Impacts on economically Important sport commercial and
subsistence species ADEC and EPA monitor effects of bark deposition the on
manne environment EPA and ADEC momtor POint source Industnal effects on air
and water quality

Regulatory AuthOrity State and federal laws have established regulatory
authonty over most aspects of logging and wood processing Federal laws Include
the Clean Water Act, the Endangered Species Act, the Wilderness Act, the
Federal Land Planning and Management Act, the National Forest Management
Act, the Forest and Rangeland Renewable Resources Planmng Act and others,
state authorities In Alaska Statutes Include Title 16 (ADF&G), Title 47 (ADEC),
and the Forest Practices Act

7 15 6 Urbamzatlon and Road BUlldmg

Urban areas Wlthm the GEM regIon are hkely to contmue to grow from natural
populatIon growth and from mnugratIon from smaller commumtIes WIthm Alaska
and from outsIde the state Increasmg urbaruzatIon dmurushes some baSIC
enVIronmental quahtIes, even when development IS planned and regulated WIth
care Along WIth greater numbers and densIty of reSIdents comes admtIonal arr
pollutIon, water pollutIon, use of lands for sohd waste dISposal, mcreased levels of
nOIse, and other effects Contmued expansIOn of urban areas and mcreasmg densIty
of development of suburban zones meVltably degrade the habItat Changes m land
surfaces can change entrre hydrolOgIC systems and cause water pollutIon problems
Urban growth leads to mcreasmg dISposal of human waste Anchorage, the largest
populatIon center m the state, only completes pnmary treatment for sewage effluent
pIped mto Cook Inlet, although almost all metropohtan commumtIes m the country
are reqUITed to complete secondary treatment The CIty receIved a 301 Clean Water
Act SectIon (H) WaIver to allow pnmary sewage treatment only, whereas almost all
metropohtan commumtIes ill the country are reqUITed to complete secondary
treatment The mherent turbIdIty of Cook Inlet water was a sIgrubcant factor m
EPA's grant of the WaIver

Treated waste or street runoff may lead to changes m speCIes compOSItIon and
productIVIty of watersheds wIthm the regIon A 1998 study of the KenaI RIver
showed a decreased mversIty of benthIC mvertebrates m areas of the nver below

266 CHAPTER 7 JULY 2002



GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

storm mam outfalls (LItchfIeld and Milner 1998) What was illlpOltant m thIS study
was the dIscovery that even though the bentluc mvertebrate commuruty was still m
place, certam specIes were illlssmg from the surveyed areas Based on tlus study, It
appears as If some key mmcator speCIes could be used to measure at least some of
the effects of storm nmoff polluhon

As part of Its stormwater dIscharge peTilllt through ADEC, the MumCIpalIty of
Anchorage IS mappmg the ImpervIOUS surfaces WIthIn Its area and studymg the
response of stream macromvertebrates Under a U S EnVIronmental Protechon
Agency (EPA) Oean Water Act Sechon 319 grant from ADEC, the US States
Department of Agnculture Cooperahve ExtensIOn ServIce IS also studymg the
effects of ImperVIOUS surfaces A pilot project IS planned for the Anchorage area,
and If successful, the methodology may be apphed to other areas m the future

Dmumshed envIronmental qualIty from mcreased populahon densIty IS not
hlllted stnctly to urban areas As populahon denSIty mcreases m prevIOusly rural
areas - for example along the KenaI RIver - there has been a documented loss of
envIronmental qualIty In 1994, ADF&G publIshed a study evaluatmg the
cumulahve Impacts of development and human uses on fIsh habItat on the KenaI
RIver (LIepItz 1994) Factors dm:uru.shmg water qualIty mclude wetlands loss, pomt
source polluhon from outhouses or faulty sephc systems, and household spills of
oIls and other contammants

Wetlands play an Important ecolOgIcal role m fIltrahon for water qualIty and
stormwater protechon The MumCIpalIty of Anchorage has a wetlands plan, WIth
mgh- and low-value wetlands IdenhfIed There IS no plan delmeatmg the extent of
wetlands and analyzmg theIr funchon and values for the rest of the regIon,
however

The ADEC IS responsIble for momtormg and regulahng state water However,
due to staff and fundmg hllltahons, the agency does not attempt to track down and
resolve household or small commerCIal vIOlahons The US GeolOgIcal Survey
operates a Nahonal Water QualIty Assessment (NAWQA) program trackmg water
qualIty and non-pomt polluhon sources m urban watersheds The goals of the
NAWQA Program are to descnbe current water qualIty conmhons for a large part
of the nahon's freshwater streams and aquIfers, descnbe how water quahty IS
changmg over hIDe, and lillprove our understandmg of the pnmary natural and
human factors affectmg water qualIty (USGS 2001) The Cook Inlet Basm IS part of
the NAWQA program The Cook Inlet study will prOVIde mcreased understandmg
of water qualIty m the streams and ground water of the Cook Inlet BaSIn and
IdentIfy factors that mfluence water quahty

Roads are an Important factor m habItat damage and water quahty degradahon
A 2001 study (Western Nahve Trout CampaIgn 2001) evaluated the relahonsmp
between pubhc roadless lands and eXIShng nahve trout populahons m western
states ThIS report evaluates the d.1lllmshed status of wild trout and the habItat
damage assoCIated WIth development of road systems The report concludes that
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roadless areas are essenhal to perSIStence and rebUlldmg of nahve salmomd
populahons

Human access to streams mcreases as the number of nules of road mcreases
Tramplmg of stream banis, changes m stream conflgurahon created by culvernng
of roads, reduchon m npanan zone vegetahon, and a mulhtude of other problems
created by road bUlldmg and access lead to aquahc habItat degradahon and loss of
basIc produchvlty Increased human access to small nvers and streams contammg
relahvely large anllla1s such as salmon and nver otters also usually leads to loss of
aquahc specIes through illegal talmg, despIte the best efforts of law enforcement
Indeed, hmltahons m budgets usually lead resource management and protechon
agenCles to focus scarce resources on sensIhve areas durmg cnhcal seasons, leavmg
degradahon to tale Its course m less senSlhve locahons

WIthm the northern GOA, roadbUlldmg and urbanlZahon are of most concern
WIthm the Cook Inlet area There are no agenCIes momtonng or evaluatmg the
effects of roads on habItat and water quahty WIthm thIs area

Urbanization and Road BUilding Summary

Reasons for mOnitoring Direct Impacts to fish and WIldlife species
Immediate loss of wetlands and water quality

Type of Impacts ErOSion, WIde swmgs m water temperature, erratic water flow
and diminished water quality, loss of habitat, changes In carbon cycle,
mcreased human pressure due to access

Who IS momtormg The MUniCipality of Anchorage has a wetlands plan but
little ongomg mvolvement ADF&G and pnvate research groups (such as the
Western Native Trout Campaign) study the cumulative effects of roadbUlldmg
and development The USGS NAWQA program monitors water quality Wlthm
the Cook Inlet Basm

Regulatory Authority ADF&G has Title 16 authority over anadromous fish
streams The ADEC and the U S EPA have regulatory authorrty over water
quality The Army Corps of Engmeers has regulatory authonty over
development on wetlands

7 15 7 Other Industrial ActiVity

Large Oll spills hke the E:t:wn Valdez Oll spill are rare occurrences More
common are smaller dIscharges of refmed Oll products, crude Oll and a vanety of
hazardous substances These occur frequently m the commerClal fIShmg,
petroleum, and hmber mdustnes and m a WIde vanety of commerClal
estabhshments such as gas stahons and dry cleaners One of the worst spills near
the Kenm RIver was due to repeated dIscharges of dry cleamng flUld over many
years (ADEC, RIver Terrace spill 2002)
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Under state law, U1e release of hazardous substances and Oll must be reported to
the Alaska Department of EnvIronmental Conservahon (ADEC) Table 718 shows
the number of spills by area for the year 2000 In 2000, a total of 604 spills were
reported m the GEM regIOn, resulhng m a total dIscharge of 39,744 gallons of
refmed Oll products, crude Oll and hazardous substances Although small spills
were reported throughout tlus regIon, the largest number of spills (497) and the
greatest volume of dIscharge (24,340 gallons) occurred m Cook Inlet Most spills
(90 percent) mvolved refmed Oll products, accounhng for about 88 percent of the
total volume dIscharged Only 3,000 gallons of crude Oll were reported spilled m
the GEM regIon durmg 2000 (ADEC 2002)

Table 7 18 Spills Reported In 2000

total number of spills total gallons spilled

Cook Inlet

hazardous substances 37 5421

refined all products 454 18,844

crude all 6 75

Kodiak

hazardous substances 4 161

refined all products 39 8,767

crude all 0 0

Prince Wilham Sound

hazardous substances 9 53

refined a/I products 48 6198

crude all 7 225

Source ADEC 2002

Spills reported to ADEC mc1ude spills onshore as well as dIscharges mto the
marme enVIronment The effects of these small spills depend on such vanable
factors as the volume of the dIscharge, Its tOXICIty and perSIStence m the
enVIronment, the hIDe of year the spill occurred and the Slgmhcance of the affected
enVIronment m the lIfe hIStory of specIes of concern
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Other Industnal Activity Summary

Reasons for momtormg Direct contamination of water quality Danger of loss
of fish and wildlife

Type of Impacts Erosion WIde sWings In water temperature, loss of habitat
changes In carbon cycle Increased human pressure due to access Industrial air
and water quality Impacts

Who IS mOnltormg The ADEC and U S EPA do some limited mOnItoring

Regulatory Authority The ADEC and US EPA have regulatory authOrity over
water quality

7 15 8 Contammants and Food Safety

The presence of mdustnal and agncultural contanunants m aquahc
enVIronments has generated worldwIde concerns about potenhal effects on manne
organISms and human consumers The remoteness of the northern GOA from
centers of mdustry and human populahon does not necessarIly offer protechon
Industnal and agrIcultural contanunants can be transported great dIstances by
atmosphenc and manne mechanIsms, and eVIdence of perSIStent organochlormes
(DDT), polychlonnated bIphenyls (PCBs), dichlorodIphenyldIchloroethylene (DDE),
other organIc pollutants, and heavy metals has been found m the archc, subarchc,
and areas adjacent to the GOA (Crane and Galasso 1999) For example, measurable
amounts of organochlonnes have been found m preapitahon and fIshes of the
Copper RIver Delta, a tnbutary of the GOA that forms the eastern boundary of PWS
(Ewald et al 1998)

In the case of mercury and other metals, such as morganIc arsemc, cadmIUm,
and selemum, low concentrahons of the contammants may be present m the natural
envIronment, WIth mdustnal and agrIcultural sources contrIbuhng addihonal
quanhhes In many cases there IS no known local or regIOnal envIronmental,
mdustnal or agncultural source of the contamInant

A vanety of geophySIcal pathways bnng these materIals mto the GOA,
mc1udmg ocean currents and prevaIlmg wmds In parhcular, the prevaIlmg
atmosphenc crrculahon patterns transfer vanous matenals as aerosols from AsIa to
the east across the North PacIfIc (Pahlow and RIebse1l2000) where they enter the
marme enVIronment m the form of ram or snow Some of these contammants, such
as PCBs and DDT, can bIOaccumulate m hvmg marme organISms For example,
research samphng of transIent killer whales that eat marme mammals mdIcated
concentrahons of PCBs and DDT denvahves that are many hIDes hIgher than those
concentrahons found m reSIdent fIsh-eahng whales The sources of these
contammants are not speafIcally known
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There IS also concern about the potenhal effects of contammants on people,
especIally those who consume fISh and shellfIsh, waterfowl, and manne mammals
At hIgher levels of exposure, many of the chemIcals noted above can cause adverse
effects m people, such as the suppreSSIOn of the Immune system caused by PCBs

The state of Alaska does not momtor envIronmental pollutants m the manne
enVIronment or manne orgamsms on a regular baSIS, although a small fISh-testrng
program was begun m the summer, 2002 There IS no ongomg program for
samplmg food safety m subSIStence resources m coastal commumhes, although the
oil spill provIded the opportumty to sample subSIStence resources for hydrocarbons
m the affected areas from 1989 through 1994 Federal fundIng for a Jomt federal­
state-Alaska Nahve lllihahve has been requested from Congress The Nahonal
Oceamc and Atmosphenc AdmImStrahon (NOAA) has annually measured
chemIcals m mollusks and sedIments smce 1984, as well as m the hvers of bottom­
dwellmg groundfIsh and m sedIments at the SItes of fISh capture The Pnnce
Wilham Sound RegIOnal Ghzens' AdVISOry Council has measured hydrocarbon
concentrahons and sources wIthm areas of PWS and the GOA ThIS program
focuses on samphng of mtemdal mussels and nearby sedIments

Contammants and Food Safety Summary

Reasons for mOnltonng Industnal and agncultural contaminants are
concentrated In fish and Wildlife species ThiS can cause mortality In affected fish
and Wildlife as well as danger to humans consuming contaminated fish and ~

Wildlife

Type of Impacts Persistence within the environment and potentially spreading to
fish, Wildlife and humans

Who IS mOnltormg NOAA monitors chemicals In mollusks, sediments and
bottom-dwelling groundfish

Regulatory Authonty The U S EPA has regulatory authority over contaminants
In aquatic environments

7 15 9 Global Warming

Although drIven by forces outsIde the control of Alaska's natural resource
managers, global warmmg IS an essenhal consIderahon for development and
Implementahon of the GEM program The earth's chmate IS predIcted to change
because human achvIhes, such as the combushon of fossil fuels and mcreased
agnculture, deforestahon, landfills, mdustnal produchon, and ill1lliTIg, are altenng
the chemIcal composIhon of the atmosphere through the buildup of greenhouse
gases These gases are prImarIly carbon dIOXIde, methane, mtrous OXIde and
chlorofluorocarbons TheIr heat-trappmg property IS undISputed, as IS the fact that
global temperatures are rISmg Observahons collected durmg the last century
suggest that the average land surface temperature has men 0 45° to 0 6° C

JULY 2002 CHAPTER 7 271



GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

PreCIpItahon has mcreased by about one percent over tl1e world's conhnents m the
last century, WIth hIgh-lahtude areas tendmg to see more sIgmfJ.cant mcreases m
ramfall and nsmg sea levels ThIS mcrease IS conSIStent WIth observahons tl1at
mdlCate the northern GOA sea surface temperature has mcreased by 0 5° C smce
1940, and that preCIpItahon m Alaska (excludmg Southeast Alaska) illcreased eleven

percent from 1950 through 1990

Increasmg concentrahons of greenhouse gases are lIkely to accelerate the rate of
clImate change The changes seen m the northern GOA and theIr relahonshIp to
other warmmg and coolmg cycles ill the North PaCIfIc and the combmed effects on
global clImate are Important for understandmg how humans affect bIOlOgIcal
produchon Some populahons of fIsh and marille mammals that show longhme
trends, up or down, or sharp rapId changes ill abundance, are achvely managed
through harvest restraillts The extent to whIch harvest restramts may be effechve

ill estabhshmg or altenng trends ill abundance of explOIted speCIes can only be

understood WIthm the context of clImate change

A TlSe ill sea level IS one of the anhCIpated changes from global warmmg,
leadmg to floodmg of low-lymg property, loss of coastal wetlands, erOSIOn of
beaches, saltwater illtrusIOn illtO fresh water wells and mcreased costs for
mamtenance and/or replacement of roads causeways and bndges (USEPA 1998)
Among other Impacts, an illcrease ill ocean level may have profound Impacts on
salmon produchon The loss of estuarme wetlands from the 1964 earthquake

resulted ill major losses of pmk salmon habItat ill Pnnce WIlham Sound

Global warmmg may also have a negahve effect on use of water resources
throughout Alaska by leadmg to earher and more concentrated spnng runoff
penods There could be detrlIDental effects on forests wIthm the northern GOA, for

specIes that are adapted to a cooler temperature regIme

Global Warming Summary

Reasons for mOnitoring Danger of losses to fish and Wildlife Salt water
intrusion Into freshwater supplies

Type of Impacts Flooding of low-lying property, loss of coastal wetlands,
erosion of beaches, salt water intrusion Into freshwater wells Increase In public
costs for maintenance and replacement of roads and bndges

Who IS monItoring U S EPA

Regulatory Authonty U S EPA has regulatory authority over activitIes that
add to global warming Many sources are international and not subject to
regulation
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\ 8. MODELING

In ThIS Chapter

~ A Survey of North PacIflc Models Relevant to GEM

~ Goals and Purposes of Gathenng and Analyzmg Data WIth Models

~ Use of a Hierarc1ucal Strategy m DeClslOn-makmg

~ Modelmg StrategIes and Methods

Modelmg and observrng systems desIgned to
8.1 Introduction support modelmg efforts have been establIshed m

the GOA and North Pacmc As a regIonal
momtonng and research program, GEM seeks to buIld on the strengths of past and
eXlStmg programs In thIs chapter, modelmg strategIes of establIshed programs are
reVIewed to proVIde a startmg pomt for the modelmg component of the GEM
Program 1dentIflcatIon of core vanables used m these eXlStmg efforts proVIdes an
lIDpOrtant contnbutIon to developmg the GEM momtormg program

Followmg the reVIew of modelmg efforts, the background necessary to
lIDplement a mode1mg program for GEM IS developed ThIs background mc1udes
presentatIon of explanatIons and dIScusSIon of the purposes of modelmg, a
hIerarchIcal framework for organtzmg dIfferent types of models, optIons available
m modelmg strategIes and methods, and the means of evaluatmg modelmg
proposals

8.2 Survey of
Modeling

8 2.1 Modeling Strategies of Established Programs

ThIs subsectIon prOVIdes statements summanzmg modelmg strategIes The
InformatIon IS extracted from web SItes as noted

GOOS (Global Ocean Obsenrmg System)

Lmkmg user needs to measurements requrres a managed,
mteractIve flow of data and mformatIon among three essentIal
subsystems of the 100S (Integrated Ocean Observrng System) (1)
the ObserVIng subsystem (measurement of core VarIables and the
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transnussIon of data), (2) the commurucahons network and data
management subsystem (orgaruzmg, catalogrng, and dIssenunahng
data), and (3) the modebng and apphcahons subsystem (translahng
data mto products m response to user needs) Thus, the observrng
system COnsISts of the mfrastructure and expertISe reqUITed for each
of these subsystems as well as that needed to Insure the conhnued
and roubne flow of data and mformahon among them (D S GOGS
Steermg COmmIttee 2000)

PICES (North Pacmc Manne SClence Orgamzahon)fNEMURO (North Pac1fl.c
Ecosystem Model for Understandmg RegIOnal Oceanography)

Models serve to extrapolate retrospechve and new observahons
through space and hIDe, aSSISt wIth the deSIgn of observahonal
programs, and test our understandmg of the mtegrahon and
funchorung of ecosystem components Clear dIfferences were
IdenhfIed m the level of advancement of the varIOUS dlSCIpbnary
models Atmosphere-ocean and phYSICal cIrcu1ahon models are the
most advanced, to the extent that exISbng models are generally
useful now for CCCC (chmate change and carrymg capaCIty)
objechves, at least on the Basm scale Crrcu1ahon models m
terntonal and regIonal seas are presently more VarIed m theIr level
of development, and may need some coordmahon from PICES
Lower tropluc level models are advancmg, and examples of theIr
apphcahon coupled WIth large-scale cIrcu1ahon models are
begrnrung to appear There IS a need for comparISOns of specIfIc
phySIOlOgIcal models, and for grafbng of detaIled mIXed layer
models mto the general cIrcu1ahon models WIth upper tropluc
level models, there are several well-developed models for specIfIc
apphcahons, but workshop parhCIpants felt there were as yet no
leadmg models avaIlable for general use WIthm the CCCC program
ThIS IS an area that needs parhcu1ar attenhon and encouragement
from PICES (Perry et al 1997)

GLOBEC (GLOBal Ocean ECosystems Dynanucs)

The phYSICal models can be coupled WIth a SUIte of
bIOlOgIcal, bIOphYSICal and ecosystems models Development of
bIOlOgIcal models should occur concurrently WIth development of
the phYSICal model Four types of bIOlOgIcal or bIOphYSICal models
are recommended Lrnkmg outputs from each of these models
will allow the exammahon of ecosystem level queshons regardmg
top down or bottom up controls m determmmg pelagIC produchon
m the Bermg Sea

From http j j globec oce orst edujgroupsjnepjreportsjrep16j
rep16 bs model html)
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8 2 2 Core Variables for Modeling

Table 8 1 shows spahal domams, currenCIes, mputs, and outputs for several of
the most relevant North PacIfIc models

Table 8 1 Model Spatial Domams, Currencies, Inputs, and Outputs

Model Namel

Model Region

Single-speCies stock
assessment models that
Include predation

Model Spatial Domam

Across EBS and GOA
Pollock distributions

Inputs

Fisheries data and
predator biomass

Outputs/Currency

Pollock population and
mortality trends-number
at age (and biomass at
age)

Bering Sea MSVPA

BORMICON for the Eastern
Bering Sea

The modeled region IS the Fisheries predator Age-structured population
EBS shelf and slope north to biomass, and food dynamics for key
about 61°N habits data This model specles-numbers at age

requires estimates of
other food abundance
supplied by species
outSide the model

The model IS spatially Temperature IS Included Spatial size distribution of
expliCit WIth 7 defined and Influences growth pollock
geographiC regions that haveand consumption
pollock abundance and size
distribution information

Evaluating Alternative Fishing
Strategies

U S Exclusive Economic
Zone

Gear-specific fishing Biomass of managed fish
effort, including bycatch species

Advection on larval pollock
recruitment

Shellkof Pollock IBM

Southeast Bering Sea Shelf OSCURS surface Index of pollock
currents (WInd-driven) recruitment

Western GOA from Just From physical model Individual larval
southwest of Kodiak Island Water velOCities, WInd characteristics such as
to the Shumagin Islands field mixed-layer depth age, Size, weight, location,
shelf, water column to 100 m water temperature and life stage, hatch date,

salinity, 'consumption, respiration

Pseudocalanus field
(from NPZ model)

GLOBEC NPZ 1-0 and 3-D
Models

Water column (0-100 m)
Coastal GOA from Dixon
Entrance to Unlmak Pass
100 m of water column over
depths < 2000 m

5-m depth binS x 20 km
hOrizontal grid

Irradlance MLD DlffuSIVlty, ammOnium,

Temperature, dlffuSlVlty, nitrate detritus small and
bottom depths water large phytoplankton
velOCities (u v w) dinoflagellates tintinnids

, , small coastal copepods
neocalanus and
euphausllds

nitrate and ammonium
mmollm3

all else mg carbonlm3
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Table 8 1 Model Spatial Domains, Currencies, Inputs, and Outputs

Model Name/

Model RegIon

Steller Sea Lion IBM

Shelikof NPZ Model
1-0 and 3-D Versions

GOA Pollock
Stochastic SWitch
Model

NEMURO

Eastern Bering Sea
Shelf Model 1 Ecopath

Eastern Bering Sea
Shelf Model 2 Ecopath

Western Bering Sea
Shelf Ecopath

Gulf of Alaska Shelf
Ecopath

Aleutian Islands
Prlbilof Islands
Ecopath

Prince William Sound
Ecopath

Model Spatial Domam

Should be applicable to any
domain surrounding a
specific sea lion rookery or
haul-out In the Bering Sea
Aleutian Islands or GOA

Water column (0-100 m)
GOA from southwest of
Kodiak Island to Shumagin
Islands 1-m depth bins for
1-0 version 1 m depth x 20
km for 3-D version

Shelikof Strait Gulf of
Alaska

Ocean Station P (500 N
145°W) Bering Sea (57 5°N
175°W) and Station A7 off
the east of Hokkaldo Island
Japan (41 3°N 145 3"'W)

500000 km2 In EBS south of
61°N

500000 km2 In eastern
Bering Sea south of 61 ON

300000 km
2

on western
Bering Sea shelf

NPFMC management areas
610, 620 630, and part of
640

Not determIned

Whole Prince William Sound

Inputs

The main Input WIll be a
3-D field of prey (fish)
distribution derived
either from hypothetical
scenarios or (later)
modeled based on
acoustic data

lrradlance MLD
temperature bottom
depths water velocIties
(u v w)

Number of eggs to seed
the model Base
mortality additive and
multiplicative mort
Adjustment parameters
for each mort Factor

15 state variables and
parameters, Including
2 phytoplankton
3 zooplankton and
multiple nutrient groups

Biomass, production
consumption, and diet
com posItion for all
major species In each
ecosystem

Outputs/Currency

Individual sea lion
characteristics such as
age location life stage
and birth date are
recorded Caloric balance
IS the main variable
followed for each
indiVidual

Nitrogen phytoplankton
Neocalanus denSities
Pseudocalanus
numbers/m-3 for each of
the 13 stages (egg 6
naupliar 6 copepodlte)s

Number of gO-day old
pollock larvae through
time

Ecosystem fluxes are
tracked In Units of nitrogen
and Silicon

Balance between
produced and consumed
per area biomass (t1km 2

)

Future work WIll explore
2energy (kcallkm ) and

nutrient dynamiCS

Source Table 2 In Appendix E prepared by Kenm Aydin
Units of Measure Boreal Migration and Consumption Model Eastern Bering Sea Global Ocean Ecosystem
DynamiCS Gulf of Alaska kilometer kilo calOrie meter mixed layer depth millimolar, Multlspecles Virtual
Population AnalySIS North PacifiC Ecosystem Model for Understanding Regional Oceanography North Pacific
Fisheries Management Council, nutrient-phytoplankton-zooplankton Ocean Surface Current Simulations
metric ton days of year
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Purposes of
Modelmg

8.3
The ulbmate goal of both gathermg data and
developmg models IS to mcrease understandmg
PIckett et al (1994) ([Pace 2001] P 69) defme thIs
goal, m the realm of SCIence, as "an objechvely

determmed, emprncal match between some set of confrrmable, observable
phenomena m the natural world and a conceptual construct"

A model- PIckett's"conceptual construct" -IS usefullf It helps people
represent, examme, and use hypothehcal relabonshlps Data - PIckett's
"confrrmable, observable phenomena m the natural world" -can be analyzed WIth
stahshcal tools such as the followmg

• Analyses of the varIance, regressIOns, and c1assmcahon and regreSSIOn trees
(CARTs),

• Mathemahcal tools such as Founer transforms or dIfferenhal equahons,
and

• Quahtahve models such as engmeermg "free body" dIagrams, network
dIagrams, or loop models

Fundamental goals of statIShcal or mathemahcal analyses are to develop
corre1abve, and perhaps even causal, relahonshlps and an understandmg of
patterns and trends In parbcular, there IS a need to dIShnguISh between random
vanability, nOISe, and patterns or trends that can be used to explam and predIct

In other words, the goal of gathermg and analyzmg data IS to lffiprove our
conceptual and analyhcal models of the world, and the goal of developmg models
IS to represent and examme hypothehcal relabonshlps that can be tested WIth data

One of the most useful apphcahons of even relahvely Slffiple statIShcal and
conceptual models IS m expenmental desIgn that permIts mveshgahng the pOSSIble
roles of varIOUS parameters and thel! mterachons, rankmg the relahve lffiportance
of uncertamhes that may need to be resolved (Fahng 1991, Oosterhout 1998), and
esbmahng lffipacts of sample SIZe and observahonal error (Botkm et al 2000,
Carpenter et al 1994, LudWig 1999, Mel! and Fagan 2000) StatIShcal models assess
how the VarIability m one or more kmds of data relates to VarIability of others To
answer the "why" and "how" queshons, however, mechanIShc models can be used
to develop and test hypotheses about causes and effects (Gargett et al 2001)
(MechanIShc m thIs use IS mtended to descnbe the phIlosophy of mechamsm,
especla11y explammg phenomena through reference to phYSIcal or bIOlOgical
causes) For momtormg and modehng to be useful for solvmg problems, they must
contrIbute to lffiprovmg decISIOn-makmg (Botkm et al 2000, H11bom 1997, Hollmg
1978, Hollmg and Clark 1975, Ralls and Taylor 2000)

Toward thIs end, one goal of the GEM Program IS to use models predIchvely to
aSSISt managers m solvmg problems It IS lffiportant that expectahons be realIShc,
however The mechamsms that dnve ecolOgical systems, parbcularly those related

JULY 2002 CHAPTER 8 327



------------------------------------ --------------------

GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

to clImate and human achv1hes, are not currently well enough understood for
predIchons about natural systelns to be rehably successful It IS not unreasonable
to expect that predIchve models that managers will be able to use to produce at
least short-term rehable forecasts will eventually be developed, but advances m
declSlOn-support models will reqUITe a long-term COmmltment to advancmg
understandmg on wmch those declSlOn-support models will ulhmately have to be
based

PredIchon lS, however, an lffiportant goal of a modehng program even m the
short run, because SCIence advances WIth the development and teshng of predIchve
hypotheses MechanlShc studIes are essenhal to advancmgunderstandmg, but
carrymg out these studIes requrres defmmg cause-effect or predIchve hypotheses,
and then teshng those predIchons agamst subsequent data or events WIth analyhcal
models

The fundamental goal of the GEM Program IS to 1denhfy and better understand
the natural and human forces that cause changes m GOA ecosystelns ThlS
research goal has a pragmahc purpose that can only be served, m the end, by
hnkmg correlahve and mechanlShc studIes WIth the predIchve needs of declSlOn
malers DeClS10n-makmg, pred1chon, and understandmg are meVltably lmked,
and marntammg that lmk can help keep a research program focused on Its ulhmate
obJechves, and help It to aVOId narrow mqUlry and the dlStrachons of small
temporary problelns (Pace 2001)

An often-overlooked benefIt provIded by the process of developmg a modellS
that It can, and probably should, facilitate commumcahon among researchers,
managers, and the pubhc

To summanze, m the GEM Program, the spec1flc purposes of modelmg are to

• InfO1'11\. commumcate, and proVlde common problem defm1hon,

• Idenhfy key VarIables and relahonshlps,

•

•

Set pnonhes,

Improve and develop expenmental deSIgns to attam momtonng obJechves,
and

• Improve declSlOn-makmg and TlSk assessment

j

Hierarchical
Framework

8.4
It lS cnhcal that the GEM Program develop a
merarch1ca1 modehng strategy to ensure that
short-term, smaller-scale declSlOns about
momtonng and modelmg studIes will be

conslStent WIth the conceptual foundahon and GEM Program goals Smaller-scope
research studIes to test partIcular hypotheses and develop correlahve relahonsmps
must ht w1thm a larger syntheslS framework connechng the more narrowly focused
research d1sc1phnes Deduchve studIes to relate empmcal data to synthehc
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constructs ale Just as Important as mduchve studIes to elUCIdate general prmcIples,
and It IS Important that researchers keep straIght whether they are mveshgahng the
meanmg of the data, gIven the theory, or the valIdIty of the theory, gIven the data
NeIther can be done unless modelmg, momtormg, and data management strategIes
are developed together

As descnbed m Chapter 3, models for the purposes of the GEM Program may
be verbal, vISUal, stahshcal, or numenca1 StatlShcal models are also known as
"correlahve" and "stochashc," and numenca1 models are also known as
"determIDlShc" and "mechamshc" Note that"predIchon," "analysIS," and
"sImu1ahon" are terms that descnbe the use of models, and not necessarily theIr
type The modelmg hIerarchy of the GEM Program will provIde lmks between
observahons and explanahons, development of theory and deSIgn of experIments,
and advancement of SCIence and the prachce of management The"top" of thIS
hIerarchy, the conceptual foundahon, IS the source of queshons and hypotheses to
be explored StatlShcal, analyhcal, and sImu1ahon models will be developed
exphCIt1y to lmk the "confrrmable, observable phenomena m the natural world" to
the "conceptual construct," as PIckett put It ([Pace 2001], P 69)

For example, a VISUal model of the conceptual foundahon IS shown man
mfluence dIagram m FIgure 8 I, whIch shows the forces of change on the left and
the objects of ultrmate mterest that are subject to change on the nght In between
the two are the mtervemng elements and relahonshIps on whIch the human and
natural forces act It IS the nature of the connechons among these phYSICal and
ecolOgIcal elements that IS hypOthesIZed to brmg about the changes that the GEM

Shellfish
populations

Fish
populations

The manne ecosystem In the northern Gulfof Alaska (GOA) depends on the
nature of connections between heat and salt distribution, Insolation biological
enery flow bIogeochemIcal cycling and food web structure Natural changes
and human actiVities brmg about changes In the populations of birds fish
shellfish and mammals by altermg these connections

Figure 81 Influence diagram Illustrating GEM conceptual foundation
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Program seeks to understand Therefore, these connechons should proVIde the
overall modelmg structure

ThlS conceptual model 18 lmked to the morutonng plan through the vanables
defmed as "essenhal to morutor" m the conceptual foundahon, illustrated m a
network dIagram m FIgure 8 2 The analyhcal relahonsmps between the morutored
vanables of FIgure 8 2 and the conceptual foundahon represented by FIgure 8 1, are
developed and mveshgated WIth statIShcal and analyhcal tools, called models

The ultrmate goal of GLOBEC's Northeast Pac1flc modelmg appears to be a
smte of computer models that represents an enhre conceptual foundahon The way
thIS 18 framed m programs hke GLOBEC, the North Pac1flc Marme SClence
Orgaruzahon (called PICES), and Global Ocean ObserVIng System (COOS) (see
Sechon 8 2 of thIS chapter) IS as lmked phYSIcal and blOlogIcal models represenhng
the phySIcal and blOlogIcal worlds over trme and space (marme as well as
terrestnal) The NRC descnbes thIS Ideahzed goal as follows (NRC 2000 P 16)

Develop a whole-ecosystem flShery model as a gUlde to thmk about what needs
to be morutored Such a model would use current and mstoncal data to relate
YIelds to chmate data and contammant levels and illlght stress blOlogIcal and
phYSICal endpomts (zooplankton/phytoplankton blooms, macrofauna populahons)
and chmate and phYSICal oceanography endpomts, m conJunchon WIth modelmg

Such a conceptual framework can strmulate heated arguments, creahve debate,
and perhaps syntheslS among researchers who have tended to work m somewhat
mdependent fIelds WIth dlfferent theorehcal foundauons and languages (Zachanas
and Roft 2000) On a pragmahc level, however, It 18 too general to help declSlon
makers choose to fund one proposal over another

species
composrtlon

relatIVe
abundances
and rates of
productIon

Figure 8 2 Linkages among system attributes that the conceptual foundation Identified as essential to
mOnitor
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A feasIble way to proceed from what can be done now IS through an IteratIve
process framed by the conceptual foundatIon (FIgure 8 3) The conceptual
foundatIon should be the exphCIt source of hypothetIcal correlatIve and cause-and­
effect relatIonshIps Those relatIonshIps should be stated as hypotheses, and
should be used to determme what needs to be measured and when, where, and
how If the momtonng and modehng plans are developed withm thIs framework,
the measurements can be compared to model predIctIons, the results can be used to
update the sCIentIfIc background and the momtormg plan, and the IteratIon can
contInue

Conceptual model

/ ~
L-- Statistical HypotheSized

~ relationships r. cause and effect

relationships

FIeld, laboratory

DATA over time ~
and space

Feedback control (adaptIve) system

Figure 8 3 Feedback control system linking the
conceptual foundation, mOnitoring, and modeling efforts

Modehng efforts of the GEM Program for the
short term will be developed as part of a long­
term strategy defmed by goals of the GEM
Program

Defimng and
Evaluatmg
Modeling
Strategies

8.5

To begm WIth, the modehng strategy must be
COnsIStent WIth GEM ImplementatIon tools and

strategies (Chapter 3) and IDlSSlOn goals (Chapter 1) They can be summanzed to
mdIcate that GEM modehng should accomphsh the followmg-

• Focus on fillmg gaps, thus aVOldmg duphcatIon of efforts or "remventIng
the wheel",

• EmphaSIZe syntheSIS,
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Depend as much as possIble on already eAlSbng plOgrams,

Mamtam focus on the research quesnons, and

EmphaSIZe efficIency

In developmg a specIfIc management strategy, It IS often useful to thml of It as
a deCISIOn framework (Keeney 1992), and to start by de£mmg an Ideal For
example, to sahsfy GEM Program goals effiCIently, an Ideal model would arguably
requrre mput data that are relanvely easy to measure, readily available, and relIable
mdIcators of change The cause-effect theory that dnves the modeled system or
speCIes behaVIOr would be based not only on statIsncally valId correlanve studIes,
but also on plausIble and well-developed mechamsnc studIes and therr resulbng
theorencal constructs The model would produce credIble predicnons under
plausIble SCenarIOS, and would help answer quesnons and raISe new ones

ThIs Ideal model would be easy for other SCIentIsts and managers to
comprehend, and It would be readIly available for others to deconstruct, test, and
cnnque The overarchmg conceptual model would be modulanzed so that
components of It could be developed and tested relanvely qUIckly by experts from
mulnple dIscIplmes Ideally, data already available could be used to test and
valIdate the components and therr mteracnons, and could allow qUIck learnmg that
could be used to redrrect the modelmg and momtonng strategies SensinVIty
analysIS of the components, and the mteracnons between the components, would
be a hIghly producnve source for subsequent model and momtonng plan
development Model structure would be fleXible and have robust mechamsms for
assImIlahng new data and reVlSmg model structure As a result, short-term
progress toward the long-term goals could be achIeved and documented

A modelmg strategy IS the roadmap that prOVIdes the means for acmevmg the
ulhmate modelmg goals An Ideahzed model lIke the one descnbed above IS a
useful step toward defImng the attrIbutes of an effICIent, workable strategy
Development of such an Ideahzed model can produce a useful commumcanon tool
Table 8 2 Ident:J.bes prehmmary obJecnves and attrIbutes denved from thIS
IdealIzed model that could be used to evaluate modelmg strategies

I

-'

332 CHAPTER 8 JULY 2002



GULF ECOSYSTEM MONITORING AND RESEARCH PROGRAM

Table 8 2 Potential Objectives and Attnbutes for Use In Evaluation of Modelmg
Strategies

Objective or Attribute Supported by models that help

Relevance to questions and
hypotheses of the GEM
Program

Identify variables and relationships

Characterize uncertainty and nOise Impacts of process and
observation error

Elucidate general principles rather than narrow unique
focus driven by short-term perceIved CriSIS

Contribution to future model
development

Inform communicate develop common problem definitions

Set priorities clarify relatIve Impacts of variables and
relationships

Improve and develop experimental (monitoring) deSigns

Prioritize and elUCidate Impacts of uncertainties In data and
In model structure and assumptions

Increase utilIty of uSing SImpler models to Identify key
variables and relationships to use In future models

Advance the state of the art for example Increase
available methodologies by borrOWIng from other fields
particularly engineering and mediCine tools such as neural
nets genetIc algOrithms CARTs other kinds of regression
(Jackson et al 2001)

EffiCiency of approach SynthesIze, explOit, and Integrate eXisting data and eXisting
programs whenever pOSSible for example from
oceanographic programs such as NOM OCSEAP
GLOBEC, and GOOS

Identify and explOit uniqueness of GEM Program
opportUnity; for example, no one else IS dOing It because It
requires a very long time frame

ElUCidate lInks between things that are easy to measure
and key Indicators of change, whatever they might be

ElUCidate lInks between correlations (which are usually
easier to develop) and explanatory mechanisms (which are
usually more difficult)

Maintenance and development
of program support

AcceSSibilIty of models to end users other modelers

Contribution to data management, data aSSimilation effort

Contribution to solVing problems for resource managers
and regulators

Modeling
Methods

8.6
The modebng "mche" of the GEM Program will
be defmed m part by a gap analySIS, parhcu1arly
focused on where It fIts WIth estabhshed major
regional programs, especIally those of GLOBEC,

GooS, and PICES A very bnef summary of the modebng approaches for these
programs IS prOVIded m Sechon 8 2 of thIS chapter

The relahonshIp between momtonng, modebng, and decISIOn-makIng
descnbed here IS conSIStent WIth the relahonshIps of these programs The purpose
of thIS sechon IS not to defme all the other modebng efforts that mIght be related to
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the GEM Program A useful context IS provIded by a table compiled for GLOBEC
by AydIn of the Nahonal Oceamc and Atmosphenc AdmmIstrahon (Seattle), whIch
summanzes North Pacrllc models of the Alaska FIshenes SCIence Center and others
(see Sechon 83, Table 8 I, and North Pacrllc models m AppendIx E) Correctly
defmmg the GEM Program ruche IS lillportant to avoId duphcahon of effort and to
make best use of work already bemg done by others

Developmg a model should be perfectly analogous to desIgnmg a controlled
expenment A useful model structure will be dnven by the queshons It needs to
help people answer, not by the computer technology and programmmg experhse
of model developers (although technology and expertISe may lillpOse conshamts)
As a general rule, useful models do not tend to be complex, m part because they
must be comprehenSIble to be beheved and used by deCISIOn makers That SaId,
models based on laws of phySICS, whIch can be vahdated agamst those laws and
eIther data or scale phySIcal models, have advanced farther than ecolOgIcal models
m therr ability to prOVIde useful output from hIghly complex models

8 6 1 Lmkages Among Models and Among Modelers

One of the most lillpOrtant challenges confronhng GEM modelers will be to
develop common languages and mode1mg frameworks that will allow them to
resolve the temporal, mathemahcal, ecolOgIcal, phYSICal, and spahal sources of
dIsconnects among the vanous acadeilllc paradIgms ThIs challenge will requrre
sIgnrl1cant cOillillltment to lillprovmg commurucahon skills, developmg quahtahve
verbal or VISUal models, and usmg mtulhve problem-structurmg tools that combme
dIfferent mode1mg techruques, such as network, systems, or loop models An
addIhonal benefIt of thIS kmd of approach IS that these types of VISUal, quahtahve
models should be comprehensIble to researchers from any scIenhfIc dIscIphne,
managers, and the pubhc The attrIbute of bemg WIdely comprehenSIble will help
facilitate the support of stakeholders

The feasIbility of managmg GEM as a reahzahon of the conceptual foundahon
will depend m large part on the commurucahon skills of experts m the components
and lrnkages that make up the conceptual foundahon EstablIShIng effechve
commurucahon among experts from dIfferent orgaruzahons IS a WIdespread
problem facmg systems modelers (Caddy 1995), and the GEM Program may be m a
good posIhon to help advance the cause by makmg It pOSSIble for dIverse experts to
work together Experts m these fIelds should bnng substanhal background
capabilihes to therr work from therr common language of mathemahcs and SCIence
learned m graduate school The modelers of the GEM Program also should be
reqUITed to demonstrate the ability to work WIth counterparts to develop a shared
systems VIew and conceptual models

8 6 2 Determmlstlc Versus StochastiC Models

Detechng and understandIng change reqUITes that uncertamty and VarIability
playa central role m the analyses (Ralls and Taylor 2000) Two key queshons that
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must be addressed by anyone tryrng to detect and understand change are the
problems of Type I and Type II error Type I error IS "seerng" somethrng that IS not
really there, and Type II error IS concludmg somethrng IS not there, when It really
IS Dealrng WIth these types of error rn declSlon-makrng reqUIres weIghrng the
eVIdence that suspected change IS caused by a (theoretIcally) defrnable pattern or
trend or IS "normal" process error, observatIon error, or some combrnatIon
Equally Important, and often overlooked, IS how real rnmcators of change may be
hIdden by process or observatIon error or by rncorrect assumptIons about how
thmgswork

Dealrng WIth uncertarnty and vanability rn models reqUIres at a mmImum
carryrng out SensItIVIty analySIS on SImple deterrnrnlStIc models, WIth parncular
emphaSIs on model structure (HJ1born and Mangel 1997) But It IS often more
effiCIent and more useful to rncorporate stochastICIty rnto Slffiple models
StochastIc models need not necessanly be more data rntensIve than deterrnrnlStIc
models Overlookmg the assumptIons reqUIred rn chOOSIng a mean (or meillan) or
geometnc mean, as a representatIve value for a determrnlStIc parameter IS one of
the most WIdespread, but overlooked, sources of modelrng error (Vose 2000) At
least stochastIc modelrng reqUIres that probability dIStnbutIons be exphCItly
defrned

SImplIStIc determrnlStIc models can be every bIt as mIsleadmg and Improper as
stochastIc models (Schnute and RIchards 2001), but because they are more famIhar,
and therr srngle-number rnputs and outputs are eaSIer to thInk about than
uncertarntIes and ranges, they may lead to false confIdence on the part of decISIOn
makers RIsk assessment rn most nelds reqmres analyZIng probability dIStrIbutIons
and uncertarntIes, not mean traJectones (Burgman et al 1993, Ghckman and Gough
1990, Vose 2000)

One fundamentallSSUe of rnterest to deClSlon makers IS often how best to
pnonbze research efforts A key part of such an ISsue IS rankmg the relatIve
Impacts of uncertarntIes on a declSlon In tlus case, It IS pOSSIble that thoughtful
SensItIVIty analySIS carned out on a Slffiple, deterffilTIlStIc model (or multIple
models) may be adequate for the Job, parhcularly as a fIrst step rn "weedrng out"
VarIables that are hkely to be extraneous But developrng a stochastIc versIOn of
relatIvely Slffiple models may be more effICIent (Vose 2000) If care IS taken to
mShngmsh between envIronmental or process varIatIon and observatIonal or
functIonal uncertarnty, then statIstIcal tools such as analySIS of vanance or
regreSSIOn can be used to rnvestIgate the relatIve Impacts of uncertarntIes (Fahng
1991, Law and Kelton 1991, Meyer et al 1986, Mode and Jacobson 1987a, Mode
1987b, Oosterhout 1998, Oosterhout 1996, Ruckelshaus et al 1997, Vose 2000) ThIs
approach can be very helpful rn developrng analytIcal structures as well as
modelrng plans It also lends Itself well to decISIOn analysIS and !1Sk assessment
because It IS s1ffi11ar to the "value of Imperfect rnformatIon" analyses WIdely used rn
!1Sk assessment and decISIOn analySIS (HJ1born 1997, Keeney 1992, Punt and
HJ1born 1997, von Wrnterfeldt and Edwards 1986)
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8 6 3 Correlative Versus Mechanistic Mode~s

The use of stahstlcs-based tools such as regresslOns to make deternurustlc or
probabilistlc predlctlons will generally be eaSIer than developmg determnustlc or
stochastlc blOlogtcal models, because of a dearth of premctlve "laws" of blOlogy, let
alone ecology Because stahstlcs-based models are correlatlve, cause-and-effect
explanatlons will eventually be needed 1£ change 15 to be understood and premcted
rehably Because some thmgs are easIer and more reh.able to measure than others,
slffiple models that can help develop correlatlve relatlonslups between hard-to­
measure parameters and easy-to-measure parameters may be of partlcular mterest

8 6 4 Mode;mg and Momtormg Interaction

Models should be developed to use and synthesIZe readJ1y available data
whenever possIble ThlS approach will also help IdentIfy data needs Slffillarly,
whenever possIble, momtormg plans should be developed to ht the models that
will be used to analyze and mterpret them Data management, asS1ffi11atlon, and
syntheSIS should be key conslderatlons for both momtormg and modehng

One useful way to mcorporate data mto lffiprovmg an eXIStlng statlstlcal or
slffiulatlon model 15 WIth the BayeSIan reVlSlOn methods (Punt and HJ1born 1997,
Hilborn 1997, Marmorek et al 1996) BayesIan methods nught be useful to consIder
WIth respect to the questlon about how much emphaslS should be put on annual
forecasts, because BayeSIan methods lend themselves well to mcorporatlng
mcommg data mto preVIOUS forecasts TIns entrre approach also lends Itself well to
declSlOn-analyslS techmques

The GEM Program shares the VIew of models as tools for asslffillatlng data and
optlnuzmg data collectlon as expressed for the GOOS program ([Intergovernmental
Oceanographic COmInlSslOn 2000], p 36)

A vahdated asslffillatlon model can be most useful m
optlnuzmg the deSIgn of the observrng subsystem upon which It
depends ThIs underscores the mutual dependence of observmg
and modehng the ocean, Ie, observatlons should not be conducted
mdependently of modehng and VIce versa For example the so­
called"adJomt method" of asslml1atlon can be used to gauge the
SensItlvlty of model controls (e g, open boundary and 1illtlal
conmtlons, nuxmg parameters) to the adilltlon or deletlon of
observatlons at arbItrary locatlons Wlthm the model domam In thIS
regard, Observatlon System Slffiulatlon Expe!lffients are becommg
mcreasmgly popular m oceanography as way of assessmg vanous
samphng strategtes The model 15 fust run WIth reallStlc forcmg
and model parameters The output 15 then subsampled at tlmes and
locatlons at which the observatlons were sampled These slffiulated
observatlons are then asS1ffi11ated mto the model and the mferred
held compared agmnst the ongtnal held from which the )
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" observahons" were taken ThIs allows the effIcacy of the
asslIDllahon scheme and samplmg strategy to be evaluated (at least
to the extent that the mode11s beheved to be a reasonable
representahon of reahty)

I

Evaluatmg Model
Proposals

8.7
Model proposals should, of course, be evaluated
wlthm a deCIsIOn-structured framework such as
that outlmed above and detalled m Table 8 2
Proposals must also demonstrate a mgh

probability of actually producmg what they propose to produce andmeetmg the
obJechves of the GEM modelmg strategy A set of gmdelmes for evaluatmg model
proposals will be developed for the GEM Program m conJunchon WIth
development of the modelmg obJechves As a startmg pomt, successful proposals
will proVIde the followmg-

•

•

•

•

Defme who will use the model and for what If the proposal 18 to contmue
or expand an eXlShng model, It should descnbe who 18 currently usmg It
and for what If relevant, the proposal should also Idenhfy who could be
usmg It, for what, and why they are not able to use It now

Defme the queshons the model 18 supposed to answer, and drrectly hnk
those queshons to the key queshons and hypotheses of the GEM Program

Argue convmcmgly that the model structure 18 adequate for the purpose,
and that there 18 not a better (cheaper, faster, more comprehensIble, more
drrect) way to answer these queshons

Show some kmd of schemahc (flowchart) that 18 clear, complete, and
conC18e

•

•

•

•

•

Explam how uncertaInty and vanability will be represented and analyzed

Descnbe the system charactenshcs that will be left out or slIDphfled and
how the analyslS will evaluate the lIDpacts

Defme data needs and show how the mode1mg effort will be coordmated
WIth data asslIDllahon and data management efforts

Defme vahdahon approach

Defme how the modelmg efforts will be commumcated to other SCIentISts,
managers, and the pubhc, and how mput from model stakeholders will be
mcorporated mto the effort, 1f appropnate

FeasIbility and pragmatISm m a new program bke
8.8 Conclusion the GEM Program dIctate that walkmg will have

to come before runnmg and that focused, slIDpler
models will have to come before large-scale, mulh-dlSclplmary models Walkmg
frrst means developmg verbal and stahstlcal models where numencal models
cannot be developed because of a lack of data and understandmg Learnmg to run
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reqUIres developmg coupled numencal bIOphYSICal models that accurately portray
the ecosystem Runrung means usmg the bIOphYSICal models m a predIchve sense
The models must adapt to changes m the conceptual foundahon (Chapter 2),
because the conceptual foundahon IS desIgned to change as new mformahon IS
mcorporated Nonetheless, no matter how many Improvements are made, It IS
probably not reasonable to expect consensus on how that conceptual foundahon
should be used to develop a strategIc modelmg pohcy

In a constramed world, "consensus" m prachce usually means accephng a
strategy that enough decISIOn makers fInd no more offensIve than they can accept,
optmuzahon, on the other hand, means fIgunng out the tradeoffs necessary to
achIeve as many of the deSIred obJechves as reasonably possIble Adophng a
deCISIOn-structured approach for the modelmg strategy will help ensure that It IS
dnven by the fundamental obJechves of the GEM Program, that the modelmg
queshons are defIned by the conceptual foundahon, and the tradeoffs can be
defIned, weIghed, and JustIfIed
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f " 9. DATA MANAGEMENT AND
INFORMATION TRANSFER

In Thts Chapter

~ The Role of Data Management

~ Charactenzmg the Data WIthm GEM

?- Charactenzmg the GEM User Commumty

~ The Structure of the GEM Data System

The Role of
Data
Management

9.1
The data management and mformahon transfer
component of GEM mcludes the followmg
funchons data receIpt, qualIty control (QC),
storage and mamtenance, arcluvmg and retneval,
admmIstrahve support, and the systems necessary

to automate as much of these procedures as possIble ThIs component also
mcludes programs needed to create the custom data and mformahon products that
will be proVIded to the modelmg and apphcahons components, and to the users of
thIs mformahon Therefore, the data management system for GEM fIts well mto
the defmIhon estabhshed by the Coastal COmmIttee of the Global Ocean Observmg
System, C-GOOS (GOOS 2000) as shown m FIgure 91

Data

<~
Data

Management

Figure 9 1 GOOS model of data management
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The GOOS model IS a general descnphon of an end-to-end system that IS based
on the tnpod of observahon, data management, and models and apphcahons, WIth
the data management component achng as the mtennedIary between the
observahonal component and the apphcahons Data flows from observahon
through the management system to the modelmg and apphcahons component In
tum, the apphcahons component mfonns and refmes both the deSIgn of the
observahonal component and the desIgn of the data management system The
momtormg plan may be altered to mc1ude new data, regIOns, or both that are
IdenhfIed dunng the modelmg phase as key to understandmg the natural system
The mterfaces and data products dIStnbuted by the data management system will
also be refmed WIth feedback from the apphcahons

SCIentIfIc data management systems have grown rapIdly smce the advent of the
World WIde Web Imhal efforts by projects or groups that collected or archIved
data provIded relahvely sImple access through the use of naVlgahonal hn1.s These
supply-onented systems reflect the structure of the data that was made avaIlable by
proVldmg lmks to lISts of data sets by years, data set name, or varIable name
Many of these systems are shll m WIde use Newer systems mc1ude more
sophIShcated search ophons based on selechon of spahal and temporal attnbutes
However, these systems make few assumphons about the mtended user
commumty, and It becomes the users' responsIbility to locate, evaluate, mtegrate,
and pre-process the data mto a fonn that IS SUItable for thel! target apphcahon

As the apphcahons that use sClenhfIc data become more sophIShcated, and the
commumty IS able to access and mtegrate large amounts of data to address a smgle
problem, new data systems that address the data needs of specIfIc user apphcahons
will be bmlt The output of these systems will be hIgher-order products such as
maps, graphs, VlSUahzahons, and data m mteroperable formats Nahonal
Aeronauhcs and Space AdmmIStrahon (NASA) has funded some projects WIth a
demand-onented focus (The Federahon of Earth ScIence Informahon Partners
NASA Research Announcement), and m the future, more user commumhes will
fmd ways to bmld these types of targeted systems

The landscape of data product dehvery will lIkely mc1ude large archIVes that
supply data m a raw or pamally pre-processed form Apphcahon-onented SItes
will access data from these archIve SItes through a hIgh bandWIdth connechon and
may use mtennedIate SItes, whIch prOVIde value-added servIces that are not
available from the ongmahng archIve Common data servIces avaIlable at the
archIve or through mtennedIate SItes will mc1ude subsethng, reformathng,
reproJechon, regnddmg, and aggregahon

Althc;mgh predIchng the evoluhon and the Impact of the Web on sClenhfIc data
dehvery IS specu1ahve at best, the landscape of future data systems will need to be
conhnuously surveyed to understand the role of the data management component
dunng the extended lIfespan of GEM lnIhally, GEM will act as both a data arcluve
and a user-focused dehvery system The ImmedIate objechve of data management
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and rnformahon transfer IS to msure that the data collected by projects under GEM
are well documented, safely stored, and accessIble to the pubhc WIthm a reasonable
penod of bIDe after collechon An ongomg obJechve of data management and
mfonnahon transfer m the GEM Program IS to aclueve to the extent possIble the
documentahon, storage and pubhc access for past data acqurred wIth EVOS funds
under Natural Resource Damage Assessment and Restorahon GEM will establISh
coordmahon among parhes as soon as pOSSIble by such means as Me transfer
protocol (ftp) sItes, Web sItes, and e-mal1lISts

For data acqurred WIth GEM funds, GEM will defme and enforce appropnate
data and metadata standards GEM data management staff will ensure that
projects are deSIgned so that data and samples are collected m a manner that will
yIeld accuracy and preclSlon suffLcrent for the obJechves of each neld program and
suffiCIent for those compansons and syntheses among programs that can be
anhcrpated It IS fundamental to any research program that lugh-quahty data be
collected Wlule the pnmary responsIbility for thIS always belongs to the prmapal
mveshgator, GEM data management staff will provIde guIdance, coordmahon and
momtormg, parhcu1arly for Sltuahons where the level and type of data
management appropnate for an mdIVldual project may not be the same as that
reqUITed by an mterdIScrphnary program of large geographIc and temporal extent
To prOVIde the opportumty for companson WIth lustoncal data, measurement
techmques will be COnSIStent WIth techmques used to collect the eXIShng data
unless there IS slgmhcant screnhflc Jushflcahon for change When new techmques
are adopted, methods for re1ahng the new data to eXlShng data will be developed

It IS Just as Important that appropnate metadata (" data about data") be created
and made avaIlable m order to search, Idenhfy and retneve data sets m the GEM
data archIve Under no crrcumstances will a data f11e, data set, data layer, or
database be accepted by or made avaIlable VIa the GEM archIve WIthout
appropnate supporhng metadata Metadata usually mc1ude, but may not be
hmlted to, locahon, bIDe, umts, accuracy, preclSlon, method of measurement,
method of sensor cahbrahon and sensor cahbrahon data, analyst or operator, and
data proceSSIng methods The metadata fonnat will be comphant WIth the Federal
GeographIc Data COmmIttee (FGDC) standards

The Federal Ocean Data Pohcy requrres that appropnate ocean data and related
mfonnahon collected under federal fundmg be submItted to and arcluved by
deSIgnated nahona! data centers, such as the Nahona! Ocean Data Center (NODe)
Such an archIve will be used m addIhon to the GEM data arcluve The GEM data
management component may not m Itself support a "24 hours a day-7 day a week­
365 day a year," always on and open system, but could support these types of
operahons as a partner The GEM Program will conhnue to mamtam metadata and
a data search mterface to locate and access GEM data that IS mamtamed by the
GEM data archIve and other data archIves muse

The long-term end pomt for GEM data management and mfonnahon transfer IS

a system that manages the rapId and efflcrent flow of data and mformahon based
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on core momtonng proJects to end users, and that facilitates the flow of data and
mformahon between and among GEM partners and the user commumty A
partnershIp system of data dIstnbuhon will be deSlgned to make mformahon
products reachly avaJ.1able to partners and other user groups The ultImate goal
will be an end-to-end system, ill whIch a momtormgnetwork provIdes data to
models and other applIcahons that provIde servIces to a varIety of end users,
illcludmg the ongomg GEM synthesIS, research, and modehng

In the long term the GEM Program may turn over the entIre archJ.vmg task to a
center such as NODe that IS better eqUIpped to mamtam the data for extended
penods of tIme ThIS transihon will only be pOSSIble after the data flow between
the observahonal component and the applIcahons component has been establIshed
and the tools and structures are m place to bulid the custom data products from a
dIstrIbuted set of data archIves The GEM Program would retam the metadata and
conhnue to prOVide custom data products and serVices to a set of targeted users

Characterizing
the Data wlthm
GEM

9.2
Withm the data management component, data are
classmed by the operahons that must be applIed
to them dunng the archIve and retneval cycle
ThIs clasSlflcahon often cuts across the content­
based classmcahons used dunng data analysIS

Although bIOlogic data are more often collected by observahon or laboratory work
and phYSlcal data are frequently measured by mstrument, there are SlgnIDcant
excephons A satellite lIDage of ocean color that contams bIOlogic vanables will
have more ill common, m a data management context, WIth the phYSIcal vanables
ill a Synthehc Aperture Radar lIDage than to the phytoplankton results collected
from the settled volume of a bottle sample The settled volume could mclude both
phYSICal and bIOlOgiC results, but be retamed by the data management system as a
smgle data holdmg The metadata and processmg that are assocIated WIth the
cheIDlcal and bIOlOgiC data from the bottle sample will be nearly Idenhcal, as will
the procesSlng and metadata assoCIated WIth both types of satellite lIDagery

GEM will be collechng and processmg a WIde range of data from dlfferent
collechon and recordmg techruques that present dlfferent quahty control and
assurance challenges To classIfy these dlfferences for the data management
component, data can be separated mto broad categones that reflect the handhng
and storage requrrements

•

•

•

•

ObselVahonal data collected or recorded by an mdIvldual,

Measured data collected by an Instrument and stored ill formatted fIles,

Modeled data generated by a runnmg computer model,

Geographic or reference data used by a GeographIc Informahon System,
and

• Remotely sensed lIDage data taken from a satellite or aenal platform
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The followmg cntena are used to characterIZe these data types

• Interoperability how easily the data can be used m alternate apphcahons,

• ConsIStency the degree of smulanty between the data for dJfferent pomts,

• SIZe of fde the SIZe of the data for a smgle mstance,

• Number of ftIes the number of mstances that make up the data set,

• Repeatability whether or not the same data can be re-sampled,

• Lag hme the length of bme needed between collechon and subnussIOn,

• Altemahve sources whether the data IS mamtamed at mulhple SItes, and

• Metadata The content, format, or both of the metadata

921 Observational Data

Observahonal data are collected by human observahon, laboratory results, and
manual data entry These data mc1ude specIes counts and locahons and can
mc1ude a large number of ad hoc observahons of conmhons or unrelated SIghhngS
These data are manually entered and capture a person's observahons or
calculahons, which make them less COnsIStent, often complex, generally low
volume, and occasIOnally error prone The observahons are not repeatable and the
formats are not customar:J1y mteroperable The lag bme between collechon and
subnussIOn can be long If extensIve lab or manual work IS mvolved The metadata
descnbe the collechon and or processmg locahon and somebmes the conmhons
These data are often m a database management system or a spreadsheet, which
forces a level of consIStency that allows automated processmg upon retneval
Examples of observahonal data sets from the GEM habItat types (see Chapter 4)
mc1ude

Watersheds

Lab results for stream chenustry

Plant and anImal observahons from fIeld study

Isotopes of mtrogen and levels of phosphorus, silicon, and Iron from a lab

Interhdal and Subhdal

• Specrescountsfor substrate classIfIcahon

• Lab results for chemIcal and bIOlOgical oceanography

Alaska Coastal Current

•

•

Lab results for chemIcal and bIOlOgical oceanography

SpecIes counts for zooplankton
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•

•

DIet cOmpOSITIOn for nekton

Nekton measurements from net tows

• BIrd surveys

Offshore

•

•

•

Lab results for chemIcal and bIOlogrcal oceanography

SpeCIes counts for zooplankton

BIrd and mammal surveys

•

9 2 2 Measured Data

These data are mostly measurements of phySIcal variables such as arr
temperature or salIruty, but they may also mc1ude bIOlogrc vanables as m the case
of the aCOUSTIC measurements of the bIOmass of nekton or zooplankton These data
are usually stored m fIles WIth formats that are set by the collecTIon mstrument
The data fIles are conSIStent across the data set, but have a low level of
mteroperabIhty WIth other systems Because data colleCTIon 15 automated, the SIZe
of the fIles and the number of the files can be large Usually, httle SpecIal
processmg 15 mvolved, therefore, the lag tlme between collecTIon and subilllSSlon
does not need to be long The metadata mc1ude mstrument details and condITIOns,
and the data formats are standard enough to allow customIZed processmg durmg
retneval Examples from the GEM habItat types mc1ude

Watersheds

PhYSICal and hydrologrc VarIables

Intertldal and SubTIdal

• PhYSICal oceanographIc vanables

Alaska Coastal Current

• LIdar measurements

• HydroacousTIc plankton or nekton surveys

• Fluorescence measurements

Offshore

•

•

•

PhYSICal oceanography

HydroacousTIc plankton or nekton surveys

Fluorescence measurements
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9 2 3 Mode~ed Data

Numenc models, and to some degree statIstical models, can generate a
slgrubcant amount of data As an example, the crrculatIon model can proVIde a
snapshot of ocean current vectors across the GEM regIOn, at many depths, for hIDe
steps as small as 10 mmutes Other models produce smaller result sets, but often
these results are used by other models as mput and must be cataloged and
delIvered by the data management component However,~emost other data
sets, these data can be recreated and often are as the model matures These data are
consIStent across the data set, can represent a mgh volume of data, and are not
generally mteroperable The lag hIDe between data generation and data
subilllSsIOn (and even use) can be very short The metadata need to descnbe the
c1ass1flcatlon and verSIOn of the model and may need to mc1ude relevant mput
parameters The metadata may be used to track the lmeage of the output data,
mc1udmg the references to the mput data and, If relevant, the models that created
those mput data The modeled output data for GEM are not yet defmed

9.2 4 Geographic Data

These data are the reference data used by Geographic Information Systems
(GISs) and mc1ude base layers such as elevation (bathymetry) and shorelmes, but
can also mc1ude SOll types or habItat charactenzatIon These data formats are
rarely used to store data collected by a proJect, but are frequently used to dISplay
the mformatIon m the spahal context of a map These data are usually
mteroperable across dlfferent systems and may be stored at several dlfferent
locations The metadata are focused on the spahal defuutIon and may mc1ude
mformatIon about the resolution or preCISIOn of the data GEM will not generally
be mgestrng these data from proJects, but the program may store reference
mformatIon m thIs format, which IS also a pnme format for custom data products
created by the data management component

9 2 5 Remotely Sensed Data

Remotely sensed lillagery can come from satellite or aenal platforms These are
generally large fl.1es and may be used on a regular basIS by the analySlS bemg
conducted by GEM However, Images from NASA or NOAA may not need to be
archived If they can be retneved agam from the source Aenal photography has
also been used by EVOS projects to capture the spahal dIStnbutIon of nekton m
PWS These Images, along WIth satellite lillages, may m some cases be archIved by
the GEM Program and prOVIded to the applIcation component These data will
reqUITe a large amount of storage and are qUIte mteroperable WIth GIS and Image­
analysIS tools The metadata descnbe the lllStrument and platform and often
mc1ude details of the Image quahty and the spatial reference system Examples m
the GEM habItat themes could mc1ude

Watersheds

• LandSat Images of watersheds
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•

•

Moderate Resoluhon Imagmg Spectroramometer (MODIS) Imagery

Aenal photography

Interhdal and Subhdal

•

•

Ocean color Imagery from SeaW1FS

Aenal photography

Alaska Coastal Current

•

•

Ocean color Imagery from SeaW1FS

MODIS ocean products

Offshore

•

•

Ocean color Imagery from SeaW1FS

MODIS ocean products

9 2 6 Impact on GEM

Although the data standards set by the GEM Program will be smular across the
data sets m a gIven type, each data set will have Its own set of standards and QC
and mgest processmg As the GEM data management component becomes achve,
new data sets will be added to the archIve For each new data set, GEM will set
data standards and create the software to perform the QC agamst those standards
The data management plan will outlme what needs to be m place before a new data
set can be added to the GEM archIve

As each collechon effort IS funded and orgaruzed, a plan that outlmes the data
mventory and Its subIDlSsIon schedule will be establIshed In admhon, the plan
will mc1ude the procedures for performmg the QC process and how dIScrepanCIes
will be resolved

Characterlzmg
the GEM User
Commumty

9.3
Durmg Its hfehme, the GEM Program will serve a
large and mverse user commumty WIth needs that
will vary from S1ll1ple data download, to the
creahon of taIlored data and mformahon
products, to admmIstrahon of proJects, reports

and data In most cases meetrng the requrrements of partIcular user groups will
reqUITe detaIled analySIS and the creahon of taIlored products, but generahzahons
can be made about the types of apphcahons for whIch GEM will proVIde data

The user groups mterested m each apphcahon will have dIfferent levels of data
analySIS and reduchon capabillhes, and each will need to search for GEM data WIth
dIfferent cntena Some apphcahons requrre regular or penodIc access to GEM
data, and others are rrregular or sporamc The largest dlSCnmmator between the
apphcahons, however, IS the type of data products that GEM will create for them

348 CHAPTER 9 JULY 2002



GULF ECOSYSTEM MONITORING AND RESEARCH PROGRAM

and the level of processmg that will go mto Cleatmg U10se products The followmg
apphcahons are relevant for all four of the mam GEM habItat types watersheds,
mtertrdal and subhdal, ACe, and the Offshore

1 BasIc research and analysIs IS perhaps the most fundamental apphcahon of
GEM data ThIS achvIty will be done by researchers who are collectmg data
for GEM and by other researchers that are mveshgatmg the GEM regIon In
general, thIS commumty will have a good understandmg of GEM data and
will be searchmg for specIfIc vanables wIthm a regIon of mterest Access IS
less 1.J.kely to be Irregular, but research apphcahons expect access to data as
soon as It can be made avaIlable, therefore, ftle transfer protocol (ftp) or ftle­
download of the ongmal data will generally be suffIcIent

2 Modelmg IS also a cnhcal apphcahon of GEM data Verbal and vISUal
models will be drawn from research apphcahons, but statlShca1 and
numenc models will reqUITe access to custonuzed data products that are
taIlored to meet the needs of the model as closely as posSIble Most of the
search cntena may be saved by the system and may be reused on a regular
basIS to execute the model WIth the most recent set of parameters The
types of preprocessmg could mclude reformattmg, spahal or temporal
aggregahon, regnddmg, and reproJechon

3 Resource management apphcahons will mcrease m number through b.me
and may become a common use of GEM data These apphcahons will
reqUITe a set of products separate from the mode1mg apphcahons
Management apphcahons will be both penoillc and sporaillc, and the
products may mclude reports, graphs, or maps Examples mc1ude regular
stock analySIS reports that are used by flShenes managers to set catch hmIts
and or Irregular access to watershed data that would be relevant to permIt
requests

4 Pubhc outreach encompasses several dJ.fferent apphcahons that GEM will
be supportmg to varymg degrees These mclude proVIdmg pubhc
mformahon about the state of the ecosystems that are bemg stuilled by
GEM, as well as the general admmlStrahon of the GEM Program Other
outreach achVIhes will mclude supportmg educahonal programs and
pOSSIbly emergency response These apphcahons can be supported WIth
maps and graphs that descnbe varIOUS aspects of the central GEM themes
Access IS lIkely to be qUIte Irregular and may be accomphshed through the
creahon of a few standard maps and graphs on a regular basIS

5 GEM programmahc/adnuDlstrahve support will encompass programmahc
aSSIStance from ongmal proposal subffilSSIon to fInal report pubhcahon
Development of admmlStrahve systems will allow for b.meher and well
momtored data subffilSsIOn, and prOVIde hnkages between data and
mformahon only available m the fInal reports In addIhon, data
management will support contmumg gap analysIS through a contmuously
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updated database of cunent and lustoncal mformahon-gathermg projects
m the GOA and adjacent areas

9 3 1 Supportmg GEM Applications with User Interfaces

To support these apphcahons, GEM will ffilhally proVIde three dJfferent modes
of access The ffilhal desIgn will mc1ude baslC search and download, taIlored
product creahon and dlsplay, and open map access For the most part, baslC search
and download will support research apphcahons, tailored products will be used by
both modehng and management apphcahons, and open map access will support
pubhc outreach apphcahons Together these three modes of access characterIZe
many of the sClent1f:tc data dehvery systems avarlable on the Web

BaSIC search and download IS currently the most common method of accessillg
data on the Web Many projects have an mterface that makes some level of search
available and then allows data to be downloaded by chckmg through to an ftp SIte
or a Web page contallling data bnks Examples mc1ude the followmg

• CIIMMS (http / / mfo dec state ak us/cnmms/), whIch has been used
successfully to prOVIde baSIC access to metadata and data relatIng to Cook
Inlet and other areas of Alaska,

• Systems such as GLIMPSE/Webghmpse (http / /ltemet edu/dataj), EMAP
(http / /www epa gov/ emapj), and BelJa-flor (http / /beIJa-
flor omI gov/lbaj), willch prOVIde baSIC access for the NSF Long Term
EcolOgical Research program, the EPA Envrronmental Momtonng and
Assessment Program, and the Large Scale BIOsphere-Atmosphere
Expenment ill Amazoma sponsored ill part by NASA, and

• The GLOBEC program, willch prOVIdes baSIC data download through Its
own database (http / / globec WhOl edu/globec-drr/data-access html)

Although these systems prOVIde dJfferent types of search cntena, and each has
a dIfferent onentahon, they all prOVIde access to metadata and, ill most cases, the
actual data collected by the program The GEM Program can use one of these
systems or somethmg very Slffi11ar to prOVIde access to data soon after It IS

subffiltted to GEM Research apphcahons are often focused on spec1flc VarIables
and regions, and these baSIC systems meet the maJonty of those needs In adillhon,
a baSIC search-and-download tool will prOVIde the ffilIDffiUffi access to GEM data
and may support the other apphcahons, mc1udmg modehng, resource
management, and pubhc outreach Although budgetary constramts may reqUITe
that the creahon of custom map and data products be hffilted, the baSIC search-and­
download funchons will be supported as long as data IS collected and arcmved by
the GEM Program

The metadata mamtamed to support the baSIC search-and-download funchons
would also support access to remote database seTVlces that are funded by or
relevant to GEM Remote databases lIke the EVOS hydrocarbon database and
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oUler databases mamtarned by fue group fuat IS conductrng fue data collechon
effort will be rncluded rn fue GEM metadata for searchIng purposes The data will
fuen be avaliable furough the remote Web SIte set up to support fuose data

Map creahon systems such as fue Open GIS Consorhum's Web Mapprng
Server (WMS) (http //www opengIS org/techno/specs/Ol-047r2 pdf) and fue
ArclMS system (http //www esn com/software/arclffiS/rndex html) from fue
Envrronmental Systems Research Inshtute make preprocessed maps avaliable to
users on fue Web Bofu of fuese systems prOVIde maps to Web browsers and to
freely avaIlable VIewers Because fue WMS protocol IS not hed to any parhcu1ar
vendor, It has been enJoyrng rapId acceptance and use rn a WIde range of
apphcahons In fue future, fue use of WMS rn educahonal and outreach
apphcahons IS hlely to be very large

Once GEM has Idenhhed a set of standard map products that would be useful
to fue pubhc or to parhcu1ar educahonal programs, they will be avaliable furough
one of these Internet map protocols These products will hlely mclude base maps
and general mformahon maps, but mIght also rnclude regular maps of fue Alaska
gyre or currents fuat affect fue GEM habItats Web SItes deSIgned to support fue
educahonal program or the pubhc rnterests will dIsplay fuese maps and may, rn
hme, support more comphcated map VIewers that can access and overlay maps
from other SItes fuat are relevant to fue goal of fue Web SIte

Data products taliored to specIfIc modehng and resource management
apphcahons will be fue most useful facet of fue GEM data dIStrIbuhon and also fue
most expensIve to create It IS not pOSSIble to create a smgle data dIStnbuhon
system fuat meets fue WIde range of user needs rn modehng and resource
management Therefore, GEM will need to pnontlze fue products fuat are needed
by parhcu1ar groups and create them m sequence These products will be deSIgned
wIfu fue close rnvolvement of the specIfIc user commumty to whIch fuey are
targeted and, lllihally, fuey may need to be created wIfu a SIgnIfIcant amount of
manual effort However, once automated, a separate Web-based mterface fuat will
be used by fue target user group to create and download fuese products on a
regular (or Irregular) basIS can be created In the future, after many of fuese
products have been deSIgned and fue dIStnbuhon of fuem automated, certam
common funchons will emerge and GEM will begrn to bUIld a hbrary of data­
processmg uhhhes

Examples of modehng products mclude fue reformattrng and regnddmg of
data to match fue execuhon gnd and hme steps of fue model Non-GEM data may
be pulled from anofuer SIte and mtegrated mto data products Several dIfferent
products may be generated at a hme to meet fue needs of a SIngle modehng
apphcahon The creahon of a SUIte of products may be done by hand and may
requITe fuat GEM start WIth algonfums fuat were wntten by fue modehng group
Itself However, after fue modehng group has used fue products successfully
several hmes, fue process of creahng fue products could be automated and a SImple
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mterface butlt to allow the group to Cleate and download the plOduct If the
requrrements for the product are clear enough, the manual step may be bypassed

For resource management apphcahons, a report or spreadsheet used to manage
fIsh stocks may requrre access to several dIffeIent data sets and the extrachon and
mtegrahon of dIfferent varIables Unless the report IS already m eXIStence, It may
reqUITe several attempts before a truly useful product can be created Once thIS IS
accomphshed, the process could be automated The resource management office
could trIgger the report through a slIDple mterface created for that product In thIS
way, the apphcahon component of GEM will feedback mformahon and tallor the
desIgn of the data management component

In hIDe, GEM will create a Wide range of products to meet the spectftc needs of
the GEM modehng and resource management commumhes The creahon of each
product will mvolve GEM staff and mterachon WIth the target user group
Dependmg on the scope of the effort for each product, several tallored products
could be created for the modehng and resource management commumty each year
These products, coupled WIth the baSIC search and download and the Web-based
map dehvery serVices, will support a WIde range of both specIfIc and general data
dIStnbuhon needs

9 3 2 GEM Administrative Support

Managmg the projects funded by and assocIated WIth GEM requrres a proJect­
onented database (see Chapter 5) The admmtstrahve mformahon mcludes the
ongmal proposal, comments subnutted by the reVIew panel, status reports and
notes, and the £mal report ThIS mformahon will be valuable m the long term as the
data collected by the project IS evaluated m retrospect The proposals and reports
will contam the ongmal hypotheses, as well as the problems that were encountered
dunng data collechon Future researchers will use thIS project mstory to
understand the ongmal goals of the project and ISSUes that nught affect data
quahty

Much of these admmtstrahve data are m the pubhc record and will be made
available over the Web The GEM metadata will mclude the project spectftcahons
so that the data subnutted by the project can be dISplayed along WIth the
admmtstrahve detatls Thts lmk between the admmtstrahon of the project and the
data subnutted would also allow the GEM Program to evaluate whether all the
data for a given project have been subnutted

The GEM data management system will address
the ISSUes related to the data types supphed by the
observahonal component and the demand placed
by the apphcahons component As such, the data
management system IS posihoned between the
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other two components and must develop and mamtam an mterface to both In
addIhon, modelmg and map creahon apphcahons will generate new data that will
also be archIved and dehvered by the GEM data system (FIgure 9 2)

General
Access

Observation
Product
CreatIon Applications

Figure 9 2 The GEM data system

9 4 1 Supply Side Support

To support the mgeshon of data from the observahonal component of the GEM
Program, the data management system must provIde QC of the metadata (and to
some degree the data) and quahty assurance of the data and the metadata Quahty
control will ensure that the metadata comply WIth GEM standards and that vahd
values are supphed ill formats that can be used to store that data ill the GEM
arcluve Values such as stahon IdentlfIer, date, and lahtude and longrtude need to
be vahd or fall Withm a reasonable range In general, each data type will have
umque ISSUes, and the GEM Program will create new QC procedures and
programs Through hille however, some of the QC algonthms can be shared across
data types The GEM Program will also need to proVIde QC on some of the data
values, such as specIes IdenhfIcahon, but the submItter will do most of the QC for
the data Itself The vahdahon provIded by the data management component 15

done to ensure that data can be found and retneved WIth the use of an accepted set
of search cntena

Quahty assurance mcludes the deSIgn of the QC processes and documentahon
of the QC achVIty The data management component of GEM will not be able to
proVIde QC over most of the data, but It can ensure that the documentahon of the
submItters' QC 15 avaIlable along WIth the data The data management system will
also provIde quahty assurance of the metadata

9 4 2 Demand Side Support

On the apphcahons SIde of the data management system, software modules
will create the custom data products and standard maps These roubnes will not
be developed all at once when the system 15 deployed, but through hille, as the
arcluve 15 populated WIth data and the user demands become clear Custom
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roubnes will mtegIate thud-party software where possIble These external roubnes
may be commerclal-off-the-shelf (COTS) software or they may come from the
growmg hbrary of"open source" software available on the Web These custom
roubnes will pull data sets from the GEM archIve and other relevant data sources
and provIde preprocessmg Examples of the types of operahons mclude

•

•

•

•

Reformathng Often, raw data may need to be reorgaruzed to be usable by
an apphcahon For example, an apphcahon may need mulhple
observahons pulled mto a smgle output ble contammg only those varIables
of mterest from a subset of stahons ThIs fIle may also need to be ordered
by date or specIes and wntten out m a comma-separated fIle that can be
mampulated by a spreadsheet Other output formats may mclude GIS,
lillage analysIs formats or specral bmary formats for vlsuahzahon
apphcahons

Aggregahon or subsethng Modehng apphcahons often need summary or
averaged data These data sets may need to be merged or chpped to
capture the temporal or spahal regIon of mterest completely Some fIle
formats support chppmg, but many of these roubnes will be tailored to the
mput data Aggregahon roubnes may come from the apphcahon space or
they may slillple average or sum calcu1ahons

ProJechon Data are usually collected WIth lahtude and longItude
coordmates Some reglOnal models use a map proJechon that preserves
spahal relahonshlps more accurately for the regIon Satellite data and other
data may need to be projected or reproJected mto a specIfIc map proJechon
for the apphcahon Software 15 available to perform some of these
reproJechon operahons from both commercIal and freeware sources

Map creahon and vlSuahzahon Some data products may be best
represented m the spahal context of a map or a graph The generahon of
these maps or the creahon of a mulhdlillenslonal or graph-onented
vlSUa1Izahon reqUITes data-extrachon reduchon and rendenng Many
software uhhhes are available to asSIst m thIS process

Most custom data products will requrre a user mterface to allow the entry of
parameters and tngger the creahon of the product In most cases, these mterfaces
will be slillple Web pages that support vanous pull-down menus to select mput or
dISplay parameters Slillple mterfaces that are deSIgned to support one or two data
products are easIer to use and mamtam Through hIDe, however, GEM will
support a large number of custom products, and mterfaces may need to be merged
to reduce the overall mamtenance load

9 4 3 Metadata Support

The core of the data system will be metadata and a data-storage component
The metadata contams the descnphve mformahon and 15 used to mtegrate access to
the data by supportmg cross-data set searchmg The ability to search for all data
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sets V\'lthm a glVen spahal 01 temporal Iange, 01 all data sets contanung parhcular
varIables, reqUITes a smgle database of metadata The QC rouhnes will ensure that
the metadata sublllitted to the GEM Program meets the standards necessary to
support cross-data set search No data set will be added to the system unless It can
be located WIth a search of thIs metadata

The metadata mamtamed by the GEM Program will also support access to
remote GEM archIves that are mamtamed by mdIVldual researchers and therr
supporhng orgamzahons The GEM Program will also evaluate whether to mgest
metadata about data sets that are relevant to the GEM system, but are not drrectly
supported by GEM The ongomg gap analySIS conducted by the GEM Program
will conhnue to reveal data sets and data-eollechon achVlhes that complement the
GEM mISSIon One of the GEM goals IS to mtegrate WIth those projects The data
management system will reflect thIS mtegrahon by allowmg users to locate relevant
data that may not be archIved by the GEM Program

The metadata mamtamed by the GEM Program could also be avaIlable for
searchmg by other data c1earmghouse programs In such a SItuahon, the GEM
metadata would be a mformahon node for that c1earmghouse The GEM Program
will Idenhfy and work V\'lth such programs to ensure that the GEM data IS avaIlable
to a WIde and vaned audIence through a varIety of search mechanISms

Most search and download systems mc1ude some level of metadata support
The GEM Program will evaluate the use of these eXlSbng systems, mc1udmg the
structure of the metadata Because the populahon and use of the metadata will be
the central achVlty of the GEM data system, any eXIShng system will need to be
moch.fIed before It IS used by GEM

9.4 4 Data Storage

The storage of the data m fIles or m another storage mechanISm IS a separate
funchon of the data system that m hme will requrre a sIgm&cant amount of storage
space The metadata will contam pomters to the data Itself, whIch may phYSICally
be m a separate storage facility The evoluhon of large archIve technology has been
rapId m the last few years, but GEM will be able to postpone the use of tape, ophcal
medIa or a storage area network for several years untIl the space requrrements
demand It The GEM Program will evaluate the use of an external SIte to store the
data as well as the use of GEM compuhng hardware UnlIke the search of the
metadata that places a heavy computahonal burden on resources whIle returnmg a
small amount of data, accessmg the data Itself reqUITes no sIgm&cant computahon,
but can return a large amount of data Therefore, the network connechVlty IS also
an evaluahon cntenon for the data storage subsystem

The format of the data fIles will be defIned and standardIzed m the GEM data
management plan Although the QC procedures will not valIdate the screnhfIc
qualIty of the data, these programs will need to valIdate the format of the data
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Roubnes for creabng data product reqUITe that mput data ftles are m a recogruzable
format and contam data m a format that can be processed automatIcally

9.5 References
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APPENDIX A. ACRONYMS AND WEB LINKS

Note Not all of these acronyms and Web lmks are referenced m the GEM Program
document Many are mcluded for general reference purposes

ABC Acceptable BlOlogIcal Catch
ABWC Alaska Beluga INhale Comnuttee
ABSC (USGS) Alaska BlOlogIcal Saence Center (BlOlogIcal Resources DIV1Slon,

US GeologIcal Survey)
http IIwww absc usgs govIresearchl seabrrd&forageflshlmdex html

AC Alaska Current
AC Archc CouncIl

http Ilwwwarchc-eounru orgl
ACC Alaska Coastal Current
ACCE Atlanhc Clnnate and Crrculahon Expenment
ACIA Archc Chmate Impact Assessment (Archc CouncIl)

http IIwww aaa uaf edu
ACRC Alaska Clnnate Research Center,

http II chmate gI alaska edul
ACT Alliance for Coastal TechnologIes
ADCED Alaska Department of CommunIty and EconomIc Development

http IIwww dced state ak us
ADCP Acoushc Doppler Current ProfIlers
ADEC Alaska Department of Envrronmental Conservahon

http Ilwww state ak usldeclhome htm
ADEM Alabama Department of Envrronmental Management
ADEOS-II Advanced Earth Observmg Satellite-II
ADFG Alaska Department of FISh and Game

http IIwww state ak usladfgladfghome htm
DIV1SlOn of CommerCIal FlShenes http Ilwww cf adfg state ak uslcChome.htm
DIVlSlon of HabItat http Ilwww state ak usladfg/habltat/hab_home htm
DIVISlOn of SubsIStence http IIwww state ak usladfglsubsIStlsubhome htm
DIVISlOn of SubsIStence Wluskers Database
DIVlSlon of Sport FISh http Ilwww state ak usladfglsportflsChome htm

ADHSS Alaska Department of Health & SocIal ServIces
ADNR Alaska Department of Natural Resources http Ilwww dnr state ak usl
DIVlSlon of Parks and Outdoor Recreahon http Ilwww dnr state ak uslparks
DIVlSlon of Mmmg, Land and Water http Ilwww dnr state ak uslmlw
ADOT&PF Alaska Department of Transportahon and Pubhc Faohhes

http IIwww dot state ak us
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AEIDC ArtIc Envrronmental InformatIon and Data Center
http 11v.'Ww urova fI/homel arkhnenlpolarweblpolar/lbusaeld htm

AEPS ArctIc Envrronmental ProtectIon Strategy
AEWC Alaska EskImo Whahng ComnussIOn
AFSC Alaska FIShenes ScIence Center (NOAA/NMFS)

http IIwww afsc noaa govI generalmfo htm
AIS ArchIval InformatIon System
ALAMAP-C Alabama's Momtonng and Assessment Program-Coastal
ALP (aka AL, ALPS) AleutIan low pIessUle system
ALPI AleutIan low presSUle mdex
AMAP ArctIc Momtonng and Assessment Progranmle (ArctIc Council)

http 11v.'WW amap nol
AMHS Alaska Marme HIghway System
AMMC Aleut Marme Mammal COmIDlSSIOn
AMMTAP Alaska Marme Mammals TISsue ArchIval ProJect
AMNWR Alaska ManhIDe NatIonal WIldbfe Refuge
AMOS Advanced Modelmg and Observmg System
AMSR Advance MIcrowave Scannmg RadIOmeter
ANHSC Alaska NatIve Harbor Seal ComnussIOn

http Ilwww ptIalaska netl~aksealmrl
ANS Alaska North Slope
ANS AquatIc NUISance SpeCIes (EPA)
AOC Great Lakes Areas of Concern
AOSFRF Alaskan Oceans, Seas, and FlShenes Research FoundatIon

http //www alaskanoceans org/welcome html
APEX Alaska Predator Ecosystem Expenment
AR Alaska RegIOn, NMFS
ARC AtlantIc Reference Center
ARCUS ArctIc Research ConsortIum of the Umted States

http 11v.rww arcus org
ARGO Array for Real-hIDe GeostrophlC Oceanography
ARGO OPN ARGO Ocean ProfIlmg Network

http 11v.rww argo ucsd edu
ARIES AustralIan Resource InformatIon and Envrronment Satellite
ARLIS Alaska Resources LIbrary and InformatIon ServIce

http IIv.rww arllS orglmdex html
ARMRB Alaska RegIonal Manne Research Board
ARMRP Alaska RegIonal Marme Research Plan
ARPA ArctIc Research and Pohey Act (1984)
ASCC Alaska State Chmate Center

http //wwwuaa alaska eduJenn/ascc_web/ascc_home html
ASF Alaska SAR (SynthetIc Aperture Radar) Facility

http IIwww asf alaska edul
ASLC Alaska SeaLIfe Center

http //www alaskaseahfe org/
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ASOF Archc-Subarchc Ocean Flux Array
ASP AmnesIac Shel1flsh POlSOrung
ASTF Alaska SCIence and Technology Foundahon

http Ilwww astf Olg
ATSDR Agenq for TOXIC Substances and DISease RegIStry

http Ilwwwatsdrcdc govl
ATV All Terram VehIcle
AUV Autonomous Underwater VehIcle
AVHRR Advanced Very HIgh Resoluhon RadIometer
AVSP Alaska VlSltOl StatIShcs PlOgram
AWC Anchorage Waterway Council

http IIwww anchwaterwayscouncil org
AWQ DIV1Slon of AIr and Water QualIty, ADEC

http Ilwww state ak usldecldawqldec_dawq htm
BAHC BIOsphenc Aspects of the HydrolOgIcal Cycle (IGBP)
BASS Task Team Basm Scale StudIes Task Team (FICES)
BATS Bermuda Atlanhc TIme Senes
BBMMC BrIStol Bay Marme Mammal Council
BBNA Bnstol Bay Nahve AssocIahon

http Ilwww bbna coml
BCIS BIOdIverSIty Conservahon Informahon System

http IIwww bIodIversIty orglSlffiPhfylev php
BDY Beach DynamICS
BEACH EPA's Beaches EnVIronmental Assessment, Closure, and Health Program
BIO BIOlOgIcal Oceanography COmmIttee (FICES)
BOOS Balhc Operahonal OceanographIc System

http !!wwwboosorg!

BORMICON Boreal MIgratIon and ConsumptIon Model
BRD BIOlOgIcal Resources DIVISIon
C2000 EPA's Nahona! Coastal Assessment
CAAB Codes for AustralIan Aquahc BIOta
CACGP COmmISSIon on Atmosphenc ChemIStry and Global Polluhon
CAFF Program for the Conservahon of Archc Flora and Fauna (Archc CouncIl)
CalCOFI CalIforma Co-operahve FIShenes Inveshgahon program
CAOS Co-ordInated Adrlahc Observmg System
CARIACO Carbon Retenhon m a Colored Ocean Program
CARICOMP Canbbean Coastal Marme ProduchVlty
CAST CouncIl for Agncultural SCIence and Technology

http IIwww cast-scIence orgl
CBMP Chesapeake Bay Momtonng Program
CCAMLR COmmISSIOn for the Conservahon of Antarchc Marme LIVIng Resources

http IIwww ccamlr org
CCC Cod and ClImate Change (ICES/GLOBEC)
CCCC ClImate Change and CarryIng CapaCIty (PlCES/GLOBEC)
CCF One hundred CUbIC feet
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CCMP NEP ComprehensIve Conservahon and Management Plan
CCS Cabforrua Current System

http / / globec oce orst edu/groups/nep/mdex html
CDFO CanadIan Department of FIshenes and Oceans

http / /www dfo-mpo gc ca/home-accueILe htm
CDOM Coloured DISsolved Orgamc Matter
CDQ Commuruty Development Quota
CEMP CItIzens EnvIronmental Momtormg Program (Cool. Inlet Keeper)
CEMP CCAMLR Ecosystem MomtOlmg Program

http / / vVww ccamh org/ EnglISh/e_scI_cttee/e_eco_momt/e_eco_momCmho htm
CENR COmmIttee on EnVIronment and Natural Resources

http / /www ostp gov/NSTC/html/cOmmIttee/cem html
CEOS COmmIttee on Earth Observahon Satellites

http / / www ceos org/
CGOA Coastal Gulf of Alaska
C-GOOS Coastal Panel of GOOS
CHL Chlorophyll
CHM Oearmg-House MechanISm of the Convenhon on BIOlOgIcal DIversIty
CIFAR Cooperahve Inshtute for Nchc Research

http / / www cttar uaf edu
http / / www cttar uaf edu/fIshenes html

CIIMMS Cook Inlet Jnformahon Management and Momtormg System
http / / mfo dec state ak us/cnmms/

CIK Cook Inlet Keeper
http / / www mletkeeper org/

CIMI Computer Interchange of Museum Jnformahon
CIRCAC Cook Inlet RegIonal CItIzens AdvISOry COunCll

http / / www CIrcac org/
CISeaFFS Cook Inlet SeabIrd and Forage FISh Study
CISNet Coastal IntensIve SIte Network
CISPRI Cook Inlet Spill Prevenhon and Response, Inc
CISWG CIrcumpolar SeabIrd Workmg Group (CAFF, IMCSAP, Archc CouncI1)
CLEMAN Check LISt of European Manne Mollusca
CUC OImate and Cryosphere
CLIVAR ClImate Vartabillty and PredIctability Program
C-MAN Coastal Marme Automated Network
CMED/ GMNET Consorhum for Marme and Estuarme DISease/Gulf of MeXICO Network
CMI (MMS) Coastal Marme Inshtute
CMM COmmlSsIOnfor Manne Meteorology (ofWMO)
CNES Centre Nahonal d'Etudes Spahales (France)
COADS ComprehensIve Ocean-Atmosphere Data Set

http / / www cdc noaa gov/ coads
CODAR Coastal Radar
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COLORS COastal regIon LOng-term measurements for colour Remote Sensmg development
and vahdahon

COMBINE COoperahve Momtorrng m the Balhc Marme Envrronment
CoML Census of Marme Ltfe

http IIwww comI org
CONNS Coastal Observrng Network for the Near Shore
Convenhon on BIOlOgIcal DIverSIty

http IlwwwbIOmvorg/
COOP Coastal Ocean Observahon Panel

http Illoc W1esco O1gl gooslCOOP htm
CoOP (NSF) Coastal Ocean PlOcesses

http Ilwww skIo peachnet edulcoopl
COP Coastal Ocean Program
CORE Consorhum for Oceanograpmc Research and Educahon

http Ilwwwcoreoceanorg/
CoreXlt 9500 Brand name of a mspersant from Exxon
CoreXlt 9527 Brand name of a dIspersant from Exxon
COSESPO Coastal Observrng System for the Eastern South Pacmc Ocean
COTS Commercral off the shelf software
CPR AdvlSory Panel on Conhnuous Plankton Recorder Survey m the North Pacmc (PICES)
CPTEC Center for Weather Forecasts and Chmate Stumes (BrasIl)

http II www cptec mpe br/Fwekomel html
CRIS Court RegIStry Investment System
CRP ComprehensIve Rahonahzahon Program
CRRC Chugach RegIOnal Resources COmmlSslOn
CRSA Alaskan coastal resource servIce areas (CRSAs), see also CIAP

http Ilwww ocrm nos noaa govIczmlClapI
CRTF D S Coral Reef Task Force
CSCOR Center for Sponsored Coastal Ocean Research

http IIwww cop noaa govI
CSIRO Commonwealth SClenhflc and IndustrIal Research Orgamzahon

http IlwwwcSIToau/
CTD ConduchVlty temperature versus depth
CTW Coastal Trapped Waves
CD catalogmg umt
CVOA Catcher Vessel Operahonal Area
CWAP dean Water Achon Plan
CWPPRA Coastal Wetlands Plannmg, Protechon, and Restorahon Act
CZCS Coastal Zone Color Scanner
CZM Coastal Zone Management
DARP Damage Assessment and Restorahon Program

http II darcnw noaa govIhomepage html
DARPA Defense Advanced Research Projects Agency

http IIwww darpa mlll
DBCP Data Buoy Cooperahon Panel
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DBMS Database Management System
DCE 1,2-d1chloroethane
DDD chchloro bIs(p-chlorophenyl)ethane
DDE DIchlorochphenylchch1oroethylene
DDT DlChlorodIphenyltnch1oroethane
DEOS Deep Earth Observatones on the Seafloor
DEOS DynamICS of Earth and Ocean Systems (CORE)
DFO Department of FIShenes and Oceans, Canada
DGC DIVISIon of Governmental Coordmahon, State of Alaska, Office of Govemor

http Ilwvvvv gov state ak usldgclClAPICIAPhome htm
DIN DIssolved InOlgamc NItrogen
DMS DlIDethylsulphIde
DNMI Norwegian Meteorological Inshtute (Detnorske meteorologISke mshtutt)

http Ilmetno/englIShl
DO DISsolved Oxygen
DOC U S Department of Commerce
DoD US Department of Defense
DODS DIStnbuted OceanographIc Data System

http Ilwwwumdata ucar edu/packagesldodsl
http II dods gso un edul

DOE U S Department of Energy
DOl US Department of the Intenor
DON QUijOTE Data Observmg Network for the QuIJOTe
DRBC Delaware RIver Basm COmIDlSSIon

http Ilwww state nJ usldrbcldrbc htm
EA/RIR EnVIronmental Assessment/Regulatory Impact ReView
EASy EnVIronmental AnalySIS System
EBS Eastern Benng Sea
EC European Commumty
ECDIS Electromc Chart and DISplay Informahon Systems
EC/IP Execuhve COmmIttee I Implementahon Panel for CCCC (PICES)
ECMWF European Centre for MedIUm Range Weather Forecashng

http Ilwwwecmwfmt/
ECOHAB (NSF) Ecology of Harmful Algal Blooms
EDOCC EcolOgical DetermInants of Ocean Carbon Cyclmg

http IlpICasSO edu orst edu/ORSOO/EDOCC/EDOCC html
EDY Estuarme DynamICS
EEZ ExclUSIve EconOmIC Zone
EEZ(A) European EconOmIC Zone (Area)
EFH Essenhal FISh HabItat
EGB (NSF) EnVIronmental GeochemIStry and BIogeochemIStry
EIOA European OceanographIc Industry Assocrnhon

http IIwww earn orgl
ELOISE European Land-Ocean Interachon Stuches
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EMAP EnvIronmental Momtormg and Assessment Program
http Ilwwwepagov/emap/

EMAP-E EnVIronmental Momtormg and Assessment Program-EstuarIes
Enersperse Brand name of a dIspersant
ENRI EnVIronment and Natural Resources InstItute

http Ilwwwuaa alaska edulennlenn_weblennhome html
ENSO EI NIfio Southern OscillatIon
EOS NASA's Earth Observrng System
EOSDIS NASA'S EOS Data and InformatIon System

http II spsosun gsfc nasa gOYINewEOSDIS_Over html
EPA U S EnVIronmental ProtectIon Agency

http IIvvww epa gOYI
ERMS European RegISter of Manne SpecIes
ERL Effects Range Low (concentratIon of a contammant potentIally havmg adverse effects)
ERM Effects Range MedIum (concentratIon of a contammant assoaated WIth adverse effects on
organISms)
ERS-l European Remote Sensmg satellite-l
ERS--2 European Remote Sensmg satallite-2
ESA Endangers SpecIes Act
ESH (NSF) Marme Aspects of Earth System HIstory
ESIP The FederatIon of Earth ScIence InformatIon Partners

http IlwwwesIpfedorg/
ESP Eastern South PaafIc
ESRI EnVIronmental Systems Research InstItute

ArcIMS system http IIwww esn comlsoftwarelarclillSlmdex html
ETL tools ExtractIon, TransformatIon, and Loadmg tools
EU European Umon
EUMETSAT European OrganIZatIon for the ExplOItatIon of MeteorolOgIcal Satellites

http Ilwww eumetsat delenl
EuroGOOS European GOOS

http IIwww eurogoos orgleurogoosmdex html
EuroHAB European Harmful Algae Bloom
EVOS Exxon Valdez OIl Spill http Ilwww oIlspill state ak usl

BIbhography http Ilwww oIlspill state ak us/pubhcatIons html
Fmal and Annual Reports http Ilwww oIlspill state ak us/pdf/Report_LISt_5-31-Q2 pdf

EXDET An Exxon laboratory test for dIspersants
F & A Fmance and AdmmlStratIon COmmIttee (PICES)
FCCC Framework ConventIon on Chmate Change

Federal GeographIc Data COmmIttee metadata reqUIrements
http IIwwwlgdc gOYImetadatalmetadata html

Federal SubSIStence FIShery Momtormg Program, Federal SubSIstence Management Program
http IIwww r7 fws gOYIasmlhome html

FDA US Food and Drug AdmmlStratIon
FGDC Federal GeographIc Data COmmIttee
FIS FIShery Saence COmmIttee (PICES)
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Fishbase, FlShGopher, FlShNet searchable flSh databases managed by mulhple orgaruzahons
FMP FlShery Management Plan
FOCI FlShenes Oceanography Coordmated Inveshgahons

http IIwww pmel noaa govI fOClI
F-R Fundramillg COmmlttee (PICES)
FWS U S FISh and Wildhfe SeTVlce
FY FlSCal Year
GAIM Global AnalySlS, Interpretahon and Modellmg (IGBP)
GAK Gull of Alaska
GAK1 Gull of Alaska stahon 1 located at the mouth of Resurrechon Bay (60 N, 149W)
GAP Gap AnalySlS Program
GARP Genehc Algonthm for Rule-set Produchon
GARS Gulf of Alaska Recrrculahon Study (NSF)
GBIF Global BlOdlverslty Informahon Facility
GC Governmg Council (PlCES)
GCM Global Chmate Model
GCN Global Core Network
GCOS Global Chmate Observmg System

http 11193135 216 2/weblgcos/publ dlm_v1_1.html
GCRMN Global Coral Reef Momtonng Network
GCTE Global Change and Terrestnal Ecosystems (IGBP)
GECaFS Global Envrronmental Change and Food Systems (IGBP, WCRP, IDHP)
GEF Global Envrronmental Facility
GEM Gulf Ecosystem Momtonng
GEO Global Eulenan Observahons
GEOHAB Global Ecology of Harmful Algal Blooms
GHL Gmdelme Harvest Level
GIPME Global Inveshgahon of Polluhon ill the Marme EnVlTonment
GIS Geograpmc Informahon System
GIWA Global Internahonal Water Assessment
GLI Global Imager
GLIFWC Great Lakes Indlan FlSh and Wildhfe COffiffilSSlon

http IIwww ghfwc orgl
GLNO Great Lakes Nahonal Program Offlce
GLOBE Global Learmng and Observahons to Benent the EnvlTonment

http Ilwww globe gov
GLOBEC Global Ocean Ecosystem Dynamtcs

http Ilwww pm! ac uklglobecl
GLOBEC U S http Ilcbl umces edu/fogarty/usglobecl
GLOBEC NEP GLOBEC Northeast Paoflc

http II globec oce orst edulgroups/nep/mdex html
GLORIA Geological Long-Range Inclmed Asdlc
GWSS Global Sea Level Observmg System (UN)
GLWQA Great Lakes Water Quahty Agreement
GMBIS Gulf of Marne BlOgeograpmcal Informahon System
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GMP Jomt Gulf States ComprehensIve Momtormg Program
GNP Gross Natlonal Ploduct
GOA Gulf of Alaska
GODAE Global Ocean Data Asslffil1atlon Expenment

http Ilwww born gov au/bmrc/ocean/GODAEj
GOES Geostatlonary Operatlonal EnvIronmental Satellite
GOFS US Global Ocean Flux Study
GOOS Global Ocean Observmg System

http I I IOC unesco Olgl goosl
GOSIC Global Obselvmg System Informatlon Center

http I I wv.rw gos udel edu
GPA/LBA Global Programme of Actlon for the Protectlon of the Marme EnVIronment from

Land-Based Actlvltles
GPO GOOS Project Office
GPS Global Posltlonmg System
GSC GOOS Steermg COmmIttee
GTOS Global Terrestnal Observmg System
GTS Global Telecommumcatlons System
GTSPP Global Temperature-SalmIty Pilot Project
GUI GraphIcal User Interface
HAB harmful algal bloom

http Ilwww redtlde whOl edu/hab
HABSOS Harmful Algal Bloom Observmg System

http I I www habhrca noaa gov
HAPC HabItat Areas of Partlcular Concern
HELCOM He1smla. COmmISSIOn-Baltlc Manne Envrronment Protectlon COmmISSIOn
HMAP HIstory of Manne Arumal Populatlons
HMS Hydrometeorologrcal ServIce
HNLC hIgh mtrate, low chlorophyll waters
HOm Health of the Oceans
HOTS Hawan Ocean TIme Senes
HPLC HIgh Performance LIqUId Chromatography
IABIN Inter-Amencan BIOdIverSIty Informatlon Network

http I jwww Iabm orgl
IAI Inter-Amencan Instltute
IARC Internatlonal Arctlc Research Center, UmverSlty of Alaska

http I jwww Iarc uaf edul
IARPC Interagency Arctlc Research Pohcy COmmIttee

http I I www nsf govI odloppI arctlclIarpclstart htm
IBOY Internatlonal BIOdIversIty Observatlon Year
IBQ IndIVidual Bycatch Quota
ICAM Integrated Coastal Area Managementl Integrated Coastal Area Management Programme
ICES Internatlonal Council for the Exploratlon of the Sea

http I jwww Ices dkl
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lCLARM Intemahonal Center for LIVmg Aquahc Resources Management
http IIvVww lclarm orgl

ICM Integrated Coastal Management
ICSU Intemahonal Council for SCIence
ICZN Intemahonal Code of ZoolOgIcal Nomenclature
IFEP Iron Ferhhzahon Expenment Panel (PICES)
IFO IntermedIate Fuel OIl
IFP TIle French Petroleum Inshtute

http 11v-,rww up [rl
IFQ IndIVidual FlShmg Quota
lGAC Intemahonal Global Atmosphenc ChemIStry PlOJect (IGBPICACGP)

http IIwww 19aC unh edul
IGBP Intemahonal Geosphere-BlOsphere Programme

http Ilwwwlgbp kva sel
IGBP-DIS Data and Informahon System (IGBP)
I-GOOS IOC-WMO-UNEP COmmIttee for the Global Ocean Observmg System
IGOS (NASA) Integrated Global Observmg System

http Ilwwwlgospartners org
IGOSS Integrated Global Ocean SerVIces System
IGS Intemahonal GPS ServIce for GeodynamICS
IGU Intemahonal GeographIc Umon
IHDP Intemahonal Human DlillenslOns Programme on Global Envrronmental Change
IHDP Intemahonal Human DlillenslOTIS Programme (IGBP et al )

http IIwww urn-bonn delmdpIIIP Intemahonal Ice Patrol
IJC Intemahonal Jomt COmmISSIOn
I-LTER Intemahonal LTER
IMCSAP Intemahonal Murre Conservahon Strategy and Achon Plan (CAFF, Archc Council)
IMS Inshtute of Marme SCIence, Umverslty of Alaska

http IIwww lillS uaf edul
InfoBOOS BOOS Informahon System
INPFC Intemahonal North Pacmc FlShenes COmmISsIOn

http Ilwwwnpafc org/mpfc/mpfc.html
IOC Intergovernmental OceanographIc COmmISSIOn (of UNESCO)

http IllOc unesco orgllyol
IOCCG Intemahonal Ocean Colour CoordInahng Group

http IIwww IOccg orgl
lODE Intemahonal OceanographIc Data and Informahon Exchange

http IllOc unesco org/lOde/
IOOS Integrated Ocean ObserVIng System

http IIcore ssc erc msstate edu/oceanobs html
IPCC Intergovernmental Panel on Cllillate Change

http IIwww IpCC chi
IPHAB Intergovernmental Panel on HABs
IPHC Intemahonal PacIfIc HalIbut COmmISSIon

http IIwww lphc washmgton edul
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IPRC Internahonal Pacmc Research Center
http IIIprc soest hawaII edul

IPSFC Internahonal Pacmc Salmon FIShIng ComrrussIOn
IRFA Imhal Regulatory FlexIbility AnalySIS
IRIU Improved Retenhon/Improved Uhhzahon
ITAC Imhal Total Allowable Catch
ms Integrated Taxononuc Informahon System
ITSU IOC Tsunanu Warnmg System m the Pacmc
mCN The World Conservahon Umon
IWI EPA's Index of Watershed IndIcatOls
JCOMM Jomt TechnIcal ComnussIOn for Oceanography and Marme Meteorology
JDBC Java Database ConnechvIty
JDIMP Jomt Data and Informahon Management Panel
JGOFS (NSF) Jomt Global Ocean Flux Study

http IIads smr mb.nohgofshgofs htm
KBNERR Kachemak Bay Nahonal Estuarme Research Reserve

http Ilwww state ak us/locallakpages/FISH GAME/habItatjgemnfo/nerrl
Kachemak Bay EcolOgIcal Charactenzahon study
http Ilwww state ak usladfg/habItatlgenmfo/nerr/kbec/mdex htm

KRSA KenaI RIver SportfIShmg Assocrnhon
LaMP LakeWlde Management Plan (EPA)
LAMP Local Area Management Plan
LATEX LOUlSlana-Texas shelf study
LC50 or LCso Lethal concentrahon of 50% of the test populahon
LEO Long-term Ecosystem Observatory
LEO-15 Long-term Ecosystem Observatory at I5-m depth
LExEn (NSF) LIfe m Extreme EnVIronments
LIDAR LIght Detechon and Rangmg
LLP LIcense L1ll11tahon Program
LMR LIvmg Marme Resources
LOICZ Land-Ocean Interachons m Coastal Zone
LTER Long-term EcolOgIcal Research (NSF) http Illtemet edul
LTOP Long-Term Observahon Program

http II globec oce orst edulgroups/nep/mdex html
LUCC Land Use/Cover Change (IGBP/IHDP)
MABNET Man and the BIOsphere Network
MARBID Marme BIOdIverSIty Database
MARGINS (NSF) Conbnental MargIns
MarLIN Marme Laboratones Informahon Network

http IIwww manne CSITO aulmarlml
MAROB Marme Observahon
MAST Marme ScIence and Technology
MBARI Monterey Bay AquarIUm Research Inshtute

http Ilwww mban orglaboutl
MBF One thousand board feet
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MBMAP AdVISOry Panel on Manne BIrds and Mammals (PICES)
MBNMS Monterey Bay NatIonal Marme Sanctuary

http Ilboruta mbnms nos noaa govI researchlmb_workshopImdex html
MEHRL Marme EnVIronmental Health Research Laboratory

www cofc edul~gnce/hm1
MEL Master EnVIronmental LIbrary
MEQ Marme EnVIronmental QualIty Comnuttee (PICES)
MERIS Memum ResolutIon Imagmg Spectrometer
MetOp MeteorolOgIcal OperatIonal
MFS MedIterranean FOlecashng System
MLD MlXed layer depth
MLML Moss Landmg Marme LaboratOrIes

http Ilwww m1m1 calstate edul
MMHSRP Marme Mammal Health and Strandmg Response Program

http IIwww nmfs noaa govIproCres/PR2/Health_and_Strandm~Response_Programl
mmhsrp html

MMPA Marme Mammal ProtectIon Act
MMRC The North PacIfIc UmversltIes Marme Mammal Research Consorhum

http IIwww zoology ubc cal~consortl consortm htm
MMS Mmerals Management ServIce
MMS OCSES Outer Conhnental Shelf EnVIronmental Stumes
MNS Mackay, Nadeau, Steelman
MODEL Conceptual I TheoretIcal and Mode1mg Stumes Task Team (PICES)
MODIS Moderate ResolutIon Imagmg Spectroramometer
MODMON Neuse Momtormg and Modelmg Project
MONTIDR Morutor Task Team (PICES)
MOODS Master Oceanograpmc ObservatIonal Data Set (NMFS)
MOOS Ocean Observmg System of the Monterey Bay Aquanum Research InstItute

http IIwww mban orgldefault htm
MOS Modular Optoelectromc Scanner
MPA Marme Protected Areas (DOC/DOD

http IIwww mpa gov
MPN Most Probable Number
MRB Maxnnum Retamable Bycatch
MSFCMA Magnuson-Stevens FIShery ConservatIon and Management Act
MSVPA Muinspecies VIrtual Populanon AnalySIS
MSY Maxnnum Sustainable YIeld
mt Metnc tons
MWRA Massachusetts Water Resources Authonty

http IIwww mwra state rna usl
NA Northern AdnatIc
NABIN North Amencan BlOIDverSlty InformatIon Network
NABIS NatIonal AquatIc BlOmverslty InformatIon Strategy
NAML NatIonal ASSOCIatIon of Marme LaboratOrIes

http I Ihermes mbl edu/labs/NAMLI
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NAO North Atlannc Oscillanon
NAS Nomnchgenous Aquanc SpeCIes
NASA Nanonal Aeronauncs and Space Adnurustranon

http Ilwww nasa govI
NASAlAMSR Advance Microwave Scanmng RadIometer

http Ilwwwghccmsfcnasagov/AMSR/
Earth SCIence Enterpnse http IIwww earth nasa gov

NASAlGRACE GraVIty Recovery and C1Jmate Expenment
http IIessp gsfc nasa govIesspffilSSIOI1S html

I\JASA/I\JASDA TlOplCal Ramfall Measurement MISSIOn
http IImochs gsfc nasa govI

NASA/SalmIty and Sea Ice WorkmgGroup
http Ilwwvv esr org/lagerloef/ssIwg/ssIwgrep1 v2html

NASA/SeaW1FS
http II seawIfs gsfc.nasa gov

NASQAN Nanonal Stream Quahty Accounhng Network
http IIwater usgs govInasqanl

Naval Oceanographic Office
http 1/128160 23 51/noframe/select products htm

NAWQA Nanonal Water Quahty Assessment Program

http IIwater usgs govInawqal
NCAR Nanonal Center for Atmosphenc Research
NCDC Nanonal ClImate Data Center

http IIwww.ncdc noaa govI
NCDDC Nanonal Coastal Data Development Center

http IIwww ncddc noaa govI
NCEP Nanonal Centers for EnvIronmental Protecnon\

http IIwwwt ncep noaa gov
NDBC Nanonal Data Buoy Center

http IIwww ndbc noaa gov
NDVI Normabzed DIfference Vegetanon Index
NEAR-GOOS North East ASIan RegIOnal GOOS

http IIIOc unesco orglgoos/neargoos/neargoos.htm
NEMO Naval Earth Map Observer
NEMURO North PacIfIc Ecosystem Model for Understandmg RegIOnal Oceanography
NEODAT Inter-Insntunonal Database of FISh BIOdIversIty m the NeotrophIcs
NEP Nanonal Estuary Program
NERR Nanonal Estuarme Research Reserve
NESDIS Nanonal EnVIronmental Satellite, Data, and Informanon SerVice

http IIwww nesdlS noaa govI
NGO Non-governmental orgamzanon
NGOA Northern Gulf of Alaska
NGOS North Gulf OceanIC SOCIety

http Ilwwwwhalesalaskaorg/
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NIST Natronal Instrtute of Standards and Technology
http II vVww rust govI

NIWA Natronal Instrtute ofWatel and Atmosphere Research
http IIwww mwa crLnzlmdex html

NLFWA Natronal Ll5hng of FISh and Wildhfe AdVlSones
NMFS Natronal Marme Fl5henes SerVlce

http Ilwwwmnfsnoaagov/
NMMHSRP Natronal Marme Mammal Health and StrandIng Response Program

http Ilvvvvwrunfsnoaa gov/plOt_Ies/ovelVlew/mmhtml
NMML Natronal Marme Mammal Laboratoly
NMMTB Natronal Manne Mammal Tl5sue Bani
NMS Natronal Marme Santuary
NOAA Natronal Oceantc and Atmosphenc AdtmnlStratron
NOAA HAZMAT Hazardous Matenals Program
NOAA NOS Natronal Ocean SerVIce

http IIwww nos noaa gov
NODC Natronal Oceanographtc Data Center

http IIwww nodc noaa gov
NOEL No-Effect Level
NOLS Natronal Outdoor Leadershtp School
NOPP (NASA) Natronal Ocean Partnershtp Program

http Ilwww NOPP org
NOPPO Natronal OceanographIc Partnershtp Program Offtce
NORLC Natronal Ocean Research Leadershtp COunCll
NORPAC North Pactftc, an mformally orgaruzed group of sCIentISts responsIble for collahng

and publlShmgmuch of the oceanographtc data collected m the North Pactftc Ocean dunng
the penod of apprmomately 1930 to 1965 These data were publlShed m several volumes by
the UmverSlty of Caltforma Press ThIS data set 15 collectrvely known as the NORPAC data

NOS NOAA's Natronal Ocean SerVlce
http IIwww nos noaa gov

NOx NItrogen OXides
NPAFC North Pactftc Anadromous Fl5h COmmlSSlon

http Ilwww.npafc org
NPDES Natronal Pollutron DISCharge Ehmmatron System
NPFMC North PanfIC Fl5hery Management Council

http IIww fakr noaa govInpfmcl
NPI North Pactftc Index
NPMRP North PacUlc Marme Research Program

http Ilwww sfos uaf edu/npmr/mdex html
NPO North Pactftc Osctllatron
NPOESS Natronal POlar-Orblhng Envrronmental Satellite System
NPPSD North Pactftc Pelagtc Seabrrd Database

http IIwww absc usgu govIresearch/NPPSDI
NPS Natronal Park ServIce

http IIwww nps gov

14 A!'PENDIXA JULY 2002



)

GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

I

NPUMMRC North PacIbc UmverSlhes Marme Mammal Research Consorhum
http IIv"v"'W ioology ubc cal~COnsOltlconsortm htm

NPZ nutnent-phytoplankton-zooplankton
NRA NASA Research Announcement

I

NRC Nahonal Research CouncIl
http I Iwwwnahonalacadenues org/mcl

NRDA natural resource damage assessment
NRT Near Real Tlffie
NS&T Nahonal Status and Tlends Program

http I Iccmaservernosnoaa gov/NSandT/New_NSandThtml
NSF Nahonal SCIence Foundahon
NSIPP (NASA) Seasonal-to-Interannual Predlchon Program
NSTC Nahonal SCIence and Technology CouncIl

http Ilwww ostp gov/NSTC/html/NSTC_Homehtml
NURP (NOAA) Nahonal Undersea Research Program

http I Iwwwnurp noaa gov
NVODS Nahonal VIrtual Ocean Data System

http Iinvods orgl
NVP Nearshore Vertebrate Predator project
NWI Nahonal Wetlands Inventory
NWIFC Northwest IndIan FlShenes ComnusslOn

http I I www nwIfc wa gov
NWP numencal weather predlchon
NWS Nahonal Weather ServIce

http I I www nws noaa gov
OAR Oceamc and Atmosphenc Research (NOAA)

http I Ioar noaa govI
OBIS Ocean BlOgeograpmcal Informahon System

wwwcomlorg
OCC Ocean Carrymg CapaCIty
OCRM OffIce of Coastal Resource Management, NOS, NOAA

http I Iwww ocrm nos noaa govI
OCSEAP Outer Contmental Shelf EnvIronmental Assessment Program
OCTET Ocean Carbon Transport, Exchanges and Transformahons

http I I www msrc sunysb edu/octetl
OCTS Ocean Color and Temperature Scanner
OE (NOAA OAR) OffIce of Ocean Explorahon

http I Ioceanpanel nos noaa govI
OECD Orgaruzahon for Econonuc Co-operahon and Development
OFP Ocean Flux Program
OHMSETI OIl and Hazardous Matenals SlIDulated EnVIronmental Test Tank
OMB OffIce of Management and Budget
ONR OffIce of Naval Research
OOPC Ocean Observahons Panel for Chmate

I

OOSDP Ocean Obse'rvmg System Development Panel
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OPA 90 OIl Polluhon Act of 1990
http / /www pwssc-osn org/docs/ opa90 html

OPR OffIce of Protected Resources
http / /wwwnmfs.noaa gov/proCres/prot_res html

ORAP Ocean Research AdvISory Panel
ORNL Oak RIdge Nahonal Laboratory

http IIVlWW omI gov
OSCURS = Ocean Surface Current SlIDulahons
OSNLR Ocean SCIence m RelatIOn to Non-uvmg ResoUlces
aspARCOM Convenhon for the Plotechon of U1e Marme EnVIronment of the North-east

Atlanhc
OSRI Pnnce WIlliam Sound Oil Spill Recovery Inshtute

http / / www pwssc-osn org
OSSE Observahon System SImulahon ExperIments
OST EPA's Office of ScIence and Technology
OSTP OffIce of SCIence and Technology Pohey
OWOW EPA's Office of Wetlands, Oceans, and Watersheds
OY Opnmum YIeld
PAC Pubhc AdVISOry COmmIttee
PAG Pubhc AdvISOry Group
PAGES Past Global Change (IGBP)
P-BECS PacIfIc BasmwIde Extended Chmate Study
PAH Polyeychc Aromahc Hydrocarbons (EPA)
PAH Polynuclear Aromahc Hydrocarbons
PAR Phosynthehcally Avaliable RadIahon
PC Pubhcahon COmmIttee (PICES)
PCAST PresIdent's COmmIttee of AdVISors on SCIence and Technology
PCB Polychlonnated bIphenyls
PCC Pollock Conservahon Cooperahve
PDO PacIfIc Decadal Osclllahon
PICES North PaafIc Marme SCIence Orgaruzahon (not an acronym)

http / / pIces lOS bc cal
PIRATA Pilot Research Array ill the TropIcal Atlanhc
PISCO PartnershIp for the InterdlSClphnary Study of Coastal Oceans

http / / www pIScoweb org/
PMEL PaafIc Manne EnVIronmental Laboratory

http / /www pmel noaa gov/
PMEL Benng Sea and North PacIfIc Ocean Theme Page www pmel noaa gov/benng
POC PhYSICal Oceanography and Chmate COmmIttee (PICES)
POLDER Polanzahon and DrrechonalIty of the Earth's Ref1ectances
POM Pnnceton Ocean Model
PORTS PhYSICal OceanographIc Real-TIme System
PORTS/VTS PORTS/Vessel TraffIc SeTVlces
POST PacIfIc Ocean Salmon Trackmg Project
POTW Pubhcly Owned Treatment Works
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PRODAS Prototype Ocean Data AnalySIS System
PROFC PlOgrama RegIOnal de OceanografIa FlSlca y Cbma
PSAMP Puget Sound AmbIent Momtonng Program
PSC PacIfIc Salmon COmmISSIon

http Ilwwwpsc org/Index htm
PSMFC PacIfIc States Marme FIShenes COmmISSIon

http IIwww psmfc orgl
PSMFC RegIOnal Mark Processmg Center

http IIV\TWW rmIS Olg/mdex html
PSMSL Permanent SelVice fOI Mean Sea Level (UN)
PSP Paralyhc She1lfIsh POISomng
PST PacIfIc Salmon Treaty
PWS Prmce WIlham Sound
PWSAC PWS Aquaculture Corporahon http IIwww ctcak netl~pwsacl
PWSRCAC PWS RegIOnal CIbzens AdVISOry Council
PWSSC Prmce WIlham Sound SCIence Center

http Ilwwwpwssc genak us/pwscc/pwscc.html
QA/QC QualIty Assurance and QualIty Control
QC QualIty Control
QUIJOTE QuIckly Integrated Jomt Observmg Team
QmkSCAT - quIck scatlerometer (SeaWmds InStrument)
R&D Research and Development
RACE Resource Assessment and Commumty Ecology
RAMS RegIOnal Atmosphenc Modebng System
RAP RemedIal Achon Plan
RCAC Regional CIbzens AdVISOry Council
RCRA Resource Conservahon and Recovery Act
RDP Ribosomal Database Project
REX Regional Expenments Task Team (PlCES)
RFP Request for Proposals
RIDGE (NSF) Ridge InterdIscIpbnary Global Expenments
RLDC ResponsIble Local Data Center
RLDC ResponSIble Local Data Center
RMI Remote Method Invocahon
RMP Regional Momtormg Program
RNODC RespOnSIble Nahonal OceanographIc Data Center
RSN RedSur Network
Sl SeSSIon 1 - SCIence Board SympOSIUm on SubarctIc gyre processes and thel! mterachon WIth

coastal and transihon zones phYSIcal and bIOlOgical relahonshIps and ecosystem lillpacts
(PICES)

S2 SeSSIon 2 - BIO TOpIC SeSSIOn on Prey consumphon by hIgher trophIc level predators m
PICES regions lillphcahons for ecosystem studIes (PICES)

S3 SeSSIon 3 - Jomt BIO I CCCC TOpIC SeSSIOn on Recent progress m zooplankton ecology study
m PICES regions (PICES)
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54 SeSSIon 4 - FIS TOpIC SessIOn on Short Me-span qmd and fIsh as keystone specIes m North
Paobc marme ecosystems (PICES)

S5 SesSIon 5 - pac TOpIC SeSSIOn on Large-scale cIrculahon m the North Pacmc (PICES)
S6 SessIon 6 - Jomt pac I BIO TOpIC SeSSIOn on North Pacmc carbon cyclmg and ecosystem

dynalllics (PICES)
S7 SeSSIon 7 - CCCC TopIC SeSSIOn on Recent fmdmgs and comparISons of GLOBEC and

GLOBEC-hle programs m the North Pacmc (PICES)
S8 SeSSIon 8 - :MEQ TOpIC SeSSIon on Envllonmental assessment of Vancouver Harbour results

of an mtemahonal workshop (PICES)
S9 SeSSIon 9 - :MEQ TOpIC SeSSIon on ScIence and technology for enVIronmentally sustaInable

marlculture m coastal areas (PICES)
SAFE Stock Assessment and FIShery Evaluahon Document
SALMON (Sea-AIr-Land Momtormg and Observabon Network)

http IIwww IllS uaf edu 80001 salmonl
SALSA Sellli-and Land Surface Atmosphere Program
SAR Synthehc Aperture Radar
SAV Submerged Aquahc Vegetahon
SB SCIence Board (PICES)
SBIA (NSF) Shelf-basm Interachons m the Archc
SCAMIT Southern CalIforma Assoaahon of Marme Invertebrate TaxonomISts
SCB Southern CalIforma BIght
SCBPP Southern CalIforma BIght Pilot Project
SCCWRP Southern CalIfornIa Coastal Water Research Project
SCDHEC South Carohna Department of Health and EnVIronmental Control
SCDNR South Carolma Department of Natural Resources
SCECAP South Carohna Department Estuarme and Coastal Assessment Program
Sq-IGBP) SclenhfIc COill1llittee for the IGBP
SCICEX (NSF) SCIence Ice ExerCIse
SCOPE SClenhfIc COill1llittee on Problems of the EnVIronment
SCaR SCIenhfIc COill1llittee on Ocearuc Research

http Ilwww Jhu edu/-scorl
SCS South Chma Sea
SEA Sound Ecosystem Assessment
SEARCH Study of EnvIronmental Archc Change

http IIpsc apl washmgton edulsearchlmdex html
SEAS ShIpboard EnVIronmental Data ACquISlhon System
SeaWIFS Sea-VIewmg WIde Fleld-of-VIew Sensor
SEI SpecIal Events Imager
SEPOA Southeast PaCIfIC Ocean Array
SERC SlllithsOnIan EnVIronmental Research Center

http IIwww serc Sl edul
SERVS ShIp Escort Response Vessel System
SFEP San FrancISCO Estuary Project
SFOS School of FIShenes and Ocean ScIences
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SG Sea Grant
http IIwww nsgo seagrant orgl

SGI State of the Gulf Index
SHEBA (NSF) Surface Heat Budget of the Archc Ocean
SIMBIOS Sensor Intercompanson and Merger for BIOlogIcal and InterchsClplmary Oceamc
Stuches
SIMoN Sanctuary Integrated Momtonng Network

http Ilwww mbnms nos noaa govI ResearchlslIDonlSlIDon htm
SJBEP San Juan Bay Estuary Program
SLFMR Scannmg Low Frequency MiclOwave RadIOmeters
SO-GLOBEC Southern Ocean Programme (GLOBEC)
SOIREE Southern Ocean Iron release expeTlIDent

http Ilkahpo mwa cn nzl~hadfieldlgustlIron
SOLAS Internahonal Convenhon for Safety of LIfe at Sea
SOLAS Surface Ocean Lower Atmosphere Study (NRC)
SOLEC State of the Lakes Ecosystem Conference
SPACC Small PelagIC FISh and Chmate Change (GLOBEC)

SpecImen Bankmg Project
http Ilwwwnwfscnoaagov/pubs/tm/tm16/tm16htm

SQuID Structured Query and Informahon Dehvery
SSC SClenhfIc and Stahshcal Comrruttee
SSE (NOAA) Sustamable Seas Expechhon
SSF Storm Surge Forecast System
SSH Sea Surface HeIght
SSLRI Steller Sea LIOn Research Imhahve (NMFS, AR)
http IIwww1akr noaa govI orrulgrantsl ssln
SSM/I SpecIal Sensor Microwave/Imager
SSS Sea Surface Sahmty
SST Sea Surface Temperature
STAC SClenttflc and Techmcal AdVISOry Comrruttee
STAMP SeabIrd TISsue Arcluval Momtormg Project
START Global Change System for AnalySIS, Research and Trammg (IGBP)
http IIwww start orgl
SID Sahmty Temperature Depth recorder
STORET System (EPA)

http Ilwwwepagov/storet
SVOC Serruvolahle Orgamc Compounds
SWAO South Western Atlanhc Ocean
SWMP NERRS System-WIde Momtonng Program
TAC Total Allowable Catch
TAO TropIcal Atmosphere Ocean (buoy array)
TASC Transatlanhc Study of Calanus fmmarchiCUS (ED)
TCE Tetracholoroethane
TCODE Techmcal Comrruttee on Data Exchange (PICES)
TCP TropIcal Cyclone Programme
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TEK TradIhonal ecologIcal1.nowledge
TEMA Trammg, Educahon and Mutural AssIStance (laC)
TMDL Total MaXlffiUffi Dally Load
TOGA TropIcal Ocean and Global Atmosphere
TOPEX/PoseIden

http II topex-www lpl nasa gOY
TIP TOPEX/PoseIdon
UAA UmversIty of Alaska, Anchorage
UAF Umvelslty of Alaska, Fanbanls
UN Umted Nahons
UNCED The Umted Nahons Conference on EnVIronment and Development
UNCLOS Umted Nahonal Convenhon on the Law of the Sea (Montego Bay, 1982)
UNEP Umted Nahons EnVIronmental Programme
UNESCO Umted Nahons Educahonal, SClenhfIc and Cultural Orgaruzahon

http IIIOc unesco org/IOcwebI
UNFCCC Umted Nahons Framework Convenhon on ClImate Change
USARC US Archc Research COmmISSIOn
USCG US Coast Guard
USDA US Department of Agnculture
USDHHS US Department of Health and Human ServIces

http IIwww os dhhs gOYI
USFS U S Forest ServIce
USGCRP (NASA) U S Global ClImate Research Program
US GLOBEC (NSF) U S Global Ocean Ecosystem DynamICS

http IIcbl umces edulfogartyIusglobecl
USGS U S GeolOgIcal Survey

http IIwww usgs gOY
USNO US Naval Observatory

http IIwww usno navy mJ11
UWA Umfled Watershed Assessments
VBA Vessel Bycatch Accounhng
VENTS (NOAA) Vents Program
VIP Vessel Incenhve Program
VOC Volatlle Orgamc Compounds
VOS Volunteer Observrng Smps
WI Workshop 1- MONITOR Workshop on Progress rn momtormg the North Pacmc (PICES)
W2 Workshop 2 - REX Workshop on Trends rn herrmg populahons and trophodynamICS

(PICES)
W3 Workshop 3 - MODEL Workshop on StrategIes for couplmg hIgher and lower trophIc level

marme ecosystem models (PICES)
W4 Workshop 4 - BASS Workshop of Development of a conceptual model of the Subarchc

PaCIfIC basm ecosystem(s) (PICES)
W5 Workshop 5 - IFEP Plannmg Workshop on DeSlgmng the Iron ferhhzahon expenment m

the Subarchc Pacmc (PICES)
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W6 WOlkshop 6 - (BIO j MBMAP) - The basIS for estImatIng the abundance of rnarme buds
and mammals, and the lDlpact of therr predatlon on other orgamsms (PICES)

W7 Workshop 7 - C02 Data SynthesIs SymposIUm (PICES)
WAF Water-Accommodated Fractlon
WAM Wave Model
WCRP World Cl1D1ate Research Program (ICSUjIOCjWMO)
WDPW Washmgton Department of FlSh and Wildhfe
WDOE Washmgton Department of Ecology
WES Waterways Expe!1D1ental Statlon
WESTPAC IOC Sub-ComnusslOn for the Westem Pac1f:J.c
WG Workmg Group (PICES)
WHOI Woods Hole OceanographIc Instltutlon
WMO World MeteorologIcal Orgaruzatlon
WMS Open GIS Consortlum's Web Mappmg Server

http jjwww opengIS orgjtechnojspecsj01-047r2 pdf
WOCE (NSF) World Ocean Crrculatlon Expe!1D1ent (WCRP)

http jjwww soc soton ac ukjOTHERSjwocelpojIpo html
WODC World OceanographIc Data Center
WOOD World-wIde Oceans Optlcs Database
WSRI Wild Stock Restoratlon Imtlatlve
WWW World Weather Watch
XBT expendable bathythermograph
XCDT expendable conductlVIty, depth and salmIty deVIces
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r APPENDIX B. RECOVERY STATUS OIF INJURED RESOURCES

Introduction

HDstOry and Purposes of the List

In November 1994, the Ell-on Valdez OIl Spill Trustee CouncIl adopted an ofhcIal hst of
resources and serVlces m]ured by the spill as part of Its Rest01 ahon Plan ThlS hst has served three
mam purposes m the Restorahon Program

1 It has mghhghted m]UlleS caused by the oIl spill and cleanup effOlls and helped the Trustees
and the pubhc track the status of lffiportant fIsh, wIldhfe, and othel resources and selVIces
The flSh and wIldhfe on tills hst are thought to have suffered populahon-level or sublethal
m]unes, but the hst does not mclude every specIes or resource that suffered some degree of
m]my For example, carcasses of about 90 dJfferent specIes of oIled buds were recovered m
1989, but only 10 speCles of buds are on the hst of lIlJured specIes

2 It has helped gmde the Rest01 ahon Plan Tills was espeClally lffipOrtant m 1994 when the plan
was fust adopted, but the hst sh11 serves to hlghhght resources that are m need of
conslderahon

3 Fmally, taken as a whole, the hst of m]ured resources has helped the Trustees and the pubhc
track recovery of the overall ecosystem and the funchons and human se!V1ces that It
proVldes

It should be noted that the analyslS of these resources and theu recovery status only pertams
to recovery from the effects of the 1989 oIl spill Many of these resources are also expenencmg
the effects of other natural and human factors resulhng m slgruhcant populahon dechnes
Where these specIes he on the conhnuum of recovery from the oIl spill should not be taken to
reflect theu overall status and health In addIhon, many of the speCIes that may be "recovered"
or "recovenng" from the effects of the oIl spill are VItal parts of the oJ1.-lffipacted ecosystem that
will be the focus of the Trustee CouncIl's long-term morntonng program - GEM - the Gulf of
Alaska Ecosystem Morntonng and Research Program

The Rest01 ahon Plan states that the In]ured Resources and Se!V1ces hst will be revIewed
penodIcally and updated to reflect results from sCIenhOc studIes and other mformahon WIth
each reVlew, a resource's progress toward a recovery objechve 18 evaluated The recovery
objechves have been set to be as concrete and measurable as pOSSIble However, they may be
changed to reflect new IDSlghts about the nature of the m]my and the best - or more accurate ­
ways to evaluate recovery status

The In]ured Resources and Se!V1ces hst was frrst updated m September 1996 At that hIDe
the bald eagle was upgraded from recovenng to recovered In March 1999, a major reVIew of
recovery objechves and status occurred and several more changes were made RIver otters were
then consIdered to be recovered, and flVe resources - black oystercatchers, clams, marbled
murrelets, Pacmc hernng, and sea otters-were upgraded to recovenng One resource, the
common loon, was moved from recovery unknown to not recovenng FIve resources remamed
as recovery unknown All four human se!V1ces were classmed as recovenng

In 2002, more than 13 years after the spill, recovery conhnues to progress and more changes
have been made to the hst FIve more speCles or resources have been moved to the recovered
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categolY archaeologIcallesources, black oysteicatchers, common mUTles, sockeye salmon and
pmk salmon In addihon, deSIgnated wilderness areas have been moved [10m the recovery
unknown to the recovenng category, PaClf!c hernng have been moved back from the recovenng
to the not recovenng category, subhdal commuruhes have been moved nom the recovenng to
recovery unknown category, and killer whales have been moved from not recovenng to
recovermg In all, seven resources are consIdered fully recovered from the effects of the oil spill,
16 resources and all four human serVIces have sh11 not fully recovered, and the recovery of nve
resources IS sh11 consIdered unknown

The 1994 Rest01 atlOn Plan provIdes that the Injured Resources and ServICes hst can be
updated any hme new mformahon becomes available The next maJOl evaluahon of changes m
Iecovery status for all mJilled resources and lost or reduced serVIces hkely will be m 2006, 15
years after the 1991 settlement between the governments and Exxon and 1l11hahon of the
restorahon program

How to Interpret thiS List

The assIgnment of resources to vanous categones conhnues to be based on Judgements
made after weIghmg the available eVidence, mc1udmg

• eshmates of populahon SIZes and traJectones m the spill area,
• compansons of populahon eshmates m oiled and unoiled areas of the northern Gulf of

Alaska,
• whether there has been contrnued exposure to reSIdual oil m the spill area, and
• whether sublethal or chromc mJunes perSISt or show 1ll1provement

Some of the factors mvolved m makmg Judgments about recovery status mc1ude

1 Unce1 tamhes m populahon eshmates Because of the varIability m an1ll1a1 dlStrIbuhons and the
challenges of gethng accurate counts, especIally of hIghly mobile nsh, buds and marme
mammals, most eshmates of populahon SIZe have WIde ranges For example, ranges that are
between 40% greater or smaller (or even more) than the true populahon SIZe will result from
many census techmques ThIS range can be narrowed, but costs escalate WIth the mcreasmg
effort to obtam greater accuracy

2 Lack ofpi eSJ7lll data Many of the resources affected by the spill had hmIted or no recent data
on theu status m 1989 In addlhon, some of the available pertment data was the result of
hmIted samphng and had WIde ranges m the populahon eshmates Havrng such patchy data
on resources made It d1fflcult to accurately assess 1l11hal mJury In tum, any uncertamhes m
mJury meVItably lead to uncertamhes m eshmahng recovery

3 Inte1 achon ofsplll and nahl1 al factol s It IS mcreasmgly dIffIcult to separate what may be
hngenng effects of the spill from changes that are natural or caused by factors unrelated to
the oil spill In fact, what IS often observed appears to be an mterachon between oil effects
and natural changes, such as the effects of the 1998 EI Nlfio on common murres m the Barren
Islands whIch were recovenng from oil spill1ll1pacts We now understand much more about
long-term changes m chmate m the northern Gulf of Alaska and how these changes affect
marme speCIes
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4 E1IleJ gence ofnew effects Smce the E:l'ton Valdez Oll spill affected an area nch ill wlldbfe and
was so well studIed, It would not be SUlpllsmg tilat there are fmdmgs Wltilout precedent m
the sClenhhc hterature on Oll effects One example of such an unprecedented effect 18 the
senslhVlty of Pacmc herrmg and p:m1.. salmon to low concentrahons of weathered Oll We
cannot dIScount eVIdence for an mJury Just because It had never been encountered m the
aftermath of other spills

Ecosystem Perspective and Recovery

TIle LIst of Injured Resources cons18ts mamly of smgle specIes and resources, but, as noted
above, It provIdes a bas18 fOl evaluahng tile recovery of the ovelall ecosystem, Its funchons, and
the servlCes tilat It provIdes to people In fact, through the Rest01 atlOn Plan, tile Trustee COunCll
adopted an ecolOgIcal approach to restorahon, and the studIes and projects the Trustee COunCll
sponsors have been ecolOgIcal m character

Page 35 of the Rest01 ahon Plan defmes ecosystem recovery as follows

Full ecologtcal1 ecovery 'WIll have been ac71leved 'When the populahon offl.01 a andfauna a1 e agam
p1 esent at f01 me1 01 p1 eSplll abundances, healt711j and p1 oduchve, and t71e1 e 15 afull complement of
age classes at the level that 'Would have been p1 esent had the splll not OCCU1i ed A 1eCOVe1 ed
ecosystem p1 ovldes the sameJunchons and smJ1ces as 'Would have been p1 ovlded had the splll not
occu1ied

Usmg th18 defm1hon, the coastal and marme ecosystems m the Oll spill regIon have not fully
recovered at thIS hme from the effects of the Oll spill For example, harlequm ducks and sea
otters shil show SIgns of Oll exposure and may be negahvely affected by such exposure A
number of other specIes and commUTIlhes are showmg SIgns of recovery, but are shil not fully
recovered from the effects of the Oll spill Although full ecolOgIcal recovery has not been
achIeved, the spill area ecosystem 18 shillargely mtact and funchonmg and on Its way to
recovery 13 years after the Euon Valdez Oll spill

It 18 desrrable to have mJured resources obtam a state that would have occurred m the
absence of the spill However, It also 18 lffipOrtant to understand that ecosystems are dynamIC
and would have changed even m the absence of the Oll spill GIven our present ability to predIct
mulh-year changes m marme ecosystems-whIch 18 extremely hmlted-lt 18 very dJ.ffi.cult to
know how the ecosystem would have changed m the absence of the spill For that reason, It 18
also somehmes necessary to consIder other measures (return to prespill status or attammg
eqUlvalent status m olled and unolled areas) m order to have more concrete obJechves Also, as
menhoned above, basehne data descnbmg fISh and wlldbfe populahons, to say nothmg of
complex mtemdal and subhdal commUTIlhes, were generally poor m 1989 Therefore, m rev18mg
thIs llStJudgements have been made m the face of mcreasmg knowledge-but also, great
uncertamty- of how natural changes have occurred m the northern Gulf of Alaska

The followmg goals and obJechves are used m assessmg the status of the resources and
se!Vlces lIlJured by the Oll spill

Restorahon Goal Recovery of all mJured resources and servIces, mc1udmg the ecosystem as a
whole
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Recovery Goal of Injured Resources and Servlces A retmn to condItIons that would have
eXISted had the spill not occurred

Recovery ObJecbve A specIfic, measurable parameter that IS used to sIgnal the recovery status
of an mJured resource or servIce In most cases the recovery objectIve reflects the type of mJury
that occurred from the spill

Smce It IS dIffIcult to predIct condItIons U1at would have eXIsted m the absence of the spill,
recovery objectIves use measurable and bIOlOgIcally substantIve parameters as proxIes for these
condItIons For some specIes, multIple objectIves are used to assess recovery

ComparISOns of these parameters between oiled and unolled areas are somebmes used
where httle or no prespill data eXISt GeographIc comparISons of thIs nature should take mto
account dIfferences, such as those that may eXIst naturally between eastern and western Prmce
Wilham Sound, If these can be determmed For some resources, so httle IS known about the
ongInal or current mJury or status, that Idenhfymg a recovery obJectIve IS not possIble

The followmg obJecbves are used

Rehrrn to prespllllevels Used where populatIon eshmates or mdIces were available pnor to
1989 For speCIes that are hIghly vanable, these numbers could reflect a range of values These
numbers do not account for the effects of other mfluences on mJured populatIons, such as from
chmate change, although thee other effects may mteract WIth oil spill effects

Hydrocarbon exposure Used where hydrocarbon exposure Itself was part of the ongmal baSIS
for mJury, where hydrocarbon exposure may hmIt recovery, or where hydrocarbon exposure m
an mJured resource may be a pathway to mJury m other resources Oil exposure may refer to
background concentratIons, whIch takes mto account hydrocarbon exposure from natural oil
seeps, natural coal deposIts, and oil released from the Valdez petroleum plant as a result of the
1964 earthquake

Stable or mcreasmg populabon Used where resources were m dechne before the spill or there
are ongomg dechnes that may be unrelated to the spill

Measures of Producbvlty Used m heu of or to supplement data on populatIon SIZeS Includes
such mdIcators as eggs produced or young successfully reared, returns-per-spawner, or growth
rates These mclude measures of reproductIve success and demographIcs

• ProductIvIty means an mcrease m the bIOmass of a speCIes, or the number of
mdIvIduals of one specIes, as a functIon of hme and geographIc urut

• ReproductIve success means the reproductIon of VIable mdIVlduals, and may not
be related to overall bIOmass For seabIrds however, productIvIty and reproductIve

success are used mterchangeably by bIOlogISts and usually refer to eggs hatched
or chIcks per nest

• DemographIcs refer to the dIStnbutIon of mmVlduals m a populatIon or m some
geographIc area WIth respect to age and sex or other characterIStIcs of a populatIon
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RESOURCES

ARCHAEOLOGICAL RESOURCES

Il1]1lry

The Oll spill area IS beheved to contaIn more than 3,000 sItes of archaeologIcal and lustoncal
sIgru.hcance Twenty-four archaeologIcal sItes on pubhc lands are known to have been adversely
affected by cleanup achVIhes or lootrng and vandalIsm lmked to the Oll spill AddIhonal sItes on
both pubhc and pnvate lands were probably rnJured, but damage assessment studIes were
hmIted to pubhc land and not deSIgned to Idenhfy all such sItes

Documented rnJuries rncluded theft of surface arhfacts, maskmg of subtle clues used to
Idenhfy and classIfy SItes, vIOlahon of anCIent bunal SItes, and destruchon of eVIdence rn layered
sedIments In addihon, resIdual Oll may have contammated SItes

Recovery Goal

A return to condIhons that would have eXISted had the spill not occurred

Recovery ObJech.ve

ArchaeologIcal resources are nomenewable they cannot recover rn the same sense as
bIOlOgIcal resources ArchaeologIcal resources will be consIdered to have recovered when spill­
related rnJury ends, lootrng and vandalIsm are at or below prespillievels, and the artIfacts and
SCIentIfIc data remammg rn vandalIzed SItes are preserved (e g, through excavahon, SIte
stabIhzahon, or other forms of documentahon)

Recovery Status

Assessments of 14 SItes rn 1993 suggested that most of the archaeologIcal vandalIsm that can
be hnked to the spill occurred early rn 1989, before adequate constrarnts were put rnto place over
the achVIhes of Oll spill cleanup personnel Most vandalIsm took the form of "prospectrng" for
hIgh yIeld SItes Once these problems were recogruzed, protechve measures were Implemented
and successfully hmIted addIhonal rnJury Although some cases of vandalIsm were documented
rn the 1990s, there appears to be no spill-related vandalIsm at the present hme

From 1994-1997, two SItes rn Pnnce WillIam Sound were partly documented, excavated, and
stabilized by professIOnal archaeologISts because they had been so badly damaged by oJ1mg and
erOSIOn The presence of Oll rn sedIment samples taken from four SItes rn 1995 dId not appear to
have been the result of re-oJ1mg by Ellon Valdez Oll ReSIdual Oll does not appear to be
contammatrng any known archaeologIcal SItes

In 1993, the Trustee COunCll prOVIded part of the construchon costs for the Alutnq
ArchaeologIcal RepOSItory rn KodIak Tlus facility now houses KodIak area arhfacts that were
collected durrng spill response In 1999, the Trustee COunCll approved fundmg for an
archaeolOgIcal repOSItory and local dIsplay facilihes for artIfacts from Pnnce Wilham Sound and
lower Cook Inlet These are currently rn vanous stages of contruchon
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Based on the apparent absence or extremely low rate of splIl-related vandalIsm and the
preservabon of artIfacts and sClentrfIc data on archaeologIcal sItes and artrfacts,
archaeologIcal resources are consIdered to be recovered

BALD EAGLES

111]1lry

The bald eagle IS an abundant leSIdent of marme and nverme shorelme throughout the ou
spill area Followmg the 011 spill, a total of 151 eagle carcasses wele lecovered from the spill
area Prmce WIlliam Sound plOvIdes year-round and seasonal habItat for about 6,000 bald
eagles, and WIthm the sound It IS estImated that about 250 bald eagles dIed as a result of the
spill There were no estImates of mortalIty outsIde the sound, but there were deaths throughout
the spill area In addIhon to drrect mortalIhes, produchVlty was reduced m oued areas of Pnnce
WIlliam Sound m 1989

Recovery Goal

A return to condIhons that would have eXISted had the spill not occurred

Recovery ObJecnve

Bald eagles will have recovered when theIr populahon and produchvIty (reproduchve
success) have returned to prespillievels

Recovery Status

ProduchvIty (or reproduchve success as measured by chIcks per nest) was back to normal m
1990 and 1991, and an aenal survey of adults m 1995 mdIcated that the populahon had returned
to or exceeded Its prespillievel m the sound In September 1996, the Trustee Councll classIfIed
the bald eagle as recovered from the effects of the oll spIll

BLACK QVSTERCATCHERS

Black oystercatchers spend theIr entIre hves m or near mtemdal habItats and are hIghly
vulnerable to ou polluhon It IS estImated that 1,500-2,000 oystercatchers breed m south-eentral
Alaska Only nme carcasses of adult oystercatchers were recovered followmg the spill, but the
actual number of mortalIhes may have been several tImes hIgher

In addIhon to drrect mortalIhes, breedmg achVlhes were dIsrupted by the ou and cleanup
achVlhes When companng 1989 WIth 1991, sIgm&cantly fewer paIrs occupIed and mamtamed
nests on oued Green Island, while dunng the same two years the number of paus and nests
remamed s1ffil1ar on unoued Montague Island Nest success on Green Island was sIgm&cantly
lower m 1989 than m 1991, but Green Island nest success m 1989 was not lower than on
Montague Island In 1989, crocks dIsappeared from nests at a sIgm&cantly greater rate on Green
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Island than nom nests on Montague Island DIsturbance assoCIated WIth cleanup operahons
also reduced produchvity on Green Island m 1990 In general, the ovelt effects of the spill and
cleanup had dIssIpated by 1991, and m that year produchVlty on Green Island exceeded that on
Montague Island

Recovery Goal

A return to conmhons that would have eXISted had the spill not occurred

Recovery ObJecttve

Black oystercatchers will have recovered when the populahon returns to prespillievels and
reproductIOn and pioduchVIty are withm normal bounds An mcreasmg populahon trend and
comparable hatchmg success and growth rates of chIcks m oiled and unolled areas, after takmg
mto account geographIc dIfferences, will mmcate that recovery IS underway

Recovery Status

Boat-based surveys of marme bIrds m Prmce WIlham Sound mmcate that there are mcreases
m numbers of oystercatchers m both the oiled and unolled areas through 2000 (Stephenson et al ,
2001) GIven the fact that only 9 carcasses of thIs speCIes were recovered m 1989 after the spill, It
IS hkely that the populahon of the sound IS probably as large or larger than prevIOUS to the spill

In 1998 the Trustee Council sponsored a study to reassess the status of thIS specIes m Prmce
WIlham Sound The data mmcated that oystercatchers have fully reoccupIed and are neshng at
oiled SItes m the sound The breedmg phenology of neshng bIrds was relahvely synchronous m
oiled and unolled areas, and no oil-related dIfferences m clutch SIZe, egg volume, or chIck
growth rates were detected A hIgh rate of nest faIlures on Green Island are hkely attrIbuted to
predahon, not lmgermg effects of oil GIven general agreement between these results and
those of the earlIer work, whIch mdlcated that the effects of the spill on black oystercatchers
had largely dISSIpated by 1991, black oystercatchers are consIdered to be recovered from the
effects of the oil spill 11us does not mean that oystercatchers are still not exposed to some od
m the mterhdal zone, but the amounts are so mSIgmfIcant that It would not cause an effect on
thIs speCIes

CLAMS

InJUry

The magmtude of Immemate Impacts on clam populahons vaned WIth the speCIes of clam,
degree of oIlmg, and locahon Some httleneck clams and some butter clams were probably killed
and may have suffered slower growth rates as a result of the oil spill and cleanup achVlhes

Recovery Goal

A return to conmhons that would have eXISted had the spill not occurred

"-
) Recovery ObJecttve
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Clams will have recovered when populahon and produchvlty measures (such as SIZe and
dlstnbuhon) at oued sItes are comparable to populahons and produchvlty measures at unoued
sItes, takrng mto account geographIc chfferences

Recovery Status

Stumes by the NOAA Hazardous Matenals DlV15IOn and others have been conducted on
mtemdal and subhdal commumhes m relahon to ol1mg and shorelme treatments In general,
these stumes mmcated that mterhdal fauna dwellmg m soft sedIments, mcludmg vanous clam
speCIes, had recovered to some extent wlthm one to thlee years aftel 1989 on oued-but-unheated
shOlelmes As of 1997, full recovery had not been achIeved, espeCIally on shorelmes that were
oued and treated by hot-water washes One study found that denslhes of httlenec1.. and butter
clams were depressed through 1997 on oued, treated ffilXed-sedImentary shores where £me
sedlffients had been washed downslope durmg pressured water treatments

Companng oued study SItes on Kmght Island WIth unoued SItes on Montague Island,
researchers m the Nearshore Vertebrate Predator Project found a full range of SIZe classes of
clams at the oued SItes, as well as more large clams However, oued SItes also had fewer Juvenile
clams and lower numbers of several speCIes Based on all of the eVidence summanzed above,
clams conhnue to be recovenng, but are not yet fully recovered from the effects of the 011
spill The Trustee COuncu15 sponsonng a study of clam populahons m FY02 to determme 1f the
populahons of clams on treated beaches have lffiproved smce 1997

COMMON LOONS

Injury

Carcasses of 395 loons of four speCIes were recovered followmg the spill, mcludmg at least
216 common loons Current populahon SIZes m the spill area are not known for any of these
speCIes Common loons m the spill area may number only a few thousand, mcludmg only
hundreds m Pnnce Willlam Sound Common loons mJured by the spill probably mcluded a
ffilXture of wmtermg and ffilgrahfig buds The specmc breedmg areas used by the loons affected
by the spill are not known

Recovery Goal

A return to conmhons that would have eXlsted had the spill not occurred

Recovery ObJecttve

Common loons will have recovered when theu populahon returns to prespilllevels m the ou
spill area An mcreasmg populahon trend m Pnnce Willlam Sound will mmcate that recovery 15
underway

8 APPENDIX B JULY 2002



GULF ECOSYSTEM MONITORING AND RESEARCH PROGRAM

Recovery Status

Boat-based surveys of marme brrds m Prmce WIlliam Sound glVe at least some mslght mto
the recovery status of the loons affected by the ou spill Prespill counts of loons eXISt only for
1972-1973 and 1984-1985 After the spill, contrasts between oued and unoued areas of the sound
mdlcate that loons as a group are generally domg better m unoued areas than m oued areas
Thus, the survey data suggest that the ou spill had a negahve effect on numbers of loons (all
speCIes combmed) m the oued parts of the sound It IS not known what the populahons of loons
may have been had the spill not occurred

Based on the surveys carned out Uuough 2000, thele are mmcahons of lecovery, but only m
2000 In 2000 the lughest counts ever recorded for common loons occurred m March surveys of
Prmce WillIam Sound, however, these counts blely mcluded some early nugrants as well as
wmtermg brrds In addlhon, July counts m 2000 were the thrrd lughest of the 11 years smce 1972
wIth data These mcreases were hnuted to the unoued porhon of the sound Smce loons are a
lughly mobue speCIes WIth WIdely VarIable populahon numbers and the prespill data were
hnuted, one year of lugh counts m the unoued areas IS msuffiCIent to mmcate that recovery has
started Thus the common loon IS considered shll not to have recovered from the effects of
the spill

COMMON MURRES

InjUry

About 30,000 carcasses of oued brrds were pIcked up m the fust four months followmg the
ou spill, and 74 percent of them were common and thIck-billed murres (mostly common
murres) Many more murres probably med than actually were recovered Based on surveys of
mdex breedmg colomes at such locahons as the Barren Islands, Cluswell Islands, Tnplet Islands,
Puale Bay, and UgIaushak Island, the spill area populahon may have declmed by about 40
percent followmg the spill In addlhon to drrect losses of murres, there IS eVIdence that the
hnung of reproduchon was dIsrupted and produchvlty reduced Interpretahon of the effects of
the spill, however, IS comphcated by mcomplete prespill data and by mmcahons that
populahons at some colomes were m declme before the ou spill

Recovery Goal

A return to conmhons that would have eXISted had the spill not occurred

Recovery ObJectwe

Common murres will have recovered when populahons at mdex colomes have returned to
prespillievels and when reproduchve success (produchvlty IS sustamed Wlthm normal bounds
Increasmg populahon trends at mdex colomes will be an mmcahon that recovery IS underway

Recovery Status

Postspill momtormg at the breedmg colomes m the Barren Islands mmcated that
reproduchve success was Wlthm normal bounds by 1993, and It has stayed wlthm these bounds
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each breedmg season smce then DUlmg the penod 1993-1997, the murres nested plOgJ esslVely
earher by 2-5 days each year, suggestmg that the age and expenence of nestmg buds were
mcreasmg, as nught be expected after a mass mortahty event By 1997, numbers of mUlles at the
Barren Islands had mcreased, probably because 3-and 4-year old nonbreedmg subadult buds
that were hatched there m 1993 and 1994 were returnmg to theu natal nestmg colony Although
there were low counts m 1996, the counts m 1997 through 1999 at thIS mdex SIte brmg the
colony SIZes to presptlllevels That, coupled wIth normal reproduchve success
(produchvIty), mdIcate that recovery has been achIeved for common murres

CORMORANTS

InjUry

Cormorants are large flsh-eatmg buds that spend much of theu tIme on the water or perched
on rocks near the water Three specIes typIcally are found WIthm the oil spill area Carcasses of
838 cormorants were recovered followmg the oil spill, mc1udmg 418 pelagIC, 161 red-faced, 38
double-crested, and 221 umdenhfted cormorants Many more cormorants probably med as a
result of the spill, but theu carcasses were not found No regIonal populahon estImates are
available for any of the cormorant specIes found m the oil spill area In 1996, the US FISh and
WIldhfe ServIce Alaska Seabud Colony Catalog, however, lISted counts of 7,161 pelagIC
cormorants, 8,967 red-faced cormorants, and 1,558 double-crested cormorants m the oil spill
area These are duect counts at colomes, not overall populahon eshmates, but they suggest that
populahon SIZes are small In tlus context, It appears that mJury to all three cormorant specIes
was sIgmf1cant

Counts on the outer KenaI Penmsula coast suggested that the duect mortahty of cormorants
due to oil resulted m fewer buds m tlus area m 1989 compared to 1986 In admhon, there were
statlShcally-sIgmf1cant dechnes m the estImated numbers of cormorants (all three specIes
combmed) m the oiled pomon of Pnnce WIlham Sound based on pre- and postspill boat surveys
m July 1984-85 compared to 1989-91 It IS not known what the counts and trends of comorants
would have been m the absence of the oil spill

Recovery Goal

A return to conmhons that would have eXIsted had the spill not occurred

Recovery ObJecttve

PelagIC, red-faced, and double-crested cormorants will have recovered when theu
populahons return to prespilllevels m oiled areas An mcreasmg populahon trend m Pnnce
WIlham Sound will mmcate that recovery IS underway

Recovery Status

More recent surveys (through 2000) have not shown a sIgmf1cant mcreasmg populahon
trend smce the oil spill, and for that reason these specIes are consIdered to be not recovermg

1
/'
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CUTIHROAT TROUT

I11Jun)

Prmce WIlliam Sound IS at the northwestern hnut of the range of cutthroat trout Local
cutthroat trout populahons are beheved to be small, and the fISh have small home ranges and
are geograplucally ISolated Cutthroat trout, therefore, are lughly vulnerable to explO1tahon,
habItat alterahon, or polluhon Followmg the 011 spill, cutthroat trout m a small number of oiled
mdex streams m Prmce WIlliam Sound grew more slowly than m unoiled streams

Recovery Goal

A return to conmhons that would have eXISled had the spill not occurred

Recovery ObJernve

Cutthroat trout will have recovered when growth rates withm oiled areas are sImilar to those
for unoiled areas, after takmg mto account geograpluc dIfferences

Recovery Status

The apparent dIfference m growth rates between trout m oiled versus unoiled streams
persISted through 1991 It was hypothesIZed that the slower rate of growth m oiled streams was
the result of reduced food supphes or exposure to oil, and there was concern that reduced
growth rates would result m reduced survIval However, prehmmary data from a Trustee
Council sponsored study of reSIdent and anadromous forms of cutthroat trout m Prmce WIlliam
Sound suggest that there IS sIgmfIcant genehc varIahon among trout from dIfferent locahons
across the sound These data are consIStent WIth the Idea that cutthroat populahons are small
and ISolated and effects other than oil, such as genhc vanahons m growth rates and VarIable
water temperatures, could be causmg the dIfferences seen m the growth rates The report on thIs
work has expenenced sIgmfIcant delays, but IS near complehon Pendmg the complehon and
revIew of thIS addlhonal work, the recovery status of the cutthroat trout remams unknown

DESIGNATED WILDERNESS AREAS

InjUry

The oil spill dehvered oil m varymg quanhhes to the waters and hdelands adJommg eIght
areas deSIgnated as wilderness areas and wilderness study areas by Congress or the Alaska State
LegISlature Oil also was deposIted above the mean lugh-hde hue at these locahons Durmg the
mtense cleanup seasons of 1989 and 1990, thousands of workers and hundreds of pIeces of
eqmpment were at work m the spill zone ThIS achVlty was an unprecedented lIDposihon of
people, nOISe, and achvity on the area's undeveloped and normally sparsely occupIed landscape
Although achVlty levels on these wilderness shores have returned to normal, at some locahons
there IS shll reSIdual oil
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Recovery Goal

A return to conmhons that would have eXISted had the spill not occurred

Recovery ObJectwe

DesIgnated wIlderness areas will have recovered when oIl IS no longer encountered ill them
and the pubhc perceIves them to be recovered from the spill

Recovenj Status

Among the affected areas were desIgnated wIlderness ill the KatmaI Nahonal PaIk,
wIlderness study areas ill the Omgach Nahonal Forest and Kenai FJords Nahonal Park, and
Kachemak Bay WIlderness State Park SIX moderately to heavIly oIled SItes on the Kenai and
KatmaI coasts were last surveyed m 1994, at WhICh hIDe some oIl mousse persISted m a
remarkably unweathered state on boulder-armored beaches at fIve SItes These SItes were VISIted
agaill ill 1999 The data from these SItes mmcate that there IS shll oIl along park shorehnes on the
KatmaI coast Surveys carned out m 2001 to determme the surface and subsurface dIstnbuhon of
oIl m Prmce WIlham Sound found Slgruft.cant quanhhes of oIl on shorehnes withm deSIgnated
wIlderness study areas The amount of oIl on shorehnes ill deSIgnated wIlderness study areas m
Prmce WIlham Sound has probably decreased smce the early 1990s, and natural processes will
lead to further reduchons Therefore, deSIgnated wlldemess areas are recovenng but have not
recovered from the 011 spll1

DOLLY VARDEN

InjUry

Dolly Varden are WIdely dIstnbuted m the spill area In sprmg, anadromous forms of Dolly
Varden mIgrate to the sea from the lakes and nvers where they spend the wmter Summers are
spent feedmg m nearshore marme waters Thus, some Dolly Varden m Prmce WJ1ham Sound
and perhaps at other locahons were exposed to Euon Valdez oIl m 1989 and possIbly beyond In
fact, concentrahons of hydrocarbons m the bIle of Dolly Varden were some of the hIghest of any
fISh sampled m 1989 Like the cutthroat trout, there IS eVIdence from 1989-90 that Dolly Varden
m a small number of oIled mdex streams ill Prmce WIlham Sound grew more slowly than m
unoIled streams It was hypothesIZed that the slower rate of growth m oIled streams was the
result of reduced food supphes or exposure to oIl, and there was concern that reduced growth
rates would result m reduced survIval

Recovery Goal

A return to conmhons that would have eXISted had the spill not occurred

Recovery ObJechve

Dolly Varden will have recovered when growth rates withm oIled streams are comparable to
those m unoIled streams, after takmg illtO account geographIc dIfferences
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Recovery Status

The growth chfferences between Dolly Varden m oiled and unoiled streams dId not perSISt
mto the 1990-91 wmter No growth data have been gathered smce 1991 In admhon, by 1990 the
concentrahons of hydrocarbons m bile had dropped substanhaily
In a 1991 restorahon study sponsored by the Trustee Council, some tagged Dolly Varden moved
consIderable dIStances among streams Withm Prmce Wilham Sound, suggeshng that nuxmg of
overwmtermg stocks takes place dunng the summer m saltwater ThIS hypothesIS IS supported
by prehmmary data from anothei Trustee Council sponsored study, wmch mmcates that Dolly
Varden from d1fferent locahons across the sound are genehcally SlffiJ1ar The £mal report on thIs
genehcs study has been delayed, but should be completed soon If tills prehnunary conclusIOn IS
bom out, It would suggest Ulat the Dolly Varden populahon m the sound should have httle
d.Jf£lcu1ty m recovermg from any lnlhal growth-related effects PendIng complehon and reVIew
of the genehcs work, however, It IS prudent to conhnue classlfymg the Dolly Varden as
recovery unknown

HARBOR SEALS

InJllry

Harbor seal numbers were declmmg m the Gulf of Alaska, mcludmg m Prmce Wilham
Sound, before the oil spill E;l.;l.on Valdez oil affected harbor seal habItats, mc1udmg key haul-out
areas and adjacent waters, m Prmce Wilham Sound and as far away as TUgIdak Island, near
Kornak Eshmated mortalIty as a drrect result of the oil spill was about 300 seals m oiled parts of
Prmce Wilham Sound Based on aenal surveys conducted at trend-eount haulout SItes m central
Prmce Wilham Sound before (1988) and after (1989) the oil spill, seals m oiled areas declmed by
43 percent, compared to 11 percent m unoiled areas

Recovery Goal

A retum to conmhons that would have eXISted had the spill not occurred

Recovery ObJecnve

Harbor seals will have recovered from the effects of the oil spill when theIr populahon IS
stable or mcreasmg

Recovery StanIS

In a declmmg populahon deaths exceed bIrths, and harbor seals m both oiled and unoiled
parts of Prmce Wilham Sound have conhnued to declme SInce the spill It IS not known what
harbor seal populahons would have been had the spill not occurred
Envrronmental changes m the late 1970s may have reduced the amount or qualIty of prey
resources, mc1udmg such forage fIshes as Pacmc herrmg and capelm, available to harbor seals m
the northern Gulf of Alaska ecosystem These changes may have been responsIble for or
contnbuted to the lnlhal prespill harbor seal declme, and the ecosystem may now support fewer
seals than It md pnor to the late 1970s Recent stumes, however, mmcate that the seals m the
sound, espeCIally pups and yearlmgs, are m very good conmhon and do not show eVIdence of
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nutrlhonal shess Ongomg sources of mOltahty mcIude killer whale predahon, possIble shark
predahon, subsIStence hunhng, and commerCIal fIsheIy mterachons (e g, drownmg m nets)
The relahve roles of oil and VarIOUS natural factors are not known

Satellite taggmg studIes sponsored by the Trustee Council and genehc studIes carned out by
the Nahonal Marme Flshenes ServIce mmcate that harbor seals m the sound are largely resIdent
throughout the year and have hmIted movement and mterbreedmg WIth other subpopulahons
m the northern Gulf of Alaska TIus suggests that recovery must come largely through
recruItment and survIval wlthm resIdent populahons
For the penod 1989-1997, the avelage eshmated annual rate of dec1me of harbor seals m Prmce
Wilham Sound was about 46 peIcent The populatIon showed some sIgns of stabIlIZIng m the
1990s, but surveys In 2000 and 2001 mdIcate that the declme IS contInuIng Therefore, harbor
seals contInue to be conSIdered not recovermg from the effects of the 011 spIll

HARLEQUIN DUCKS

InjUry

Harlequm ducks feed m mtemdal and shallow subhdal habItats where most of the spilled
oil was IDlha1ly stranded More than 200 harlequm ducks were found dead m 1989, mostly m
Prmce Wilham Sound Many more than that number probably med m the sound and perhaps
thousands throughout the spill area Because the spill occurred m early spnng before wmtermg
harlequms mIgrated from the sound to mland breedmg SItes, the IDlhal effects of the spill hkely
affected harlequm duck produchVlty beyond the ImmedIate spill zone The geograpmc extent
and magmtude of these extended Impacts are not known

Prespill data on harlequm populahons and reproduchve success are hmIted and dIffIcult to
mterpret, but after the spill there was concern about poor reproduchve success m the western
(oiled) versus eastern (unoIled) parts of Pnnce WIlham Sound ThIs concern was based on
observahons of 7-15 broods m the eastern sound and few-to-no reports of broods m the western
sound when comparable numbers of streams were surveyed

Recovery Goal

A return to conmhons that would have eXISted had the spill not occurred

Recovery ObJecttve

Harlequm ducks will have recovered when breedmg- and nonbreedmg-season
demographIcs return to prespilllevels and when bIochemIcal mmcators of hydrocarbon
exposure m harleqUIns m oiled areas of Prmce Wilham Sound are slIDllar to those m harlequms
m unolled areas

Recovery Status

The current overwmtenng populahon of harlequm ducks m Pnnce Wilham Sound IS on the
order of 18,000 ducks, while the summer populahon IS about half that number Surveys
deSIgned speofIcally to count harlequm ducks have been carned out m the fall, wmter and

\
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sprmg m varIOUS years smce the spill Fall boat SUlveys to momtor moltmg-wmtenng harlequm
ducls mdlCate a sIgnllcant declnung hend m the oued westem sound flOm 1995-1997, but no
trend m the unoued eastem sound The sprmg harlequm ducl surveys have only two years of
data (1999 and 2000) - too lIttle on whIch to draw conclusIOns, but mcreases m all areas of the
sound m 2000 are pronusmg Spnng surveys were also conducted m 2001 and 2002, but the
results are not yet publIshed Other boat surveys deSIgned to momtor an entrre SUIte of marme
buds m the sound have shown rru:<ed results an mcreasmg trend m March surveys m unoued
areas, no trend m oued areas between 1997 and 2000, and an mcreasmg trend m both oued and
unoued areas m July of these same years

Postspilliesearch shows lluxed lesults wIU11espect to age- and sex-structure of harlequm
populahons m the eastem and westem parts of the sound ADF&G fall surveys from 1995-1997
mmcate smular age rahos between the two areas, suggestmg that recruItment IS smular In
admhon, some harlequms remam m the sound to nest m the spnng and summer, mostly on the
eastern SIde, but It IS now suspected that most harleqmns of breedmg age and conmhon
probably leave the sound altogether to nest m Inland dramages Thus, conclusIOns of
reproduchve failure based on lack of broods m the oued area do not now seem warranted

Wmter surveys from 1995-1998 found that adult female survIval was lower m oued versus
unoued areas, and a sImI1ar survIval scenarIO IS suggested from data collected m 2000 to 2002
Ou remamed m the subsurface of the mtemdal zone through 2001, mcludmg under some mussel
beds where harlequm ducls could be feedmg BIOpSIes from harlequm and Barrow's goldeneye
ducls contmue to show d1fferences m an enzyme mmcahve of exposure to hydrocarbons
between buds from oued versus unoued parts of the sound These d1fferences are conSIStent
WIth the posSIbility of contmued exposure to spill-denved hydrocarbons m the western sound
The bIOlOgIcal effect of thIS pOSSIble exposure has not been establIshed, but the declnung trend of
female surVIvability m the oued areas may be contmumg Although thIS result cannot be
attrIbuted uneqUIVOCally to ou exposure, there IS reason for concern about pOSSIble ou exposure
and reduced SUTVlval for harlequm ducks m the western sound

Trustee Councu sponsored stumes gIve l11SIght mto prospects for recovery of harlequm
ducks Although some harlequm ducks make major seasonal movements, they exhIbIt hIgh SIte
ndelIty to summer breedmg SItes and to moltmg and wmtenng SItes dunng non-breedmg
seasons Strong SIte fIdelIty may hmlt populahon recovery by Immlgrahon, but a genehc
analySIS of harlequm ducks mmcates that the spill area populahon IS homogeneous (1 e , very
Slillllar throughout) Taken together, these data are col1SlStent WIth a low rate of dISpersal,
perhaps at the subadult stage, or a rapId expansIOn of the populahon m recent geolOgIcal hme
To the extent that there IS subadult mspersal from adjacent expandmg populahons, such
dISpersal would enhance recovery It IS lIkely, however, that recovery will largely depend on
reCrUItment and surVIval from withm mJured populahons ThIS recovery may be compronused
If exposure to hngenng hydrocarbons reduces ntness and surVIval of harlequm ducks

Although some of the mdlcators show SignS of recovery, the maJonty of the mdlcators do
not mdlcate recovery Taken together, the populahon census trends, sUlVlval measures and
mmcators of exposure suggest that the harlequm duck has not recovered from the effects of
the 011 spdl
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INTERTIDAL COMMUNmES

111-J1try

Porhons of 1,400 nules of coastlme were oIled by the spill m Prrnce WJ.1lIam Sound, on the
KenaI and Alaska penrnsulas, and m the KodIak ArchIpelago Both the oIl and mtenslve cleanup
achVlhes had sIgruflcant Impacts on the flora and fauna of the mtertrdal zone Interhdal
commumhes are mtrInSICally Important and are resources for subsIstence users, sea and nver
otters, and a varIety of bIrds, mcludmg black oystercatchers, harlequm ducks, and pIgeon
guillemots

lnIhalImpacts to mterhdal orgarusms occurred at all hdallevels and m all types of habItats
throughout the oIl spill area Many speCIes of algae and mvertebrates were less abundant at
oIled SItes than at unoIled reference SItes Some, more opportumshc speCIes, mcludmg a small
speCIes of barnacle, ohgochaete worms, and fIlamentous brown algae, coloruzed shores affected
by the oIl spill and cleanup achVlhes The abundance and reproduchve potenhal of the common
seaweed, Fucus gm dne11 (known as rock-weed or popweed), also was reduced followmg the spill

Recovery Goal

A return to condIhons that would have eXISted had the spill not occurred

Recovery ObJecttve

Intertrdal commumhes will have recovered when such Important speCIes as Fucus have been
reestabhshed at sheltered rocky SItes, the dIfferences m commumty composlhon and organISm
abundance on oIled and unoIled shorehnes are no longer apparent after takrng mto account
geograpluc dIfferences, and the mtertrdal and nearshore habItats prOVIde adequate,
uncontammated food supphes for top predators

Recovery Status

In the lower and mIddle mtertrdal zones on oIled rocky shores, algal coverage and
mvertebrate abundances had returned by 1991 to coverages and abundances sInular to those
observed m unoIled areas However, large fluctuahons m the algal coverage have taken place m
the oIled areas smce the spill ThIS pattern IS conSIStent WIth conhnued InStability due to the
ongmal spill Impact and the subsequent cleanup However, InStability of Fucus populahons
durrng the last 12 years probably results from a combmahon of spill- and naturally-mduced
changes, WIth a greater rnf1uence of natural events m the later years

On the sheltered, bedrock shores that are common m Prrnce WIlhaIn Sound, full recovery of
Fucus IS crucIal for the recovery of mterhdal commumhes at these SItes, smce many mvertebrate
organISillS depend on the cover prOVIded by thIS seaweed As of 1997, Fucus had not yet fully
recovered m the upper mterhdal zone on shores subjected to drrect sunhght, but m many
locahons, recovery of mtertrdal commumhes had been substanhal In other habItat types, such as
estuanes and cobble beaches, many speCIes dId not show SIgns of recovery when they were last
surveyed m 1991 In studIes of the effects of cleanup achVIhes on beaches, mvertebrate molluscs
and annehd worms on oIled and washed beaches were shli much less abundant than on
comparable unoIled beaches through 1997
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More lecent data should soon be available, mcludmg results of a study m tile summer of
2002 to deternune Jf mterhdal clam populahons on oiled shorelmes are comparable to those on
unoiled shorelmes Based on substantIal progress, but the lack of full recovery of some soft­
sedtment mtertIdal mvertebrates, as well as the contInued presence of reSIdual od and the
role of od m mltIatIng FUellS populatIon mstablhty, the mterhdal commumtes are consIdered
to be recovermg, but not fully recovered from the effects of the 011 spIll

KILLER WHALES

InJUry
~

More than 1151J1ler whales m eIght "resident" pods regularly use Prmce WillIam
Sound/Kenat Fjords as part of therr ranges Other whales m "translent" groups are observed m
the sound less frequently There has been parhcular concern about the reSIdent AB pod, willch
numbered 36 antmals pnor to the spill Fourteen whales dIsappeared from thIs pod m 1989 and
1990, and no young were reCruIted mto the populahon The ongmallmk between the AB pod
losses and the oil spill was largely crrcumstanhal, although the pod was observed surfacmg m
an E:t:wn Valdez oil shck followmg the spill m 1989 The rate of dIsappearance and lIkely
mortalIty of killer whales m thIs well-studIed pod far exceeded rates observed for other pods m
BntIsh ColumbIa and Puget Sound over the last 30 years, and m the northern Gulf of Alaska
over the last 18 years Another pOSSIble cause for the msappearance of the whales m the AB pod
was the shootmg of killer whales due to confhcts WIth long-lme fIshenes pnor to the oil spill
Although the ongmal shootmgs may not have Immediately resulted m death for some antmals,
It IS pOSSIble the mJunes weakened them over bme and contnbuted to premature mortalIty In
thIs way It IS pOSSIble that the effects from the confhcts m the 1980s were shll apparent m the
1990s

Recovery Goal

A return to conmhons that would have eXISted had the spill not occurred

Recovery ObJecnve

The ongmal recovery ob]echve for killer whales was a return to prespill numbers for the AB
pod The obJechve was changed m 1999, but upon further reflechon and pubhc comment, the
recovery obJechve IS once agatn a return to prespill numbers for the AB pod - 36 mmVlduals

Recovery Stanis

By 1993 the AB pod had mcreased to 26 mmVlduals as brrths outpaced deaths In 1995
mortalIhes, mcludmg antmals orphaned m 1989-90, reduced the pod to 22 whales Smce 1995 the
pod agam has mcreased steadily m SIZe to 26 mmviduals m 2001 Thus, SOCIal d1Slntegrahon has
not happened and an apparently stable structure has been achIeved Overall numbers wlthm the
other major reSIdent killer whale pods m Pnnce WillIam Sound are at or exceed prespilllevels
Smce AB pod has not regamed Its presplll sIZe of 36 mdlvlduals, kdler whales are conSIdered
to be recovermg, but not fully recovered from the effects of the 011 spdl
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In admhon to the AB pod, there IS concern that a declme 111 reslghtmgs of mmvlduals Wlthm
the ATI group of transIent 1Jller whales has accelerated followmg the oil spill Although there IS
no eVIdence lmlmg the oil spill to the ATI group, thIS update also reports on Its status Recent
genehc analyses show that resIdent and transIent 1Jller whales m Prmce Willlam Sound are
genehcally dlShnct Smce 1990 and 1991, 11 mmvlduals have been lllissmg from the ATI group
and are now almost certamly dead Durmg that same penod there has been no recruItment of
calves mto thIS pod of transIents TransIent 1Jller whales largely prey on marme mammals, and
there has been a 60 percent declme m the harbor seal populahon m the sound over the last nvo
decades Changes m the availability of such an lillportant prey specIes could mfluence 1Jller
whale dlStnbuhon and Ieproduchon Trustee Council sponsored research on contammants m
1Jller whales m Prmce Willlam Sound mmcates that some transIent whales, mcludmg the ATI
group, are carrymg hIgh concentrahons of PCBs, DDT, and DDT metabohtes m theIr blubber
The presence of such contammants IS not related to the oil spill The mgh concentrahons of
contammants found m the transIent whales are comparable to those found to cause reproduchve
problems mother marme mammals

KITTl.ITZ'S MURRELETS

InjUry

The K1tthtz's murrelet IS found only m Alaska and pomons of the Russlan Far East A large
frachon of the world populahon, whIch may number only a few tens of thousands, breeds m
Prmce Willlam Sound The KenaI Penmsula coast and Kachemak Bay are also lillpOrtant
concentrahon areas for tills specIes Very httle IS known about KItthtz's murrelets, but they are
known to aSSOCIate closely WIth hdewater glaClers and nest on scree slopes and slllll1ar Sltes on
the ground

Seventy-two KItthtz's murrelets were poslhvely Idenhfled among the bud carcasses
recovered after the oil spill Nearly 450 more B1 achy1 amphus murrelets were not Idenhfled to the
specIes level, and It IS reasonable to assume that some of these were KItthtz's In admhon, many
more murrelets probably were killed by the oil than were actually recovered It IS hkely that
about 500 mmvlduals med as an acute effect of the oil spill, wmch would represent a substanhal
frachon of the world populahon

Recovery Goal

A return to conmhons that would have eXISted had the spill not occurred

Recovery ObJecttve

No recovery obJechve can be Idenhfled for KItthtz's murrelet at thIS hme

Recovery Status

Because so httle IS known about thIS specIes, the Trustee Council funded an exploratory
study on the ecology and dlStnbuhon of the KItthbz's murrelet m Prmce Willlam Sound starhng
m 1996 ThIS project found that thIS specIes has an aff1ruty for hdewater glacrers m the northern
and northwestern parts of the sound It also appears that reproduchve output m 1996 and 1997
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was extremely low or absent, and some KItthtz's murrelets wele apparently parred wIth marbled
munelets There appear to be about 1,200-1,400 KItthtz's munelets durmg summel m U1e four
bays stumed m northern and northwestern sound Another, more extensIve marme brrd boat
survey conducted m 2001 suggests a sound-wIde summer populahon of about 2,500 murrelets
These eshmates are consIstent WIth what lS beheved to be a small Alaska and world populahon

The populatIOn data, mmcahons of low reproduchve success, and affmlty to hdewater
glaCIers (of whIch the lower elevahon glaCIers are recedmg rapIdly) are reasons for concern
about the long-term conservahon of KItthtz's munelets Speclllcally, WIth reference to the
effects of the 011 sp11l, however, the ongmal extent of the mJury and Its recovery status are
shll unknown and may never be resolved Therefore, thIS specIes IS m the recovery unknown
category

MARBLED MURRELETS

InjUry

The northern Gulf of Alaska, mcludmg Pnnce Wllliam Sound, lS a key area of concentrahon
m the dlStnbuhon of marbled murrelets The marbled murrelet lS federally llSted as a threatened
speCIes m Washmgton, Oregon, and Cahforma, It also lS llSted as threatened m BntlSh ColumbIa
The marbled murrelet populahon m Prmce Wllliam Sound had dechned before the ou spill The
causes of the prespill dechne are not known for certam, but enVlTonmental changes m the late
1970s probably reduced the availability or quahty of prey resources There lS, nonetheless, clear
eVIdence that ou caused mJury to marbled murrelets m the sound Carcasses of nearly 1,100
Bl achY' amphus murrelets were found after the spill, and about 90 percent of the murrelets that
could be ldenhfled to the specIes level were marbled murrelets Smce they are a small brrd and
not easuy seen, many more murrelets probably were killed by the ou than were found, perhaps
as much as 7 percent of the spill area populahon, based on the 1989-1990 populahon counts

Recovery Goal

A return to condlhons that would have eXlSted had the spill not occurred

Recovery ObJemve

Marbled murrelets will have recovered when therr populahons are stable or mcreasmg
Sustamed or mcreasmg produchvlty wlthm normal bounds (based on adults and Juveniles on
the water) will be an mdlcahon that recovery lS underway

Recovery Status

The recovery of the marbled murrelet populahon m Pnnce WillIam Sound lS assessed
pnmarily through standard marme brrd boat-based surveys As a result of boat surveys carned
out m July for seven years from 1989-2000, densihes of marbled murrelets decreased m both the
oued and unoued areas of Pnnce Wllliam Sound However, for the March surveys carrIed out m
most years between 1990 and 2000, there have been no slgmhcant trends m the populahon SIZe,

although the counts have mcreased m both oued and unoued areas The reason for the summer
hme dechnes m both oued and unoued areas IS probably due to some factor other than the ou
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spill The Trustee Cow1CIl's Alaska PredatOl Ecosystem Expellment (APEX) ploJecthas
mvestIgated the relatIonshIp between marbled muuelet declmes and the avaIlability and
abundance of forage fIsh, such as Pacmc herrmg, sand lance, and capelm It appears that there IS
a drrect correlatIon between the avaIlability of forage fIsh and ploductIon of young munelets,
based on the presence of JuvenIle murrelets on the water m Prmce Willlam Sound

The summer tIme marbled murrelet populatIon IS not stable nor mcreasmg, but the March
populatIon IS stable over tIme Marbled murrelet productIvIty, as measured by surveys of adults
and JuvenIles on the water m Prmce WIlham Sound, appears to be Withm normal bounds Based
on these results, It appears that the marbled murrelet IS at least recovenng from the effects of
the 011 splIl, but clearly has not yet recovered

MUSSELS

InJUry

Mussels are an lillpOrtant prey speCIes m the nearshore ecosystem throughout the spill area
and are locally lmportant for subSIStence Beds of mussels prOVIde phySIcal stability and habItat
for other orgamsms m the mterndal zone and were purposely left alone durmg Ellon Valdez
cleanup operatIons In 1991, mgh concentratIons of relatIvely unweathered oIl were found m the
mussels and m underlymg byssal mats and sedlillents m certam dense mussel beds The
bIOlOgIcal signIDcance of oIled mussel beds IS not known preCISely, but they are potentIal
pathways of oIl contammatIon for brrd and mammal populatIons (e g, harlequm ducks and sea
otters) wmch mclude mussels and other prey m and around mussel beds m therr mets

Recovery Goal

A return to condItIons that would have eXISted had the spill not occurred

Recovery ObJecnve

Mussels will have recovered when concentratIons of oIl m the mussels reach background
concentratIons and mussels do not contammate therr predators

Recovery StanIS

The Trustee COunCll'S Nearshore Vertebrate Predator project has found eVIdence of
hydrocarbon exposure m sea otters, nver otters, harlequm ducks, and Barrow's goldeneyes m
oIled parts of Prmce Willlam Sound m 1996 and 1997 Agam m 2000 both sea otters and
harlequm ducks showed eVIdence of oIl exposure, but the pathway of such exposure has not
been establIShed Both of these speCIes mclude mussels m therr mets

About 30 mussel beds m Prmce WIlham Sound stIll contamed Exxon Valdez Oll reSIdue when
last sampled m 1995 Twelve of these beds had been cleaned on an expenmental basIS m 1993
and 1994 In 1995, Oll hydrocarbon concentratIons m mussels at half the treated beds were lower
than would have been expected If the beds had not been cleaned In 1996, however, 1lmlted
samplmg mmcated that several of the cleaned beds had been recontammated from surroundmg
or underlymg oIl reSIdue

\
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Mussel beds along the outel KenaJ. Pemnsula coast, the Alaska Penmsula, aJ.1d KodJ.ak
Arclupelago were surveyed for the presence of ou m 1992,1993, and 1995 In 1995, hydrocarbon
concentrahons m mussels and sedJments at these Gulf of Alaska SItes were generally lower than
for SItes m Pnnce Wilham Sound, but at some SItes substanhal concentrahons persISted While
several SItes m Pnnce Wilham Sound shll contaJ.ned hIgh concentrahons of ou m 1995, over half
the SItes surveyed demonstrated slgmUcant natural declmes that suggest background
concentrahons should be reached m the next few years Ou contammahon m mussels, however,
will lIkely perSIst for many years at certaJ.n SItes that are well protected from wave achon or
where ou penetrated deeply mto underlymg sedJments

The latest avaIlable data, taken m 1999, mdlcates that oIl IS shll bemg accumulated m
mussels, but more data will be aVailable soon on samples taken m the summer of 2001 Smce
the latest avaIlable data mdlcates that E:UOIl Valdez oIl remams m mussels, they are
consIdered to be recovermg from the 011 spIll, but not yet recovered

PACIFIC HERRING

InjUry

PacIfIC hernng spawned m mterhdal and subhdal habItats m Pnnce W:tlham Sound shortly
after fue ou spill A sigmUcant porhon of fuese spawnmg habItats, as well as hernng stagmg
areas m the sound, were contammated by ou FIeld studIes conducted m 1989 and 1990
documented mcreased rates of egg mortahty and larval deforIDlhes m oued versus unoued
areas Subsequent laboratory studIes confnm that these effects can be caused by exposure to
Enon Valdez ou, but the sigmUcance of these mJuries at a populahon level IS not known

Hernng populahons are dommated by occaSIOnal, very strong year classes that are recruIted
mto the overall populahon The 1988 prespill year-class of PacIfIc hernng was very strong m
Prmce Wilham Sound, and, as a result, the eshffiated peak bIOmass of spawnmg adults m 1992
was very hIgh DespIte fue large spawnmg bIOmass m 1992, the populahon exhIbIted a densIty­
dependent reduchon m SIZe of mdIVlduals, and m 1993 there was an unprecedented crash of the
adult herrmg populahon A VITal dISease and fungus may have been the lIDIDedIate agents of
mortahty or a consequence of other stresses, such as a reduced food supply and mcreased
compehhon for food There have been no "very strong" year classes reCruIted mto the Pnnce
W:tlham Sound herrmg populahon smce 1988

Recovery Goal

A return to condihons that would have eXISted had the spill not occurred

Recovery ObJecttve

PacIfIc hernng will have recovered when the next hIghly successful year class IS recruIted
mto the populahon and when other mdIcators of populahon health (such as bIOmass, SlZe-at­
age, and dISease expressIOn) are wifum normal bounds m Pnnce W:tlham Sound
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Reco'l'enj Status

Laboratory mveshgahons smce the 1993 populahon crash have shown that exposure to very
low concentrahons of £'I.:>...on Valdez oil can compronuse the lID.illune systems of adult herrmg
and lead to expressIOn of the vual dIsease The extent to WhICh the exposure to oil contnbuted to
the 1993 dISease outbreak IS uncertaIn Usmg closed pounds m the commercIal sac roe fIshery
may also have mcreased expressIOn of the dISease There IS also eVIdence that plankton
produchon m the 1990s was less than m the 1980s, and so food hnutahon at the hme of a pealIng
populahon may have contrIbuted to the 1993 populahon crash In addihon, the average SlZe-at­
age of herrmg had been decreasmg smce the nud-1980s as the populahon was rISmg

111e Trustee Council's Sound Ecosystem Assessment has resulted m new undeistandIng of
the lillportance of body condIhon m determmmg overwmtermg survIVal of hernng and m the
mfluences of the Gulf of Alaska on herrmg produchvity Withm Pnnce WJ1ham Sound Ongomg
research on herrmg dIsease m relahon to commerCIal fIshmg prachces, such as the enclosed
"pound" fIshenes, have drrect lillphcahons for management of the herrmg fIShery

Numbers of spawnmg herrmg m Prmce WJ1ham Sound remamed depressed through the
1995 season In 1997 and 1998 the spawnmg bIOmass was about double that of 1994, the season
followmg the crash, and there were hnuted commerCIal harvests for herrmg m the sound The
mcreased bIOmasses m 1997 and 1998 were SIgns that recovery had begun For that reason, m
1999, PacIfIc herrmg were consIdered to be recovenng from the effects of the oil spill
Unfortunately, m the last several years the recovery has stalled and the populahon has yet to
recruIt a lughly successful year-class, wluch IS fundamental to recovery of thIs specIes There IS
eVIdence from hnuted collechons m the spnng of 2002 that a large proporhon (over 70%) of the
PacIfIc herrmg populahon m Pnnce WillIam Sound IS now composed of young, 3-year old fIsh
If thIs prelmunary trend holds up, It IS pOSSIble that the next large year class has moved mto the
populahon, wluch would once agam sIgnal that recovery IS underway However, unhl that
happens, the Pacmc hemng can only be conSidered to be not recovenng from the effects of
the oil spill

PIGEON GUILLEMOTS

InjUry

Although pIgeon guillemots are WIdely dIStrIbuted m the north PacIfIc regIOn, they do not
occur anywhere m large concentrahons Because guillemots feed m shallow, nearshore waters,
guillemots and the fISh and mvertebrates on wluch they prey are vulnerable to oil polluhon Like
the marbled murrelet, there IS eVIdence that the pIgeon guillemot populahon m Pnnce WJ1ham
Sound declIned before the 011 spill The causes of the prespill declIne are not known for certam,
but envrronmental changes m the late 1970s probably reduced the availability or qualIty of prey
resources There IS, nonetheless, clear eVIdence that oil caused mJury to the guillemot
populahon m the sound An eshmated 10-15 percent of the spill area populahon dIed
ItnmedIately followmg the spill Boat-based surveys of marme buds before (1984-85) and after
the 011 spill mdIcated that the guillemot populahon declIned throughout the oiled porhon of the
sound It IS not known what pIgeon guillemot populahons would be had the oil spill not
occurred

Recovery Goal
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A Ietum to condltrons that would have eXlSted had the spill not occUlred

Recovery ObJectwe

PIgeon guillemots will have recovered when thel! populatron 18 stable or mcreasmg
Sustamed or mcreasmg productrVlty wIthm normal bounds will be an mmcatron that recovery 18

underway

Recovery Status

Boat surveys have mmcated that numbels of guillemots m the summer tlme conbnue to
declme along both oiled and unoiled shOlelmes m the Prmce Wilham Sound through 2000
March surveys reveal no slgruf1cant trends m abundance although the data appear to suggest a
declme at thlS tlme of year as well For these reasons the pIgeon gwllemot IS stIll consIdered to
be not recovenng from the effects of the 011 splll

The Trustee CouncJ.1's Alaska Predator Ecosystem Expenment (APEX) has mvestIgated the possIble
lInk between pIgeon guillemot declmes and the avaJ.1abilIty ofhIgh-qualIty forage fish, such as PacIfic
herrmg and sand lance ThIs work has revealed a strong connectIon between the avaIlability of certam
prey fishes, espeCIally sand lance, and guillemot chIck growth rates, fledgmg weIghts, and nesbng
populatIon SIZe The APEX project and the Nearshore Vertebrate Predator (NVP) project, also sponsored
by the Trustee CouncIl, addressed the posslblhty that exposure to oIllS hmIbng the guillemot's recovery
The bIochemIcal data mdlcated that adult guIllemots were expenencmg greater hydrocarbon exposures m
western Pnnce WJ.lham Sound than m the eastern porbon of the sound as recently as 1999 However,
guillemot chIcks, whIch are restncted to the nest and are fed only fish, are not bemg exposed to
hydrocarbons

PINK SALMON

InjUry

Certam features of the lIfe hIStOry of pmk salmon made thlS speCIes hIghly vulnerable to
damage from the oil spill As much as 75 percent of wild pmk salmon m Prmce Wllham Sound
spawn m the mtertrdal pomons of streams, where eggs depOSIted m the gravel and developmg
embryos were chromcally exposed to hydrocarbon contanunatron m the water column or
leachIng from oil depOSIts on adjacent beaches When Juvem1e pmk salmon mIgrate to saltwater,
they spend several weeks foragmg for food m nearshore habItats Thus, Juvem1e salmon
entermg seawater from both wild and hatchery sources could have been exposed to oil as they
swam through oiled waters and fed along oiled beaches Trustee Council sponsored stumes
have documented two pnmary types of mJury due to the exposure of these early lIfe stages 1)
growth rates m both wild and hatchery-reared Juvem1e pmk salmon from oiled parts of the
sound were reduced, and 2) there was mcreased embryo mortalIty ill oiled versus unoiled
streams

Recovery Goal

A return to conmtrons that would have eXIsted had the spill not occurred
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Recovery ObJectwe

Pml salmon will have recovered when populahon mdIcators, such as Juverule growth and
survIval, are withm normal bounds and when ongomg oil exposure, whIch may cause mJury to
pml salmon embryos (eggs), IS neghgrble

In addIhon to the populahon mdIcators, the Trustee Council's recovery obJechve m 1999
reqUITed a sequence of two years each of odd- and even-year runs wIthout chffelences m
embryo mortahty DIfferences were detected m 1990-1993, none m 1994,1995 and 1996, but m
1997 thele was agam a dIfference The cause of tlns dIfference could not categoncally be
athibuted to oil expoSUle A Trustee Council sponsored study showed that hatchery-spawned
embryos showed the same effects as those dIsplayed by embryos m theIr nahve streams
However, the only way to sustam such an mJury over b.me would be a conhnumg genehc effect
from the ongmal mJury or conhnumg exposure of the embryos m the ongmally oiled streams
Laboratory expenments have shown a conhnumg genehc effect for only one generahon of pml
salmon (two years) There IS also a well-known phenomenon of lethahty for most mutahons that
would lead to extermmahon of the genehc defects m a generahon That leaves conhnued
exposure to oil as the remammg pathway for any conhnumg embryo mortahty For that reason,
a more precISe way to assess conhnued embryo mortahty IS based on hydrocarbon exposure of
pmk salmon embryos GIVen the expense of the embryo mortahty neld studIes ($1 7 millIon over
four years) and the mability to attrIbute a dIrect cause to any potenhal dIfferences, thIS data IS no
longer gathered by the Alaska Department of FISh and Game Accordmgly, thIS obJechve was
modIfIed

Recovery StahlS

In the years precedmg the spill, returns of wild pml salmon m Pnnce WillIam Sound varIed
from a maXillmm of 235 millIon fISh m 1984 to a mmImum of 21 millIon m 1988 Throughout
Alaska there IS mcreasmg recogmhon of the Importance of changes m marme ecosystems on the
growth and survIVal of salmon The Sound Ecosystem Assessment (SEA) proJect explored
oceanographIc and ecologrcal factors that mfluence produchon of pmk salmon and Pacmc
hernng m Pnnce WillIam Sound These factors mc1ude such thmgs as the b.mmg of sprmg
plankton blooms and changes m crrculahon patterns that hnk the sound to the Gulf of Alaska,
and are hkely to have the greatest mfluence on year-to-year returns m both wild and hatchery
stocks of pmk salmon
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Sillce the spill, returns of wild pmls have vaned from a high of about 12 7 millIon fIsh ill
1990 to a low of about 1 9 millIon ill 1992 In 2001 the return of wild stock fIsh was estImated to
be 6 7 millIon fIsh The decade precedmg the oil spill was a tIme of very hIgh produchvlty for
pml salmon ill the sound, and, grven the tremendous natural vanahon ill adult returns, It IS
lillprachcal to measure drrectly the extent to which wild salmon returns Sillce 1989 were
mfluenced by the oil spill Based on illtellSlve studIes and mathemahcal models carned out
followillg the spill, wild adult pml salmon returns to the sound's Southwest DIStnCt ill 1991 and
1992 were most lIkely reduced by a total of 11 percent However, such an approach IS unlIkely to
produce rehable mulh-generahonal illJury eshillates In addIhon, an analysIs of escapement data
from 1968-2001 showed no apparent tIme trends ill annual escapements ill either the oiled or
unoiled parts of tl1e sound TherefOle, thele appear to be no observable effect at the populahon
level at thIs tIme
Populahon levels appear to be Wlthm normal bounds In addIhon, reduced Juvenile growth rates
ill Pnnce Wilham Sound occurred only ill the 1989 season Sillce then, Juvenile growth rates
have been Wlthm normal bounds

HIgher embryo mortahty perSISted ill oiled compared to unoiled streams through 1993 No
statlShcally SIgmbcant chfferences ill mbryo mortahhes ill oiled and unoiled streams were
detected ill 1994 through 1996, but ill 1997 there was agam a chfference It IS not clear whether
the 1997 dIfference was due to the effects of hngenng weathered oil, perhaps newly exposed by
storm-related dISturbance of adJacent beaches, or due to other natural factors such as chfferences
ill the phYSiCal enVIronment Although patches of weathered oil shll perSISt ill or near illtertrdal
spawnmg habitats ill a few of the streams used by pInk salmon ill southwestern Prillce Wilham
Sound, the amounts are considered neghgrble based on 1999 and 2001 studies In 1999 dISsolved
oil measurements were made ill SIX pInk salmon streams ill the oil spill area, chosen because
they were the most hkely to show reSidual oilmg Methods were used that were extremely
senslhve Only one of the SIX streams had clearly measurable concentrahons of oil, and that was
about a thousand tImes lower than the concentrahon establIShed through Trustee Council
sponsored studIes to be toXIC to developillg pInk salmon embryos In 2001 a Trustee Council
study assessed those illtertrdal areas ill western Pnnce Wilham Sound considered to be most
heavily oiled ill 1993 There were no pInk salmon streams located near any of those SItes
determmed to have the most extensive subsurface oil depOSIts Based on these results, the
blOlogrcallillpact of exposure of pInk salmon embryos to hngenng oil IS neghgrble and unhkely
to hmIt pInk salmon populahons It IS hIghly unlikely that od IS now accumulatmg m pmk
salmon embryos and havmg any slgmflcant effects On tms baSIS and gIven the fact that pmk
salmon populahon levels and mmcators such as Juvende growth and survIval are wlthm
normal bounds, pmk salmon are conSIdered recovered from the effects of the od spdl
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RIvER OTIERS

InJ1lry

RIver otters have a low populahon densIty m Prmce WIlham Sound Twelve nver otter
carcasses were found followmg the spill, but the actual total mortalIty IS not known StudIes
conducted durmg 1989-91 IdenhfIed several dIfferences between nver otters m olled and
unolled areas m Pimce WIlham Sound, mcludmg bIOchemIcal alterahons, reduced dIversIty m
prey specIes, reduced body SIZe (length-weIght), and mcreased home-range SIZe Because there
were few piespill data, It IS not certam that these dIfferences are the result of the oll spill

Recovery Goal

A return to condIhons that would have eXIsted had the spill not occurred

Recovery ObJecttve

The nver otter will have recovered when bIOchemIcal mdIcators of hydrocarbon exposure or
other stresses and mdlCes of habItat use are sllll1ar between olled and unolled areas of Prmce
WIlham Sound, after takmg mto account any geographIc dIfferences

Recovery Status

Although some of the dIfferences (e g, values of blood characterlShcs) between nver otters
m olled and unolled areas m Prmce WIlham Sound persISted through 1996, there were few
dIfferences documented m 1997 and 1998 Thus, there are no mdlcahons of possIble lmgermg
mJury from the Oll spIll, and the Trustee CouncIl's recovery obJechve has been met RIver
otters were conSIdered to be recovered m 1999

ROCKFISH

Very httle IS known about rockfISh populahons (of several speCIes) m the northern Gulf of
Alaska A small number of dead adult rockfISh was recovered followmg the oll spill, and
autopSIes of fIve specImens mdIcated that oll mgeshon was the cause of death AnalYSIS of other
rockfISh showed exposure to hydrocarbons and probable sublethal effects In addIhon, closures
to salmon flShenes apparently had the effect of mcreasmg flShmg pressure on rockfISh, whIch, m
turn, may have adversely affected local rockfISh populahons

Recovery Goal

A return to condIhons that would have eXIsted had the spill not occurred

Recovery ObJecttve

No recovery obJechve can be IdenhfIed
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Recovery Status

The ongmal extent of mJury and the current recovery status of thiS speCies are unknown
Because httle IS known about rockfIsh abundance and speCIes composlhon m the spill area and
because rockfIsh are harvested commerCIally, even baSIC mformahon about these speCIes could
prOVIde a basl5 for lillproved management or, at least, the Idenhflcahon of pnonhes for more
targeted research

SEAOlTERS

InjUry

By the late 1800s, sea otters had been ehmmated from most of therr hl5toncal range m Alaska
due to exceSSIve harveshng by RUSSIan and Amencan fur traders Surveys of sea otters m the
1970s and 1980s, however, mdlcated a healthy and expandmg populahon m most of Alaska,
mdudmg Pnnce Wllliam Sound Today the only harvests of sea otters are for subsl5tence
purposes About 1,000 sea otter carcasses were recovered followmg the spill, and addIhonal
anlillals probably dIed but were not recovered In 1990 and 1991, mgher-than-expected
proporhons of prlille-age adult sea otters were found dead m western Pnnce Wllliam Sound,
and there was eVIdence of hIgher mortahty of recently weaned Juvemles m oiled areas

Recovery Goal

A return to condIhons that would have eXIsted had the spill not occurred

Recovery ObJecttve

Sea otters will have recovered when the populahon m oiled areas returns to Its prespilllevels
and dlStrlbuhon, and when blOcheilllcal mdlcators of hydrocarbon exposure m otters m the oiled
areas are s1ill11ar to those m otters m unoiled areas An mcreasmg populahon trend and normal
reproduchon and age structure m western Pnnce Wllliam Sound will mdIcate that recovery 15

underway

Recovery StattlS

By 1992-93, overwmtenng mortaltty rates for Juveniles had decreased, but were shil hIgher m
oiled than m unoiled parts of the sound Based on both aenal and boat surveys conducted m
western Prmce Wllliam Sound, there 15 stahshcally slgruf1cant eVIdence of a populahon mcrease
followmg the oil spill (1993-98) Observahons by local reSIdents bear out t:lus general mcrease
However, Wlthm the most heavily oiled bays m the western sound, such as those on northern
Kmght Island, the aenal surveys mdlcate that recovery 15 not complete

The Trustee Council's Nearshore Vertebrate Predator project addressed the lack of recovery
m sea otters m these heavily oiled bays The lack of recovery may reflect the extended hIDe
reqUITed for populahon growth for a long-hved mammal WIth a low reproduchve rate, but It
also could reflect the effects of conhnumg exposure to hydrocarbons, or a combmahon of both
factors Through 2000, researchers have conhnued to fmd blOcheilllcal eVIdence of oil exposure
m sea otters around northern Kmght Island BlOcheilllcal samples from 2001 are now bemg
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analyzed An admhonal hypoU1esIs IS that food c;upphes are Inmhng Iecovery, but the eVIdence
does not fully support tlus Idea

It IS clear that sea otter recovery IS underway for much of the spdl-affected area, WIth the
excephon of populahons at the most heavdy oded bays In western Prmce Wdham Sound For
thIs reason, sea otters conhnue to be In the recovermg category

SEDIMENTS

111J1lry

E"t"ton Valdez oIl penetrated deeply mto cobble and boulder beaches that are common on
shorelmes throughout the spill area, especIally m sheltered habItats Cleamng and natural
degradahon removed much of the oIl from the mterhdal zone, but VISUally Idenhftable surface
and subsurface oIl persISts at many locahons

Recovery Goal

A return to conmhons that would have eXISted had the spill not occurred

Recovery ObJectwe

SedIments will have recovered when there are no longer sIgmfIcant reSIdues of E:txon Valdez
oIl on shorelmes (both mterhdal and subhdal) m the oIl spill area Declmmg oIl reSIdues and
d1mmIShmg tOXlOty are mmcahons that recovery IS underway

Recovery StahlS

A comprehensIve survey of shorelmes m Prmce WIlham Sound was conducted m 1993, but
that survey has been repeated m the summer of 2001 WIth reVISed methods for better quanhfymg
the oIl remammg m mterhdal sed1ments The 2001 surveys mmcate that about 20 acres of
conhnuously oIled mterhdal habItat now perSIst m Prmce WillIam Sound WhIle It appears that
natural weathermg processes are gradually reducmg the amount of remammg oIl m sedIments,
the amount eshmated m 2001 IS about twIce the amount eshmated to be m the sed1ments m 1993
(usmg methods that were deSIgned m 1989 more for cleanup deCISIOns than for quanhtahve
eshmates of remammg oIl) The shorelmes of the outer KenaI and Alaska Penmsula coasts get
more wave achon than most shorelmes WIthm Prmce WIlham Sound These Gulf of Alaska SItes
tended to be contammated WIth oIl m the form of mousse, a stable emulsIOn of oIl m water,
wmch can perSISt for long penods m a largely unweathered state FIve of SIX mdex beaches on
the gulf coast have a heavy boulder "armor" and were last VISIted m 1993 and 1994 At that
hme, surface and subsurface oIl mousse perSISted m a remarkably unweathered state

In 1995, a shorelme survey team VISIted 30 SItes m the Kodlak Arcmpelago that had
measurable or reported oIlmg m 1990 and 1991 The survey carned out m 1995 around Komak
Island found no oIl or only trace amounts, so oIlmg m the Kodlak area has not persISted as It has
m the sound Followmg the oIl spill, chemIcal analyses of oIl m subhdal sed1ments were
conducted at a small number of mdex sItes m Prmce WIlham Sound At these SItes, oIl m
subhdal sed1ments was mostly confmed to the uppermost 20 meters water depths (below mean
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low hde), although elevated levels of hydrocarbon-degradillg bactena (associated WIth elevated
hydIocarbons) wele detected at depths of 40 and 100 meteis m 1990 ill Pimce WIlham Sound
By 1993 however, there was lIttle eVIdence of b:lOl'l Valdez oil and related elevated mICrobIal
achVIty at most illdex SItes ill Prmce WIlham Sound, except at those associated WIth sheltered
beaches that were heavily oiled m 1989 These mdex SItes - at Hernng, Northwest, and Sleepy
bays-are among the few SItes at whIch substanhal subsurface oIlmg IS shillnown to occur

Based on the mformahon above, sedtments are consIdered to be recovenng However, the
presence of surface and subsurface oil conhnues to comprOmISe wilderness and recreahonal
values, expose and potenhally harm lIvmg organISms, and offend VISItors and reSIdents,
especIally those who engage 111 subsIStence achVIhes along shil-olled shorelInes

SOCKEYE SALMON

InjUry

CommerCIal salmon flShmg was closed 111 Pnnce WIlham Sound and ill porhons of Cook
Inlet and near KodIak 111 1989 to aVOId any possIbility of contamInated sahnon be111g sent to
market As a result, there were mgher-than-desrrable numbers (1 e , "overescapement") of
spawnmg sockeye salmon entenng the KenaI RIver and also Red and Akalura lakes on KodIak
Island Research carned out follow111g the spill demonstrated that illlhally these mgh
escapements produced an overabundance of Juvenile sockeye that then overgrazed the zoo­
plankton, thus altenng planktomc food webs m the nursery lakes The result was lost sockeye
produchon as shown by reduced growth rates durmg the freshwater part of the sockeye lIfe
hIStory and declInes 111 the returns of adults per spawnmg sockeye

Recovery Goal

A return to condIhons that would have eXISted had the spill not occurred

Recovery ObJecttve

Sockeye salmon ill the KenaI RIver system and Red and Akalura lakes will have recovered
when adult returns-per-spawner are Withm normal bounds

Recovery StanIS

Although sockeye freshwater growth tended to return to normal withm two or three years
followmg the overescapement, there are illdIcahons that these systems are less stable for several
years after an illlhal overescapement event The negahve effects of the 1989 overescapement on
sockeye produchVIty, as measured by return per spawner, 111 the KenaI RIver watershed were
readily apparent for returns from the brood years 1989-92 Produchon of zooplankton 111 both
Red and Akalura lakes on KodIak Island has rebounded from the effects of the overescapement
at the hme of the oil spill By 1997, Red Lake had responded favorably ill terms of smolt and
adult produchon and was at or near prespill produchon of adult sockeye At Akalura Lake there
were low Juvenile growth rates m freshwater durmg the penod 1989-92, and these years of low
growth correspond to low adult escapements durmg the penod 1994-97 Starhng ill 1993,
however, the produchon of smolts per adult illcreased sharply and the smolt SIZes and age
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composlhon suggested that rearmg conmhons have llllplOved There also was concern about
overescapement effects m lakes on Afognak Island and on U1e Alaska Penmsula However,
analYSIS of sockeye freshwater growth lates of Juverules from Chlgrul Lake on the Alaska
Peruns1Ila md not ldenhfy any llllpacts assocIated WIth a 1989 overescapement event On the
baslS of catch data through 2001 and m VIew of recent analyses of return per spawner eshmates
presented to the Alaska Board of FlShenes m 2001, the return-per-spawner m the KenaI RIver
system IS wlthm lustoncal bounds Therefore, It IS hIghly unhkely that the effects that
reverberated from the overescapements m 1989 contmue to affect sockeye salmon (e g, cause
abnormal returns per spawner), and thIs speCles IS consIdered to be recovered from the effects
of the od spdl

SUBTIDAL COMMUNmES

InjUry

Shallow subhdal habItats of Pnnce WJ1ham Sound, from the lower mterhdal zone to depths
of about 20 meters, typIcally have dense stands of kelp or eelgrass and contam numerous
polychaete worms, snalls, clams, sea urcluns, and other mvertebrate hfe These subhdal
commumhes provIde shelter and food for an array of nearshore flShes, buds, and marme
mammals Oil that was transported down to subhdal habItats, as well as subsequent cleanup
achVlhes mvolvmg extensIve vessel trafflc, apparently caused changes m the abundance and
speCIes composlhon of plant and anllllal populahol1S below lower trdes

BlOlogIcally, negatrve effects of the oil were most eVldent for oil-senslhve speCIes of
amplupods, wluch were cOl1SlStently less abundant at oiled than at unoiled SItes Reduced
numbers of eelgrass shoots and flowers may have been due to mcreased turblmty assocIated
WIth cleanup achVlhes (e g, boat trafflc) Two speCIes of sea stars and helmet crabs also were
less abundant at oiled SItes Some mvertebrates hvmg m the sedllllent, mcludmg speCIes m eIght
families of polychaete worms, two families of snalls, and one family of mussels, were greater m
numbers at oiled SItes These speCIes are more tolerant of oil exposure and may have also
responded to the organIc ennchment assocIated WIth oil Some of the speCles that showed
mcreased numbers also may have benefIted from reduced compehhon or predahon due to the
effects of the spill It 15 also 15 to be expected that when comparmg any two sets of bays that
measunng a large number of speCIes will turn up d1fferences Just on the baslS of chance

Recovery Goal

A return to COnmhOl1S that would have eXlSted had the spill not occurred

Recovery ObJechve

Subhdal commumhes will have recovered when commumty composlhon m oiled areas,
especlaily m assocIahon WIth eelgrass beds, 15 slllll1ar to that m unoiled areas or cOl1SlStent WIth
natural dIfferences between SItes such as proporhol1S of mud and sand

Recovery Status
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DIfferent habItats, emphaslZmg eelgrass beds and adjacent areas of soft sedIment, were
compared at oiled and unolled SItes from 1990-1995 It IS chffIcult to draw fIrm conclusIOns fI om
t:1us study, because It IS hard to mstmguISh between natural SIte dIfferences (e g, percent sand
and mud) and those dIfferences actually resultmg from the oil spill or cleanup Concentratlons
of hydrocarbons m subtldal sedIments were sIgmfIcantly hIgher at oiled SItes than at unolled
reference SItes, but never very hIgh by comparISon WIth concentlatlons known to cause
commumty responses m the sCIentlfIc hterature These oil concentratlons dropped sharply by
1991, but eVIdence of oil contammatlon due to Euon Valdez oil persISted at some locatlons
through 1995 at very low concentratlons By 1995, based on postspill comparISOns of oiled and
unolled SItes, there was recovery of most constltuents of the eelgrass commumty In 1999 an
artlcle was pubhshed m the peer IeVIewed hteIature that acknowledged the role that natulal
factors may be playmg m the remammg dIfferences m subtldal commumtles between oiled and
unolled bays SInce the study results show that the remaInIng faunal dIfferences could be due
to the mfluence of natural factors or to oIl effects or some combInahon, and SInce addIhonal
study wIll not lIkely bnng more certaInty to queshon, the recovery status of subhdal
commumhes IS Judged to be unknown

HUMAN SERVICES

COMMERCIAL FISHING

InJUry

CommerCIal fIShmg IS a servIce that was reduced through mJury to commercIal fIsh specIes
(see mmvIdual resource accounts) and also through fIShmg closures In 1989, closures affected
fIShenes m Prmce Wilham Sound, Cook Inlet, the outer KenaI coast, KodIak, and ChIgmk These
closures harmed the hvehhoods of persons who fIsh for a hvmg The penod before the oil spill
was a tlme of relatlve prospenty for many commercIal fIShermen The years 1987-88 saw some
of the hIghest ever per pound pnces for salmon and mcreased capItahzatlon of the fIShery
Thus, fIShermen's expectatlons for mcome m 1989 were very hIgh, makmg the fIShery closures
and other spill effects even more msruptlve

Recovery Goal

A return to conmtlons that would have eXIsted had the spill not occurred

Recovery ObJecnve

CommerCIal fIShmg will have recovered when the commerCIally Important fISh specIes have
recovered and opportumtles to catch these speCIes are not lost or reduced because of the effects
of the oil spill

Recovery Status

Although pmk salmon and sockeye salmon are COnsIdered to be recovered from the oil spill,
recovery IS stlll not complete for PaCIfIC herrmg (see mmvIdual resource accounts), one of the
mJured resources that IS commerCIally fIShed The recovery status of rockfIsh IS stlll unknown
and will lIkely never be known No spill-related dIStrIct-WIde fIshery closures related to oil
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contammatlOnhave been m effect smce 1989 HoweveI, the Pimce WJ1ham Sound heumg
fIshery was closed from 1993-96 due to a dIsease outbreak that may be related to the oil spill, was
open to hmlted commerCIal harvest m 1997 and 1998, and has remamed closed smce then For
these reasons, commerCIal fIshmg, as a lost or reduced selVlce, IS m the process of recovermg
from the effects of the od spdl, but full recovery has not been achIeved

For a vanety of reasons, as dIscussed below, dIsruptIons to mcome from commercIal fIshmg
contInue today, as eVIdenced by changes m average earnmgs, ex-vessel pnces, and hmlted entry
pernut values For example, for the penod 1981-2000, fIshermen's average earnmgs m the Pnnce
WJ1ham Sound salmon seme fIshery peaked m 1987 ($176,500), dropped m 1989 by mOle than
half, rebounded m 1990, rut a new low m 1992-93 (runs m 1992-93 were the lowest m 15 years),
then hovered somewhat below the 1989 level untI11999-2000, when average earnmgs c1J.mbed to
the $130,000 level Average per-fIsher harvests have varIed WIdely dunng thIS penod, WIth the
three hIghest years bemg 1996, 1999, and 2000 Ex-vessel pnces were rughest m the penod 1987­
90, and have been below pnces of the early 1980s ever smce LlIDlted entry pernut pnces m thIS
fIshery reached a peak m 1989-91, nearly double the pnce m any earher year m thIS penod, and
have dechned smce to currently ten percent of thel! peak pnce (from $236,000 m 1989 to $22,000
m 2000) The number of pernuts fIshed, roughly 250 each year 1981-91, had dechned to 130 m
2000

Natural vanabillty m fIsh returns and a number of econOIDlC changes m the commerCIal
fIshmg mdustry smce 1989 probably mean that many of these changes m mcome are not drrectly
attrIbutable to the spill However, these factors also make dIscernmg spill-related lIDpacts
dIffIcult EconoIDlc changes confrontIng the mdustry mclude the mcreased world supply of
salmon (due prlIDanly to farmed salmomds) and correspondmg reduced pnces, entry
restnctIons m certam fIshenes (such as IndIVIdual FIshmg Quotas, IFQs, for hahbut and
sablefIsh), allocatIon changes (e g, a reductIon m the allocatIon of Cook Inlet sockeye salmon to
commercIal fIshermen), changes m processmg capacIty (closure of major processors m Cordova
and KenaI, and a recently announced closure m Larsen Bay on KodIak Island), and new
measures lIDposed by the North PacIfIc FIShery Management Council on offshore groundbsh
fIshmg to protect the dechnmg number of Steller sea hons

Although a number of studIes alIDed at allocatIng fInanCIallIDpacts to the oil spill versus
other factors have been carned out, the federal Jury's compensatory award (as opposed to the $5
bilhon m pumtIve damages) m the pnvate laWSUIt agamst Exxon IS the current legal
determmatIon of the habillty and damages regardmg commercIal fIshermen (mcludmg pernut
holders, fIshmg crew, spotter pilots, and vessel owners) The Jury award was less than the
damage claIIDed by commercmJ. fIshermen and more than that acknowledged by Exxon In bnef,
the Jury deterIDIned that any fInanCIal effects on fIshermen after 1989, WIth the exceptIon of the
salmon seme fIshery m Pnnce WJ1ham Sound m 1992-93 and the herrmg fIshery m Pnnce
Wilham Sound m 1993, are not attnbutable to the spill The Jury consIdered damage clalIDs for
the penod 1989-95, mcludmg claIIDS related to SIZe of harvest, fIsh pnces, hmlted entry pernut
values, and vessel values

PASSIVE USE
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Injury

PaSSIve use encompasses nonuse values, such as the appreClatIon of the aesthetIc and
mtrmslc values of unmsturbed areas and the value denved from slffiply knowmg that a resource
eXlSts InJulles to passIve use are tIed to pubhc perceptIons of mJured reSOUlces Immedmtely
followmg the oil spill, the State of Alaska, usmg a contIngent valuatIon approach, measured
substantlallosses of passIve use values resultIng from the spill Tlus approach mvolved
surveymg a sample of U S households to ehClt how much people would be willmg to pay m
admtlonal taxes to fund a program deSIgned to prevent future spills Pnor to answenng the
survey questlons, respondents were provIded mfoffilatIon about the spill's IDlpact, mc1udmg the
number of mlles of shorehne oiled, an estlmate of the number of buds, sea otters, and harbor
seals killed, and the conc1uslOn that few flsh wele harmed, as well as proJectlons of when
recovery would occur (typICally three to £lve years)

Recovery Goal

A return to conmtlons that would have eXIsted had the spill not occurred

Recovery ObJecttve

PaSSIve uses will have recovered when people perceIve that aesthetlc and mtnnslc values
assocmted WIth the spill area are no longer d1mmlshed by the oil spill

Recovery Status

Because recovery of a number of fiJured resources IS ficomplete and fi some cases has
not begun, the Trustee CouncIl conSIders paSSIve use, as a lost or reduced servIce, to be
recovermg from the spIll but not yet recovered In updatIng the status of paSSIve uses, the
Trustee Council has chosen not to repeat the contIngent valuatlon study, wmch was very
expenSIve and tlme consummg However, the key to recovery of paSSIve use IS knowmg that
restoratlon of mJured resources has occurred Toward tills end, m the years smce the settlement
between Exxon Corporatlon and the state and federal governments, the Trustee Council has
undertaken a comprehensIve program to restore mJured resources and has made a dehberate
and conslStent effort to mfonn the pubhc about the status of restoratlon

The two key components of the Trustee Council's restoratlon effort are the research,
momtonng, and general restoratlon program and the habItat protectlon and acqUlSltlon
program The research, momtonng, and general restoratlon program, wmch 18 funded each year
through the annual work plan, focuses mostly on knowledge and stewardsmp as the best tools
for long-tenn health of the marme ecosystem It also mc1udes development of tools to benef1t
fIshenes management and some duect enhancement actlVItles, such as lffiprovmg access to
spawmng habItat Projects to momtor the status of mJured resources, mc1udmg resources such
as killer whales for wmch no actlve restoratlon may be pOSSIble, have also been funded through
the annual work plan The habItat protectlon program preserves habItat lffipOrtant to mJured
resources through the acqUlSltlon of land or mterests m land As of March 2002, the Council has
protected more than 643,600 acres of habItat, mc1udmg more than 1,400 mlles of coastlme and
over 300 streams valuable for salmon spawnmg and rearmg A summary of the Council's pubhc
mformatlon efforts follows

JULY 2002 APPENDIX B 33



---------------

GULF ECOSYSTEM MONITORING AND RESEARCH PROGRAM

Each year the Trustee Council prepmes a number of documents for dIShlbuhon to the pubhc
mc1udmg, annual work plans, whIch descnbe the work underway to restore the mJured
resources and serVIces, the Annual Status Rep01 t, WhICh reports to the pubhc on the progless of
Iestorahon, and updates to the Restorahon Plan (1996, 1999) The Council's annual restorahon
workshop, whIch IS open to the pubhc, provIdes another venue for reporhng on the progress of
restorahon The Council has also pubhshed Its Restorahon Notebook senes, WhICh tells the story
of mJury and recovery from the spill of select IDJured speCIes

In admhon, from 1996 tluough early 1999 the Council aIled a weekly Iamo senes, "Alaska
Coastal Cunents", throughout the state Smce 1997, the Trustee Council has had a web sIte
(www oIlspill state ak us) that offers detailed mformahon about restorahon efforts

Project fmal reports, are also available to the pubhc through the Alaska Resource LIbrary and
Informahon ServICes (ARLIS) m Anchorage as well as at several other hbranes m the state, at the
LIbrary of Congress, and through NTIS (Nahonal TechnIcal Infonnahon ServIce) In addIhon,
the Council supports researchers m publlShmg therr project results m the peer-revIewed
sCIenhfIc hterature, whIch expands therr audIence well beyond Alaska Nearly 500 such papers
have been pubhshed as of April 2002

The 17-member Pubhc AdVISory Group (PAG), IS an Important means of keepmg
stakeholders and others mformed of the progress of restorahon In addIhon to holdmg quarterly
meehngs WIth the Trustee Council staff, m many years the PAG has held an open house m one
or more commumhes m the spill area AddIhonal pubhc meehngs have been held throughout
the spill area All meehngs of the Council are WIdely adverhsed and opportunIty for pubhc
comment, IS always prOVIded

RECREATION AND TOURISM

InJUry

The oil spill dISrupted use of the spill area for recreahon and tOUrISm In addIhon, resources
Important to recreahon were mJured and beaches used for recreahonal achVlhes were oiled
Recreahon was also affected by changes m human use m response to the spill For example,
dISplacement of use from oiled areas to unoiled areas, parhcularly m the years ImmedIately
followmg the spill, mcreased management problems and facility use m unoiled areas

Recovery Goal

A return to condIhons that would have eXISted had the spill not occurred

Recovery ObJecttve

Recreahon and tourISm will have recovered, m large part, when the fISh and wildlIfe
resources on whIch they depend have recovered and recreahon use of oiled beaches IS no longer
lffiparred

Recovery StattlS
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In the years smce the spill, there has been a m.aIked mClease m the number of vl5ltors to
Alaska Prehnunary data for the summer of 2001 mdIcate over 1 2 nulhon vl5ltors, compared to
approxnnately 600,000 VlSltors m the summer of 1989 Vl5ltatIon to the spill area has
expenenced a s1ill11ar mcrease For example, smce 1993 the annual number of VlSltors to the
KenaI FJOlds NatIonal Park VISltOI Center has been nearly double what It was m 1988 In 2000,
the number of vl5ltors to the USFS Crooked Creek Vl5ltor InformatIon Center m Valdez was
nearly 70 percent greater than m 1989 From 1989 to 1997, the number of sportflShers mcreased
by 65% 111 Pnnce WillIam Sound, by 25% m the KodIak ReglOn, and by 15% m the KenaI
Penmsula regton In 2000, the numbers were up shghtly for Pnnce WillIam Sound and KodIak,
and had decreased shghtly for the KenaI Penmsula regton

Even though vl5ltatIon has mcreased smce the oil spill, however, the Trustee Council's
recovery obJectIve reqUIres that the mJured resources lillpOrtant to recreatIon be recovered and
recreatIonal use of oiled beaches not be lillparred, and thIS obJectIve has not been met
Therefore, the Councd fmds recreatIon to be recovenng from the effects of the spill, but not
yet recovered

Several resources lillpOrtant for wIldhfe vlewmg stIll are not recovenng from the spill or
theIr recovery 15 unknown, mcludmg harbor seal, common loon, cormorant (three specIes),
KItfutz's murrelet, and pIgeon guillemot Other resources, mcludmg sea otter and marbled
murrelet, are recovermg The bald eagle, another resource lillportant for wIldhfe vlewmg, has
recovered from the effects of the spill (See mdIVldual resource accounts for more mformatIon
on recovery status )

Telephone mtervlews were conducted m early 1999 WIth key mformants who recreated
extensIvely m the oil spill area before the spill and currently Contacted agatn m 2002, nearly all
of the mformants commented on mcreased vl5ltatIon to the area smce the spill Informants WIth
expenence ill Pnnce WillIam Sound contInued to report dImmlShed wIldhfe sIghtIngs m the
sound, partIcularly m heaVIly oiled areas such as around KnIght Island They reported seemg
fewer seabIrds, killer whales, sea hons, seals, and sea otters than were generally SIghted before
the spill, but also reported observrng mcreases m the number of seabIrds over the last several
years Key mformants WIth expenence along the outer KenaI coast reported dImmlShed
sIghtIngs of seabIrds, seals, and sea hons Changes m the amount of wIldhfe observed could be
due to the oil spill or to other factors

SportfIshmg resources for WhICh the recovery status 15 unknown are cutthroat trout, Dolly
Varden, and rockflSh In 1992-93, m response to eVIdence of mJury to cutthroat trout, emergency
closures were put m place m some locatIons m Pnnce Wilham Sound In addItIon, bag hmIts
have been reduced smce 1991 and a closure durmg the April 15-June 15 spawnmg season has
been m effect smce 1994 These measures reflect the management goals for a potentIally
vulnerable speCIes at the edge of Its range The salmon speCIes that were mJured (pmk and
sockeye salmon) are recovered from the effects of the spill

Harlequm ducks, whIch are hunted m the spill area, are stIll not recovered The Alaska
Board of Game restncted sport harvest of harlequm ducks m western Pnnce Wilham Sound and
KenaI FJords m 1991 Those restnctIons were removed m the 1999-2000 huntIng season when sea
duck hmIts were changed stateWIde to have dIfferent hmIts for reSIdent and non-reSIdent
hunters There are currently no speCIal restnctIons for harlequms m Prmce WillIam Sound or
KenaI FJords
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Trustee Council sponsored surveys of oiled shorelmes mmcate that resIdual oil IS sbll
present on some beaches The lesults of the most recent survey m Prmce Wliham Sound (2001)
mmcate approxnnately 20 acres of shorelme are sbll contammated wIth oil Oil was found at 58
percent of the 91 sItes assessed and IS estunated to have the lmear eqwvalent of 58 kIlometers of
contammated shorelme The most recent survey of the KenaI outer coast and the coast of KatmaI
NatIonal Park (1999) found oil mousse persIstIng m a remarkably unweathered state on fIve
moderately-to-heavily-oiled boulder-armOIed beaches (the oil IS chemIcally s1ill11ar to ll-day old
EUOI1 Valdez oil) A survey of 30 oiled sItes m the Komak Arcmpelago m 1995 found no oil or
only trace amounts

Key mfOrmaIlts telephoned m early 1999 mmcated that some beaches m Prmce Wliham
Sound, partIcularly m the western portIon of the sound, contInue to be avoIded by some
recreatIonal users, partIcularly kayakers and campers, because of the presence of resIdual oil
Contacted agaIn m early 2002, Informants commented that VISItors to the sound routInely
mqurre about the eXIstence of oil on beaches, eIther m plannmg VISIts or while on tours They
also commented that experIenced users of the sound can readily fInd oil on certam beaches and
contInue to aVOId those areas Smce 1999, Informants have mmcated that the pOSSIble presence
of reSIdual oil has no effect on recreatIonal actIVItIes along the outer KenaI coast, the Komak
Arcmpelago, and the Lake Clark and KatmaI natIonal park coastlmes

In 1997, the Trustee Council prOVIded fundmg for the reSIdents of Chenega Bay, workmg
WIth the Department of EnVIronmental ConservatIon, to use PES-51, a CItrus-based chemIcal
agent, to clean some of the most heavily-oiled SItes near theIr village One year later, a statIStIcal
analysIS showed that the cleanup method reduced the amount of oil remammg on these beaches
by a factor of three compared WIth reductIons observed on untreated beaches However,
conSIderable subsurface oil remaIns that was maccessIble at the tune of treatment, but was
uncovered durmg storms the followmg wmter NOAA's Auke Bay Lab found no bIOlOgIcal
mJury due to the cleanup

The State of Alaska dedIcated over $10 mJ1hon of Its cnmmal settlement WIth Exxon to
restormg recreatIonal facilitIes and use m state parks m the spill area Improvements mclude
traIls, cabIns, boat launches, mterpretIve msplays, and campSItes In admtIon, the Trustee
Council funded U S Forest SerVIce development of a human use model for western Prmce
Wliham Sound, wmch IS mtended to aId plannmg for and mItIgatIon of human uses so that
mJured specIes contInue to be protected The model may also aSSISt m plannmg for future
recreatIon needs m the sound

SUBSISTENCE

FIfteen predOmInantly Alaskan NatIve commumtIes (WIth a total populatIon of about 2,200
people) m the oil spill area rely heavily on harvests of subSIStence resources, such as fIsh,
shellfIsh, seals, deer, and waterfowl Many famIlIes mother commumtIes also rely on the
subSIStence resources of the spill area
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Household mtervlews conducted WIth subslStence users m commumhes throughout the
spill mea m 1989 mmcated that subslStence hmvests of fish and wl1dhfe m most of the
commuruhes declmed substanhally followmg the spill Key factors m the reduced harvests
mcluded reduced avallabillty of fIsh and wl1dhfe, concern about possIble health effects of eahng
ol1ed nsh and wl1dhfe, and dlSruphon of the tramhonal hfestyle due to cleanup and related
achVlhes

Recovery Goal

A return to conmhons that would have eXIsted had the spill not occurred

Recovery ObJecttve ,

SubslStence will have recovered when mJured resources used for subslStence are healthy and
produchve and eXlSt at prespillievels In admhon, there IS recogmhon that people must be
conndent that the resources are safe to eat and that the cultural values provIded by gathermg,
preparmg, and sharmg food need to be remtegrated mto commuruty hfe

Recovery Status

Household mteTVlews were repeated each year 1990-93 and agam m 1998 By 1993, the
eshIDated SIZe of the subslStence harvest and parhClpahon m subSlStence achVlhes appeared to
have returned to prespillieveis m some commuruhes, WIth the harvest reboundmg frrst m the
commuruhes of the Alaska Penmsula, Komak Island, and the lower KenaI Penmsula and laggmg
behmd a year or more m the Prmce Willlam Sound commuruhes

Many SubSIstence resources mJured by the spIll, mcludmg clams, mussels and harbor
seals, have still not recovered from the effects of the spIll In addIhon, m 1998, household
mteIVIews mdIcated that SubSIstence users conhnued to feel the effects of the spIll For these
reasons, SubSIstence conhnues to recover from the effects of the oIl spIll, but has not yet
recovered The percentage of those mtervlewed who reported that subslStence uses are lower
than before the spill has declmed Concerns about food safety and effects on the tramhonal
hfestyle have lessened Concerns about resource avallabillty and greater harvest effort remam,
but harvest levels m all commuruhes mteTVlewed are at or approachmg prespillievels
SubslStence harvests m 1998 vaned among commuruhes from 250-500 pounds per person usable
weIght, mdlcahng conhnued strong dependence on subslStence resources

Regardmg resource avallabillty, subslStence users conhnued to report scarCIty of a nun,!ber of
lffipOrtant subSIstence resources, mcludmg harbor seals, herrmg, clams, and crab These
observahons are generally conslStent WIth sClenhllc stumes funded by the Trustee Councl1 that
conhnue to ilnd that some subslStence speCIes (e g, harbor seals, Pacmc herrmg, clams) are not
recovered from the effects of the spill (see mmVldual resource accounts)

Accordmg to those mterVlewed, the 1998 mcrease m pounds harvested at a hIDe of
conhnued reduced resource avallabillty reflects greater harvest effort (travelmg farther,
spendmg more hIDe and money) than would have been reqUITed before the spill to achIeve a
slIDl1ar harvest It also reflects mcreased rehance on flSh m the subslStence met Increased flSh
harvests and decreased marme mammal and shellflSh harvests occurred m most commuruhes
where mteTVlews were conducted The cultural and nutnhona1lffiportance of each resource
vanes, and these changes m met composlhon remam a senous concern to subslStence users
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TIle declme rn shellfIsh consumphon Ieflects food safety concerns as well as Ieduced
availability of shellbsh From 1989-94, subsIstence foods weIe tested for eVIdence of
hydrocarbon contamInahon, WIth no or very low concentrahons of petroleum hydrocarbons
found rn most subSIStence foods However, because some shellbsh can IeadIly accumulate
hydrocarbons, subSIStence users have been adVISed not to eat shellbsh from beaches where oil
can be seen or smelled on the surface or subsurface By 1998, a large maJonty of those
rntervIewed expressed confIdence about most foods except certam shellbsh, such as clams, and
concerns about the presence of PSP (paralyhc shellbsh pOISOrung) rn clams oUhveIghed concerns
about lmgenng hydrocarbon contamrnahon nom the oil spill

SubSIstence users conhnue to emphasIZe that the value of subSIStence cannot be meaSUled rn
pounds alone Harvest levels do not encompass the cultural value of tradIhonal and customary
use of natural resources Followrng the oil spill, there was concern that the spill dISrupted
opportumhes for young people to learn cultural subSIStence prachces and technIques, and that
thIS knowledge may be lost to them rn the future In 1998, the number of subSIStence users
reporhng a declme rn the rnfluence of elders rn teachIng subSIStence skills and values had
decreased and the number reporhng that young adults are learrung enough subSIStence skills
had rncreased Also, the number reporhng less sharrng of subSIStence resources, another rntegral
aspect of subSIStence culture, had decreased However, many of those mterVIewed conhnue to
express concern about these elements of the tradIhonal lIfestyle, WIth more than 50 percent
respondrng that the tradIhonal way of lIfe has not recovered srnce the spill

In the 1998 household rnterVIews, a number of subSIStence users commented that some of
the current rnfluences on subSIStence may not be attrIbutable to the oil spill Factors such as
demographic changes m village populahons, ocean warmrng, mcreased compehhon for
subSIStence resources by other people (e g, sport fIShIng charters) and predators (e g, sea otters),
and mcreased awareness of PSP and other contamInants may playa role rn resource availability,
food safety, and parhClpahon m tradIhonal prachces The Trustee Council will hkely repeat the
household mterVIews WIth subSIStence users rn commumhes through the spill area m 2004 or
2005

)
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Involvement Project

APPENDIX C. EVeS TRIBA.L AND COMMUNIlY INVOLVEMENT!

Smce Its mcepbon, the E:>...:>...on Valdez 0J1 Spill Trustee Council
A. Our Commitment has been comnutted to pubhc parbClpabon and local

commuruty mvolvement m all aspects of the restorabon
program The Trustee CouncIl recogruzes the tremendous loss of hvelJhood and cultural
hentage caused by the 1989 oil spill and has devoted a major porbon of the restorabon funds to
the restorabon of natural and archaeological resources that are lillportant culturally and
econoilllcally Tills effort has mcluded sigrufi.cant pubhc and commuruty mvolvement and
outreach As the Gulf of Alaska Ecosystem Momtonng and Research (GEM) program develops,
the Trustee Councll hopes to expand commuruty mvolvement, use of local and trambonal
knowledge, pubhc parbClpabon, educabon, and outreach These will be major components of
the Trustee Councll's long-term effort to restore and better understand the northern Gulf

ecosystem

As an orgamzabon, the Trustee COunCll1S comnutted to havmg corrunumty members
aCbvely mvolved m

• Planmng and developmg the program

• Gmdmg the goals and tOpICS of research projects

• ColIecbng data and parbClpabng m long-term momtonng efforts

• Provldmg Trambonal EcolOgical Knowledge

• Interprebng results m a local context

• Educabng other commuruty members about ongomg research

Some of thIS mvolvement will come m the form of parbClpabon m vanous plannmg
and reView comnuttees Other mvolvement will be m the form of workmg WIth sClentISts to
provIde quahty data and mput mto the GEM program Porbons of GEM momtonng will rely
on Clbzen volunteers based on successful programs throughout North Amenca Requests for
proposals will ask proposers to state how commurubes will be mvolved and mformed about
each project Funds for commuruty mvolvement and/ or Tradibonal and EcolOgical
Knowledge (TEK) components will be proVided

The remamder of thIS report documents the efforts and acbons the Trustee Councll has
taken to date to mvolve tnbes, commurubes, stakeholders and the general pubhc

From 1995-2001, the Trustee Councll has prOVided almost $2
milllon to the Chugach Regional Resources COmilllSSlOn

1 Complied by Geoff Shester for the Exxon Valdez 011 SpIll Trustee Counal, l'vIarch 19,2002
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(CRRC) to lme a commuruty facilitatOl m each of ten spill area commuruhes as well as a
regIOn-WIde commumty mvolvement cOOldmator CRRC 15 a IeglOnal orgaruzahon of several
h'lbal governments m the Chugach regIOn, mc1udmg Prrnce Wllliam Sound and Lowel Cool
Inlet Facilitators typlCally have been employees of the tnbal government m each commumty
The commumhes mc1uded Chenega Bay, Tahtlel, Valdez, Cordova, Port Graham, Nanwalel,
SeldoVla, Ouzm1J.e, Seward, and Chlgrul Lake The facilitators had ftve major purposes

1 PrOVIde results of oll spIll restorahon projects to the commumhes Facilitators were prod
to dlssemmate tvnce-monthly updates proVlded by the Commumty Involvement
Coordmator about the restorahon effort to members of therr local commumhes They
would also attend the Trustee Councl1's Annual Restorahon WOllshops where U1ey could
tall drrectly to sClentISts and obtam answers to therr queshons m a manner they could
understand and share when they returned to therr commumhes

2 Faclhtate commumcahon between local commumhes and the Trustee Conncll The
project was deSIgned to proVlde for regular commumcahon between commumhes,
facilitators, and the Trustee Councl1 Each month, the facilitators were to meet WIth
members of therr commumty to request opmlOns, Ideas for restorahon proJects, and
concerns and then subilllt a monthly report to the Commumty Involvement Coordmator
who would pass the mformahon on to the Trustee Councl1 Facilitators also parhclpated m
retreats and workshops to evaluate the program and prOVIde feedback to the Trustee
Councl1

3 Promote commumty-based projects and mvolvement throughout the hfe of the
restorahon effort Facilitators worked Wlth the Commumty Involvement Coordmator and
EVOS staff to help spill area commuruhes develop compehhve proposals for projects of
mterest to local commuruty members Many of these projects are descnbed m Sechon C
below

4 SeNe as pnmary contact for EVOS m the Commumty Requests for mformahon,
assl5tance, and mput were all flltered through the facilitator who served as ley contact
person PrmClpal mveshgators were urged to use them as therr village contact

5 PrOVIde tnbal mput mto development of GEM Facilitators have been regularly bnefed
on the status of GEM plannmg and consulted about therr pnonhes The project has helped
fund development of natural resource management plans m several villages, WIth an eye
towards seemg that these local plans and the GEM plan are complementary

In 1994, the Trustee Councl1 receIved Its fIrst call from a
commumty reSIdent to mcorporate TEK of spill area reSIdents
mto the restorahon program Two years later, the 1996
annual restorahon workshop had TEK as ItS theme and led to
a set of protocols for mcorporahng TEK mto restorahon

projects developed by a cOillilllttee of Alaska Nahves and others and approved later that year
by the Trustee Councl1 The Trustee Councl1 has proVlded funds each year smce 1995 toward
the goal of mcorporahng TEK mto the restorahon program Efforts have mc1uded
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Developmg a TEKhandbook and refelence guIde fOl bIOlogISts documenbng the
SOUlces of TEK m the spill area and mcorpolabng It mto a western sCIence approach

PlOvldmg funds for CRRC to conhact wIth TEK expert Hemy Huntrngton He has
worked dIrectly wIth Alaska Nahve eldels and hunters as well as sCIentIsts to bndge
the gap between these two chfferent approaches to understandmg the natural world A
result of tl:us process IS that several EVOS projects mcorporate TEK dIrectly mto therr
data sets and results, mc1udmg projects on commumty natural resource management,
fIsh and seabIrd studIes, and a senes of fIlms about Alutuq culture (see examples
below)

• Conduchng two workshops to develop tnbal management programs and bnngmg
several SCIentIsts to spill area commumhes to share mformahon

Examples of projects mcorporabng TEK as a result of Trustee CouncIl efforts mc1ude

• SCIentIst Jody Seltz conducted an extensIve project illvolvmg TEK Researchers
mtervlewed thrrty-nme spill area commumty members to document the hIStoncal
dIStnbuhon of forage fIsh such as JUvem1e hernng, sandlance, capelm, and eulachon
ThIS mformahon was mapped and prOVIded to the Alaska Predator &osystem
Expenment (APEX) and Sound Ecosystem Assessment (SEA) researchers The results
were extremely valuable because they could not have been obtamed from other
hIStoncal sources or from current data collechon efforts

• SCIentIst Dan Rosenberg sohCIted local parhCIpahon from commumhes and conveyed
results of hIS research on surf scoters, an Important subSIStence resource The project
Idea came from local commumhes Rosenberg worked WIth them throughout all stages
of the proJect, from project deSIgn to wnhng the £mal report

• The Trustee Council prOVIded fundmg support to the Alaska Nahve Harbor Seal
COmmISSIOn, whIch uses Alaska Nahve hunters to conduct bIOsamplmg of harbor seal
tIssues usmg lab-approved techmques In 1999, the COmmISSIOn reached an agreement
WIth the Nahonal Marme FIShenes SerVIce to co-manage harbor seal populahons

• Three VIdeos have been produced WIth Trustee Council funds to prOVIde the pubhc
mformahon about TEK and concerns about subSIStence use after the oil spill The frrst
two, Aluhlq Pnde A St01Y ofSubslStence and Changzng Tldes m Tahtlek descnbe
subSIStence methods, mterVIew Alaska Nahve people who expenenced the spill fIrst
hand, show actual subSIStence hunts, and illustrate the Importance of subSIStence ill
Alutnq culture The thrrd documents the commumhes of Chenega Bay and OuzmkIe
m relahon to the effects of the oil spill, reSIdual oil m the spill regIOn, and concerns
about paralyhc shellfISh pOISonmg (PSP) toxms, natural toxms found ill clams
harvested for food These VIdeos were dIStnbuted at no charge to all schools ill Alaska
VIa theIr school dIStrICts, all spill area tnbal councils, and any other hbrary or school m
the U S upon request

• The Trustee Council funded Elders/Youth Conferences ill 1995 and 1998 that brought
together Alaska Nahve elders, youth, other subSIStence users, SCIentIsts, and managers
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to share Ideas about subslStence lSsues and facilitate commumty mvolvement The
Trustee Council paId for four people from each of twenty spill area commumtles to
attend each confelence PartlClpants shared stones, vOlced flUstrahon, and asked
sClenhsts queshons about subSlStence lSsues They also developed Ideas for youth to
get more mvolved through spmt camps, mternshIps, and educatlonal opportunltles
These workshops facilitated collaboratlon between commumhes of the spill area, while
concerns and Ideas generated at the conference were reported to the Trustee Council

A total of $6,219,611 from the crmunal settlement WIth Exxon,
Inc was appropnated to the Alaska Department of
Commumty and Econoffilc Development (DCED) to
lffiplement a grant program WIth the purpose of restormg,
replacmg, or enhanClng subSIStence resources or other

serVices damaged or lost as a result of the Euon. Valdez oil spill The grants were llffilted to the
nme non-illcorporated commumtles of Tatltlek, Chenega Bay, Port Graham, Nanwalek, Karluk,
ChIgmk Lake, Chigruk Lagoon, Perryville, and Ivanof Bay The three Alaska state
representatlves on the Trustee Council must be consulted before grants are awarded As
commumty mvolvement and subSIstence proJects were proposed to the Trustee Council, those
that could not be funded through the Clvil settlement were passed to thlS grant program, whIch
was not as legally constramed ill Its scope of fundable proJects The Trustee CouncIl funded
the plannmg process that preceded the grant awards and prOVided peer reVIew for all
proposals under thlS program The plannmg process mc1uded sendmg a team to VlSlt all nme
commumhes to bnef them about the program and asslSt them Identlfymg and pnontlzmg
potentlal proJects To date, the state representatlves of the Trustee CouncIl have approved
twenty-four proJects These proJects mc1ude

•

•

•

•

•

•

•

•

•

•

Spmt camps ill Pnnce WIlham Sound and KodIak Island

Mancu1ture, hatchery, and processmg facilltles for the villages of Tatltlek, Chenega Bay,
ChIgmk Lake, ChIgmk Lagoon, Perryville, and Ivanof Bay

Salmon enhancement proJects on maJor subSIStence runs near Nanwalek and Port Graham,
and on the Kametolook R1ver

A weIr proJect on the Chlgmk R1ver

A subSIStence management educahon program m Tahtlek

Cultural educatlon centers and programs ill ChIgnIk Lagoon, ChIgmk Lake, Ivanoff Bay,
and Perryville

A preschool language program m Nanwalek

Commumty smoke houses ill Karluk

A floatlng skIff dock m Port Graham

ArchaeolOgical dlSplay eqwpment m ChIgmk Lake
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II A "SubsIStence, Stewardslup, and Oil Spill Recovery Gathermg" m Tahtlek

In 1995, the Trustee CouncJ1launched the Youth Area Watch
E. Youth Area Watch C'fAW) program WIth the obJechve ofmvolvmgyoufufrom

spill area commumhes m the SCIence belund the restorahon
effort Under the drrechon of the Chugach School DIStrIct and KodIak Island Borough School
DIStrIct, teachers are tramed annually at the Alaska Seahfe Center or KodIak College Students
have partICIpated m YAW from Cordova, Tahtlek, Valdez, Wluttrer, Chenega Bay, Seward,
Nanwalek, Port Graham, SeldoVIa, Akluok, Larsen Bay, Old Harbor, Port LIOns, KodIak CIty,
Karluk, ChmIak and Port LIons These students (grades 7-12) work WIth SCIentISts on oil spill
research both m the fIeld and m the laboratory Projects m wluch students have parhCIpated
mc1ude

•

•

•

•

•

•

Harbor seal bIOsamphng

SeabIrd momtormg

Idenbfymg and photographmg killer whales

Analyzmg chemIcals found m mterhdal mussels

Collecnng oceanographIc data on CruISes

SamphngJuvenlie herrmg m Prmce Wllham Sound

In addIhon to aSSlSnng SCIentISts, YAW students develop local restorahon projects of theIr own
that drrectly benefIt theIr commumhes Examples of these projects mclude

•

•

•

•

•

Black-legged kIttrwake momtormg

Constructrng seal and orca skeletons for museum dIsplay

Constructrng a commumty greenhouse

Teachmg about compostrng

Construcnng a retnevable marme habItat m the commumty harbor

The program has also ahgned Itself WIth a major oceanographIc study called the
SALMON project through the UmversIty of Alaska, Farrbanks YAW students compare
oceanographIc forecasts and predIchons WIth therr own observahons m the fIeld to help
SCIentISts reftne theIr computer models Teachers also provIde local knowledge about chmate
change m the marme enVIronment

As of 2002, 168 students have partICIpated m the Prmce Wllham Sound and KodIak
YAW programs WIth total fundmg from the Trustee Council of over $885,000
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The Trustee Council has made a concerted effort to Involve
local commuruhes affected by the oil spill m the restorahon
plOgram PIoJects funded mclude habItat enhancements of
mterest to sport and commerCIal fLshermen, restorahon of

subSIstence resources, food safety teshng, and pubhc outreach and partlcIpahon Here are
some mghhghts that have resulted from the Trustee Council's effort to mcorporate meanmgful
pubhc parhClpahon and commuruty mvolvement mto the restorahon program

•

•

•

•

•

•

•

•

•

•

•

•

Chenega reSIdents worked WIth the Nahonal Marme FIshenes SerVIce to clean up twelve
local mussel beds

Local commuruty members helped on a project to clean the Chenega area shorehne from
reSIdual Enon Valdez oil on fIve cobble-boulder armored beaches

Alaska Nahve commuruty members were pard to help NOAA conduct an extensIve survey
of hngenng oil m Pnnce WillIam Sound Commuruhes Idenhfled SItes lillportant to them
that they wanted evaluated for reSIdual oil and parhcIpated m the survey work Itself

Waste management projects were funded m lower Cook Inlet, KodIak Island, and Prmce
Wilham Sound to address manne polluhon m proxmuty to local commuruhes and make
lillprovements m local waste management mfrastructure

The Trustee Council funded a project to restore coho salmon runs, producmg 2,000 to 3,000
adults for harvest m a subSIStence fLshery near Tahtlek

WIth fundmg support from the Trustee CounCll, the Qutekcak hatchery m Seward
produced over 800,000 clams durmg each year of a pilot project to seed clam beds for
subSIStence use near Port Graham, Nanwalek, and Tahtlek

The Trustee Council contnbuted parhal fundmg to rebuild the Port Graham salmon
hatchery that was destroyed by frre m 1998 The hatchery prOVIdes pmk, sockeye, and
coho salmon for the benefIt of subSIStence and commerCIal fLshermen

The Trustee CounCll funded a project lillhated by locals m the Nahve Village of Perryvrlle
to rebuild a declmmg coho salmon run on the Kametolook RIver used for subSIStence

The Trustee Council funded a project lillhated by the Valdez Nahve Tnbe m conJunchon
WIth NMFS to prOVIde mformahon on spot shnmp abundance for subSIStence users m
Prmce Wilham Sound

The Trustee Council funded restorahon and recreahon enhancements along several mJ1es
of the KenaI RIver These mcluded access staIrs, floahng docks, mterprehve dISplays, and
streambank restorahon for the benefIt of sport:fLshmg and tourISm

The Trustee Council funded an assesSlllent and restorahon plan for Marmer Park m
Homer, wmch promoted recreahonally compahble use of the area by reSIdents and
tOurIStS

Construchon of the Alutnq ArchaeolOgIcal RepOSItory ill KodIak was funded to protect
archaeolOgIcal resources and educate the pubhc about Alutnq culture In addlhon, the
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•

•

•

Trustee Council provIded fund1l1g to ham volunteers to momtOl and act as sIte stewmds of
archaeologIcal sItes on U1e KenaI Penmsula, Kachemal. Bay, Ugaml Bay, Uyal. Bay, and the
ChIgml area of the Alaska Penmsula

The Trustee Council provIded grant funds to ChugachmlUt, Inc to develop a regIonal
archaeologIcal repoSItory m Seward, local dIsplay facilihes ill Chenega Bay, Tahtlek,
Cordova, Valdez, Port Graham, Nanwalek, and SeldOVIa, and travelmg exlubIts

The Trustee Council funded the Port Graham Corporahon to restore some salmon streams
near the village of Port Graham

The Resource Abnormahhes Study tramed 61 volunteers ill 19 spill area commumhes to
take samples of abnormal anImals harvested for subSIStence Smnples were tested for
hydrocarbons and human health effects at the Nahonal Marme FIShenes ServIce laboratory
m Seattle A Resource Abnormahhes Hotlme was establIShed and the project
commumcated mformahon on subsIStence food safety to commumhes

G. Annual Restoration
Workshops

H. Public Information
and Outreach

Every year m January, the Trustee Council holds Its annual
workshop free to the pubhc, where EVOS sClenhsts report
theIr fmdmgs and future research dIrechons are dIScussed
The Trustee Council pays to bnng all Its researchers as well as

representahves from each commumty to the meehngs Each year's workshop has a dIfferent
theme and ill 1996, the theme was commumty illvolvement Input receIved at these workshops
IS illvaluable, and many research tOpICS and pnonhes are developed as a result For the 10th

annIversary of the oil spill, the Trustee Council released a report to the natlon and a
documentary about the frrst ten years of oil spill effects and restoratlon

The Trustee Councilhas produced numerous pubhcatlons
that Inform the pubhc about the status of illJUTed resources,
what the Trustee CouncIl does WIth Its fundmg, and other
EV05-related ISsues and actlVltles Except as noted, all

documents are sent to a mailing lISt of over 3,000 and theIr avaIlability IS notlced m papers
throughout the spill regIon Pubhcatlons can also be requested from the Anchorage
Restoratlon OffIce, and many can be downloaded from the Web SIte Pubhc mformatlon and
outreach efforts mc1ude

•

•

Annual Status Reports document major projects and land purchases as well as results
of the restoratlon program explamed ill lay terms These reports illc1ude an accounhng
of expendItures from the Trust Fund

The Restoratlon Notebook senes contaIns detailed natural hIStory and recovery
mformatlon wntten by bIOlogISts about eIght specIfIc specres mJured by the spill and
one about the damage, recovery, and status of subsIStence resources ThIS senes was
dIStnbuted at no charge to all schools ill Alaska VIa theIr school dIStncts, all spill area
tnbal COunClls, and any other hbrary or school ill the U S upon request
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•

•

•

•

•

•

•

•

Smce 1993, the Trustee Counol has Iegu1aJ.lypubhshed Restoranon Updates, willch ale
several page newsletters about recent Trustee Council actIons, upcommg meetIngs,
ongomg actIVItIes, and whele to fmd mOle miOlmatIon

Annual work plans, the RestoratIon Plan, InVItatIOns for Proposals, and other program
documents (e g GEM program document) are CIrculated for pubhc reVIew The
Trustee Council consIders all pubhc comments on these drafts

As needed, the Trustee Council also Ieleases pubhcatIons related to specIfIc projects
such as a set of pubhcatIons about each regIOn of the spill area and the specmc projects
that have benehted each regIOn

For three years, the Trustee Council funded a producnon of"Alaska Coastal Currents"
a two-mmute program about restoratIon research that arred several tImes weekly on
pubhc rarno, accompamed by columns m several regIOnal newspapers By workmg
through the medIa, these reports created an avenue for outreach to an even broader
commuruty

The Trustee Council has a Web SIte easily acceSSIble to anyone WIth Internet access and
deSIgned for a vanety of users from SCIentIsts to government resource managers to
illgh school students The SIte covers facts about the oil spill, restoratIon proJects,
habItat acqUISItIon, and the GEM program and has many major pubhcatIons and
documents that can be downloaded InformatIon on fundmg and upcommg events IS
regularly posted The URL IS http !!www oJ1spill state ak us

The Pubhc AdVISOry Group IS composed of seventeen representanves of vanous
stakeholder groups mc1udmg fIshermen, subSIStence users, and the pubhc at large
ThIs group proVIdes drrect mput to the Trustee COunCll and has VISIted many spill area
commurutIes on annual held tnps

All Trustee Counol and Pubhc AdvISOry Group meetIngs are advertIsed, free, and
open to the pubhc Those unable to attend any meetmg can lIsten and partlopate VIa
teleconference Pubhc comment penods are scheduled at each Trustee Council meetIng
and Pubhc AdvISOry Group meetIng

Commuruty meetIngs have been an 1ll1portant part of the restoratIon process smce the
day of the oil spill These meetIngs have addressed a WIde vanety of tOpICS mc1udmg
pubhc partlopatIon, the RestoratIon Plan, TEK, waste management, the GEM program,
archaeology, commuruty mvolvement, and SCIence updates Over the years, the
Trustee Council has sponsored pubhc meetIngs m the vJ11ages of Cordova, Juneau,
Chenega, Kornak, Homer, Valdez, Seward, SeldOVIa, TatItlek, WhIttler, Anchorage,
Farrbanks, ChIgmk Lagoon, ChIgmk Lake, OuzmkIe, Port LIons, Karluk, Larsen Bay,
AkhIok, Old Harbor, Port Graham, Nanwalek, KenaI/Soldotna, and Perryville
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APPENDIX D. GULF OF ALASKA ECOSYSTEM MONITORING AND
RESEARCH (GEM) DATABASE

The Gap AnalysIs Database Introduction0.11Current
Information
Gathermg

D1
The conceptual foundahon m Chapter 2 has been shaped

largely by currently avaIlable scIenb.fIc mformahon Much of
tlns mfonnahon IS dellved fwm the momtormg and Iesearch
achVIhes conducted m the GOA and adjacent waters durmg the

past 100 years Informahon from these achVIhes has been mcluded m a database htled "Ongomg
and HIstoncal Morutormg and Research AchVIhes m the Gulf of Alaska and Adjacent Waters"
ThIs database IS referred to as the /I gap analysIS database" because It IS used as a tool to assess
past and current achVIhes, to set pnonhes, and promote collaborahon m fillmg Important /I gaps"
m mformahon, whIle aVOIclmg duphcahon Compiling tlus comprehensIve database IS a
challenge m Itself, gIven mulhple funclmg sources and the dynamIC nature of vanous
appropnahons processes, as well as a lack of mformahon about the relahonshIps among vanous
programs and projects

The database mcludes both ongomg and hIStoncal projects concerned WIth mformahon
gathenng, processmg, and apphcahons m resource management and other areas of manne
SCIence Projects m the database mclude readIly Idenb.fIable research and morutonng achvIhes,
such as the NMFS bIenrual (tnenrual) trawl survey, the Internahonal PacIfIc Hahbut COmmISSIon
longhne survey, and the Nahonal Weather SerVIce data buoy network The record for each
project mcludes mformahon on project purpose, types of data, expected project durahon, contact
mformahon, Web SIte, and lahtude and longItude for fIeld achVIhes Not all categones of
mformahon III each record are complete, but a descnphon of the basIC funchons of each project IS
avaIlable m each record Because the /IproJect" was not mtended to be a standard urut for
defmmg effort m marme research, the broad analysIS below should be COnSIdered a quahtahve
comparISon of the relahve amounts of effort devoted to each category The database IS available
m File Maker Pro, but can be made avaIlable m other formats, such as Excel and Access

012 The Gap AnalySIS Database Summary

(

Projects m the gap analySIS database have been categonzed as eIther morutonng or syntheSIS
and research For the purposes of the gap analysIS, morutonng IS rouhne data gathenng based on
assumphons about ecosystem behaVIOr or how the measures capture system behaVIOr
Morutormg IS not expected to be completed Wlthm a fIxed hIDe frame Examples of morutormg
measurements are salImty, temperature, concentrahon of DDT, and populahons of speCIes at
seabIrd colorues For the purposes of the gap analySIS, synthesIS and research are defmed as
hIDe-hmIted achVIhes that mveshgate relahonshIps among ecosystem components WIth the use
of data accordIng to a specIfIc expenmental deSIgn The syntheSIS and research category mcludes
retrospechve analySIS, mode1mg, ecosystem process studIes, and data management and
mformahon transfer Each general achVIty category IS further classIfIed mto SIX areas of study

1 BIrds, fIsh, and shellfIsh,
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2 PhYSICal and bIOlOgIcal oceanography,

3 Freshwater water quahty,

4 Contanunants,

5 Mulhple tOpICS, and

6 Other

D.12.1 Momtorrng
The maJonty (58%) of 291 plOJects ill the gap analysIS database as of May 2001 are class:tfJ.ed

as momtorillg funchons Most of the momtonng funchons address commercmlly, culturally, or
SOCIally Important large anImals, as Idenhfled below ill percentages of all proJects ill the database

•

•

•

•

20%fISh and shellfIsh,

9% mulhple tOpICS,

7% mammal, and

4% seabIrd

The balance of the momtonng proJects are devoted excluSIvely to the small plants and
anImals and the phYSICal and chemIcal measurements, shown below as percentages of all proJects
ill the database

•

•

•

•

•

15% phYSICal oceanography WIth some chemIcal and bIOlOgIcal,

1%freshwater,

1%bIOlOgIcal oceanography,

1% contanunants, and

< 1% other

Momtonng proJects for fISh and shellfIsh are largely drrected at SIngle specIes or closely
related aggregates of speCIes such as salmon, hahbut, rockfIsh, and crab MIxed studIes combille
large anImals, smaller fISh, plankton, and somehmes contanunants, although detechng trends ill
the abundance of large anImal speCIes appears to be the pnmary purpose of the nuxed surveys
PhYSICal oceanography proJects are dOmInated by satellite telemetry

The Alaska Department of FISh & Game (ADF&G) fIelds the largest number of fISh and
shellfIsh proJects ill the northern GOA, pnmarIly for salmon and crab and, to a lesser extent,
rockfIsh and other speCIes Long annual hIDe senes data collected by ADF&G are avaIlable from
ADF&G for salmon and crab catches and for salmon spawners (escapements) ill most maJor
watersheds Long annual hIDe senes eXISt for trawl survey data for shrImp, groundflSh, and
crab Other substanhal salmon data sets are age, weIght, and length of adult salmon ill catches
Other ADF&G proJects record characterIShcs such as genehcs, presence of dISease, and other
bIOlOgIcal data
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More detaIled mfOlmahon IS avaIlable ill Sechon D 2 of thIs appendIX and the gap analysIS
database

D.1.2.2 SynthesIs andResearch
About 42% of the projects ill the gap analysIS database are synthesIS and leseard1 achVIhes

These achVlhes are hsted below as percentages of all projects ill the database

•

•

•

22%data management and mforrnahon transfer,

11% retrospechve analySIS,

5%modelmg, and

• 3%ecosystem process studIes

The syntheSIS and research achVlhes are further defmed below as numbers of proJects,
because the small number of projects m some categones makes comparISon of percentages
problemahc

Data Management and Transfer

•

•

•

•

•

•

•

•

•

21 phYSICal oceanography and ahnosphenc data,

2 benthIc mtertrdal,

1 bIOlOgIcal oceanography,

8 bud,

5 contarnmant,

7 fISh,

8 mammal,

6 IDlXed hssue archIves for large antmals and bIOlogteal and phYSIcal data, and

2 freshwater and watershed onented

Retrospecttve AnalysIS

• 6 phySIcal oceanography,

• 8 IDlXed (phySIcal and bIOlOgIcal),

• 1 mammal,

• 1 human use (subSIStence),

• 9 fISh,

• 2 contarnmant,

• 2 bud,

• 1 bIOlOgIcal oceanography, and

]uLv2002 ApPENDIX D 3



GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

II 1 benthIc mtelhdal

Modelmg

•

•

1 benthIc mterhdal,

3 mammal,

II

• 1 rruxed (coupled bIOphYSICal), and

8 physIcal oceanogIaphy

Ecosystem Process StudIes Relahvely few (rune) ecosystem process studIes are cmrently
ongomg m the GOA Four are bemg conducted m GlaCler Bay m the more southern end of the
GOA Others are more relevant, lookmg at oceanograpruc forcmg of pnmary produchVlty and
produchVlhes of fIsh

o 1 3 Projects of Interest to GEM

The federal government 15 the pnmary fundmg source for the current mformahon gathenng
programs of mterest to the development of the GEM program, WIth substanhal fundmg also
proVlded by state government, foreIgn governments, and non-governmental orgaruzahons The
work 15 conducted withm programs and projects too numerous to llSt here, however, a reference
on the specmc agenCIes and programs 15 proVlded m Sechon D 2 of thlS appendlX Relevant
projects cover three broad categones

1 Bud, fIsh, and mammal data and some human lffipacts assocrnted WIth theu harvests,
collected by the pnmary fIsh and wl1dhfe resource management enhhes,

2 BIOlOgical and other oceanograpruc observahons, collected as part of major research
efforts, and

3 PhySlcal and cheIDlcal characteTlShcs of waters and habItats collected by the pnmary state
and federal agenCles proVldmg envuonmental morutormg

Informahon on buds, fIsh, and mammals m watersheds and the nearshore marme areas 15
relahvely abundant Because data were collected through hIDe for a vanety of purposes and Wlth
a varIety of methods, however, the usefulness for a long-term program such as the GEM program
will need to be assessed on a case-by-ease bas15 Ongomg programs collechng anlillal data of
parhcu1ar mterest to the GEM program are conhnuous, annual hIDe senes (m excess of 50 years)
on commerClal speCles such as salmon, fur, seals, and hahbut, and shorter hIDe senes (some
dIsconhnuous) of around 30 to 50 years on other specIes of ush and shellflsh, seabuds, and
marme mammals Observahons on manne-related terrestnal anlillals and vegetahon are
available from gnd surveys m the Chugach Nahonal Forest

The longest conhnuous-hIDe senes of phYSlcal oceanograpruc measurements (temperature
and sahruty) m the GEM region 15 located outSIde the mouth of Resurrechon Bay near Seward
Shorter hIDe senes of other vanables have been collected at thlS locahon,. known as Gulf of
Alaska 1 (GAK1), by the Jnshtute of Marme ScIence (IMS), Umversity of Alaska Faubanks (UAF),
durmg the last three decades Other ongomg oceanography programs lllihated withm the last )

----
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twenty yeaIs pioVIde Important data sets The FIShenes and Oceanography COOldmated
Inveshgahons (FOCI), 1111hated m the 1980s, was the frrst program m the western GOA to model
phYSICal oceanographIc processes to undeistand changes m annual abundance of a marme fIsh
speCIes, pollock Imhated m the 1990s, the Ocean Carrymg CapaCIty (OCC) program IS collechng
data on the dIStnbuhon of Juverule salmon on the conhnental shelf m the GOA and Bermg Sea
Also 1111hated m the 1990s, the Global Ocean Ecosystem Dynanucs (GLOBEC) program combmes
retrospechve studtes of exIStmg data WIth observahons of plankton, phYSICal and cheilllcal
oceanography, and JUverule salmon abundance m PWS and the adJacent contmental shelf and
shelf break GLOBEC IS of parhcular mterest to the GEM program because It seeks to understand
how natural forces brmg about changes m biologrcal produchvIty, mcludmg that of salmon

Other longer hIDe senes of observahons of bIOlogrcal and phYSICal oceanography from
ongomg programs m the marme envrronment mclude the work of the Japan FIShenes Agency,
whIch has been takIng oceanographtc observahons m the GOA smce the 1950s Observahons of
the dtstnbuhons of North Amencan and ASIan stocks of salmon and catches of groundfISh
speCIes (pollock and cod) m the GOA by the Internahonal North PacIfIc FIShenes COillilllSSIon
and Its successor, the North PacIfIc Anadromous FISh COillilllSsIOn (NPAFC), are extensIve,
however annual hIDe senes are not all complete Although located very far to the south m the
GOA, Canada's Ocean Stahon P contmues to prOVIde a conhnuous record of oceanographIc
observahons now more than frve decades long

DaIly hIDe senes (some dlSConhnuous) of oceanographtc and atmosphenc data relevant to
GEM plannmg are avaIlable, WIth most of the observahons from the past decade An array of
buoys m the northern GOA operated by the Nahonal Weather ServIce (NWS) and the Nahonal
Oceanographtc Data Center (NODC) of NOAA prOVIdes atmosphenc and phYSICal
oceanographIc measurements of relevance to GEM plannmg In addthon, the satellite remote
sensmg proJects of both NOAA and the Nahonal cAeronauhcs and Space AdilllnIStrahon (NASA)
proVIde cloud cover and sea surface observahons throughout the GEM regIOn

Of Immedtate mterest to GEM are ongomg proJects to charactenze the phYSIcal and cheilllcal
characterIShcs of waters and habItats collected by the pnmary enVIronmental momtormg
concerns US GeolOgical Survey (USGS), Alaska Department of EnVIronmental Conservahon
(ADEC), and U S Envrronmental Protechon Agency (EPA) Long-hIDe-senes measurements of
freshwater runoff from stream gauges m maJor nvers of Southcentral Alaska are available from
USGS, although the future of thIS program appears to be m doubt ADEC has ongomg hIDe
senes of water qualIty m the GEM region and IS respo11Slble for Implementahon of the EPA
stahons for the marme Envrronmental Momtormg and Assessment Program (EMAP) m the
northern GOA

D.2 List of Project
Titles by
Orgamzatlon and
Record Number

Note that proJects shared among agenCIes may be lISted more
than once
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Alaska Department of EnvIronmental ConselVatlon (ADEC)
184 MomtOlmg Plograms for Paralyhc Shelliish POISon (PSP) 111 Kmg Crab, Dungeness Crab

and Tanner Crab
236 Cerbbed Shellf:tsh Beaches
239 Contammated SItes Database
240 Leakmg Underground Storage Tank (UST) SItes m Alaska

Alaska Department of FlSh and Game (ADF&G)
153 Sonar Enumelahon of Returnmg Adult Salmon
154 Catalog of Waters Important for the Spawmng, Rearmg, or MIgrahon of Anadromous

FIShes
155 Groundflsh Port Samplmg
156 Wluskers (Seals and Sea LIons)
157 Harbor Seal Survey
158 Werrs and Counhng Towers for Enumerahon of Returmng Adult Salmon, Escapement
159 Aenalj Foot Surveys of Spawmng Streams, Salmon Escapement
160 Fry j Smolt Outmlgrahon
161 Salmon AWL (Age, WeIght, Length)
162 RockfIsh Assessments - Southeast Alaska
163 RockfIsh HabItat Study - Southeast Alaska
164 RockfIsh JIg Survey - Hlstoncal Dataset, 1980-1984
165 SableflSh Assessments, Southeast Alaska
166 Catch Samplmg - Southeast Alaska (RockfIsh, SableflSh, Lmgcod), Pnnce WIlham Sound

and Lower Cook Inlet (RockfIsh, SableflSh, Paa&c Cod, Pollock), KodIak and Aleuhan
Islands (Rockfish)

167 FISh TIckets for ShoreSlde Landmgs
168 Lmmology - Lower Cook Inlet
169 Herrmg DIve Surveys - Pnnce WIlham Sound and Southeast Alaska
170 Herrmg Aenal Surveys - StateWIde
171 Herrmg Catch Samplmg - StateWIde
172 Pot Surveys - Southeast Alaska Kmg Crabs
173 Trawl Surveys - Pnnce WIlham Sound, Lower Cook Inlet, and Alaska PenInsula for Kmg

and Tanner Crabs
174 DIve Surveys - Southeast Alaska Clams, and Sea Cucumbers
175 ShellflSh DocksIde Samplmg - StateWIde
176 ShellflSh Catch Enumerahon - StateWIde
177 Tndent Basm Water Temperature
178 ShellflSh Onboard Observers
179 Kodiak Red Kmg Crab Tags
180 Gulf Pot Surveys - Crabs
181 ShrImp Trawl Surveys
183 SubSIStence Harvest
185 Scallop Dredge Survey - Pnnce WIlham Sound and Cook Inlet
186 Tanner Crab (Cook Inlet), Kmg Crab (Cook Inlet), Dungeness Crab (Pnnce WIlham

Sound), and Pot Shnmp (Prmce WIlham Sound) Taggmg - Hlstoncal Data Sets
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187 FISh PaUlology DIsease HIstory Database
188 Coded Wrre Tag Database
189 Atlas to Ule Catalog of Waters Important for Ule Spavvnmg, Rearmg, or MigIatIOn of

Anadromous FIShes
190 Sport FISh Wens and Sonars
191 Coded Wrre Taggmg (CW1) of Hatchery and Selected Wild Salmomd Stocks
192 OIl Spill Health Task Force
193 SocIOpohtIcal Consequences of Offshore OIl Development
194 Commumty Profile Database
195 PopulatIon Survey of Organochlorme ContamInants 111 Alaskan Steller Sea LIOns
196 Steller Sea LIon Surveys
197 Su-Hydro Beluga Whale Survey
235 .I<1tOl Bay Momtormg
254 EnumeratIon and eshmatIon of commercIal salmon harvests
255 EnumeratIon and eshmatIon of sports salmon harvests
256 Shehkof StraIt bottomfIsh trawl survey
276 Commumty Pattern Assessment
282 Abundance and Trend of Harbor Seal PopulatIons Haulout patterns and movement
283 Abundance and Trend of Harbor Seal populatIons Index SIte counts at TUgIdak Island
285 Harbor Seal HabItat
286 Health and CondItIon of Harbor Seal populatIons
287 Food HabIts of Harbor Seals
288 LIfe HIstory/General BIOlogy of Harbor Seals
289 VItal Rates of Harbor Seals
291 Measurmg Abundance and Trend of Harbor Seal PopulatIons GlaCIal Survey

Methodology

ADF&G and Nabonal Manne Flshenes SeIVlce (NMFS)
282 Abundance and Trend of Harbor Seal PopulatIons Haulout patterns and movement
291 Measurmg Abundance and Trend of Harbor Seal PopulatIons GlaCIal Survey

Methodology

ADF&G and Nabonal Manne Mammals Lab (NMML)
288 LIfe HIstory/General BIOlogy of Harbor Seals
289 VItal Rates of Harbor Seals

Alaska Department of Health and SOCial SeIVlces (ADHSS)
182 Use of TradItIonal Foods m a Healthy DIet m Alaska RIsks m PerspectIve
198 Twenty Years of Trace Metal AnalySIS of Marme Mammals EvaluatIon and SummatIon

of Data from Alaska and Other ArctIc RegIOns

Alyeska SeIVlce Corporabon
253 Valdez Arm Envrronmental Momtormg

Center for Alaskan Coastal Studies
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270 Coast Wall program fO! Kachemal Bay

Cook Inlet Keeper
237 Lowel Kenal Perunsula Watershed Health ProJect
238 Clhzens Envrronmental Morutonng Program (CEMP)

Faculty of Flshenes Hokkatdo Umverslty Gapan)
293 CruIse of the T/ S 057101 aMn11l m the Gulf of Alaska

Flshenes and Oceans Canada
225 Lme P / Stahon P
228 Htgh Seas Salmon Program
229 A conhnuous plankton recorder morutonng program for the eastern North Pactflc &

southern Benng Sea (also UAF 257)

Intemahonal PacIfIC Hahbut ComnusslOn (IPHC)
030 Pactllc Hahbut Stock Assessment

Moss Landmg Manne laboratones (MLML)
200 DIssolved Iron Data Set for the World Ocean from Moss LandIng Marme Laboratones

Nabonal Aeronauhcs and Space Adlmmstrahon (NASA)
031 Sea-vlewmg WIde FIeld-of-VIew Sensor (SeaWlFS)

032 Moderate Resoluhon Imagmg SpectroradIOmeter (MODIS)
033 Earth Observtng System Data Informahon System (EODIS)
034 Advanced Earth Observahon Satellite - NASA Scatterometer (ADE05-NSCAT)
035 Sensory Intercompanson and Merger for BIOlogtcal and Jnterdtsctplmary Oceamc Stumes

(SIMBIOS)
036 Advanced Very HIgh Resoluhon Ramometer (AVHRR)
037 Advanced Earth Observmg Satellite (ADEOS) II - Sea Wmds IB
038 AIRS/AMSU/MHS
039 EOS-ALT
040 QmckScatterometer (QmkSCAT) - SeaWmds Instrument

041 TOPEX/Poseldon
042 Coastal Zone Color Scanner (CZCS)

Nabonal EnvIronmental Satelhte, Data and Infomtahon Se1Vlce (NOAA-NESDIS)
005 General Crrcu1ahon and TIde Measurements / Model Output for the Coastal U S
007 Advanced Very Htgh Resoluhon RadIOmeter (AVHRR)
044 Sea Surface Temperature 14 Km AnalySIS (Local-Scale) from NOAA Senes AVHRR Data
045 Archc and Southern Ocean Sea Ice Concentrahon

046 Global Temperature-Salmtty Pilot ProJect (GTSPP) Program Database
047 NOAA Marme Envrronmental Buoy Database
048 Sea Surface Temperatures at Gulf of Alaska LIght Stahons (1959-1967)
049 U S Coastal Advanced Very Htgh Resoluhon Ramometer (AVHRR) Data Products I

j
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050 Robmson-Bauer Numencal Atlas of Monthly Surface Layer
051 Intel tIdal Orgamsms and HabItats (F030) Data (1974-1980)
052 Henmg Survey PopulatIon Denslty and DIStnbutIon (F057) Data (1976-1977)
053 Manne Brrds of Coastal Alaska and Puget Sound (F031, F033, F034, F038, F040, F041)
054 The 14-km SST FIelds from the NOAA TIROS/N Satellite Senes
231 Sea Level Data, Wmd Speed, and SIgmfIcant Wave HeIght from Satellite Alhmetry

Nahonal Inshtute of Standards and Technology (NOAA-NIST)
111 NatIonal Blomorutonng Speclillen Bank (NBSB)
112 BenthIC Survey and Mussel Watch
279 Manne Morutonng QualIty Assurance Program

Nahonal Manne FlShenes Senrlce (NOAA--NMFS)
008 FIShes of Alaska (book)
009 Wmter Assessment of Shehkof StraIt Spawnmg Pollock
010 North Pacmc DomestIc GroundflSh Observer Database
011 Steller Sea LIOn Count Database
012 Pacmc Salmon GenetIc Database Development
018 NMFS Longlme Survey of the AleutIan RegIOn, Benng Sea, and Gulf of Alaska
019 LIfe HIStory Morutormg of Pmk Salmon BIOlogy
020 North Pacmc Ocean Salmon Ecology
021 RetrospectIve StudIes
022 Morutonng
055 Long Term PopulatIon Morutonng of Natural PopulatIons of Seven SpeCIes of Salmoruds
056 Compansons of Walleye Pollock, Theragra cha1cogramma, Harvest to Steller Sea LIOn,

EumetopIas Jubatus, Abundance m the Benng Sea and Gulf of Alaska
057 Annual Survey of Cook Inlet Beluga Whales
058 Blenrual Survey of Eastern North Pacmc Ocean Gray Whales
059 Abundance of PelagiC Delphmtds and Harbor PorpOIse off the Coast of Alaska
060 MMPA Harbor Seals mmlillum populatIon estlmates
061 SableflSh Longlme Survey
062 Ichthyoplankton Database
063 West Gulf of Alaska Pacmc Cod Survey
064 Gulf of Alaska Blenrual Survey (formerly Gulf of Alaska Tnenrual Survey)
065 Japan-US CooperatIve Longlme Survey of the AleutIan Region, Bermg Sea, and Gulf of

Alaska (also mcludes the data from the ongomg NMFS longlme survey conducted m
same general area)

066 Bycatch, Ub.hzatIon, and DISCards m the CommerCIal GroundflSh Ftshenes of the Gulf of
Alaska,m Eastern Bermg Sea, and AleutIan Islands

067 SheliflSh and Groundftsh Pathogens
068 Shehkof StraIt FOa
069 Gulf of Alaska Thornyhead RockfIsh Stock Assessment
070 Ocean Surface Current Slillulator (OSCURS)
071 North Pacmc ForeIgn FIShery GroundfIsh Observer Database
072 Manne Mammal ProtectIon/Endangered SpeCIes Acts Comphance

JULY 2002 ApPENDIX D 9



GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

073 Cook Inlet Set and Dnft Gillnet Mcume Mammal Observel PIoJect
074 Malme Mammal Health and StrandIng Response PlOgram (MMHSRP) Data Base
075 Nahonal Marme Mammal Ttssue Bani (NMMTB)
077 Alaska Marme Mammal Stock Assessments
078 PaCIftc Marme Mammal Stock Assessments
079 Master Oceanograpmc Observahonal Data Set (MOODS), ExtensIve Oceanograpmc

Profile Data, All Oceans
080 Genehc Stock Idenbftcahon (GSI) of Pactftc Salmon m MIXed Stock Ftshenes
081 Malme Inveitebrate PaUlology
082 Marme Mammal Health and StrandIng Response Program (MMHSRP) - Momtonng and

Qualtty Assurance
083 FmRot
084 FISh Pathology
085 U S CommerCIal and Recreahonal Fishenes Stattsttcal Data from NOAA Nattonal Marme

Ftshenes Servtce, Ftshenes Stattshcs and EconOlmcs DIvlSlon
086 West Coast Upwellmg Indtces Data Files
103 Bermg Sea FOCI
137 Checkltst for Bud Observattons from the Eastern North Pacllic Ocean, 1955 -1967
226 Rockftsh Genettc Database Development
245 Chmtak Bay Current Meter Moormg
246 Hatch ttmmg of Tanner crabs (Chtonoecetes barrdt) m Kodtak
247 Tndent Basm (Kodtak) Extended Water temperature and Seccht Depth
248 Womens Bay DIve Logs and Crab Observattons
249 Eastern Bermg Sea Temperature Momtonng
268 Pavlof Bay Temperature Recordmg Moormg
269 Pavlof Bay Annual Shnmp Trawl Survey
277 BlOmomtormg Component of the MMHSRP
278 StrandIng Network-Marme Mammal Health and StrandIng Response Program
280 Marme Mammal Analyttcal Qualtty Assurance
284 Stock Idenbftcatton of Harbor Seal populattons
290 Human Interachons WIth Harbor Seals

Nahonal Ocean SeIVIce (NOAA-NOS)
001 Nattonal Status and Trends Data Base
023 GLOBEC Northeast Pactftc Program Retrospecttve AnalySts of Growth Rate and

ReCruItment for SablefI.sh, Anoploma ftmbna, from the Gulf of Alaska and the Caltforma
Current System

024 GLOBEC Northeast Pactftc Program AnalySts of Ichthyoplankton Abundance,
Dtstnbutton, and SpecIes Assocmttons m the Western Gulf of Alaska

025 GLOBEC Northeast Pactftc Program Long-term VarIability m Salmon Abundance m the
Gulf of Alaska and Caltforma Current Systetns

026 GWBEC Northeast Pactftc Program A Retrospechve Study of Top Predator TrophIC
Posihons, Producttvtty, and Growth m the Gulf of Alaska for 1960-75 and 1975-90
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027 GLOBEC Northeast PacIfIc Program Patterns, Sources and Mecharusms of Decadal-Scale
Envnonmental VauabIhty m the NorU1east PacIfIc A Rehospechve and Modelmg
AnalySIS

028 GLOBEC Northeast PacIfIc Program Remote Sensmg of the Northeast PacIfIc
Retrospechve and Concurrent TIme Senes AnalySIS Usmg Mulhple Sensors on Mulhple
Scales

029 GLOBEC Northeast PacIfIc Program PhysIcal-Chenucal Structures, Prlillary Produchon
and DIStrIbuhon of Zooplankton and Planlhvorous FISh on the Gulf of Alaska Shelf

043 Marme Mammals of Coastal Alaska Data (1976-1991) Census (F025), AchvIty (F026)
Pathology (F127)

087 FISh Kills m Coastal Waters 1980-1989
088 Development of an EcolOgIcal Charactenzahon of the Kachemak Bay Watershed
089 Sea-VIewmg WIde FIe1d-of-VIew Sensor (SeaWIFS) - Algonthms
090 Nahonal BenthIc Surveillance Project
091 Mussel Watch Project
092 Speclillen BankIng Project
093 Usmg Cytochrome P450 to Momtor the Aquahc EnVIronment Imhal Results from

RegIonal and Nahonal Surveys Marme EnVIronmental Research 34 195-
094 Advanced Very HIgh Resoluhon RadIOmeter (AVHRR) - Algonthms
199 GLOBEC Northeast PacIfIc Program Retrospechve AnalySIS of Northeast PacIfIc

MIcrozooplankton
224 GLOBEC Northeast PacIfIc Program Coupled BIO-PhYSICal Models for the Coastal Gulf

of Alaska
233 GLOBEC Northeast PacIfIc Program Coupled BlO-physIcal Models for the Coastal Gulf of

Alaska
234 GLOBEC Northeast PacIfIc Program Retrospechve AnalySIS of Northeast PacIfIc

MIcrozooplankton A Wmdow on PhYSIcal Forcmg of Food Web Structure
251 Kachemak Bay Nahonal Estuarme Research Reserve KBNERR

Nabonal Weather SelVlce (NOAA-NWS)
004 Buoy Observahons
095 Coastal-Marme Automated Network (C-MAN)
096 Moored Buoys
097 SeaBreeze CD-ROM

Ocean and Atmosphenc Research (NOAA- OAR)
006 The ComprehensIve Ocean-Atmosphere Data Set (COADS)
098 DIStnbuhon and Elemental CompoSlhon of Suspended Matter m Alaskan Coastal Waters
099 Long-Term Vanahons m Alaskan Salmon Abundance Deternuned from Sedlillent Core

AnalySIS
100 On Exchange of Water Between the Gulf of Alaska and the Benng Sea through Ummak

Pass
101 Gulf of Alaska CTD Data Collected under the Envrronmental SerVIces Data and

Informahon Management (ESDIM ) Data Rescue
102 Benng Sea and Gulf of Alaska Wmds (1946-1982)
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104 RevIsed AnalysIS of Allozyme Vanahon m ASIan and Alaskan Pml Salmon
105 Intra-and InterspecJhc Genehc Vauahon of mtDNA m RockfISh (Sebastes)
106 Physlcal-Cheffilcal Shuctures, Prlffiary ProduchVlty and DIShlbuhon of Zooplankton and

Plankhvorous FIsh on the Gulf of Alaska Shelf A GLOBEC Momtormg Proposal PlOJect
Energehcs Project

107 H1stoncal AnalySlS of Sockeye Scales
108 Retrospechve AnalySIS of the Effects of Trawlmg on BenthIc Commumhes m the Gulf of

Alaska and Aleuhan Island RegIOn
109 Long-Term Vanahons m Alaskan Sockeye Salmon Abundance
110 Momtormg Transport m the Alaska Coastal Current A FeaSIbility Study

Nahonal SCience Foundahon
113 Improvement m the Curahon of the Umverslty of Alaska Frozen TISsue Collechon
114 Flora of the BenthIc Manne Algae of Alaska Phase 1, An Inventory of the EXlshng

Collechons
115 Flux and Fate of SedIment and Water from Small Mountamous Rivers to the Conhnental

Margm the Gulf of Alaska Example
116 Gulf of Alaska Recrrcu1ahon Study (GARS)
117 Upper Ocean Crrcu1ahon m the Subpolar and Northern SubtrOpICal Pacmc

PacIfiC States Manne Flshenes ComnusslOn (pSMFC)
232 Salmomd Coded Wrre Tag Database

Pnnce Wilham Sound RegIOnal Clhzens' AdVISOry CouncIl (PWSRCAC)
241 Long-Term Envrronmental Momtormg Program

Pnnce Wilham Sound SCience Center (pwSSC)
201 Long-term Killer Whale Database

U S Department of the Intenor (DOl)
002
003
013
014
015
016
017
076
118
119
120

121
122

Age and Length CharacterIShcs of Rambow Trout 111 Selected Streams
Alaska Seabrrd Inventory and Momtormg Plan
Sea Otter Blomomtonng Program
Seabrrd TlSSUe Arcmval and Momtor111g Project (STAMP)
Bald Eagle Database
Coastal Stumes
HydrolOgIC Data Collechon and Inveshgahons
Alaska Manne Mammal TISsue ArchIval Project (J\MMTAP)
Forage FISh Assessment of the Cook Inlet ali and Gas Development-Affected Areas
Kachemak Bay Expenmental and Momtonng Stumes
The Alaskan Frozen TISsue Collechon and AsSOCIated Electromc Database A Resource
for Manne BIOtechnology
Spnng Survey of Steller's Elders 111 the Gulf of Alaska
Momtor111g and Evaluahng Effects on Seabrrd Colomes m Potenhal 0J.1 and Gas
Development Areas )
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123 Sedlll1ent Quahty m Deposlhonal Areas of Sheblof Shalt and Outermost Lowel Cook
Inlet

124 Mappmg of Cook Inlet TIde RIps Usrng Local Knowledge and Remote-Sensmg Imagery
TechnIques

125 HIStoncal Data Sets for Pnnce WIlham Sound Ecosystem Imphcahons of Changmg
Chmate

126 EcolOgIcal Processes Underlymg the Large Spahal and Temporal Vanance m DlStnbuhon
and Abundance of SpecIes m GlaCIer Bay Part 1 The Spahal DlStnbuhon of Small
Schoohng FISh and Associated Predators m GlaCIer Bay, and TheIr Relahonshlp to
Oceanograpluc and Bathymehlc Parametels

127 SeabIrd Populahon DynamIcs and Food Supply Assessmg Long-Term Changes m Alaska
Marme Ecosystem

128 Pnnce Wilham Sound Ecosystem Iruhahve
129 Harbor Seal Morutonng m GlaCIer Bay Nahonal Park and Preserve
130 PaCIfIc Coho Salmon Study
131 Marme Mammal Markmg, Taggmg and Repornng Program
132 Sea Otter Stock Assessment
133 Alaska SeabIrd Inventory and Momtonng Plan - Annual Morutormg SItes
134 BenngIan SeabIrd Colony Catalog
135 Wmtenng Marme BIrd and Mammal Surveys
136 Nongame Migratory BIrd Project - Boat Survey Data m Bays and Sounds
139 Genehcs Research for Charactenzmg Alaskan Salmorud Populahons
140 Seasonal Movements and PelagIC HabItat Use of Alaska SeabIrds Determmed by Satellite

Telemetry
141 FIshes of Alaska
142 DeSIgn and Implementahon of a SeabIrd Morutonng Database for the North PacIfIc
143 Assessment of Sea Otter Populahon Status m Alaska
144 EcolOgIcal Processes Underlymg the Large Spahal and Temporal Vanance m DlStnbuhon

and Abundance of SpecIes m GlaCIer Bay Part 1 The Spahal DlStnbuhon of Small
Schoolmg FISh and AsSOCIated Predators m GlaCIer Bay, and TheIr Relahonslup to
OceanographIc and Bathymetnc Parameters

145 Populahon Status and Ecology of ShorebIrds m Alaska
146 Usmg Genehc Markers to Determme Populahon Status and Management StrategIes of

Mammals
147 PelagIC SeabIrd Atlas of the North PacIfIc
149 IBN Vrrus Stram DIfferenhahon and FIeld EpIdemIOlogy m Salmoruds
150 Watershed Ecosystem StudIes
151 Marme Geology of Bent1uc BIOhabitats m GlaCIer Bay, Alaska
152 Cook Inlet Basm Study Urut
223 Alaska SeabIrd Inventory and Momtonng Plan - PenodIc Morutonng SItes
227 Populahon Ecology of SeabIrds on Middleton Island, Alaska
230 Process Structunng Coastal Marme Commumhes m Alaska DOr Trust Resources
242 Nahonal Wetlands Inventory (NWI)
243 PelagIc DlStnbuhon and Abundance of SeabIrds and Marme Mammals
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244 Seablld Populahon Dynarrucs and Food Supply ASseSS111g Long-Telm Changes 111 Alaska
Malme Ecosystem

252 Management of SubSIstence Resources 111 Alaska
271 Alaska Seabrrd Colony Catalog Database
272 SubSIStence Halvest of MIgratory Brrds
273 DIStnbuhon and Abundance of KJ.tthtz's Murrelets and Black Oystercatcher m western

PWS
274 Harbor seal surveys on the coast of Kenai FJords Nahonal Park, 1979 to 1998
275 Humal1 Impacts on Neshng ShoreblJ ds on the Coast of KenaI FJords Nahonal Park
281 Assessment of Sea Otter Populahon Status m Alaska

US Global Change Research Program (USGCRG)
214 Repeat Hydrography and SpeClal AnalYSIS Centre
215 One-Tlffie Survey Crmse 17N
216 Subsurface Floats
217 Surface Dnfhng Buoys
218 Jomt Arcmve for Shlpboard Acoushc Doppler Current ProMers (ADCP)
219 Upper Ocean Thermal Data
220 Sea Surface Sahmty
221 Surface MeteorologIcal Data and Surface Fluxes
222 TIde Gauges

Umted Nahons (UN)
210 Permanent ServIce for Mean Sea Level (PSMSL) and Global Sea Level Observrng System

(GLOSS)
211 Smps of Opportumty Program (SOOP) Low DensIty Expendable Bathythermograph

Network (XBT)
212 Array for Real-Tlffie Geostrophy (ARGO)
213 Paafic Basmwide Extended C1lID.ate Study (P-BECS)

Umverslty of Alaska Farrbanks (UAF)
202 Data set for the NOAA Advanced Very Hlgh Resoluhon RadlOmeter Satellite (AVHRR)
203 Advanced Very HIgh Resoluhon RadlOmeter (AVHRR) Imagery From UAF HRPT (Hlgh

Resoluhon PIcture TransmISSIon) Stahon
204 MSL-622 Satellite Oceanography ProJect
205 Inshtute of Marme SCIence, Umversity of Alaska Farrbanks Database, PhySIcal, ChemIcal,

BlOlogIcal and GeolOgIcal Data
206 Isotope Raho StudIes of Marme Mammals m Pnnce WIlham Sound
207 GAK 1 TIME SERIES
257 A conhnuous plankton recorder momtonng program for the eastern North Pacllic &

southern Benng Sea
258 A basm-wide retrospechve analysIS of growth and surVIVal patterns m pInk and chum

salmon
259 Pilot study on the use of arrborne hdar and dIgItal llllagery for surveys of epipelagIc fISh

and associated blOlogIcal features m the southeastern Bermg Sea and North Pacmc Ocean
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260 Assessmg fue physIOlogIcal stress of SteUer sea hons usmg fecal hormone analysIS
261 Determmmg survIval and long-term foragtng behaVIor of Juvemle Stellel sea hons

through 1I11planted, satelhte-hnled mortahty transffiltters
262 AvaliabIhty and use of prey by Steller sea hons m the Kodiak area
263 Process modehng of fue Alaska Coastal Current
264 PhYSICal forang of marme produchvity momtonng moormgs on the Gulf of Alaska shelf
265 Eshmahng seabIrd dIets usmg fatty aads protocol development and teshng of ReFER

hypotheses as tested m the Bermg Sea
266 A cooperahve effort between Alaska Nahve people & federal agencIes on marme

mammal & bud shandmg
267 Harbor seal bIOlogIcal samphng- expandmg the scope of the subSIStence archIval project

Cook Inlet, KodIak, Aleuhan Islands

Umverslty of Mlant1
208 UmverSlty of Mlailll TIR05-N-NOAA AVHRR Level1b

Umverslty of Rhode Island
209 UmverSlty of Rhode Island Advanced Very HIgh. Resoluhon RadIometer (AVHRR)

Level1b

U S Department of Agncu1ture - Forest Se1Vlce (USFS)
250 Gnd Survey System

U S Department of the Navy
292 Rutgers UmverSlty and the U S Navy Hyperspectral Coastal Ocean DynailllCS

Expenment a prototype ocean observmg system
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APPENDIX E. GLOSSARY OF EXISTING
AGENCY PROGRAMS AND PROJECTS

Most major mformahon-gathenng programs of the North PaCIfic
can be dIVIded mto three major categones large arumals or
macrofauna (bIrds, mammals, fish, shellfish), oceanography

(physIcal, chemIcal, geological and bIOlogical) and human use (land and water use, water qUalIty,
contammants) The Alaska Department of FIsh and Game (ADF&G), the U S Department of the
Intenor (USDOI) and the Nahonal Oceamc and Atmosphenc AdmIrustrahon's Nahonal Marme
FIShenes SerVIce (NMFS) are the pnmary momtormg agenCIes for macrofauna Samplmg efforts
for macrofauna are typICally focused on regional or smaller areas, mc1udmg PWS, Cook Inlet,
KodIak and the Alaska Pemnsula The Nahonal Aeronauhcs and Space Admlllistrahon (NASA)
and the Nahonal Oceamc and Atmosphenc AdmImstrahon (NOAA) are the pnmary sources of
oceanographIc data, mc1udmg data on zooplankton, phytoplankton and prImary produchvity
Notably absent are momtonng or assessment programs for large plants, such as kelp and other
large marme algae Oceanography programs often mc1ude the North PaCIfic region as part of a
larger program The US EnVIronmental Protechon Agency (EPA), U S Forest SerVIce (USFS),
Alaska Department of EnVIronmental Conservahon (ADEC) and Alaska Department of Natural
Resources (ADNR) all momtor certam human uses of lands and waters and the Impacts of human
use on resources, as do several nongovernmental organIZahons

A summary of the major programs conducted by the Umted States, State of Alaska,
transboundary organIZahons and nongovernmental orgarnzahons follows and IS current as of
August 2001 and although extensIve, should not be consIdered complete These programs have
been mcorporated mto a database (see Appe~dIx D), whIch will mc1ude projects that are achvely
collechng data as well as projects that are no longer achve Inachve projects contaIn consIderable
valuable hIstoncal mformahon relevant to the produchon of plants and ammals m the North
PaCIfic region I AppendIx A contams a reference hst of commonly used acronyms and web SIte
hnks for these programs and others

State of Alaska

Alaska Department of Commumty and Economic Development (ADCED)

Each year, the department's DIVISIOn of Tounsm pubhshes Alaska VISItor ArrIvals and the
Alaska VISItor Industry EconOmIC Impact Study These studIes are based on secondary data No
field surveys have been conducted smce the 1993-1994 Alaska VISItor StatIShcs Program ill

Alaska Department of EnVironmental Conservation (ADEC)

The DIVISIOn of AIr and Water Quahty (AWQ) IS concerned WIth pubhc health and
enVIronmental problems throughout Alaska The year 2000 stateWide water quahty assessment
descnbes the nature, status and health of Alaska's waters, and Idenhfies restorahon and
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plotechon needs The AWQ also momtors ambIent watel qUalIty till ough the State Watel
DIscharge PerIDlts and Cerhftcahon program and the Non-Pomt SOUIce Watel Polluhon Control
program DISchaIge pefilllts, such as that for the Alyeska Marme Terrnmal m Valdez, reqUIre
that the pefillltee momtor both surface water and ground water for such contammants as
petroleum, PCBs and heavy metals MomtOlmg data from about 3,000 sItes statewIde (1,000 of
wmch are m the oil spill regIon) aIe stored m the Contammated SItes Database The Non-Pomt
Source Water Polluhon Control program keeps a hst of "ImpaIred water bornes," that 15, water
bodIes wmch do not meet state water quahty standards ADEC also funds non-pomt source
water polluhon momtormg pIoJects WIth funds authonzed by CongIess undel Sechon 319 of the
Clean Water Act and adIDilllstered by the EnVll onmental Plotechon Agency (EPA)

ADEC has awarded EPA Sechon 319 funds to several ahzen-based momtonng programs,
such as the Cook Inlet Keeper's water momtonng program m lower Cook Inlet, the KenaI
Watershed Forum, and wetlands sturnes by the Nature Conservancy In partnersmp WIth other
agenCIes, ADEC IS developmg a bwassessment project m the Cook Inlet bIOregIon Tills project
seeks to develop protocols for water samphng that are better SUIted to condihons m Alaska tllan
the current samphng protocols

ADEC IS a partner m lIDplemenhng the EPA's Envrronmental Momtormg and Assessment
Program (EMAP) m southcentral Alaska (2001) and southeastern (2002) The purposes of the
EMAP program are to prOVIde a comprehensIve report card on the status of the ecolOgIcal
resources nahonWIde and to detect trends m these resources

ADEC and ADNR are partners WIth the EVOSTC m the development of the regIonal
mforrnahon system known as The Cook Inlet Inforrnahon Management and Momtonng System
(CIIMMS) CIIMMS 15 a proJect, funded by the Trustee Counell, to develop a webSIte for fmdIng,
contnbuhng, and shanng mforrnahon for the Cook Inlet watershed regIon CIIMMS 15 mtended
to support momtonng, management, and restorahon of natural resources, m adrnhon to data sets
and software relevant to understandmg the ecologIcal status of tills region

The DIV15IOn of Envrronmental Health rouhnely tests and cerb.fJ.es clams from commerCially
harvested sheJlfu;h beaches and she1J.fJ.sh farms for paralyhc she1J.fJ.sh pOlsonmg (PSP) The
rnVlSlOn also momtors PSP m kmg crab m PWS and m Dungeness crab and Tanner crab m PWS,
Cook Inlet and Kornak Island The Contarnmated SItes program momtors superfund SItes,
abandoned military SItes and other contarnmated SItes throughout the state

Alaska Department of Fish and Game (ADFG)

The DIVISIOn of Commeraal Fishenes does substanhal momtonng of salmon and other
anadromous fuh speCIes, hernng, crabs, shnrnp, and several other mvertebrate speaes, and some
speCIes of mammals ADFG IS responsIble for the North Paabc region portIon of the Coded
Wrre Tag database, wmch contnbutes to understandIng ocean rnstnbuhons of salmon The
department's pomt of sales (fuh hcket) mformahon supports understandIng of abundance and
dIstnbuhon of salmon, crabs, hernng, and other speCIes ADFG has extensIve hlStoncal
mforrnahon on the rnstrIbuhon of some speCIes of crab and shnrnp m the North PaCInC region
ADFG has arcmves of scales and SIze at age from salmon and hernng that enable understandmg
of mstoncal marme growth regimes
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An extensIve arc1uve of genehc data on chum, sockeye and other speCIes of salmon IS bemg
assembled by ADFG m cooperahon wIth NMFS and agencies of nahons parhCIpatrng m the
North PacrfIc Anadromous Fish COmmISSIOn (NPAPC) The data enhance understandmg of the
ocearuc dIstnbuhon of salmon, and thereby contrIbute to understandmg ocearuc regIme shIfts
ADFG also conducts genehc research on crabs, some rockfish, hernng, and pollock

The ADFG and cooperahng regronal aquaculture associahons also collect some phySical and
bIOlogrcal oceanographrc data, such as Kodiak nearshore sea surface temperatures, KItOl Bay
zooplankton bIOmass (KodIak), and PWS zooplankton settled volumes

The ADFG SubSIstence DIVisIOn's Whrskeis database on subSistence harvest of manne
mammals IS part of a larger NOAA sponsored program In addihon, the WildlIfe Conservahon
DIVISIOn momtors harbor seals m cooperahon With NMFS

The Sport FISh DIViSIOn conducts port samplmg of groundfIsh for mfonnahon about the
recreahonal effort, catch, and harvest of rockfish, lmgcod and halIbut m the northern North
PacrfIc regron I ThIS project COnsiSts of catch samplmg and angler mtervIews The SubSIStence
DiVISIOn collects data on subSIStence fish and shellfish harvest The HabItat D!vlSlon momtors
the effect of certam achVIhes on anadromous fish streams Smce 1990, the dIVISIOn has been
momtonng comphance With the Alaska Forest Prachces regulahons on pnvate land Smce 1998,
the HabItat DIVISIOn has been research1ng the effects of stream crossmg structures on fish habItat
and fish passage on the KenaI Penmsula Note that most ADFG marme programs serve to
prOVIde mfonnahon to NOAA programs

) Alaska Department of Health & SOCial Services (ADHSS)

The DIVISIOn of Pubhc Health has conducted several retrospechve studies of contammahon m
SubSIstence foods One study exammed twenty years of data on trace metal analYSIS m marme
mammals and another exammed the occurrence of contammants m subSIStence foods, With an
emphasIS on methylmercury, cadmIUm, and PCB levels

Alaska Science and Technology Foundation (ASTF)

The ASTF was establIShed m 1988 by the Governor and the State of Alaska LegISlature Its
purpose IS "to promote and enhance, through basIC and apphed research and the development
and commerCIalIzahon of technology, econOmIC development and technologrcal mnovahon m
Alaska, pubhc health, telecommumcahons, and the sustamed growth and development of
Alaskan sCIenhfic and engrneenng capabmhes "

Alaska Department of Natural Resources (ADNR)

The ADNR momtors certam uses of land and resources on state lands and waters The
DIVISIOn of Oil and Gas performs field Inspechons of achVIhes on state oil and gas leases The
DIVISIOn of Forestry momtors comphance With the tenns of state trmber sales The DIVISIOn of
Parks and Outdoor Recreahon tracks use of state-owned recreahon facrhhes such as
campgrounds, cabIns, and parkmg facmhes PerIodically, staff members Inspect these facmhes
The DIVISIOn of Mmmg, Land, and Water Issues aquahc farmIng permIts, shore fishery leases,

I and other permIts and leases for use of state-owned hdelands and uplands The DIVISIOn
J
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mamtams stahshcs on the numbel of apphcahons submItted and Issued and momtOls
comphance WIth terms and condIhons of pelilllts and leases

State of Alaska, DIvIsion of Governmental Coordmatlon (DGC)

As a part of the Governor's Office of Management and Budget, DGC adilllmsters the State of
Alaska porhon of the Coastal Impact AssIstance Program, ClAP, wInch IS adm1illStered
nahonWlde by NOAA (see ClAP under U S Government, NOAA, NOS, below) Alaska will
receIve $12,208,723 m funds for federal FY 2001 The DGC will dIrectly receIve $7,935,670, Nortll
Slope BOlough will receIve $1,939,680, and tlle remanung seventeen coastal boroughs and coastal
resource servIce areas (CRSAs) wlllieceive approxunately $20,000 to $600,000 Collechvely, the
DGC and local governments will undertake more than seventy-five proJects, mcludmg enhancmg
local coastal management plans, data collechon and research, habItat conservahon and
restorahon, and educahon and commumty outreach, coastal access lillprovements, and project
planmng In addIhon DGC will use nearly $3 milllon for a Compehhve Grants Program to
provIde funds to coastal resource dlStnCts, state and local government agenaes, tnbal
governments and orgaruzahons, non-profit organtzahons, mdlVlduals, pnvate mdustry and other
mterested parhes The grants will be awarded for projects m such categones as coastal erOSIOn
control, illlhgahon of lillpacts from off-road vemcles, lillprovmg fish passage, marme debns
removal, habItat protechon (mcludmg land acqU1S1hon), and coastal resource mventorymg,
mappmg, and momtormg In the GEM regIOn, two boroughs and CRSAs will acquIre basehne
maps, photography, or other mformahon to lillprove theIr coastal management deaswn-makmg
Matanuska-Susltna Borough will obtam and make available an on-Ime database of new satellite
Imagery of the borough, focusmg on areas of lugh coastal resource value, and where slgmhcant
lillpacts and hazards to coastal resources eXISt KodIak Island Borough will obtam Vltally needed
aenal photography and dIgttIzed maps for Idenhficahon, conservahon, and protechon of
wetlands and floodplams

Umverslty of Alaska

The umverslty has extensIve programs that are relevant to the North PacIfic regton Four
federally and state supported programs Wlthm the umverslty system are expected to proVlde the
Internahonal Archc Research Center substanhal experhse and mformahon of mterest the School
of Flshenes and Ocean Saences, the Sea Grant Program, the Nahonal Underwater Research
Program, and the Inshtute of SOCIal and Econoilllc Research

Inshtute of Manne Saence (IMS) School of Flshenes and Ocean Saences SClenhsts
)assocIated Wlth IMS have compiled much of the mstoncal data relevant to the North PacIfic
regton IMS produced the comprehensIve reVIew (Rosenberg 1972) m preparahon for the
extensIve and mtenslve envrronmental studIes sponsored by the Mmerals Management SerVIce m
the 1970s (Hood and Zlmmerman 1986) The IMS mamtams a mstonc database of oceanograpmc
measurements from the North Paafic regton, and It currently operates the R/V Alpha Hehx, a
133-foot research vessel, for the Nahonal Saence Foundahon

Pollock Conservahon Cooperahve Research Center (pCC) School of Flshenes and Ocean
SCIences (SFOS) The SFOS operates the PCC Research Center that was estabhshed m February
2000 and seeks to lillprove knowledge about the Norfu Paafic Ocean and Benng Sea furough
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research and educabon, focusmg on the commerCIal fIshenes of the Bermg Sea and Aleuban
Islands For the 2000 fundmg cycle, the PCC Resemch Center IS especIally mterested m trymg to
1lllprove knowledge through research and educabon relabng to c1llllate reglllle shIfts and
mterannual vanabillty m the Benng Sea ecosystem, the recovery of the Steller sea hon, mcludmg
the IdenbfIcabon of factors contnbubng to Its dechne, bycatch m the fIsherIes (for example,
bycatch of salmon), and the 1lllpact of fIshmg acbVIbes on ecosystem dynamICS and the dIversIty
and abundance of target and non-target speCIes Fundmg for the PCC Research Center IS
provIded by members of the PCC, a fIshmg cooperabve of compames that operate
catcher/processors m the Benng Sea and Aleuban Islands pollock fIshery

Internabonal Arcbc Research Center (IARC) IARC promotes mternabonal collaborabon m
global change research m the arcbc In the SCIence plan for IARC, the key elements are
understandmg the relabve contnbubons of natural and manmade causes to chmate change,
understandmg what to measure m order to detect changes, and predIctmg the 1lllpacts of change
on humans The !ARC Research Framework has eIght themes, four of whIch are relevant to the
North Pacmc regIOn 1) detecbon of contemporary changes, 2) arcbc paleoc1llllabc and
paleoenVIronmental reconstrucbons, 3) 1lllpacts, consequences of change and educabon, and 4)
mtegrabon of research on a regIOnal scale

Sea-AIr-Land Modehng and Observmg Network (SALMON) SALMON IS a program at the
Umverslty of Alaska that fosters the 1lllplementabon and operabon of ocean-observrng systems
m Alaskan coastal waters The SALMON ProJect, m cooperabon With other lllSbtutes, will
prOVIde conbnuous real-bIDe or near real-bIDe observabons of ocean crrculabon and ecosystems

) and hnk these With models to prOVIde ocean forecasts m much the same way that weather
forecasts are made

Federal Partnership Programs

Marme Envrronmental Health Research Laboratory
(MEHRL) MEHRL IS an mterdIsCIphnary envrronmental
laboratory operated by NOAA, NIST, the UmverSlty of

Charleston, the MedIcal Umverslty of South Carolma, and the South Carohna Department of
Natural Resources It 15 a model of state-federal cooperabon m marme enVIronmental research
dedIcated to proVIdmg the mforrnabonneeded to sustam the health, producbVIty, and diverSIty
of marme resources The mterdlSClphnary program IS deSIgned to prOVIde answers to complex
problems surroundmg the health of coastal marme resources

(

Umted States
Government

Nabonal Ice Center (NIC) The Nabonal Ice Center 15 a mulb-agency operabonal center
partnered by the Department of Defense (Navy-Naval Ice Center), the Department of Commerce
(NOAA-Nabonal Weather ServIce and Nabonal Envrronmental Satellite Data Inforrnabon
SerVIce), and the Department of Transportabon (U S Coast Guard) NIe Ice data are a key part
of the US contnbubon to mternabonal global c1llllate and ocean observrng systems

Nabonal OceanographIc PartnershIp Program (NOPP) NOPP 15 a legIslahvely-mandated
collaborahon of twelve U S government agenCIes deSIgned to promote cooperahve acbVlhes
among government, acadeD11a, and mdustry for the advancement of ocean SCIence, technology,
and educahon The Program 15 charred by top-rankmg offiCIals from the US Navy, NSF,
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Depal tment of Enelgy, US Coast Guald, Defense Advanced Research Projects Agency, NOAA,
NASA, EPA, USGS, MMS, and the OffIce of Management and Budget NOPP IS preparmg The
Ocean Observahons Task Team report"An Integrated Ocean Observmg System A Strategy for
Implementing the FIrst Steps of a U S Plan" NOPP has agreed to be a partner WIth the Alfred P
Sloan Foundahon to help lillplement the Census of Marme Life (CoML) and specIfIc studies that
are relevant to the common research mterests and goals of the CoML and the U S oceanograpmc
agenCIes

The Kachemak Bay Research Reserve (KBRR) IS a fedelal-state partnersmp KBRR IS
mandated to do reseatch and educahon m the local commumty and m the latger NERRS
program (see NOS under NOAA)

Interagency Federal Programs

The Interagency Archc Research Pohcy COillilllttee (IARPC) 15 the coordmatIng body for
federal agenCIes charged WIth Implementing archc research and momtormg, some of wmch may
occur m the northern Gulf of Alaska IARPC IS charred and operated by the Nahonal SCIence
Foundahon (NSF), the lead federal agency responsIble for Implementing archc research pohcy
The IARPC helps set pnonhes for future archc research, and It works Wlth the State of Alaska
and the Archc Research COillilllsslOn to develop and estabhsh an mtegrated nahonal archc
research pohcy to gmde federal agenCIes m developmg and lillplementIng therr research
programs m the archc

Marme Protected Areas (MPAs) are an mtergovemmental program deSIgned to strengthen
the protechon of U S ocean and coastal resources The Departments of Commerce and the
Intenor, ass15ted by other federal agenCIes, are workmg to strengthen and expand a nahonal
system of MPAs by workmg closely Wlth state, terntonal, local, mbal, and other stakeholders
An MPA IS defrned as IIany area of the marme envrronment that has been reserved by Federal,
State, terntonal, mbal, or local laws or regulahons to prOVide lasting protechon for part or all of
the natural and cultural resources therem II

National Aeronautics and Space Administration (NASA)

NASA's Earth SClence EnterpflSe remote sensmg illlSSlOns prOVide a wealth of mformahon
that support ocean programs at a fundamental level The TOPEX/Poseldon and Jason-1
alhmetry illlSSlOns will proVIde mgh quahty sea level eshmates for mterpretahon m chmate
studies Sea surface heIght (SSH) data prOVIde mformahon about the ocean geostropmc flow­
fIeld near surface and, when assmulated mto an ocean crrculahon model, m the mtenor ocean as
well SSH data also prOVide a measure of upper ocean heat and salme vanability NASA and
CNES have combmed forces to bmld and operate alhmetnc illlSSlOns for obtammg mgh accuracy
SSH data smce August 1992 Jason-1 will be the follow-on illlSSlOn to TOPEX/Poseldon and 15
slated for launch m May 2000

Seawmds mstruments on the QmkSCAT and ADEOS-II satellItes prOVIde eshmates of vector
wmd over the ocean Wmd stress IS the pnmary mechamcal forcrng funchon of the ocean
crrculahon Remote sensmg observahons of surface wmds are the only way to assure a truly
global coverage of wmd data over the ocean and to assure that meteorological models proVlde )
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lugh-quahty wmd-stress fIelds NASA launched Its Seawmds scatterometer on the QmkSCAT
mISSIOn m mld-1999 to provIde 25-km resoluhon of vector surface wmds over 90 percent of the
Ice-free ocean each day A second Seawmds mstrument IS slated for launch m late 2000 on the
Japanese ADEOS-2 satellite

Sea surface temperature IS now delIvered operahonally usmg a combmahon of AVHRR data
from NOAA satellites and m SItu data for cahbrahon NASA's new technology for delIvermg sea
surface temperature mc1udes the MODIS mstrument on EOS AM and PM platforms and
illlcrowave (all-weather) temperatures from the NASA/NASDA TropIcal Ramfall Measurement
MISSIOn

The concentrahon of chlorophyll m the upper ocean layer can be deduced from relahvely
small contrasts m ocean color Wlule absolute cahbrahon of such contrast measurements may be
a challenge, easily observable fast space-hme vanahons proVide valuable mslght mto the
dynailllcS of pnmary produchon and the processes that control It Such ocean color
measurements Will be provIded more or less systemahcally by a number of satellite illlssIOns and
operahonal programs, mc1udmg NASA/SeaW1FS, ESA/ENVISAT, NASDA/ADEOS-2,
NASA/EOS AM-l and PM-I, and eventually NPOESS (beguuung around 2009)

The GraVity Recovery and ClImate Expenment (GRACE) satellite IS slated for launch m
March 2001 It will prOVIde a mgh accuracy measurement of the hme varymg graVity fIeld
Knowledge of the marme geOId IS fundamental for usmg alhmeter data to study the absolute
ocean currents ThIs illlSSIOn also prOVides Informahon about vanable deep ocean currents
wmch IS complImentary to that obtamed from alhmetry

NASA IS currently developmg the technology to remotely sense the ocean surface salmIty
from low earth orbIt The saenhfIc Issues are dIscussed m a report of the Sal1illty and Sea Ice
Workmg Group

Sea-Ice concentrahons (percent aenal coverages) to a resoluhon on the order of 30 km have
been obtamable from satellites smce the early 1970's usmg paSSIve illlcrowave radIometer
technology The record from the early and illld 1970's contams many large data gaps, but IS
reasonably complete smce Oct 1978 m terms of obtalillng a consIStent global sea Ice coverage
dataset every one to three days ThIS record demonstrates sIgmfIcant seasonal and mterannual
vanability m the sea-Ice cover and Its dynalllcs ThIs dataset IS currently bemg connnued With
the DMSP Speaal Sensor Microwave/Imager (SSM/I) and will be further connnued With the
Advance Microwave Scannmg RadIometer (AMSR) on both the EOS-PM platform and the
Japanese ADEOS-II platform, both scheduled for launch m the year 2000

National Oceamc and Atmosphenc Administration (NOAA)

National Marine Fisheries Service (NMFS)
The Nahonal Marme FIShenes ServIce conducts programs that support the domeshc and

mtemahonal conservahon and management of IIvmg marme resources and the fIshenes that
depend on them NMFS IS orgamzed around RegIOns that conduct management-operahonal
achVIhes, mc1udmg some momtormg, and Centers that conduct research m support of regional
needs Centers responsIble for PaCIfIc Ocean research and momtormg WIthm NMFS are the
Alaska Flshenes ScIence Center, the Northwest FIShenes Saence Center (Seattle), and the
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Southwest Fishenes SCIence Centel (LaJolla) The resealch needs of NMFS m the Alaska RegIon
Guneau) and the North PaCIfIc FIshery Management COunCll (Anchorage) are served by the
Alaska Fishenes SCIence Center (APSC) whIch mcludes the Sand Pomt (Seattle) Headquarters, the
Auke Bay Laboratory Guneau), the KodIak Laboratory, and the HatfIeld Marme SCIence Center
(Newport, OR) Major programs mclude the tnenrual trawl surveys for groundfIsh (scheduled to
become blenrual m 2001), annuallonghne surveys pnmanly for sablefIsh and rockfIsh, and the
Ocean Carrymg CapaCIty program With three crmses a year The Auke Bay Laboratory conducts
the salmon and rockfIsh genebc stock IdenhfIcahon programs of the Alaska FIShenes SCIence
Center m Juneau, Alaska The APSC also conducts fIslung vessel observer plOgIams that collect
bIOlogIcal mformabon ale conducted out of

The Nabonal Marme Mammal Laboratory (NMML) IS a research orgaruzabon of the APSC
that conducts research on marme mammals Important to the mISSIOn of NMFS and NOAA Its
geographIc focus mcludes areas off the coasts of Oregon, Washmgton and Alaska Its acbVIhes
are mformahon gathenng and analysIs, mcludmg stock assessments, hfe hIstory determmabons,
and status and trends NMML provIdes mformabon to VarIOUS U S governmental and
mternabonal orgaruzabons to asSISt m developmg rabonal and appropnate management regtrnes
for marme resources under NOAA's Junsdicbon NMML also carnes out research programs
cooperabvely With other federal, state and pnvate sector agenCIes Marme mammal survey
programs mclude the Cook Inlet marme drIft and set gtllnet observer program and the Cook Inlet
beluga populabon survey The Southwest Fishenes SCIence Center conducts offshore killer
whale surveys m the North PaCIfIc regIon as part of a coast-Wide program

NMFS, m conJuncbon WIth the states and other federal agenCIes (USGS and NIST), conducts
the Nabonal Marme Mammal Health and Strandmg Response Program, whIch collects and
analyzes bssue samples from stranded marme mammals for hIstopathology, contammants, and
dISease NMFS also rouTInely observes fIsh sampled m resource surveys for the presence of
tumors or lesIOns that may show hIgh levels of contammants m the enVIronment Human uses of
fIshenes are momtored through the Fishenes Stahsbcs and EconOmICS DIVIsIOn, whIch mmntams
U S commercIal and recreabonal fIshenes stabsbcal data, such as pounds and dollar value of
commerCIallandmgs In the southeastern U S coastal states, NMFS cooperates With the Food
and Drug AdmImstrabon to conduct a Seafood Inspecbon Program that mcludes momtonng the
level of toXIC dmoflagellate, Pfiestena PZSClCZda, and related water quahty properhes that mIght
pose a threat to human health and the ecosystem

NMFS partners With other federal and state agenCIes and academIC Insbtubons to support
ecosystem programs Several of the programs collecTIng ecosystem mformabon mcludmg data
on phYSICal and chemIcal oceanography, phytoplankton, zooplankton, and forage fIshes are the
Cahforma Cooperabve Fishenes Invesbgabon (CalCoFI) off Southern Cahforma, the Marme
Momtonng and Assessment Program (MARMAP) m the Northwest Atlanbc, SEAMAP m the
Southeast US, and the FIShenes Oceanography Coordmated Invesbgahons (FOCI, NOAA's
OAR IS also a partner) m the Gulf of Alaska and Benng Sea These programs furmsh
fundamental mformabon on abundance and dIStribubon of marme fIsh and mvertebrates, and
envIronmental changes whIch affect them
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Office ofOceanicandAtmospheric Research (OAR)
OAR COnsISts of twelve laboratones natIonwIde The office's actIVItIes mclude a complex

program of geophySIcal, oceanogxaphIc, and macrofauna momtormg and evaluatIon actIVItIes
that mvolve NMFS and other NOAA personnel

The Pacmc Manne EnVIronmental Laboratory (PMEL) m Seattle focuses on coastal and open
ocean observatIons and modelmg to lIDprovmg understandmg of the phYSIcal and geocherrucal
processes operatIng m the world oceans PMEL's fIshenes oceanography program (FOCI), whIch
IS a collectIon of NOAA research programs attemptIng to understand the mfluence of
envnonment ~n the abundance of varIOUS commerCIally valuable fIsh and shellfIsh stocks m
Alaska waters and then role m the ecosystem, has a project m Shehkof StraIt between KodIak and
the Alaska Pemnsula ThIs and other North PacIfIc regIOn momtorIng projects are partnered WIth
NMFS' Alaska FIshenes SCIence Center, under Its Resource Assessment and ConservatIon
Engmeermg (RACE) program PMEL also conducts retrospectIve fIshenes and oceanographIc
studIes and the rescue and dIssemmatIon of older data collected by PMEL SCIentIsts PMEL
operates the EI NIfio-Southem OsCIllatIon (ENSO) Observmg System, whIch supports NOAA's
clIIDate predIctIon rrussIOn, pnmarIly on seasonal to mterannual tIIDe-scales NOAA's
enVIronmental satellite SySteIns, WIth regxon and basm-WIde observatIons of sea surface
temperature and surface wmd speed, are supplemented by the ENSO Observmg System
Seventy moorIngs m the trOpICal PacIfIc (called the TropIcal Atmosphere-Ocean or TAO array)
proVIde surface atmosphenc and ocean rruxed-Iayer observatIons Several hundred global
Lagrangxan drIftIng buoys m all the major ocean basIns, a volunteer observmg shIps (VaS)
expendable bathythermograph (XBT) program of about forty commerCIal shIps, and a network of
tIde gauges complete the ENSO system The resultIng data are used to lilltIahze c1Imate models,
verIfy model results, and momtor the evolutIon of the upper ocean

Other observmg systeIns mamtamed by NOAA that are stIll m the developmental stage,
mclude a shIpboard thermosalmograph effort, the Trans-PaCIfIc ProfIler Network, COnsIStIng of
ten profIlers m the equatonal PacIfIc, a PacIfIc upper-aIr soundmg network on ISlands and shIps
m the PaCIfIc, the Pan Amencan ClIIDate StudIes Soundmg Network of enhanced abnosphenc
observatIons, an ocean carbon-ocean tracer hydrographIc program to determme global
dIstrIbutIons of key cherrucal, bIOlogxcal, and phYSICal tracers, a submanne cable proVIdmg
estIIDates of Flonda Current transport, a Voluntary Observmg ShIp C02 program of
serruautomated systems to momtor C02, an AtlantIc Ocean pilot project (called PIRATA) of
twelve buoys m the trOpICal AtlantIc, and an AtlantIc profIlmg float array to study processes
lIDpOrtant m estabhshmg SST vanability

Another of OAR's twelve labs, the ClIIDate DIagnostIcs Center, holds the ComprehensIve
Ocean-Atmosphere Data Set (COADS) WIth surface manne data smce 1854 OAR's ArctIc
Research Office partners WIth the UmversIty of Alaska Farrbanks to run the CooperatIve InstItute
for ArctIc Research (CIFAR) m Farrbanks Proposals are bemg sohCIted m FY 2001 for research
on (1) clIIDate vanability and change m the ArctIc, and (2) BerIng Sea productIVIty These funds
will be made available from the Deparbnent of Commerce/NOAA through the ArctIc Research
ImtIatIve, whIch started m FY 97 NOAA's Office of Ocean ExploratIon (OE) was founded m 2001
under the Office of Oceamc and Abnosphenc Research (OAR) to meet four challenges 1)
Mappmg at new scales emphaslZillg regxons not preVIously observed, 2) ExplOrIng ocean
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dynamtcs and mterachons at new scales, 3) Developmg new technologIes, and 4) Reac1ung out m
new ways to stakeholders

NatIonal Ocean ServIce (NOS)
TIus branch of NOAA IS the nahon's prmCIpal advocate for coastal and ocean stewardshIp

through partnershIps, and supports the SCIence and mfOlmahon needed for the proper balance
between enVIronment and econOffilCS In cooperahon WIth the Nahonal SCIence Foundahon,
NOS supports oceanographIc research m the North PaCInc regIon, proVIdmg about half the
support for the Northeast PaCInc subplOgram of the US GLOBEC The substanhal projects of the
GLOBEC program are Ietrospechve analyses and momtonng studIes NOS oversees the newly
estabhshed Kachemak Bay Nahonal Estuarme Research Reserve and Its Kachemak Bay EcolOgIcal
Charactenzahon study The system of twenty-nve estuarme reserves nahonWIde momtors
phYSICal, cheffilcal, and bIOlOgIcal parameters m order to depIct, track, and forecast long-term
changes and short-term varIability m the resources of these areas

The NOAA NERRS System WIde Momtormg Program mc1udes the Kachemak Bay Research
Reserve, KBRR, m Kachemak Bay As part of NERR KBRR has deployed four permanent sensor
arrays to measure ocean and meteorologIcal parameters at two SItes m Kachemak Bay and Lower
Cook Inlet The parameters mc1ude salmIty, ocean temperature, DO, pH, turbIdIty, fluorescence,
m water PAR, wmd speed and dIrechon, aIr temperature, surface PAR, preCIpitahon, and RH In
addIhon, nutrIents and chlorophyll WIll be measured once per month at the permanent SItes As
part of that program we have also estabhshed CTD transects along and across the axlS of
Kachemak Bay With monthly measurements

NOS also conducts the Nahonal Status and Trends Program whIch measures levels of tOXIC
contailllnants, mc1udmg trace metals, peshCIdes, petroleum hydrocarbons, and other tOXIC
orgamc contailllnants and theIr effects on nsh and shellnsh TIus nahonal program currently
mc1udes North PaCInc regIon samples ill the Mussel Watch contailllnants project and formerly
mc1uded the BenthIc Surveillance Project m Alaska Specrmens are held m the Speclffien Bankmg
Project at the Nahonal Inshtute of Standards and Technology (see NIST, below)

NOS also adffiIDlsters the Coastal Impact ASSIstance Program (ClAP) Congress authonzed
the Coastal Impact ASSIstance Program (ClAP) m nscal year 2001 by amendmg Sechon 31 of the
Outer Conhnental Shelf Lands Act The purpose of the ClAP IS to asSISt states and local
commumhes m ffilhgahng the lffipacts of Outer Conhnental Shelf Oll and gas development and
produchon Congress appropnated $150 millIon under the ClAP to the seven offshore Oll and gas
prodUCIng states of Alabama, Alaska, CalIforma, Flonda, LOUISIana, MISSISSIppI and Texas The
ClAP fundmg allocahon formula IS set out m the law and based on the followmg factors
revenues denved from offshore Oll and gas taken from each state1s offshore waters, dIstance of
the offshore Oll and gas leases from each state's coastlme, length of coastlme of each coastal
county, and populahon of each coastal county For example Alaska Will receIve the smallest
allocahon of $12,208,723 m federal nscal year 2001, while both LOUISIana and Texas will receIve
the maXImum amount of $26,406,064 Thrrty-fIve percent of each state1s allocahon WIll be
awarded drrectly to the mdividual coastal counhes, as called for m the ClAP legIslahon

NOS conducts a number of projects nahonally that do not have a presence m Alaska, but may
be relevant to Alaska condIhons or programs, and could be potenhal sources of fundmg for
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future efforts One example IS NOAA's Nahona! Water Level Network along the nahon's ocean
and Great Lakes shorelInes, whIch mcludes almost 200 conhnuously operahng water level
measurement systems At nve extremely busy harbor entrances, NOS operates PhYSICal
OceanographIc Real-TIme Systems (PORTS) These systems mclude acoushc Doppler current
profI.lers WIth anemometers, packet radIO transmISSIOn eqillpment, a data acqillslhon system and
an mformahon dlssemmahon system

The Alliance for Coastal TechnolOgIes (ACT) IS cOIDIDltted to developmg an achve
partnershIp WIth state and regIonal managers and pnvate mdustry who deal WIth the need for
effechve use of sensOl teclulologIes m momtormg coastal envIronmental natural resources

National EnVironmentalSatellite, Data, andInformation Service (NESDIS)
NESDIS holds most of the hIstoncal mformahon gathered by NOAA agenCIes and current

satellite, oceanographIc, and buoy data, global clImatolOgIcal data, and sea Ice mformahon
Much of the mformahon IS stored at the Nahonal OceanographIc Data Center (NODC), the
Nahonal ClImate Data Center (NCDC), and the Nahona! GeophysIcal Data Center (NGDC)
These three data centers cooperate WIth NASA, the Nahonal Weather ServIce, and many
mternahonal agenCIes to prOVIde global mformahon such as sea surface temperature, wmd
speeds and vectors, bIOlOgIcal produchVIty, salmIty, absolute sea heIght, and other types of
observahons NODC IS a major partner m the Global Ocean Observmg System (GODS)

NESDIS has a role m ensurmg nahonal securIty, smce It serves as the operahonal and
command authonty for the Defense Department's Defense MeteorologIcal Satellite Program
NOAA's envIronmental satellite data are shared m near real-hIDe through an agreement WIth the
Department of Defense m support of the Au Force and the Navis global and regIonal weather
and ocean forecashng model predIctIOn servIces Durmg nahonal emergenCIes (both military and
natural hazards response), NOAA enhances local enVIronmental satellite coverage through Its
polar orbIhng satelhtes worldWIde For emergenCIes affechng the western heIDlSphere, Images
from NOAA's geostahonary satellites are enhanced

National Weather Service (NWS)
NWS collects weather, hydrolOgIC, and clImate data for coastal and ocean areas The

Nahona! Data Buoy Center has over 100 buoys and several Coastal Marme Automated Network
(C-MAN) shore-based stahons, some of whIch are based m Alaska The center has real-hIDe
weather and oceanographIc data and cooperates WIth NODC to proVIde hIstoncal momtonng
data

National Institute ofStandards and Technology (NIST}
The NIST cooperates WIth USGS, NMFS, and NOAA's Office of Protected Resources m

mamtammg and operahng the Nahonal BIOmomtonng SpecImen Bank ArchIvmg of bIOlOgIcal
samples for future analySIS, and creahon and mamtenance of databases on specImen samples are
NIST speclalhes

National SCience Foundation (NSF)

The Nahona! SCIence Foundahon IS a quasI-mdependent U S government agency supportrng
SCIence and engtneenng programs worth over $3 3 bIllion per year Program areas of potenhal
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mtelest to North Pacl6.c are polar research, geosaences, and bIOlogy NSF also contnbutes
fundmg for GLOBEC, FOCI and other projects of mterest to the North PaCIfic regIOn

NSF has funded technology, mstrument development, and mfrastructure over the last several
years The ALVIN submersIble, the best known of many ocean observmg mstruments sponsored
by NSF, IS contmually upgraded to provIde state-of-the-aI t, long hIDes-senes, deep ocean
observahons

Three observatones the Hawan Undersea Geo-Observatory (HUGO)-automated submarme
volcano observatory, the Hawan-2 Observatory (H20)-broad-band seIsmometer, and the Long­
term Ecosystem Obselvatory (LEO-15)-bload array of sensmg systems are currently mvolved m
technological developments

NSF IS pursumg the deSIgn concept of a fiber ophc cable connectmg a senes of sea floor nodes
capable of supportmg real-hIDe transffilssIOn of data and lIDages from hundreds of mstruments
With the Nahonal Ocean PartnershIp Program (NOPP) In 1996, NSF lruhated another program,
Deep Earth Observatones on the Seafloor (DEOS), for observahons beyond the reach of fiber
ophc cables

The World Ocean Crrculahon Expenment (WOCE) produced a five-year look at the global
densIty and property field of the ocean Numerous hydrographIc sechons were repeated dunng
the expenment at regular mtervals to address overall structure, mendlOnal overturnmg, and
transport through partlcularly lIDportant "choke pomts" The Atlanhc OlIDate and CIrculahon
Expenment (ACCE), a study conducted durmg WOCE between Greenland and lahtudes below
the equator usmg mdependent subsurface profilmg floats, 15 the model for the Array for Real­
hIDe GeostrophIc Oceanography (ARGO)

The Argo Ocean Profilmg Network IS an mtemahonal effort to collect and share mfonnahon
on the temperature, currents, and salmIty of the world's oceans Such mfonnahon may be used
to lIDprove predlchons of the effects of weather events such as El Nlfto and La Nlfta on our
seasonal clImate Each float 15 prograIDIned to smk a mlie mto the ocean, dnft at that depth for
about ten days, then slowly nse, measunng temperature and sa1mIty through the layers as It
makes Its way to the surface At the surface, data IS transffiltted to a commurucahons satellite
and the probe begtns another cycle Each float IS deSIgned to last four to five years Argo floats
can be deployed from shIps or by arrcraft NOAA and the Office of Naval Research through the
Nahonal OceanographIc PartnershIp Program fund the U S contnbuhon to ARGO NOAA,
Scnpps Inshtuhon of Oceanography, Uruverslty ofWashmgton, and Woods Hole Oceanograpmc
Inshtuhon are lIDplemenhng ARGO So.enhsts have deterIDIned that 3,000 floats are needed for
the full global observrng array The goal IS to have the entrre array of floats dnfhng and bobbmg
throughout the world's Ice-free oceans by 2003

Early m the next decade ARGO will furrush a major porhon of the database for the Global
Ocean Data AsslIDllahon Expenment (GODAE) The large number of mdependent floats
released under ARGO, supported by NSF, IS planned as a part of the long-tenn clImate research
program In addIhon to ARGO, Global Eulenan Observahons (GEO) Will proVIde dIagnoshc
support and venficahon of the LagrangIan measurements, greatly decreasmg therr uncertaInhes,
and lead to more accurate portrait of global heat fluxes )
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In 1977, the Ocearuc Flux Program (OFP), the frrst conbnuous bme-senes parhcle flux m the
deep ocean, was maugurated at Hydrostahon S The observahon that the parhculate flux to
depth was not constant but seasonally dependent on the plankton produchon cycle amazed the
oceanograpruccommuruty

In 1988, as a part of US JGOFS, several stahons m the North PaCIfic, North Atlanhc and near
Bermuda, were funded by NSF to collect ocearuc bme-senes to proVIde a greater understandmg
of the oceans' role m global and clnnate change The stahons m the North PaCIfic and near
Bermuda have become prototypes for other nahonal and mternahonal ocearuc bme-senes
observatoues

The prmCIpal goal of the Carbon Retenhon In A Colored Ocean Program (CARIACO),
mshtuted m 1995, was to study the relahonsrup between surface blOgeocherrucal processes and
the fluxes of carbon and nutnents m a conhnental margm sethng mfluenced by seasonal
upwellmg

The U S GLOBEC Northwest Atlanhc-Georges Bank Program IS mtended to assllll1ate the
populahon dynamICS of major speCIes on the Bank m tenns of theIr relahonsrup to the phYSICal
enVIronment, predators and prey The ulbmate goal IS to be able to forecast changes m the
dIstnbuhon and abundance of these speCIes as a result of changes m theIr phYSICal and blOhc
envIronment, as well as to predIct how theIr populahons rrught respond to clnnate change
Conbnumg observahons will be essenhal m the foreseeable future A SImilar U S GLOBEC
Northeast PaCIfic Program (NEP) has Inlhated a study of the effects of past and present clImate

-""' vanabIhty on the populahon ecology and populahon dynarrucs of marme bIOta and hvmg marme
\
} resources

NSF has funded studIes of eXIshng ocean and coastal data sets, mcludmg the Conbnuous
Plankton Recorder Surveys and the CalIforrua Cooperahve FIshenes Inveshgahons (CalCoFI)
NSF has also helped to sponsor a senes of workshops to gather all the hIStoncal data surroundmg
major fish stock explosIOns and crashes, subjechng them to extensIve modelmg exerCIses m an
effort to prove or dISprove the many specu1ahve hypotheses establIShed to explarn them

For several years, studIes m the Great Barner Reef have focused on coral and algae, as have
studIes of the ecology of reefs m relahon to El NIfio events m the eastern tropIcal PaCIfic, rocky
shore SIteS along Northern Massachusetts and the outer coast of Washmgton State These studIes
were expanded to mclude Long-Term EcolOgIcal Research (LTER) m Land/Ocean Margm
Ecosystems The network mcludes freshwater and hdal forcmgs and geomorphology, watershed
land-use types, and aquahc and terrestnal bIOgeograpruc provmces and clImahc regIons These
programs have been useful m measurmg coastal ecolOgIcal system responses to ENSO and other
long-term clImacb.c vanabIhty

Comprehendmg the causal lInkages and covanahons among the phYSICal, chemIcal, and
bIOlOgIcal components of rrud-ocean ndge volcaruc and hydrothermal systems, and the long-term
temporal evoluhon of these systems, IS an Important aspect m a number of on-gomg and planned
programs SIX areas are mvolved m the programs three on the Juan de Fuca RIdge m the
northeast PaCIfic Ocean, one on the East PaCIfic RIse off southern MeXICO, one on the East PaCIfic
RISe off northern Peru, and one on the MId-Atlanhc RISe south of the Azores The programs
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mvolve long-term temporal observahons through repeat VISIts, and could evolve mto permanent,
real-hIDe observatones m the future

The Earthls cllIDate system vanes on hIDe scales greater than the Instrumental record, from
the major changes of glaClaljmterglacIal cycles to the recently-Idenhbed millenmal cycles of the
North Atlanhc and the decadal oscrllahons of the North PaClfic Captunng the full natural
vanabillty of the system reqmres hIghly-resolved records spannmg hundreds or even thousands
of years Preservahon of these "paleo" hIDe-senes are recorded m ocearuc sedlIDents and other
geo-arcluves such as maSSIve corals

U S ArctiC Research Commission (USARC)

The U S Archc Research CommIssIOn was estabhshed by Congress under the Archc Research
and Pohcy Act of 1984 to promote archc research, develop nahonal research plans, and faClhtate
mteragency coordmahon Wlthm the federal government and state and local governments m
Archc research An lIDportant resource for the USARC estabhshed by ARPA (P L 98-373 [1984],
amended P L 101-609 [1990]) IS the Interagency Archc Research Pohcy COIDmlttee (IARPC)
operated by NSF, descnbed separately m thIs sechon The CommIssIOn IS composed of seven
members appomted by the PreSIdent plus the dIrector of the Nahonal ScIence Foundahon
USARC has produced Its set of research pnonhes for FY 2001 that mcludes a renewed emphasIs
on the Benng Sea and a call for mcreased efforts dealmg WIth chmate change m the archc Under
the Archc CouncIl, the U S has taken the lead role m the preparahon of an Archc Chmate Impact
Assessment (AClA), to be prepared by experts from all of the archc countnes and other countnes
Wlth archc mterests

U S EnVironmental Protection Agency (USEPA)

The llliSSIon of the EnvIronmental Protechon Agency IS to protect human health and to
safeguard the aIr, water, and land of the nahon Of parhcular mterest to the North PaCIfic regIon
IS the EPA's EnvIronmental Momtonng and Assessment Program (EMAP), willch seeks to fulfill
a nahonal IDlSSIOn that may be very slIDllar to some elements of North PaCIfic's regIonal charge
The purposes of the EMAP program are to prOVIde a comprehensIve report card on the status of
ecolOgIcal resources nahonwIde and to detect trends m these resources In admhon to havmg
common concerns, the reVlew of the deSIgn phase of EMAP by the Nahonal Research CouncIl
(NRC 1995) IS also relevant EMAP IS a partnershIp between EPA and NOAA for long-term,

J

mtegrated momtonng, research, and assessment to ascertam the status of our nahonls ecolOgIcal
resources EMAP's purpose IS to develop the screnhbc understandmg for translahng
enVIronmental momtormg data from mulhple spahal and temporal scales mto assessments of
ecolOgIcal conmhon and forecasts of the future nsks to the sustamabillty of our natural resources
Tills data supports the Nahonal EnVIronmental Momtonng Inlhahve of the COIDmlttee on
EnVIronment and Natural Resources EMAP lIDplements momtonng programs that operate on
regIonal scales, illghhghhng dlfferent ecolOgIcal resource categones, over penods of several
years, mcludmg five momtonng achVlhes (1) complehon of the Mld-Atlanhc Integrated
Assessment GeographIc Inlhahve, (2) 1illhahon of the Western PIlot GeographIc Inlhahve, (3)
plannmg for a Nahonal Coastal Survey, (4) developmg probabillshc coastal momtonng m all
coastal states, and (5) estabhshment of an mteragency (EPA, NOAA and NASA) effort to develop
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an mtenslVe coastal sIte network of morutonng and resemch locahons throughout the Uruted
States

EPA also Issues Nahonal Polluhon DIscharge Ehmmahon System (NPDES) permIts, wruch
typICally reqUIre that the permIttee morutor dIscharges PermIttees mclude the Alyeska Marme
Termmal m Valdez, seafood processors, hatchenes, and loggmg comparues EPA also mamtaIns
a hst of hazardous waste handlers under the Resource Conservahon and Recovery Act (RCRA)
and may requIre that the handlers morutor certam aspects of theIr achVlhes The RCRA hst 15

based on those who report the handlmg of hazardous wastes through, for example, storage or
transport EPA also morutors Superfund SItes

EPA research laboratones and program offices support several coastal ocean observahon
studIes AddIhonally some federal, state and local governments, and pnvate enhhes' projects fall
under EPA's JUrISdIchon

EPA mamtaIns observahons to ensure comphance With legISlahve mandates and regulatory
reqUIrements Concern about protechon of marme ecosystems from the adverse effects of the
dIsposal of dredged matenals and treated wastewater encouraged development of Ocean
Dumpmg and Ocean DIscharge Programs POSSIble lIDpacts mclude problems assoCIated With
eutroprucahon, pathogens, and tOXICS that result m adverse effect on human health and bIOlOgical
mtegrity of the coastal waters, as well as habItat modIficahon and loss Data mcludes the quahty
of dredged matenals or treated wastewater, and 'the phYSICal, cheIDlcal, and bIOlOgical
CIrcumstances of the marme enVIronment surroundmg the dIsposal or dIscharge area

States are reqUIred by the Nahonal Water Quahty Inventory to report water quahty
condIhons to EPA for mclusIOn m the Nahonal Water Quahty Inventory Reports to Congress
The water quahty mcludes phYSICal, cheIDlcal, and bIOlOgical condihons, and 15 processed
accordmg to morutonng results of the quahty of waters, mcludmg estuarme and coastal waters

The Nahonal Estuary Program (NEP) was founded by Congress to restore and preserve
estuanes, the program currently mc1udes twenty-eight estuanes that represent 42 percent of the
shorehne of the conhnental U S These programs are m vanous stages of development Each
mdIVldual estuary program mventones eXlShng federal, state, local and volunteer morutonng
programs m theIr area and combmes perhnent detaIls from these on-gomg achVIhes mto theIr
own morutonng plans accordmg to EPA gmdance Each NEP IS developmg Its own database
management system

The Chesapeake Bay Program establIShed m 1984 by the Chesapeake Bay Execuhve Councrl,
IS a Bay-Wide EPAIstate Jomt effort The program 15 made up of over 165 stahons below the fall
hne, and combmes the efforts of Maryland, Pennsylvarua, VIrgInIa, the DIStnct of ColumbIa,
several federal agenCIes, ten lllShtuhons, and over tlurty sCIenhsts Nmeteen phYSICal, cheIDlcal,
and bIOlOgical charactenshcs are morutored twenty hIDes a year m the mam stem of the bay and
Its many tnbutanes A volunteer CIhzen morutonng program was started m 1985

The Great Lakes Nahonal Program combmes several federal, state, tnbal, local, and mdustry
partners m an mtegrated, ecosystem approach to protect, mamtam, and restore the cheIDlcal,
bIOlOgical, and phYSICal mtegnty of the Great Lakes The program morutors Lake ecosystem
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data, manages and proVIdes pubhc access to Gleat Lakes data, and helps commumtIes address
contammated sedlIDents m therr halbors

The Gulf of MeXIco Program IS made up of many state and local momtOlmg projects An
mtegrated coastal momtormg and assessment program for the Gulf of MeXIco IS currently bemg
desIgned, With four mmn focus areas exceSSIve nutnent ennchment, pubhc health assocIated
WIth seafood consumptIon and recreatIonal use, habItat loss, and non-mdigenous speCIes
mtroducbon

The Clean Water Acbon Plan, a new lillbatIve, IS an ambibous mulb-agency proposal to
speed the restorabon of our natIon's waterways One lIDpOl tant component IS development of a
Coastal Research Strategy mvolvmg mtegrated studIes of coastal waters and a pubhc report on
the condibon of tlle nabon's coastal waters m 2000

U S Department of Health and Human Services (USDHHS)

Agency for TOXIC Substances and DIsease RegIstry (A TSDR)
ATSDR IS the prmClpal federal pubhc health agency mvolved With hazardous waste Issues

The agency helps prevent or reduce the harmful effects of exposure to hazardous substances on
human health ATSDR was created by the Superfund Law m 1980, and IS concerned With ISsues
surroundIng human health as they may be affected by contammants assocIated With exposure to
hazardous substances from waste SItes, unplmmed releases, and other sources of pollubon
present m the enVIronment

ASTDR IS dIrected by congressIOnal mandate to perform speclfic funcbons concemmg the
effect on pubhc health of hazardous substances m the enVIronment These funcbons mclude
pubhc health assessments of waste SItes, health consultabons concemmg specrf1c hazardous
substances, health surveillance and registrIes, response to emergency releases of hazardous
substances, apphed research m support of pubhc health assessments, mformabon development
and dISsemmabon, and educabon and trammg concermng hazardous substances

U S Department of the Interior (USDOI)

FIsh and WIldlIfe ServIce (USFWS)
The Alaska Manbme NatIonal Wildhfe Refuge (AMNWR) momtors ten seabrrd colomes

mmually, four of wllich are m the North Paclfic region The AMNWR also momtors other SItes
on a penodIc basIS largely dependent upon availability of funds

The Office of SubSIStence Management IS entermg Its second year of the Federal SubSIstence
FIShery Momtormg Program The program IS dIrectly admlllstered by the FIShery InformatIon
SerVIces DIVISIOn, wllich COnsISts of staff WIth expertISe m both fishenes and SOCIal SCIences, and
wllich funds studIes that gather, analyze and report mformabon needed for SubSIstence fJ.shenes
management on federal lands m Alaska Funded studIes focus on three mformabon types
TradItIonal EcolOgical Knowledge, SubSIStence FIshery Harvests, and FIshery Stock
Status/Trends Most studIes contnbute to developmg the capability and experbse of agenCles,
local commumbes, and rural reSIdents to parbcIpate m SubSIstence nshery resource management
For purposes of management and research, Alaska federal subSIStence nshenes have been
grouped mto ten regions Each region has an AdvISOry Council COnsISbng of local reSIdents who

)
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represent the geograpluc and cultural dlVeisity of that region In admhon to provIdrng
recommendahons on pohCIes, AdvIsory Councils also IdentIfy study needs and make
recommendahons on project proposals for theu region

Mmerals Management Service (MMS)
The .MMS provIdes substanhal support for projects related to the potenhal effects of 011 and

gas explorahon and recovery that are largely conducted by other agenCIes and contractors
Stumes envelop a Wide range of resources such as sednnent quahty, seabIrd momtorrng,
mapprng of nphdes, Cook Inlet forage fish, and others MMS has funded a vaned range of
project types for many years The Umversity of Alaska Farrbanks and the MMS have Jorned to
f01m the Alaskan Coastal Marrne Inshtute (CMI) The purpose of the CMI IS to prOVIde matclung
MMS fundrng for research rn Alaska on coastal, marrne and human envuonmenta1Issues
pertarnrng to offshore mrneral explorahon and extrachon Researchers must secure at least one
dollar of non-federal matclung funds for every dollar from the CMI Projects should address the
Beaufort Sea and secondarily Cook InletjShehkof StraIt

U.S. GeologicalSurvey (USGS)
The BIOlOgical Research DIvlSlon's (BRD) Alaska BIOlOgical ScIence Center maIntaIns a

seabud database and a pelagiC seabud atlas The Alaska BIOlOgical SCIence Center (BIOlOgical
Resources DIVISIOn, US GeolOgical Survey) IS the lead bIOlOgical SCIence agency for the
Department of the Intenor (DOl) rn Alaska, where It conducts research on Wlldhfe and theu
habItats on Federal pubhc lands and waters Federal pubhc lands rn Alaska cover a geograpluc
area eqUIvalent to the all of the Eastern seaboard from MaIne through Flonda and rnclude nearly
all of the country1s Nahonal Wildhfe Refuges (88 percent) and most of Its Nahonal Park lands (65
percent) Chents of ABS rnclude the Nahonal Park ServIce, FISh and Wildhfe ServIce, Bureau of
Land Management, and Mrnerals Management ServIce The responsibilihes of ABS also rnclude
proVIdrng sCIenhhc rnformahon essenhal for resource management decISIOns for DOl trust
speCIes such as ffilgratory buds, marrne mammals, and anadromous fIsh speCIes

BRD cooperates With many other projects from several agenCIes to obtarn the contents of t1us
database In addihon, srnce the 1970s BRD has had an extensIve seabud-momtonng project at
Middleton Island, the Marrne BIOlOgIcal Stahon BRD also IS rn the process of assembhng the
PaCIfic Seabud Momtonng Database The Alaska Marrne Mammals TIssue Arcluval Project
(AMMTAP) and the Seabud TISsue Arc1uval Momtonng Project (STAMP) are probably the most
sIgmhcant contamrnants stumes rn Alaska

The Water Resources DIVISIOn of the USGS rn Alaska marntaIns the Cook Inlet Basrn Study
Umt, part of the Nahonal Water Quahty Assessment program (NAWQA), wluch examrnes trends
rn water quahty over a nrne-year penod NAWQA takes measurements to determrne water
cheffilstry rn streams and aquIfers, the quanhty of suspended sednnent and the quahty of bottom
sednnents rn streams, the vanety and number of fish, benthIc rnvertebrates and algae rn streams,
and the presence of contamrnants rn fish hssues The Water Resources DIVISIon also marntaIns a
long hIDe senes of measurements of groundwater and freshwater runoff for vanous stahons rn
Alaska

The GeolOgiC DIVISIon has the capability to produce lugh-resoluhon maps of the sea floor
through Its Marrne and Coastal Geology Program rn Menlo Park, Callforma
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U S Department of Agriculture (USDA)

U S Forest ServIce (USFS) has substantIal responsIbility for controlhng and drrectIng the
1ll1pacts of human uses TIle USFS conducts occasIOnal surveys of recreatIonal use m PWS These
surveys are not conducted on a regular basIs and are therefore not mtended to serve as a long­
term morutormg Instrument The USFS also reports on use of campgrounds, VIsItor centers, and
other faCIlItIes operated by the agency ill the North PaCIfIc regIon The Forest ServIce has
extensIve expenence m watershed analySIS and planrung for ecosystem-based management
TheIr extensIve expenence ill developillg sCIentIfIc InformatIon relevant to balancmg multIple
uses of pubhc lands and waters IS available for planrung morutormg and research

U S Department of the Navy (USN)

Ocean observatIons collected by the US Navy were ongmally developed around two
objectIves due to natIonal secunty reasons (1) Up-to-date forecasts for open ocean waves,
weather, and Ice flow patterns for the safety of fleet operatIons, and (2) the Cold War requrrement
for open-ocean temperature, salmIty, and sound velOCIty measurements to support sonar
performance ill the trackIng of SovIet balhstIc-ffilsslle submarmes The natIonal secunty­
supported ocean observatIon system has, therefore, mcluded heavy emphasIs on open-ocean
temperature, Sal1111ty, wmds, and Ice observatIons Several elements mcluded m that system are
expendable temperature probes that measure temperature WIth water depth as the probe falls
through the water column, used by navy slups and aIrcraft to take bathyermograph (XBT)
measurements around the globe durmg fleet operatIons, and satellite temperatures of the sea
surface taken by Infrared satellite sensors

NatIonal secunty requrres real-hrne global data and the Navy acts as a natIonal Core
Processmg Center for sea surface temperature (SST) data from vanous satellites and dIsseIDInates
the data to CIvIl and military users worldWIde Other types of satellite measurements are used m
remote areas where shIp and buoy measurements are not readIly aVaIlable Satellite altImetry
measures the heIght of the sea surface roughness to Infer wmds Products mclude sea-surface
topography, currents, eddIes, wave heIghts, and surface wmd-speed and dIrectIon

Dnftmg buoys are deployed yearly by the Navy WIth hourly feedback VIa satellite They
measure surface atmosphenc pressure, arr and sea surface temperature, wmds and waves, and
surface currents, that prOVIde excellent"ground-truth" for satellIte observatIons, as well as water
temperature WIth depth, and "mnblent" (background) nOIse levels that support Nave sonar
operatIons

The NatIonal Ice Center receIves InformatIon from the Navy, NOAA, and the Coast Guard on
global, regIonal, and local sea-Ice analyses and forecasts, mcludmg Ice edge, concentratIon, dnft,
and thickness, for military and cIvIl users Ice observatIons corne from U S and European
satellites, US and CanadIan Ice reconnaIssance fhghts, and from specIally Instrumented buoys
placed each year through the ArctIc Ice

A dedIcated fleet of Navy slups has collected the followmg data for years water depth,
bottom type, tIdes and currents or "hydrographIc" data ill coastal areas worldWIde to 1ll1prove
and update nautIcal charts, deepwater bathymetry (water depth) and graVIty measurements to
support strategIc submarme operatIons, phYSICal oceanography (temperature, salIruty, sound
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veloCIty), ambIent nOIse, seafloor structure, and sedIment type to support sonar perfOImance and
acoustrc surveillance arrays, and a WIde range of other observatrons (watel clanty,
bIOlummesence, currents, magnetrcs) that affect naval operatrons

The Navy's natronal secunty needs for ocean data are now focused not only m the open
ocean but also mcreasmgly on the coastal waters of the world The Navy IS a sIgruhcant
supporter of a natronal acadeffilc research fleet, fundmg both worldWIde baSIC ocean
observatrons and apphed research projects The Navy reqUIres data from the open ocean through
coastal waters, the surf zone, and over the beach to sustam modem naval operatIons Because of
the greater vanability, shallow coastal watels reqUIre more observatrons m tIme and space Of
partrculm mterest are water depth, sea surface temperature and temperature at depth, bottom
type, waves, trdes, currents, and coastal ambIent (or background) nOIse Wlule the mam natronal
secunty reqUIrements for coastal ocean observatrons are m sensltrve areas overseas, the dIverSIty
of enVIronments m U S coastal waters proVIdes many analogues of coastal systems overseas For
thIs reason, natronal secunty needs must playa sIgruhcant role m deSIgn of the coastal observmg
system Navy home-portIng, and coastal traInillg, test and exerCISe functrons m U S waters
requIre expanded observatrons

The U S Naval Observatory (USNO) IS the basIC source of mformatron on the effect of
astrophySICS on clImate change The Earth's orbIt, Its onentatIon m space, and Its angle of
mclmatron toward the sun, as measured by the USNO, all play Important roles m determmmg
chmatrc condItrons The USNO IS the world's leadmg authonty m the areas of measurmg day
length, celestral observmg, and other fundamental astronomy

U S Department of Transportation (USDOT)

U S Coast Guard (USCG)- USCG ocean data buoys take synoptrc meteorolOgical and
oceanographIc measurements for both the NatIonal Data Buoy Center and the Natronal Ice
Center They also prOVIde a number of other ocean and lake observatIons The USCG operates a
Vessel Traffic SerVIce (VTS) for nme Umted States coastal ports Each VTS IS a servIce of actrve
waterways management usmg advanced technology such as radar, closed CIrcwt TV, dIfferentral
GPS (DGPS), and VHF-PM radIo commumcatIons In addItron, the VTS also receIves mformatIon
from varIOUS sources on predIcted vessel movements, hazards to navlgatron, aIds to navlgatron
dIScrepanCIes, and other mformatron of mterest to VTS users The VTS mvolves mdIviduals off
the vessel that receIve, process, and commumcate mformatron related to the safe naVIgatIon of a
waterway With a pnmary focus of pubhc safety and protectron of the enVIronment ThIs
mformatron IS commumcated m general pubhc adVISones or m the form of specrfIc '
recommendatIons to aSSISt a vessel m aVOIdmg hazardous condItrons early on. VTS does not
usually mterfere With the vessel's saIhng route

Sea Ice and Icebergs are momtored by the InternatIonal Ice Patrol (IIP), whIch IS supported by
seventeen member natrons and operates m the North Atlantrc under the provISIOns of the US
Code and the Internatronal Conventron for Safety of We at Sea (SOLAS) It momtors Iceberg
danger near the Grand Banks of Newfoundland durmg the Ice season, and adVIses shIps about
safe and effiCIent naVIgatron routes The USCG InternatIonal Ice Patrol sets dnftrng buoys for the
use of Iceberg/sea Ice predIctron The observatrons of pOSItron and sea surface temperature are
reported VIa satellite eIght tImes per day The lIP obtams water temperature profIles from AXBTs
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deployed by Coast Guard aIrcraft and sea surface temperature data made avmlable by
commercIal slups These data are sent to the Navy The NatIonal Ice Center provIdes sea-Ice
analyses and forecasts usmg data from satellites, arrcraft reconnaIssance fughts, and arctIc buoys
receIved from the USCG, NOAA, and the Navy USCG polar Icebreakers provIde a number of
oceanograpluc observatIons m the ArctIc and AntarctIc to Navy, NIMA, and/or NOAA
databases The reports mclude ocean temperature, salmlty, bathymetry, and marme mammal
data

USCG cutters send weather mformatIon to the Navy and NOAA Coast Guard statIons also
send meteorolOgIcal data to NOAA for use m analyses and fOlecasts

U S Department of Energy (USDOE)

The Department of Energy, BlOlogIcal, and EnVIronmental Research (DOE-BER) IS fundmg
peer-revIewed research m marme blOlogy and oceanography relatIng to the lffipact of
anthropogeruc C02 on global warmmg DOE also encourages technolOgIcal developments that
support new global ocean observatIonal capabilitIes Examples of speo.fic programs mclude

•

•

•

•

Marme BlOtechnology - the apphcatIon of the tools of modem molecular blOlogy to
hnkages of carbon and rutrogen cycles

SyntheSIS of Global C02 Data (WIth NOAA) - development of tools and models to
syntheSIZe the eXlstIng data set on ocean C02 and related parameters

Quahty Assurance of C02 Survey Data - QA/QC and dIssemmatIon of C02 data through
the Carbon DlOXlde InformatIon AnalySIS Center

Carbon SequestratIon m the Ocean - estabhshment of center(s) of excellence as part of the
Chmate Change Technology IrutIatIve

Intergovernmental
Organizations

Bristol Bay Marine Mammal CounCil (BBMMC)/Brlstol
Bay Native ASSOCiation (BBNA)

The BBMMC was formed m 1995 by the thrrty-one member
tnbes of the BBNA and works closely WIth marme mammal

orgaruzatIons to best ubhze our resources and aVOld redundancy m morutormg efforts The
larger body 15 governed by a seven member ExecutIve Councll wluch COnsISts of one
representatIve from each of the nve sub-regIOns of Bnstol Bay and two at-large members The
general memberslup and the ExecutIve Councll are a accurate representatIon of the people from
each sub-regIon The ExecutIve Councll can come together and dIscuss the marme mammal
concerns of each sub-regIon and look for ways to resolve those concerns

The BBMMC recogruzes the dynamlc nature of the marme ecosystem and the dIfficultIes
aSSOCIated WIth large scale research efforts To best use hmlted fundmg, the BBMMC supports
expanslOn to the Bnstol Bay regIon of successful programs that currently eXlst m other regIons of
Alaska

•

•

Harbor seal blOsamphng program,

Harbor seal harvest morutormg,
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•

•

ArcVIew mappmg of proJects, and,

Consensus buI1dmg among Bnstol Bay area villages

PaCifiC Coastal Salmon Recovery Program

The US Congress, recogruzmg the need to aSSIst states and tnbes WIth PaofIc Coastal
Salmon Recovery, appropnated funds for the states of Alaska, WashIngton, Oregon and
CalIforma, as well as the treaty ftshIng tnbes m the PacIftc Northwest

/ "I

ThIs IS a cooperatIve program that asSISts the states m fulftllmg responsIbilitIes under the
Paaftc Salmon Treaty by provIdmg adrnmIstratIve, management, and apphed research support
to the states' treaty IndIan tnbes to meet the needs of the Paaftc Salmon COmmISSIOn and U S
mternatIonal COmmItments under the treaty

Smce lffiplementatIon of the PaafIc Salmon Treaty m 1985, the States of WashIngton, Oregon,
Idaho, and Alaska have prOVided the necessary support to and have been mvolved With the
PacIftc Salmon COmmISSIOn m accordance WIth the treaty Alaska has proVIded and conhnues to
provIde technical support necessary for supportrng and enhancmg the U S pOSItIon on Yukon
River salmon, Taku and Stakme nver salmon and salmon ftshenes m ongomg negotIatIons With
Canada In ftscal year 1999, four awards were made It IS antICIpated that eIght awards will be
made m ftscal years 2000 and 2001 For the Paaftc Coast Salmon Recovery Program, It IS
antIopated that fIve awards WIll be made m fIscal years 2000 and 2001

The State of Alaska mtends to apply the salmon funds over a fIve-year penod to address
salmon ISsues m Southeast Alaska, east of Cape Suckhng The general project areas are

• Research and Monztonng the focus IS on lffipOrtant salmon producmg streams and
systems - uplands through estuanes, WIld salmon stocks, transboundary nvers, and
IdenhftcatIon of habItat stewardship and restoratIon pnontIes,

• Hamtat Stewardshzp and Restorahon the focus IS on on-the-ground ftsh passage
remediatIon projects on state, local, NatIve and pnvate lands With lilltIal focus on Coho,
ChInook, and sockeye watersheds adversely lffipacted by human practIces, and ensunng
Important habItat IS not degraded,

• Improve Economzcs ofSEAK Fzshzng the focus IS on the broad range of projects to ffiltIgate
lffipacts of PaofIc Salmon Treaty on fIsherman and ftshIng commumtIes m SE Alaska,
and,

• Cooperahve Programs the focus IS on cooperatIve or Jomt projects With PacIftc Northwest
tnbes, tnbal entItIes, Canada, and/or Paaftc Northwest states on salmon habItat or stocks
of common concern

Alaska Beluga Whale Committee (ABWC)

The ABWC was formed m 1988 to promote conservatIon
and management of beluga whales, obtam better harvest

) mformatIon, and prOVide a means of better commumcatIon
between beluga hunters, bIOlogISts and agenoes

Nongovernmental
Orgamzatlons
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The ABWC brought together representahves from beluga huntmg commumhes m Alaska,
local, state and federal governments, and beluga researchers to dISCUSS conservahon ISsues, the
bIOlogy of belugas, and the needs for addIhonal mformahon They 1illhated a program to obtam
rehable harvest data, prepare a beluga management plan, and to encourage beluga research

To date, the ABWC has accomphshed the followmg

•

•

•

•

•

•

•

•

adopted the Alaska Beluga Whale Management Plan,

SIgned a Co-management Agreement fm Western Alaska Beluga Whales,

obtamed harvest mformahon from ABWC members smce 1988 and SUpp01 ted harvest
momtormg and samplmg,

conducted aenal surveys of Norton Sound, Bnstol Bay, and the ChukchI Sea,

funded a genehc stock ID study usmg samples from hunters, WIth results that support the
genehc dIscreteness of five stocks,

supported contammant studIes of belugas m the eastern ChukchI Sea and Cook Inlet,

produced newsletters mformmg coastal reSIdents and others about IffipOrtant beluga
research and management achVIhes, and

successfully satellite tagged belugas m the ChukchI Sea m 1998 and 1999 and started a
pilot program m Norton Sound

Alaska Center for the Environment (ACE)

ThIs IS the largest membershIp-based envIronmental orgarnzahon m Alaska WIth 7,000
paymg members TheIr mam Issue IS pubhc lands protechon, but they are also achve m pubhc
water Issues, espeoally watersheds They are also a member of the Pnnce Wilham Sound
Alliance They have nme full-hme year round employees plus summer mterns and volunteers
and an annual budget of $750,000 Major concerns relevant to GEM are watershed mterachons
WIth the marme enVIronment and contammants Issues

Alaska Commumty Action on Toxlcs

ThIs orgarnzahon protects human health from toXIC contammahon from mdustry and the
military, often focusmg on enVIronmental Jushce TheIr approach IS a blend of advocacy,
research, and servIce They are strong m the area of commumty mvolvement and prOVIde
techmcal asSIstance to rural commumhes dealmg WIth tOXICS Issues Major programs address
Issues of Water Quahty Protechon, Peshode RIght-to-Know, Northern Contammants and Health,
and Military TOXICS and Health TheIr key ISsues are contammants, peshode dIspersal,
bwaccumulahve tOXICS, an mternahonal treaty on POPs, and targetmg polluhon at Its source VIa
the permIttmg process The orgarnzahon has SIX staff mcludmg researchers and commumty
orgarnzers and has a geographIc scope of all Alaskan terrestrIal, aquahc, and marme
enVIronments They may be able to collaborate WIth the GEM Program m the followmg ways

• Sharmg mformahon about contammants
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• Trammg local commuruty membeis how to test for contammants m the envrronment

• Trammg youth to do stream samplmg, possIbly m conJuncbon WIth Youth Area Watch

• Documentmg pestIade use m Alaska

http / / www akactIon net

Alaska Conservation Foundation

Tllis state orgaruzatIon raISes funds, grves grants, and creates programs to protect Alaska's
ecosystems, both marme and teuestnal, and promote sustamable hvehhoods They fund and
create other programs and orgamzatIons such as Alaska Oceans Network and Alaska
Commumty ActIon on TOXICS, and have an mternsllip program deSIgned to brmg college
students mto the conservatIon fIeld They have eIght office staff and twenty-two Trustees, and
grant on the order of $2 4 millIOn per year on programs ACF IS lligh famIhanty WIth the GEM
Program and sees many collaboratIon opportumtIes mcludmg

• Steermg other groups toward GEM that mIght benefIt from the program

• Sponsormg trammg for other groups to use the GEM database

• Gettmg other groups to use GEM's mfo (Data dIStnbutIon and advertIsmg)

Therr Web SIte IS http / /wwwakcforg

Alaska Eskimo Whaling Commission (AEWC)

The illlSSIOn of the AEWC IS to prOVide leadersllip, guIdance, and coordmatIon m the
admImstratIon and ImplementatIon of pohaes and programs establIShed by the AEWC Board of
COillilllSslOners, and m the successful ImplementatIon of the AEWC-NOAA CooperatIve
Agreement as It relates to the whalmg captams and crew members that make up the AEWC m
the ten SubSIstence whalmg commurutIes The AEWC was formed m 1977 to represent the
whalmg commumtIes m an effort to convmce the US Government to take actIon to preserve the
EskImos SubSIstence hunt of bowhead whales Its purpose IS

• to preserve and enhance a VItal marme resource, the bowhead whale, mcludmg
protectIon of Its habItat,

• protect EskImo SubSIstence bowhead whalmg,

• protect and enhance the EskImo culture, tradItIons, and acbvitIes assoaated With the
bowhead whales, and subSIStence bowhead whalmg, and,

• to undertake research and educatIonal actIVItIes related to bowhead whales

The followmg goals were estabhshed to carry out these purposes

• ensure that the hunt of the bowhead whale IS conducted accordmg to the AEWC
Management Plan m a tradItIonal, non-wasteful manner,
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• promote extensIve sClenhnc research on the bowhead whale so as to ensme the conhnued
health of the bowhead whale stock, and,

• commumcate to the outsIde world the facts pertammg to the SubSIstence bowhead whale
hunt, the manner rn willch It IS conducted, the EskImo's knowledge of the whale, and the
centrahty of the hunt to the cultural and nutnhonal needs of the EskImos

Alaska Marine Conservation Council (AMCC)

TIus commumty-based mmrne conservahon glOup deals With &sillng Issues, habItat
protechon, wlldhfe declrnes, pubhc outreach, and research They work through the Board of
FIsh, Congress, NMFS, and the North Pacl&c Flshenes Management Councl1 Therr key Issues
rnclude Steller sea hon declrnes, bycatch, sustarnable &shrng, ground&sh SEIS, seafloor habItat,
marrne habItat protechon, and Implementahon of Magnuson-Stevens Act They have ten staff
and frfteen members of Board of Drrectors rncludrng &shermen, subsIStence harvesters, marrne
sClenhsts, conservahomsts, and small-busrness owners Therr geograpillc scope rncludes Alaska's
oceans, espeClally coastal/nearshore enVIronments From GEM, they are rnterested rn &shrng
lIDpacts, essenhal &sh habItat, habItat reqUIrements of commercial and non-commerClal speaes,
and habItat IDstnbuhon on the sea floor They may act as a condmt to dIStnbute and advernse
rnformahon prOVIded by the GEM Program

Alaska Oceans Network

Tills IS a voluntary assocIahon of conservahon, &shrng, and Alaska Nahve orgarnzahons,
whose goal It IS to restore and marntarn healthy marrne ecosystems rn Alaska ParhClpants of the
Alaska Oceans Network share a mutual concern about the detenorahon of the North Pac1&c marrne
envrronment and the adverse lIDpacts of thIS detenorahon on bIOIDverslty, the SubSIstence and
cultural needs of Alaska Nahves, and sustarnable commumty-based &shenes They beheve rn the
fundamentallIDportance of marntarnrng a healthy and dIverse marrne ecosystem, willch IS central
to sustarnrng subSIstence way of hfe and stable coastal commumhes

The Network IS focusrng on federal groundhsh frshenes reform We beheve that cnhcal
reforms are necessary to reduce bycatch, protect habItat, and to maxmuze sustarnable, ecosystem­
based &shery management prachces They are seen by many groups as a condmt between
conservahon orgamzahons and sClenhfrc researchers The orgamzahon has &ve lSsue-onented
staff and an annual budget of $750,000 They may collaborate WIth the GEM Program through
data IDstnbuhon and commumty outreach

Aleut Marine Mammal Commission (AMMC)

The Aleut Marrne Mammal COmmlSSl0n (COmmlSSIOn) was formed pnrnanly for the
followrng purposes

• to encourage and lIDplement self-protechon and self-regulahon of marrne mammal use
by coastal Alaska nahves by rnvolvrng Nahve users rn the deClsIOn makrng process,

• to proVIde educahon and rnformahon to the publIc, appropnate management agenCles,
and other rnterested parnes,
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• to represent Its member coastal Alaska natIve commurutIes m reVIewmg and commentIng
on regulatory changes or resource development wluch may affect manne mammals,

•

•

•

to promote conservatIon of manne mammals for use by Alaska NatIves,

to be mvolved m all phases of SCIentIfIc, bIOlOgIcal, and other research programs
mvolvmg marme mammals,

to actIvely partIcIpate m the formulatIon of, and/or ImplementatIon of harvest
momtormg efforts and protectIon of the manne mammal populatIon, and,

• to encourage the Aleut Marme Mammal COmmISSIOn, government of the Umted States,
and other natIons and mdIgenous groups to cooperate m exchangtng mformatIon that
contnbutes toward Improved management of manne mammal populatIons

Currently, the COmmISSIOn mcludes representatIves from the commurutIes of NIkolskI, Atka,
Unalaska, Akutan, False Pass, Nelson Lagoon, Kmg Cove, Sand Pomt, and Cold Bay The
COIDIDlSsIOn gathers and dIssemmates local knowledge regardmg the Steller sea hon and other
manne mammals m the AleutIan Islands and along the Alaska Pemnsula InformatIon WIll
mclude but IS not hmIted to

• the current level of SubSIstence take m these commurutIes,

• lustoncal perspectIves on subSIStence harvests,

• changes m mammal populatIons and local manne envIronments, and,

• mformatIon on the lustoncal and current dIstnbutIon of manne mammals

The goal of the COIDIDlSsIOn IS to proVIde mformatIon on subSIStence harvest, partIcularly
Steller sea hons, wluch will asSISt state and federal agenCIes m the management and conservatIon
of the specres

Alaska Native Harbor Seal Commission (ANHSC)

The ANHSC IS a tnbal consortIum orgamzed by NatIve CommurutIes WIthm the range of the
harbor seal and founded WIth support from the Exxon Valdez Oil Spill Trustee Council, the
NatIonal Manne FIShenes ServIce, and other sources The ANHSC regIon extends along the
PacIfic coast from southeast Alaska to the western tIp of the AleutIan Island Cham The regIon
encompasses SIX coastal areas represented by SIX ANCSA regIonal corporatIons mcludmg
Southeast Alaska, Cook Inlet, Chugach, KodIak, Bnstol Bay, and Aleut The overall purpose of
the ANHSC IS to strengthen and mcrease the role of Alaska NatIves m resource pohcy deCISIOns
affectIng harbor seals and to mamtam theIr cultural uses The goals of the ANHSC mc1ude

• educatIng and mfonmng the pubhc and western SCIentIsts on the tradItIonal and
contemporary relatIonslup between harbor seals and Alaska NatIves,

• mfonmng western SCIentIsts about the type and extent of knowledge held by the local
people about the harbor seal,

• mvolvmg Alaska NatIves drrectly m harbor seal research, and,
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• InvolVIng Alaska NatIves In the management of halbor seals through co-management as
provIded for In SectIon 119 of the Marrne Mammal ProtectIon Act

In Apnl of 1999 ANHSC and NMFS frnahzed and sIgned a co-management agreement for
Harbor seals In Alaska that delrneates the shared roles and responsIbilitIes of each of the partIes
In harbor seal management The goal and pnmaly objectIve for the ANHSC contInues to be to
develop a sohd workIng relatIonsmp between the federal government and the tnbal governments
as represented by the ANHSC The co-management comilllttee, compnsed of three Alaska
NatIves and three NMFS people, has been estabhshed Staff will

•

•

•

work WIth Involved VIllages to lillplement the gmdelrnes of the agreement through
village codes and ordrnances,

be responsIble for the comphmentary programs, such as outreach and educatIon, and,

act as a haIson between villages, the planners, and the federal agenCIes through the co­
management process

Alaska Sea Life Center (ASLC)

ASLC, located In Seward, IS a regIOnal center for research on marIne hfe, IncludIng mammals,
sea brrds, and fIsh UmversIty and government sClentIsts who need to learn how to care for
marrne resources use the laboratones, salt-water tanks, and marrne aVIarIes of the Center It IS an
lillpOrtant regIOnal research center for studIes of the Steller sea hon The ASLC IS open to the
pubhc and offers Its facilitIes and staff for commumty and state educatIonal purposes

Anchorage Waterway Council (AWC)

AWC IS a nonprofIt orgarnzatIon whose membersmp reSIdes In the MurnCIpahty of
Anchorage and beheves that Anchorage's waterways and related habItats are a valuable
resource AWC focuses on waterways WIthrn the MurnClpahty of Anchorage and Intends to
prombIt further degradatIon The Counru seeks to enhance the waterways through pubhc
outreach and educatIon, ensurrng safe and productIve aquatIc and npanan habItat for fIsh,
wildhfe, and momtorrng actIVItIes that affect the MumCIpahty'S waterways

Audubon Alaska

ThIs IS the Alaska offIce of the mghly cremble and respected NatIonal Audubon SOCIety,
wmch IS focused on the protectIon of natural ecosystelllS, emphaslZIng brrds, other Wlldhfe, and
therr habItat They do tills through sClence-based advocacy, educatIon, and on-the-ground
conservatIon projects The Alaska office has four full-bme staff, composed of bIOlogrsts and
brrders and a budget of $400,000, about 15-20 percent of wmch IS demcated to marrne ISsues
Therr key Issue related to GEM IS the Important Brrd Areas project located In Cook Inlet and the
Berrng Sea Audubon could prOVIde InformatIon on good places to momtor seabrrds, willle GEM
could help Idenbfy and momtor the mAs Major strengths of thIs orgarnzatIon are that It
Involves reSIdents In gatherIng useful sClenbhc data and hosts tralillng workshops for brrd
IdenbhcatIon
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Census of Manne Life (CoML)

CoML IS bemg developed as a decade-long program to plomote and fund research assessmg
and explammg the dIversIty, dIstrIbutIon, and abundance of speCIes m the world oceans Related
actIvItIes mtegral to tIus research mc1ude the deSIgn and IffiplementatIon of mnovatIve bIOlogIcal
samplmg techruques for the marme envrronment ConsultatIons and wOlkshops durmg 1997­
1998, largely funded by the Alfred P Sloan FoundatIon (New York CIty), explored the potentIal
benefits, Issues (techrucal, sCIenhfic, and SOCIal), and 11ffilts of a marme census A broad set of
precepts for the Census of Marme LIfe has been prepared An mternatIonal Steermg COmmIttee
fosters development of coherent goals and a sCIenhfic plan for the CoML Plannmg and
development for the Census IS expected to reqUITe one to two more years PIlot field projects
should take place m 2002-2004 The mam field projects should occur m 2005-2008 AnalYSIS and
mtegratIon of mformatIon should culmmate m 2008-2010 The Ocean BIOgeograplucal
InformatIon System (OBIS) IS enVISIOned to be a dIstributed network of marme bIolOgIcal and
envIronmental data for use m exammmg the changes m dIverSIty, distrIbutIon, and abundance of
orgarusms over hme and space OBIS IS expected to be the means by wluch CoML gathers and
dIstributes Its mformatIon

Center for Alaskan Coastal Studies (CACS)

CACS IS a nonprofit group whose mISSIOn mc1udes the generatIon of knowledge of the
marme and coastal ecosystems of Kachemak Bay through envIronmental educatIon and research
programs The Center supports an annual Coast Walk program m Kachemak Bay for CItIzen

I ~, collectIon of data about mtertIdal areas, and mcorporates water qualIty and mtertIdal momtormg
mto school educatIon programs

Conservation GIS Support Center

Tlus orgarnzatIon, admImStered through the Alaska ConservatIon Alliance, prOVIdes
conservatIon-related GIS servIces for conservatIon groups at a subSIdIzed rate They strive for
unbIased data presentatIon of anythmg mappable that relates to conservatIon They mIght
collaborate With the GEM Program m the followmg ways

• Data sharmg, espeCIally m ESRI formats compatIble With GIS

• Could prOVide maps of processes descnbed m GEM

• Could tram GEM staff about GIS (showmg fast, effiCIent ways to express data)

• All theIr maps can be used free of charge m GEM pubhcatIons as long as they receIve
credIt

Consortium for Oceanographic Research and Education (CORE)

CORE promotes, encourages, develops, and supports efforts to advance knowledge and
learmng m the SCIence of oceanography and to dIssemmate such knowledge to the sCIenhfic
commumty and to the pubhc It serves as a coordInatIng body for more than fifty marme-related
InstItutIOns m the Umted States, mc1udmg umversitIes, govemmentallaboratones, and non­
profit aquana CORE IS the base for the InternatIonal Steermg COmmIttee for the Census of
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MaIme We and the SecretarIat, wInch the SteeImg COmmIttee guIdes CORE also acts as the
Program Office for the Nabonal Oceanograpluc Partnerslup program, NOPP

Cook Inlet Keeper (CIK)

CIK IS a nonprofIt group dedIcated to protecbng Cook Inlet's watershed The Lower KenaI
Penmsula Watershed Health Project morutors four lugh value salmon streams WIth mcreasmg
human use TIns group also traInS volunteers to morutor water qualIty at many SItes m the Cook
Inlet watershed Currently, morutormg SItes are estabhshed around KenaI, Homer, and Anchor
Pomt Parameters measured are temperatrne, pH, dIssolved oxygen, sahruty, turbIdIty,
conductance, bactena, oXIdabon-reduchon potenhal, macromvertebrates, ortho-phosphate,
apparent color, and ruhate-rutrogen

Eastern Kenai Pemnsula EnVironmental Action ASSOCiation (EKPEA)
Tlus small, local orgaruzahon m Seward aImS to facilItate effecbve mdIVIdual and group

acbon on envIronmental ISsues affecbng the Eastern KenaI Penmsula TheIr major concerns are
the Impact of tounsm acbVIbes on Eastern KenaI marme envIronment and the protechon of
archaeolOgIcal SItes

Earth)ustlce Legal Defense, Inc - Alaska Office

EarthJusbce IS a non-profIt pubhc mterest law fInn dedIcated to protecbng the magIUfrcent
places, natural resources, and WIldlIfe of thIS earth and to defendmg the nght of all people to a
healthy enVIronment They brmg about far-reac1ung change by enforcmg and strengthenmg
envrronmentallaws on behalf of hundreds of orgaruzabons and commurubes They have nme
offices nabonWIde, about fIve lawyers per office plus support staff and roughly one-tlurd of the
Alaska office's resources focus on the marme envrronment TheIr key Issues mc1ude fIshmg, ESA
hSbngs, and oil development

Kenai River Sportflshmg ASSOCiation (KRSA)

KRSA IS a nonprofit orgaruzabon that prOVIdes fInanCIal support for npanan zone habItat
conservabon and rehabilitabon KRSA works m cooperabon WIth other orgaruzabons, such as
state and federal land and fIshenes management agenCIes, and volunteers to stabilize and
revegetate banks eroded by human recreabonal use and housmg development KRSA has also
been Instrumental m WIdespread Installabon of nverfront walkways on pubhc and pnvate
property The walkways are constructed of open metal bar screen that allows npanan plants to
grow for bank stabilizabon, while prevenbng eroSIOn from trarnphng by humans and provIdmg
access for recreabon

Monterey Bay Aquarium Research Institute (MBARI)

MBARI IS a pnvate, non-profIt research center funded by The DaVId and Lucile Packard
Foundahon Founded m 1987, It IS located at Moss Landmg, CalIforrua In the words of Its
founder, DaVId Packard, "The mISSIOn of MBARI IS to aclueve and mmntam a posibon as a world
center for advanced research and educabon m ocean SCIence and technology, " MBARI's efforts
cover eIght research themes, 1) bentluc processes, 2) mIdwater research, 3) upper ocean
bIOgeocheffilStry,4) MBARI Ocean Observmg System (MOOS), 5) remotely operated veluc1e
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enhancements and upgIades, new m SItu mstruments, mfIasrructure support, and mformahon
dlssemmahon and ourreach It has two research shIps, and IS developmg Iemotely operated
vehIcles nearby Monterey Bay MBARI mamtams offshore moonngs that are eqmpped With
ocean-momtonng mstruments Two MBARI moonngs m the equatorIal PactfIc are pal t of the
NOAA TropIcal Atmosphere Ocean (TAO) array that plays an 1ll1portant role m studymg the
development of events m the El Nmo southern oscillahon

National Outdoor leadership School (NOlS)

NOLS was founded m 1965 and IS the leader m WIlderness educahon NOLS IS the largest
backcounrry penmt holder m the Umted States and offels courses on four other contments
NOLS IS commItted to the qualIty of courses and programs offered m the wilderness
enVIronment that serves as Its classroom

National Wildlife Federation

The Alaska office IS one of ten regIOnal offIces throughout the US TheIr goal IS to protect
fIsh, wildlIfe, and the WIlderness character of WIld lands nahonWIde They have seven full-hIDe
staff plus volunteers/mterns and a budget of $250,OOO/yr TheIr key Issues of concern m the
Alaska marme enVIronment are estabhshmg a terrestrIal Wilderness designahon for the Copper
RIver Delta and estabhshmg Marme Protected Areas m Pnnce Wilham Sound They formed and
charr the Prmce Wilham Sound Alliance POSSIble collaborahon With the GEM Program may
mclude

• Jomtly creatmg a "keeper" program to momtor Pnnce Wilham Sound

• Pubhc awareness of PWS bIOlogy

• DISsemmatmg GEM momtonng results to pubhc

• Work on the re-opener case With Exxon for unanhcrpated spill damages

North PaCific Umversltles Marme Mammal Research Consortium (NPUMMRC)

MMRC was formed With four pawcrpahng mshtuhons the Umverslty of Alaska, the
Umverslty of BrIhsh Columbia, the Umverslty of Washmgton, and Oregon State Umverslty The
1illSSIOn of the Consorhum IS to undertake a long-term program of research on the relahonshIps
between fIsherIes and marme mammals m the North PacIfIc Ocean and Eastern Benng Sea
StudIes will focus 1illhally on the bIOlogy of the Steller sea hon and could mclude research on the
effects of specres mterachons and oceanographIc condlhons on changes m sea hon abundance

Oceana

Oceana IS a new non-profIt, mternahonal advocacy orgarnzahon created With the sole
purpose of protectmg the worldIS oceans to sustam the CIrcle of hfe We bnng together dedIcated
people from around the world, buIldmg an mternahonal movement to save the oceans through
pubhc pohcy advocacy, scrence and econ01illCS, legal arnon, grassroots mobIhzahon, and pubhc
educahon They have a North PactfIc office located m Juneau, Alaska
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Ocean Conservancy

ThIS natIOnwIde manne conservatIOn non-profit has been around for thrrty years and focuses
on manne mammals, dolphm-safe tuna, ocean wIlderness, and sustamable fishenes TheIr
key Issue m Alaska IS Marme Protected Areas, especIally m Pnnce WIlham Sound and
GlacIer Bay They may be able to find mformatIon gaps and synthesIze mformatIOn about
Pnnce WIlham Sound

Partners In SCience Program

The M J Murdock Olantable Trust, Pal melS m SClence Progtam sponsOls lugh school SCIence
teachers' parhClpahon m research Wlth sClenhsts durmg two summers

Partnership for the Interdlsclphnary Study of Coastal Oceans (PISCO)

PISCO 18 a long-term ecologtcal consorhum that COnsISts of four uruverslhes (Oregon State
Uruverslty, UC Santa Cruz, Stanford Uruverslty, and UC Santa Barbara) mveshgahng the
phySIcal and blOlogtcal processes of the nearshore regton along the Oregon and Caltforma coasts
The DavId and Lucille Packard Foundahon ongmally funded PISCO to provIde a new model for
solvmg envIronmental problems faced by our seas

Prince Wilham Sound Aquaculture Corporation (PWSAC)

PWSAC IS a pnvate non-profit corporahon founded m 1974 under state law desIgned to
promote development and operahon of salmon hatchenes Wlth the parhClpahon of local
commerClal harvesters Headquartered m Cordova, PWSAC operates four salmon hatchenes at
SItes throughout Pnnce Willtam Sound, as well as one at the town of Paxson on the Copper RIver
PWSAC produces pmk salmon, sockeye salmon, Coho salmon and Ounook salmon The
returnmg adults beneftt commerClal, sport ftshmg, personal use, and SubsIstence users, and also
provIde cost recovery to fund hatchery operahons

Usmg technology developed and tmplemented Wlth the support of the Exxon Valdez Oil Spill
Trustee Council, PWSAC annually marks all of the more than 500 millton Juvenile pmk salmon
released from Its hatchenes each year The marks penrut preClse eshmahon of the proporoon of
hatchery salmon harvested, wluch penruts protechon of wtld salmon durmg hatchery harvests
The marks also penrut lughly preClse eshmates of marme SurvIVal, and detechon of pmk salmon
of PWS ongm m samples on the lugh seas

Prince Wilham Sound 011 Spill Recovery Institute (OSRI)

OSRI was authonzed by the Uruted States Congress through Sechon 5001 of the Oil Polluhon
Act of 1990 (OPA 90) and through amendments mc1uded m the Coast Guard Authonzahon Act
of 1996 The lllShtuhonal goals of OSRI recogtUZe long-range morutonng programs as essenhal to ~

assessment and understandmg of the long-range effects of archc or subarchc oil spills on the
natural resources of Prmce Willtam Sound and Its adjacent waters
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Prince Wilham Sound SCience Center (PWSSC)

PWSSC IS an mdependent, non-profit orgamzahon devoted to nnplementtng an ecosystem
approach to research, momtormg, and management of natural resources The SCIence Center
played an nnportant role m nnplementahon of the Trustee Counctl's ecosystem study, the Sound
Ecosystem Assessment (SEA) (Sechon IV A 2)

Regional Citizens AdvIsory Council (RCAC)

RCAC bodtes were estabhshed followmg the 1989 Enon Valdez oil spill under the federal 0t1
Polluhon Act of 1990 (OPA 90) The act estabhshed, among other thmgs, demonshahon
programs to mvolve local CItIzens m overseemg the enVIronmental nnpact of oil terrrunals and
tanker operahons m two locahons, Cook Inlet and PWS

Cook Inlet RegIOnal CItIzens AdVIsory Counctl (CIRCAC) momtors the envIronmental
nnpacts of termmals and tankers m Cook Inlet The CIRCAC's envIronmental momtormg
program mc1udes studtes of sedtment cheffilstry, hydrocarbon accumulahon, sednnent tOXICIty,
and ballast water ISsues

!
The PWS RegIOnal CItIzens AdVISOry Counctl (pWSRCAC) has conducted an envIronmental

momtormg program for the past SIX years The Long-Term Envnonmental Momtormg ProJect
momtors nme sItes m PWS and the North PaClftc regIOn for hydrocarbons m the water, sedtment,
and mussels The data prOVIde a benchmark for assessmg the nnpacts of oil transportahon and
future oil spills The study dIscrnnmates among hydrocarbons resulttng from bIOlOgIcal
processes, combushon sources (pyrogemc), and petroleum products or reSIdues from natural coal
depOSIts (petrogemc) The PWSRCAC has also studted the nsk of mvasIOn by non-mdtgenous
speCIes through the dtscharge of ballast water, control of tanker loadmg vapors, ballast water,
mfluent at the Valdez Marme Terrntnal, and the use of caged mussels to momtor effluent from
the Alyeska Ballast Water Treatment FaClhty

Trustees for Alaska

Thts IS a non-profit enVIronmental pubhc mterest law ftrm formed m response to North Slope
011 and pIpehne construchon It was ongmally an advocacy group, but now prOVIdes legal
support to conservahon groups regardmg adrntmstrahve and legal processes and has been
around for twenty-five years The organtzahon has eIght lawyers plus support staff and IS htghly
mterested m anthropogemc effects on the marme envIronment, espeCIally fIshmg

The Wilderness Society

Founded m 1935, The Wilderness SOCIety IS a 175,OOO-member nonprofit orgamzahon
dedtcated to the creahon of a nahonWIde network of wild lands through pubhc educahon,
sCIenhftc analYSIS, and advocacy They work WIth federal agenCIes on planmng, espeCIally
concemmg the human component of management, such as Lnmts of Acceptable Change Then
key ISsues relate to federal law and pohcy, oill gas development, marme sanctuary ISsues They
have a nahonWIde scope, but m Alaska, they are mterested mostly m Prmce Wilham Sound and
GlaCIer Bay They have four ISsue-onented staff at Anchorage office They may collaborate WIth
GEM by
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•

•

•

•

Acbng as a watchdog group to ensUle that federal agencIes mtegrate GEM SCIence mto
theIr polIcIes

SyntheslZmg GEM mformabon so It IS applIcable to resource managers

MakIng sure agencIes momtor beaches and watersheds

Usmg GEM data to help agencIes establIsh Lmuts of Acceptable Change

Transboundary
Orgamzatlons

World Wildlife Fund

ThIs organIZabon IS a maJO! mternabonal enVIronmental glOUp seekmg to defIne and protect
areas of hIgh bIOdIversIty throughout the globe The largest pnvately sUppO! ted mternabonal
conservabon orgaruzabon m the world, WWF has more than one IDIlhon members m the U S
alone Smce Its mcepbon m 1961, WWF has mvested mover 13,100 projects m 157 countnes

WWF drrects Its conservabon efforts toward three global goals protecbng endangered
spaces, savmg endangered speCIes and addressmg global threats From workIng to save the grant
panda, bger, and rhmo to helpmg establIsh and manage parks and reserves worldWide, WWF
has been a conservabon leader for forty years

TheIr key Issues are bIOdIversIty loss, fIshmg, educabon, outreach, habItat conservabon, and
Oll development In the North PacrfIc, theIr focus IS on the Benng Sea and the Chukotka
Pemnsula m RUSSIa

Transboundary orgaruzabons coordmate mformabon­
gathermg across nabonal, provmCIal and state boundanes As a
result of transboundary convenbons addressmg fIshery
management, pollubon control, and other matters of concern m

the North PaCIfIc, mulbnabonal and mterstate management Insbtuhons have been m place for
most of the twenbeth century These Insbtubons have amassed some of the longest bIDe senes of
bIOlogrcal observabons m the North PaCIfIc

ArctiC Momtormg and Assessment Programme (AMAP)

The Arcbc Momtormg and Assessment Programme (AMAP) IS an mternabonal CIrcumpolar
program whIch seeks to momtor anthropogemc pollutants m all parts of the arcbc enVIronment
Observabons extend mto the Benng Sea At a meebng m Rovarueffil, Fmland, the nabons of
Canada, Denmark/Greenland, Iceland, Norway, Sweden, the SovIet Umon, and the Umted States
entered mto the "Rovarueffil process II to promote arcbc enVIronmental protecbon The
"Rovarueffil process" produced a senes of "State of the Arcbc EnVIronment" reports on potenbal
pollutants m dIfferent parts of the arcbc enVIronment and Its ecosystems m 1991 The FIrst Arcbc
Mmrstenal Conference m Rovarueffil, Fmland establIshed mternabonal cooperabon for the
protecbon of the arcbc, and led to the adopbon of the Arcbc EnVIronmental Protecbon Strategy
(AEPS) The AMAP reports contam bIDe senes data on contaIDInants m the areas of mterest The
polIcy body for AMAP IS the Arcbc CouncI1
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Conservation of Antarctic Marine Llvmg Resources (CCAMLR)

The Convenhon on the Conservahon of Antarchc Marme LLvmg Resources (CCAMLR) was
founded m 1982 as part of the Antarchc Treaty System, m response to conce1ns that an mcrease m
krill catches m the Southern Ocean could have a senous effect on populahons of krill and other
marme hfe, parhcularly on brrds, seals, and fish wluch mamly depend on krill for food

The CCAMLR Ecosystem Morutormg Program (CEMP) 1S a soentrnc program mtended to
1denbfy changes m cond1hon, abundance, and mstnbuhon of the anlIllals W1thm the convenhon
area Smce 1t 1S not reahshc to morutor all the anlIllals and the1r mterachons that make up the
antarchc marme ecosystem, CEMP 1denhned spec1es and parameters hkely to be parhcularly
sens1hve to changes m food availab1hty CEMP takes mto account mforrnahon obtamed fiom
morutonng these speaes m deterrnmmg the regulahon of human achv1ty so as to ensure that the
conservahon prmc1ples of the convenhon are bemg apphed

The parameters bemg stumed fall mto four categones reproduchon, growth and conmhon,
feedmg ecology and behavlOr, and abundance and mstnbuhon Any changes found m the
parameters will be because of changes e1ther m food availability or envrronrnental conmhons In
order to 1denhfy the source of change, 1t 18 necessary to morutor krill abundance, knll
d18tnbuhon, and certam envrronrnental parameters slffiultaneously Wlth the morutonng of
predators

International North PaCific Fisheries Commission (INPFC-NPAFC)

f " The Internahonal North Paafic F1shenes CornnusslOn (INPFC) (1952-1993, US, Canada,
'" ) Japan) and 1ts successor, the North Paafic Anadromous F1Sh CornnusslOn (NPAFC) (1993 on),

coordmate research and harvest of salmon and other anadromous speoes above lahtude 330 N
outs1de the 200-rnlie zones of the slgnatones Slgnatory nahons are the Uruted States, Canada,
Japan, and RUSS1a and the cooperahng nahons are Poland, South Korea, and Tmwan The INPFC
pubhshed long hrne senes of catches for pnnapal groundfish speaes, crab, shnrnp, and hernng
for the slgnatones and cooperahng nahons The INPFC stahshcal yearbooks (produced from
1952-1992) contam blOlogIcal hrne senes on groundfish, crabs, and marme mammals The
NPAFC statlShcal yearbooks (produced from 1993-1995) are the defiruhve source for catch,
we1ght, and hatchery releases for salmon m the North Paafic, as well as pnnapal groundfish
spec1es, crab, shnrnp, and hernng

International PaCific Salmon Flshmg Commission (IPSFC-PSC)

The Internahonal Paafic Salmon F1Shmg COIllIlllSslOn (IPSFC) (1937-1985) was estabhshed by
the Uruted States and Canada m 1937 to restore the sockeye salmon of Canada's Fraser Rlver and
to allocate the catches between nahons The IPSFC and 1ts successor, the Paclfic Salmon
CornnusslOn (psC)' have complied a very long hrne senes of annual Fraser Rlver salmon
produchon, augmented by substanhal hrne senes of eshrnated sockeye salmon produchVlty by
year of spawnmg The Paafic Salmon COIllIlllSslOn was estabhshed by the Paclfic Salmon Treaty
(PST) between the Uruted States and Canada m 1986 The PSC also has hrne senes of annual
harvest and explOltahon rates for selected chmook salmon populahons, as well as catch and other
hrne senes data for all salmon spec1es

JULY 2002 APPENDIX E 33



GULF ECOSYSTEM MONITORING AND RESEARCH PROGRAM

Northern Fund - PacIfic Coastal Salmon Recovery Program (PSC)
The Northern Boundary and Transboundary Rivers Restorahon and Enhancement Fund was

establIshed by Canada and the Uruted States under the revISed 1999 annexes to the Pacmc
Salmon Treaty The Northern Fund shall be used to support the followmg achVIhes

• Development of lffiproved mformahon for resource management, mcludmg better stock
assessment, data acqUlSIhon, and lffiproved sCIenhhc understandmg of factors affechng
salmon produchon m the freshwater and marme envIronments,

• RehabIlItahon and Iestorahon of habItat, and Improvement of natural habItat to enhance
plOduchvity and protechon of Pacmc salmon, and

• Enhancement of wild stock produchon through low technology technIques rather than
through large facrnhes WIth hIgh operahng costs

The Northern Fund COmmIttee ("the COmmIttee") IS responsIble for approvmg expendItures
from the fund The COmmIttee consISts of three U S and three CanadIan representahves

The Pacmc Salmon Treaty's Fishenes Management and Stock Assessment are broken down
mto dIfferent annexes that are lIsted With theIr obJechves m the semons below

PST Transboundary RIvers Annex:
• manage the dIStrIct 106, 108, and 111 commerCIal net fIshenes m such a manner as to

abIde by Treaty harvest sharmg arrangements,

• prOVIde eshmates of the stock composihon of the sockeye salmon harvested m
SubdIstrIcts 106-41, 106-30, DIStrIct 108, and DIStnct 111 gillnet flShenes for each week of
the fIshmg season,

• eshmate the number of Transboundary Shkme River sockeye harvested m SubdIstncts
106-41, 106-30, DIStnct 108, and Transboundary Taku RIVer sockeye harvested m DIStnct
111,

• collect otolIths from sockeye salmon harvested m DIStnct 108 and 111 fIshenes to allow
eshmahon of the contnbuhon of enhancement projects to the harvest,

• eshmate the escapement of sockeye salmon m the Taku River on an m season baSIS usmg
mark-recapture methods,

• document the stock hmmg of the sockeye salmon escapements to the Taku River
dramage,

• collect scale samples and assOCIated bIOlOgical data from sockeye salmon returrung to the
Taku River through the penod of escapement for stock Idenhhcahon and age
composihon purposes,

• collect scale samples and assOCIated bIOlOgical data from sockeye salmon retunung to
Crescent and Speel Lakes for stock Idenhhcahon and age composihon purposes,

• stahshcally reconstruct the Taku River sockeye run, and, ,
)
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• represent the department on the bilateral Transboundary Techrucal Comnuttee and at the
PaClfIc Salmon ComlmssIOn (PSC) meehngs and prepare repOl ts and other documents
needed for accomphshmg our PSC assIgnments

PSTNorthern BoundaryAnnex.
• manage the DIStnct 104 purse seme fIshery, pnor to Stahshcal Week 31, for an annual

harvest of 2 45 percent of the AAH of Nass and Skeena sockeye salmon m a manner
consIstent WIth arrangements negohated under the PacIfIc Salmon Treaty,

• manage the Tree Pomt (DIstnct 101) gillnet fIshery for an annual harvest of 138 percent of
the AAH and Nass sockeye salmon m a manner consIstent WIth arrangements negohated
under the PacI6.c Salmon Treaty,

• manage the Southeast Alaska troll bshery for coho salmon m a manner consIstent WIth
specIfIc conservahon prOVIsIons detailed m the June 30, 1999 reVISIOn of the PacIfIc
Salmon Treaty and as shpulated by the Alaska Board of FIShenes,

• esbmate m season, chmook salmon harvest rates m the gillnet and purse seme bshenes so
as to remam WIthm the chmook salmon quota level for net fIshenes,

• esbmate the stock composIhon of sockeye salmon m major boundary net bshenes
(DIstnct 101 purse seme and gillnet and DIStnct 104 purse seme) to nahon and/or system
of ongm Commercral catches and escapements on the Boundary Area need to be
representahvely sampled for sex, length, and scale data,

esbmate the sockeye spawrung escapements to Hugh Srmth and McDonald Lakes m the
southern Southeast Alaska Collect run hmmg mformahon and scale and bIOlOgIcal
samples from these escapements,

• mdex the escapement of pInk and chum salmon to selected streams m southern Southeast
Alaska Esbmate observer specI6.c counhng rates and conversIOns between survey counts
and actual escapements m these study streams,

• obtam peak survey counts of coho salmon escapements to fIfteen streams m southern
Southeast Alaska that represent a constant propomon to the total escapement to those
systems when compared across years,

• esbmate the escapement, harvests, and age composIhon of coho salmon retummg to
Hugh SmIth Lake, and

• represent the department on the bilateral PSC Northern Boundary Techrucal Comnuttee
and at PSC meehngs and prepare reports and other documents needed for accomphshmg
our PSC asSIgnments

PSTChinookAnnex'
• manage the Southeast Alaska troll bshery for chmook salmon m a manner consIstent WIth

the new aggregate abundance-based management regtrne detailed m the June 30, 1999
reVlSlon of the PacI6.c Salmon Treaty, and as shpulated by the Alaska Board of FIShenes,
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• eshIDate nugtatory patterns, harvests, catch rates, and explOltabon rates of vanous
clunook stocks, and determme conbibubons of wild and hatchery stocks to commercIal
and recreabonal fIshenes m Southeast Alaska,

• evaluate chmook salmon escapement goals m Alaskan and transboundary nvers and
determme what mformabon IS needed to Improve these eshIDates, and

• represent the deparbnent at PSC meebngs and prepare reports and other documents
needed for accomphshmg our PSC aSSIgnments ParbcIpate m PSC techrucal cOmmIttee
acbVIbes relabng to deSIgn and use of CWT stabsbcs, abundance-based management of
coastwlde clunook salmon, and development and tesbng of the PSC chmook model

North PaCific Marine SCience Orgamzatlon (PICES)

The umbrella transboundary orgarnzabon for the North Pacmc, the North Paabc Manne
SCIence Orgarnzabon (PICES), was estabhshed m 1992 among Canada, the People IS Repubhc of
Chma, Japan, the Repubhc of Korea, the RUSSIan Federabon, and the Uruted States PICES
coordmates North Pacmc (above 308 N) marme mformabon and research on tOpICS such as the
ocean envrronment, global weather and chmate change, hvmg resources and therr ecosystems,
and the Impacts of human acbVlbes In order to facilitate the exchange of mformabon, the PlCES
Techrucal COmmIttee on Data Exchange has hnks to long bme senes on bIOlogtcal, phYSICal, and
chenucal oceanography, fIshenes, and meteorology and marme SCIence orgarnzabons The long
hIDe senes data set IS a compilabon of voluntary SUbnussIOns from data sources and IS therefore
notexhausbve

The Intemabonal Pacmc Hahbut COmmISSIOn (IPHC) was the frrst mulbnabonal fIshery
management orgarnzabon m the North PaCIfIc, estabhshed by the Uruted States and Canada m
1923 The IPHC annual survey proVIdes a long hIDe senes of standardIZed catch of Pacmc
hahbut and aSSOCIated speCIes The IPHC hIDe senes of research vessel surveys starts m 1925 It
IS a parbcularly valuable record of orgarusms aSSOCiated With the benthos because of the scrubny
It has receIved as the baSIS for many peer revIewed pubhcabons over the years

PaCific States Marine Fisheries Commission (PSMFC)

The Pacmc States Marme Fishenes COmmISSIOn (pSMFC) IS an mterstate orgaruzabon created
by the U S Congress m 1947 to coordInate fIshenes ISsues among CalIforrua, Oregon,
WashIngton, Idaho, and Alaska The PSMFC Regtonal Mark Processmg Center keeps the salmon
coded wrre tag data base, an authontabve source for bIDe senes observabons on mstnbubon of
ocean catches from Cahforrua to Alaska, mcludmg Canada, smce 1972

Global Climate Change Research

The Uruted States IS part of a world-Wide network dedIcated to measunng and
understandmg global clImate change Global change research programs are valued m the bilhons
of dollars, With state, nabonal, and mternabonal partners and cooperators Four mtemabonal
oceanographIc mvesbgabons on global chmate change have elements relevant to the North
PaCIfIc Global Ocean Ecosystem Dynanucs (GLOBEC), the World Ocean Crrculabon ExperIment
(WOCE), the Jomt Global Ocean Flux Study (JGOFS), and the Global Ocean Observmg System
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(GOOS) each rely on the personnel, facilihes, and fInances of the nahons and orgaruzahons that
parhcrpate m the transboundary orgamzahons descnbed above

GLOBEC

GLOBEC IS the global change program of the Internahonal Geosphere-BIOsphere Programme
(IGBP) of the Internahonal Councrl for Saence The IGBP provIdes an mternahonal, mter­
diSCIplmary framework for the c.onduct of global change SCIence GLOBEC IS an oceanography
program that IS exammmg a number of hypotheses that mc1ude a commercIally harvested fIsh
speCIes, prnk salmon A key GLOBEC hypothesIs IS that rapId growth and hIgh survIval of prnk
salmon depend on cross-shelf Import of large zooplankton from offshore to nearshOle waters
GLOBEC IS also collechng data on zooplankton speCIes, mc1udmg a copepod and several knll
specres PhYSICal processes to be exammed mc1ude strahfIcahon, cross-shelf-transport,
downwellmg, and mesoscale CIrculahon m the North PacrfIc regIOn Another part of IGBP 18 the
Jomt Global Ocean Flux Study GGOFS), whIch IS studymg the role of the ocean m controllmg
clImate change through the storage and transport of heat

GOOS

The GOOS, orgamzed by the Intergovernmental OceanographIc COmmISSIOn (lOC) of the
Umted Nahons Educahonal Socral and Cultural Orgarnzahon (UNESCO), IS to be a permanent
global system for collechng data, modelmg, and analyzmg marme and ocean processes
worldWide Another IOC-sponsored program IS the World Ocean CIrculahon ExperIment
(WOCE) under the auspIces of the World MeteorolOgical Assocrahon WOCE sponsors a large
number of mveshgahons directed at understandmg the movement of water masses m the world's
oceans, mc1udmg the PaafIc and North PacIfIc
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APPENDIX F. NORTH PACIFIC MODELS OF
THE ALASKA FISHERIES SCIENCE CENTER AND SELECTED
OTHER ORGANIZATIONS

The followmg summary of phYSICal and bIOlogIcal modehng m
F 1 Introduction the North PaCIfIc was prepared by Kenm Aydm, NatIonal

Marme FIshenes ServIce, Seattle (Kenm Aydm@noaa gov)
NarratIve descnptIons of the hypotheses embodIed by each model are followed by detaIls of
model features and development m tabular formats for ease of reference and comparIson of
models DocumentatIon on geographIc areas covered, tIme penods addressed, status of
development, and person to contact for more mfonnatIon (Table 1) IS followed by mfonnatIon on
spatIal domams, currenCIes (UnIt measures), mputs and outputs (Table 2) References for the
models conclude the Appenchx

F.2 DeSCriptions of
Model Hypotheses

F 2 1 Smgle-Specles Stock Assessment Models That Include Predation

So far we have developed two of these models one for Eastern Benng Sea pollock
(LIvmgston and Methot 1998) and one for Gulf of Alaska pollock (Hollowed et al 2000) We
mIght develop one for AleutIan Islands Atka mackerel m the future The purpose of these
models IS to better understand the sources and tIme trends of natural mortalIty for pollock by
exphCItly mcorporatIng predatIon mortahty mduced by theIr maJor predators mto an age­
structured fIsh stock assessment model We have learned that not only IS natural mortalIty for
younger fIsh much hIgher than that for adults, but also that It vanes across tIme, dependmg on
tIme trends m predator stocks TIns fIndmg about mortalIty has gIven us better Ideas of what
mfluences predatIon has on fIsh recruItment through tIme and helps us to separate predatIon and
clImate-related effects on recruItment We can better show the demands of other predators such
as marme mammaIs for a commerCIally fIshed stock and how It mIght mfluence the dynamICS of
that stock (although we stIll need to make progress m understandmg the effects on the marme
mammals)

F.2. 2 Bermg Sea Multlspecles Virtual Population AnalySIS (MSVPA)

We now have a multISpeCIes vrrtual populatIon analySIS (MSVPA) model for the Benng Sea
(LIvmgston and Jurado-Mohna, 2000) TIns model mcludes predatIon mteractIons among several
commerCIally Important groundfIsh stocks and also predatIon by arrowtooth flounder and
northern fur seal on these stocks TIns model can gIve us a better Idea of the predatIon
mteractIons among several stocks We can use outputs from thIS type of model to help us
understand what the pOSSIble multIspeCIes ImphcatIons are of our smgle-speCIes-onented fIshmg
strategIes Results from these forecastIng exerCIses show that a partIcular fIshmg strategy may
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have the OpposIte of the mtended effect If mulhspeCles mterachons are taken mto considelahon
We have also done mulhspeCles forecashng WIth thIs model by usmg dIfferent hypotheses about
regIme shIfts and assocIated fish recrmhnent patterns

F 2 3 Boreal Migration and Consumption Model (BORMICON)
for the Eastern Bermg Sea

We have an lllihal verSIOn of a spahally explIcIt model of pollock movement and canmbalIsm
m the Eastern Bermg Sea We hope to bettel understand the dIfferences m spahal overlap of
predators and prey and how that affects the populahon dynalllics of each The model we have
modIfIed for the Bermg Sea, BORMICON (BOleal MIgrahon and Consumphon Model), IS one
bemg used m other boreal ecosystems MIgrahons are prescllbed currently With the hope that we
can prescnbe movement based on phYSICal factors m the future The mfluence of spahal overlap
of canmbalishc adult pollock WIth Juverules on the populahon dynamICS of pollock IS bemg
mveshgated Hypotheses about larval dnft posihons and the resulhng overlap and canmbalIsm
are also bemg explored Tlus model could be lInked m the future to an mdIvidual-based larval
pollock model and to a nutnent-phytoplankton-zooplankton model that could prescnbe
zooplankton abundance by area as alternate food for adults and as the pnmary food for Juvemles

F.2 4 Analytical Approach to Evaluatmg Alternative Flshmg Strategies
with Multiple Gear Types

The analyhcal approach for sImulahng current groundfIsh management m the North PacIfIc
U S ExclUSIve EconomIc Zone mvolves considermg mterachons among a large number of speCIes
(mclucimg target, nontarget, and prohIbIted) areas and gear types To evaluate the consequences
of alternahve management regImes, modelIng was used to predIct the lIkely outcome of
management decIsIOns by usmg stahshcs on hIstoncal catch of dIfferent speCIes by gear types and
areas Management of the Alaska groundfIsh fIshenes IS complex, given the large numbers of
specIes, areas, and gear types The managers schedule fIshenes openmgs and closures to
maxImIZe catch subject to catch hmIts and other constramts These management achons are
based on expectahons about the array of speCIes lIkely to be captured by dIfferent gear types and
the cumulahve effect that each fIshery has on the allowable catch of each mdividual target speCIes
and other speCIes groups Management deCISIons were SImulated by an m-season management
model that predIcts capture of target and nontarget specIes by dIfferent fIshenes based on
hIstoncal catch data by area and gear type The groundfIsh populahon abundance for each
alternahve regIme was forecast for a 5-year penod begInnIDg from the present Tlus approach
provIdes a reasonable representahon of the current fIshenes management prachce for dealmg
With the mulh-speCIes nature of catch m target fIshenes

In addIhon to the model and Its projected results, agency analysts also used the sCIenhITc
lIterature, ongomg research, and professIOnal opmIOn of fishery experts m therr respechve fIelds
to perform quahtahve assessments

F.2.5 Influence of Advection on Larval Pollock RecrUitment

Tlus model mveshgates the enVIronmental relahonshIp between surface advechon durmg the
post-spawnmg penod (pollock egg and larval stages) and pollock SurvIval Wespestad et al
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(1997) found that dunng years when the surface currents tended north-north westward along the
shelf, class str~ngth was lffiproved compared to years when currents were more easterly They
used the OSCURS surface advechon model to slffiulate dnft Subsequently (IaneTh et al 1998),
therr analYSIS was extended to apply WIthIn a stock assessment model The model uses surface
advechon dunng a 90-day penod to determme the "goodness" of the advechve fIeld for Juvemle
pollock

F 2 6 Shehkof Pollock IndiVidual-Based Model (IBM)

ThIs IBM Model was desIgned to run m conJunchon WIth the 3-D phYSICal model (SPEM) and
the Shehkof nutnent-phytoplankton-zooplankton model Its purpose IS to examme, at a
mechamshc level, hypotheses about recruItment of pollock m Shehkof StraIt, espeCIally as they
refer to transport, grOWtll, and (somewhat) mortalIty of pollock from spawnmg through the fall
of the O-age year

F.2 7 Global Ocean Ecosystem DynamiCs (GLOBEC) Nutrlent­
Phytoplankton-Zooplankton (NPZ) 1-D and 3-D Models

ThIs modelmg effort (the 3-D NPZ model coupled WIth a phYSICal model of the crrculahon of
the regIOn) 15 deSIgned to test hypotheses about the effect of chmate change/regtrne shIfts on
produchon m the coastal regIOn of the Gulf of Alaska, mcludmg effects on cross-shelf transport,
upstream effects, local produchon, and effect on smtabIhty of the regIOn as habItat for Juvemle
salmon

F.2.8 Steller Sea Lion IndiVidual-Based Model (IBM)

ThIS IBM model will be deSIgned to examme how sea hon energy reserves change, through
foragmg and bIOenergehcs, dependmg on the dIstnbuhon, densIty, patchmess, and speCIes
composIhon of a dynamtc prey fIeld (as mfluenced by factors such as potenhallocal deplehon by
fIshIng) It should be apphcable to any domaIn surroundmg a specrfJ.c sea hon rookery or haul­
out m the Benng Sea, Aleuhan Islands, or Gulf of Alaska LIon characterlShcs such as age,
locahon, lIfe stage, and bIrth date are recorded Calonc balance IS the maIn vanable followed for
each mdIV1dual

F.2.9 Shehkof Nutrlent-Phytoplankton-Zooplankton (NPZ) Model, 1-D and
3-D Versions

ThIS NPZ model was deSIgned to produce a temporally and spahally exphCIt food source
(Pseudocalanus stages) for larval pollock, deSIgned to be mput to the pollock IBM model ThIS set
of coupled (bIOlOgIcal and phYSICal) models was deSIgned to be used to examme hypotheses
about pollock recruItment m the Shehkof StraIt regIon

F.2.10 Gulf of Alaska Walleye Pollock StochastiC Switch Model

ThIs model was deSIgned as a mathemahcal representahon of a conceptual model presented
m Megrey et al 1996 It 15 a numencal slffiulahon model of the recrUItment process A generalIze
descnphon of stochashc mortalIty 15 formulated as a funchon of three specrfJ.c mortalIty
components consIdered lffipOrtant m controllmg SurvIVal (random, caused by wmd ID1Xillg
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events, and caused by prevalence of oceamc eddIes) The sum total of these components, under
some condItIonal dependencIes, determmes the overall SurvIVal expenenced by the recruIts

F.2.11 North PaCific Ecosystem Model for Understandmg Regional
Oceanography (NEMURO)

Tlus model was desIgned to represent the ID1illmum state varIables needed to represent a
genenc nutnent-phytoplankton-zooplankton (NPZ) marme ecosystem model for the North
PacIfIc Ecosystem fluxes are tracked m both umts of mtrogen and silicon Carbon flux process
equatIons have been recently added The purpose of the model IS to examme the effects of
clImate vanability on the marme ecosystem through regIOnal compansons usmg the same
ecosystem model structure and process equatIons

F 2.12 Mass-Balance Ecosystem Models (Ecopath) for North PaCific
Regions of Interest (Multiple Models)

Mass-balance food web models proVIde a way for evaluatIng the Importance of predator­
prey relatIonslups, the roles of top-down and bottom-up forcmg m modeled ecosystems, and the
changes m ecosystem structure resultIng from envIronmental perturbatIons (natural or
anthropogemc) AddItIonally, the models may prOVIde a way to compare natural predatIon
mortalIty WIth respect to predator bIOmass and fIshmg levels, and determme the quahty of data
avaIlable for a gIven system

Eastern Bering sea ShelfEcopath Modell Although many of these models were done
m the past for the Alaska regIon, the most up-to-date pubhshed model IS the effort by Tntes et al
(1999) for the Eastern Benng Sea These models are lughly aggregated across age groups and
speCIes groups and best lughhght our gaps m understandmg of how ecosystems functIon and our
lack of data on certam ecosystem components Walleye pollock IS broken mto two bIOmass
groups pollock ages 0 to 1 and pollock age 2 and older Tlus model IS useful for testIng
ecosystem hypotheses about bottom-up and top-down forcmg and to examme system level
propertIes and energy flow among tropluc levels The Eastern Bermg Sea model extent mcludes
the mam shelf and slope areas north to about 610 N and excludes near-shore processes and
ecosystem groups

Eastern Bering Sea ShelfModel2 and Western Bermg Sea ShelfEcopath Model.
The second Eastern Benng Sea Shelf model breaks down the earher model mto more detaIled
speCIes groupmgs to tease apart the dynamICS of mdIVIdual speCies, espeaally m the
commercially Important groundhsh SpatIal extensIOns to the model mc1ude subdIVIdmg mto
mner, IDlddle, and outer bIOphYSICal domams The model will be cahbrated WIth respect to top­
down and bottom-up forcmg WIth the use of "checkpomt" food webs for several years m the
1990s, the 1979 to 1998 tIme senes of trawl data, and MultIspecies VIrtual PopulatIon AnalySIS
(MSVPA)jother assessment analyses The pnmary purpose of thIS model IS to mvestIgate the
relatIve role of natural and anthropogemc dIsturbances on the food web as a whole A Western
Benng Sea Shelf model, bUIlt as a Jomt US-RusSIan project, IS currently bemg completed

GulfofAlaska, ContJnentalShelf, andSlope (Excluding Fjord, Estuarine, and
IntertidalAreas) Ecopath Model. Throughout the 1990s there have been extensive
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commerCIal fIshenes m the Gulf of Alaska (GOA) for groundfIsh, as well as crab, hernng, hahbut,
and salmon Removals of both target speCIes and bycatch by these (and hIstoncal) fIshenes have
been suggested as a possIble cause for the dec1me of the western stock of Stellar sea hons, whIch
are now hsted as endangered speCIes An EcopathjEcosIm model for the GOA could test the
hypothesIs that fIshery removals of groundfIsh and bycatch dunng the 1990s has contnbuted to
the contInued dec1me of Stellar sea hons

In addIhon, a commuruty restructunng, m whIch shnmp populahons dechned dramahcally
and commerCIal fIsh populahons mcreased between the 1960s and the 1990s, may have taken
place, accordmg to small mesh trawl surveys conducted by the Nahonal Marme FIshenes ServIce
and Alaska Deparhnent of FISh and Game An addIhonal hypothesIS, whIch could be tested WIth thIs
model, IS that thIS trophIc reorgaruzahon has had a negahve Impact on manne mammal and bud
populahons m the GOA Fmally, the effects of an apparent mcrease m shark populahons on theIr prey
and the relahve Importance of these effects m the whole system could be evaluated WIth an Ecopath
model

The Aleutian IslandandPnbllofIslands Ecopath Models. WhIle the Eastern Benng
Sea and Gulf of Alaska model may capture broad-scale dynamICS of WIdespread fIsh stocks, therr
scale IS too large to address local deplehon ThIs Issue may be Important for Island-based fIsh
such as Atka mackerel, and may be cnhcal for determmmg the effect that changes m the food
web may have on the endangered Steller sea hon ThIs smaller-scale Ecopath model WIll be used
m conJunchon WIth larger-scale models to examme the pOSSIbility of hnkmg the models across
scales

Prince William Sound Ecopath Models. An Ecopath model of Pnnce WIlliam Sound
(PWS) was constructed by a collaborahon of experts from the regIon dunng 1998-1999 (Okeyand
Pauly 1999) The Exxon Valdez Oil Spill Trustee Council funded thIs effort for the purpose of
"ecosystem synthesIs" The project was coordInated by the UruversIty of Bnhsh ColumbIa
FIShenes Centre and overseen by the Nahonal Marme FIshenes ServIce Office of OIl Spill
Damage Assessment and Restorahon Pnnce WIlliam Sound IS well defIned geograplucally,
spahal defIruhon of the system consIsted of drawmg hnes across Hmchenbrook Entrance,
Montague StraIt, and smaller entrances The hme penod represented by the model, 1994 to 1996,
IS the post-spill penod WIth the broadest and most complete set of ecosystem mformahon Tlus

food web model COnsISts of 48 funchonal groups rangmg from smgle ontogenehc stages of
speCIal-mterest speCIes to lughly aggregated groupmgs A varIety of hypotheses are bemg
addressed WIth the PWS model- most relate to the 1989 Exxon Valdez OIl Spill and the fIshenes
m the area
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Table 1 Model Areas, Time Period, Contact Person, and Model Status

Model Name!

Model Region Time Period Contact Status

Single-species stock assessment EBS 1964-95 Patncla livingston Working
models that Include predation GOA 1964-97

(Annual)

Benng Sea MSVPA 1979-98 Patncl8 LIvingston Working

3 Months (quarterly) Jesus Jurado-Molina

BORMICON for the eastern 1979-97 Patncla LIvingston Planning!
Benng Sea 1 Month construction

Evaluating Alternative Fishing Current Jim lanelh Working
Strategies

Advection on larval pollock 90 Days of Larval Dnft Jim lanelh Working
recruitment 1970s-present

Shehkof Pollock IBM YO 60-270 Sarah Hinckley Working

Dally

GLOBEC NPZ 1-0 and 3-D YO 60-270 (eventually year-round) Sarah Hinckley In progress
Models Dally

Steller Sea Lion IBM Summer or Winter, Sarah Hinckley Planning!

Minutes to Days Constructlo
n

Shehkof NPZ Model 1-0 and 3-D YO 60-270 (eventually year-round) Sarah Hinckley In progress
Versions Dally

GOA Pollock StochastiC SWitch 32 years (rephcates) Bern Megrey Working
Model Dally

NEMURO 1 Full Year, Dally Bern Megrey In progress

Eastern Benng Sea Shelf Model 1 1950s and early 1980s Patncla LIvingston Completed
Ecopath Annual

Eastern Benng Sea Shelf Model 2 1979-1998 Kenm Aydin In progress
Ecopath Annual

Western Benng Sea Shelf Early 1980s Kenm Aydin In progress
Ecopath Annual Victor Lapko

Gulf of Alaska Shelf Ecopath 1990-99 Sarah Galches In progress

Annual

Aleutian Islands Pnbllof Islands 1990s-2000s Patncla LIvingston Proposed
Ecopath Annual Lorenzo Clannelll

Pnnce Wilham Sound, Ecopath Pre- and Post 1989 011 spill Tom Okey Completed

Annual

Notes
BORMICON = Boreal Migration and Consumption Model
EBS = Eastern Benng Sea
GLOBEC = Global Ocean Ecosystem Dynamics
GOA = Gulf of Alaska
MSVPA = Multlspecles Virtual Population AnalySIS
NEMURO = North PaCific Ecosystem Model for Understanding Regional Oceanography r-
NPZ = nutnent-phytoplankton-zooplankton

I
YO = days of the year J

~
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GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

-~ Table 2 Model Spatial Domams, Currencies, Inputs, and Outputs

Model Name/

Model Region
Model Spatial Domam Inputs Outputs/Currency

Single-species stock Across EBS and GOA Flshenes data and Pollock population and
assessment models Pollock dlstnbutlons predator biomass mortality trends-number
that Include at age (and biomass at
predation age)

Benng Sea MSVPA The modeled region IS the Flshenes predator Age-structured population
EBS shelf and slope north biomass, and food habits dynamics for key
to about 61 oN data This model requires species-numbers at age

estimates of other food
abundance supplied by
species outside the
model

BORMICON for the The model IS spatially Temperature IS Included Spatial size distribution of
Eastem Benng Sea expliCit With 7 defined and Influences growth and pollock

geographic regions that consumption
have pollock abundance
and size dlstnbutlon
information

Evaluating U S ExclUSive Economic Gear-specific fishing Biomass of managed fish
Altematlve Fishing Zone effort including bycatch species
Strategies

Advection on larval Southeast Benng Sea OSCURS surface currents Index of pollock
pollock recruitment Shelf (wlnd-dnven) recruitment

Shellkof Pollock IBM Westem GOA from Just From physical model Individual larval
southwest of Kodiak

Water velocmes wmd
charactenstlcs such as

"- Island to the Shumagin age, Size, weight, location,
field, mixed-layer depth,

Islands shelf water
water temperature, and life stage, hatch date,

column to 100 m
sallnrty,

consumption, respiration

Pseudocalanus field (from
NPZ model)

GLOBEC NPZ 1-0 Water column (0-100 m) Irradlance, MLD DlffuslVlty ammonrum,
and 3-D Models Coastal GOA from Dixon

Temperature, drffuslVlty
nrtrate, detntus, small and

Entrance to Unrmak Pass,
bottom depths, water large phytoplankton,

100 m of water column velOCIties (u, v, w) dinoflagellates, tlntmnrds,
over depths < 2000 m small coastal copepods,

5-m depth binS x 20 km
neocalanus and

honzontal gnd
euphausllds

mtrate and ammomum
mmollm

3

all else mg carbonlm3

Steller Sea Lion IBM Should be applicable to The main Input Will be a 3- IndiVidual sea lion
any domain surrounding a D field of prey (fish) charactenstlcs such as
specific sea lion rookery dlstnbutlon, denved either age, location life stage,
or haul-out In the Benng from hypothetical and birth date are
Sea, Aleutian Islands, or scenanos or (later) recorded Calonc balance
GOA modeled based on IS the main vanable

acoustic data followed for each
IndiVidual
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Table 2 Model Spatial Domains, Currencies, Inputs, and Outputs

Model Name/

Model Region

Shellkof NPZ Model
1-0 and 3-D
Versions

GOA Pollock
Stochastic SWitch
Model

NEMURO

Eastern Bering Sea
Shelf Model 1
Ecopath

Eastern Bering Sea
Shelf Model 2
Ecopath

Western Benng Sea
Shelf Ecopath

Gulf of Alaska Shelf
Ecopath

Aleutian Islands,
Pnbllof Islands
Ecopath

Pnnce William
Sound Ecopath

Model Spatial Domain

Water column (0-100 m),
GOA from southwest of
Kodiak Island to
Shumagm Islands 1-m
depth bms for 1-0 versIon
1 m depth x 20 km for 3-D
version

Shellkof Strait Gulf of
Alaska

Ocean Station P (500 N
145°W) Benng Sea
(57 5°N 175OW) and
Station A7 off the east of
Hokkaldo Island Japan
(41 3°N 145 3OW)

500,000 km2 In EBS south
of 61°N

500 000 km2 In eastern
Bering Sea south of 61 oN

300 000 km2 on western
Bering Sea shelf

NPFMC management
areas 610, 620, 630, and
part of 640

Not determined

Whole Pnnce William
Sound

Inputs

Irradlance, MLO,
temperature, bottom
depths water velocities
(u v w)

Number of eggs to seed
the model Base
mortality additive and
multiplicative mort
Adjustment parameters
for each mort Factor

15 state variables and
parameters, mcludmg
2 phytoplankton
3 zooplankton, and
multiple nutrient groups

Biomass production,
consumption, and diet
composition for all major
species m each
ecosystem

Outputs/Currency

Nitrogen phytoplankton
Neocalanus densities
Pseudocalanus
numbers/m-3 for each of
the 13 stages (egg 6
naupllar 6 copepodlte)s

Number of 90-day-old
pollock larvae through time

Ecosystem fluxes are
tracked m umts of mtrogen
and SIlicon

Balance between produced
and consumed per area
biomass (t/km

2
) Future

work Will explore energy
(kcallkm

2
) and nutrient

dynamics

I
)
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GULF ECOSYSTEM MONITORING AND RESEARCH PROGRAM

Table 2 Model Spatial Domains, Currencies, Inputs, and Outputs

Model Name/

Model Region

Source Kenm Aydm

Model Spatial Domam Inputs Outputs/Currency

/

Notes
BORMICON = Boreal Migration and Consumption Model
EBS = Eastern Benng Sea
GLOBEC = Global Ocean Ecosystem Dynamics
GOA = Gulf of Alaska
km = kilometer
kcal = kilo calone
m = meter
MLD = mixed layer depth
mmol = millimolar
MSVPA =Multlspecles Virtual Population AnalysIs
NEMURO = North PaCific Ecosystem Model for Understanding Regional Oceanography
NPFMC = North PaCific Flshenes Management Council
NPZ = nutnent-phytoplankton-zooplankton
OSCURS = Ocean Surface Current Simulations
t =metnc ton
YO = days of year
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APPENDIX G. FISH AND INVERTEBRATE SPECIES FROM
1996 NMFS TRAWL SURVEY OF THE GULF OF ALASKA

The tables below provIde the common and saenbfIc names of fIsh and mvertebrate specIes
encountered dunng the 1996 Gulf of Alaska bottom trawl survey The maXIDmffi depth of
samplmg was 500 meters

Fish Species

)
/

-~

FamIly

Lamnldae

Squahdae

Rajldae

Chlmaendae

Bothldae

Pleuronectldae

Species Name Common Name

Lamna dJtroprs salmon shark

Squa/us acanthras spinY dogfish

Somnrosus pacrfrcus Pacific sleeper shark

Raja bmocu/ata big skate

Bathyraja rnterrupta Bering skate

Raja rhma longnose skate

Bathyraja trachura black skate

Bathyraja parrnrfera Alaska skate

Bathyraja a/euiJca Aleutian skate

Hydro/agus collrel spotted raffish

CJthanchthys sordldus Pacific sanddab

Atheresthes stomras arrowtooth flounder

Atheresthes everrnannr Kamchatka flounder

Hlppog/ossus steno/eprs Pacific hahbut

Hlppog/ossordes e/assodon flathead sole

Lyopsetta exr/rs slender sole

Eopsetta jordanr petrale sole

Parophrys vetu/us Enghsh sole

Mrcrostomus pacrfrcus Dover sole

G/yptocepha/us zachlrus rex sole

Ltmanda asper yellowfin sole

P/attchthys stellatus starry flounder

Psetttchthys me/anostrctus sand sole

Leprdopsetta cf sp br/meata northern rock sole

Leprdopsetta bl/meata southern rock sole

/sopsetta Iso/eprs butter sole
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Fish Species

Family Species Name Common Name

Pleuronectldae (contmued) Pleuronectes quadntuberculatus Alaska plaice

Agonldae Samtor frenatus sawback poacher

Xeneretmus lelOps smootheye poacher

Bathyagonus pentacanthus blgeye poacher

Bathyagonus mgnpmms blackfm poacher

Podothecus ac/pensennus sturgeon poacher

Asp/dophoro/des bartom Aleutian alhgatorflsh

Hypsagonus quadncorms fourhorn poacher

AmmodytJdae Ammodytes hexapterus Pacific sand lance

Anarhlchadldae Anarrh/chthys ocellatus wolf-eel

Anoplopomatldae Anoplopoma f/mbna sablefish

Argentlnldae Nansema candida bluethroat argentme

Bathylagldae Leuroglossus schmidt northern smoothtongue

Bathymasterldae Bathymaster caeruleofasc/atus Alaskan ronqUlI

Bathymaster s/gnatus searcher

Chauhodontldae Chaultodus macoum Pacific vlperfish

Clupeldae Clupea pallas/ Pacific herring

Macrouridae Albatross/a pectoral/s giant grenadier

Coryphaenoides cmereus popeye grenadier

Cottldae Thynscus anoplus

Icelmus borealts northern sculpm

Icelmus tenUis spotfin sculpin

Gymnocanthus p/stll/ger threaded sculpin

Gymnocanthus galeatus armorhead sculpm

Arted/ellus sp

Ma/acocoitus zonurus darkfin sculpin

Hem/lep/dotus hem/lep/dotus red Irish lord

Hem/lep/dotusJordam yellow Irish lord

Hem/lep/dotus pap/Ito butterfly sculpin

Tnglops fort/cata SClssortal1 sculpm

Tnglops sceptcus spectacled sculpm

Tnglops pmgel/ ribbed sculpin

Tnglops macellus roughspme sculpin )
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Fish Species

Family Species Name Common Name

Cotbdae (contInued) Myoxocephalus polyacanthocephalus great sculpIn

Myoxocephalus Jaok plaIn sculpIn

Dasycottus setlger spInyhead sculpIn

Psychrolutes paradoxus tadpole sculpIn

Nautlchthys pnbllovlus eyeshade sculpIn

Nautlchthys oculofasclatus salifIn sculpIn

Rhamphocottus nchardsom grunt sculpIn

Hemltnpterus bolml blgmouth sculpIn

Eurymen gyrmus smoothcheek sculpIn

Icelus splmger thorny sculpIn

Tnchodontldae Tnchodon tnchodon PaCifiC sandflsh

Gadidae Mlcrogadus proxlmus PaCifiC tomcod

Gadus macrocephalus PaCific cod

Theragra chalcogramma walleye pollock

HexagrammIdae OphlOdon e/ongatus lingcod

Pleurogrammus monopteryglus Atka mackerel

Hexagrammos octogrammus masked greenling

Hexagrammos steffen whltespotted greenling

Hexagrammos decagrammus kelp greenling

Cycloptendae Aptocyclus ventncosus smooth lumpsucker

Eumlcrotremus blrulal round lumpsucker

Eumlcrotremus orbls PaCifiC spiny lumpsucker

Careproctus melanurus blacktall snaJifish

Careproctus gllbertJ smalldlsk snallfish

ParaIJpans sp

Melamphaerdae PoromJtra crasslceps crested blgscale

MelanostomIIdae Tactostoma macropus longfln dragonfish

Merluccldae Merlucclus productus PaCific hake

Myctophldae StenobrachlUs leucopsarus northern lampfish

Dlaphus theta Callforma headllghtflsh

Lampanyctus ntten broadfin lanternfish

LampanyctusJordam brokenllne lampfish

Paralepldae Paralepis atlantJca duckbill barracudIna
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Fish Species

Family Species Name Common Name

Osmendae Tha/elchthys pacIflcus eulachon

Hypomesus pretJosus surf smelt

Mallotus villosus capelln

Spmnchus tha/elchthys longfln smelt

Salmonldae Oncorhynchus tshawytscha chinook salmon

Oncorhynchus klsutch coho salmon

Oncorhynchus gorbuscha pink salmon

Oncorhynchus keta chum salmon

Oncorhynchus nerka sockeye salmon

Sa/ve/mus ma/ma Dolly Varden

Cryptacanthodldae Cryptacanthodes glganteus giant wrymouth

Stlchaeldae Lumpenus macu/atus daubed shanny

Lumpenus sagitta snake prlckleback

Lumpenella /onglrostns longsnout prlckleback

Chlr%phls decoratus decorated warbonnet

Poroclmus rothrockl whitebarred prlckleback

Zaprorldae Zaprora sl/enus prowflsh

Zoarcldae Bothrocara pusIl/um Alaska eelpout

Lycodes pa/eans wattled eelpout

Lycodes dlapterus black eelpout

Lycodes brevlpes shortfln eelpout

Lycodes pacrflcus blackbelly eelpout

Lycodapus sp

Scorpaenldae Sebast%bus a/ascanus shortspme thornyhead

Sebastes a/eutJanus rougheye rockfish

Sebastes a/utus PaCific ocean perch

Sebastes breVlspm/s sllvergray rockfish

Sebastes cllIatus dark dusky rockfish

Sebastes cf sp cllIatus light dusky rockfish

Sebastes cramen darkblotched rockfish

'\
greenstrlped rockfishSebastes e/ongatus

Sebastes entome/as WIdow rockfish

Sebastes flavldus yellowtail rockfish )
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GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

FamIly

Scorpaenldae (continued)

Scorpaenldae

Species Name

Sebastes helvomaculatus

Sebastes maliger

Sebastes melanops

Sebastes mgrocmctus

Sebastes pauclspmls

Sebastes pmmger

Sebastes polyspmls

Sebastes pronger

Sebastes rubemmus

Sebastes babcockl

Sebastes vanegatus

Sebastes Wllsoni

Sebastes zacentrus

Sebastes borealis

Sebastes reedl

Common Name

rosethom rockfish

qUiliback rockfish

black rockfish

tiger rockfish

bocacclo

canary rockfish

northern rockfish

redstnpe rockfish

yelloweye rockfish

redbanded rockfish

harlequin rockfish

pygmy rockfish

sharpchln rockfish

shortraker rockfish

yellowmouth rockfish

Source Marlin, M H Data report. 1996 Gulf ofAlaska bottom trawl survey 1997 US Department of
Commerce, National Oceamc and Atmosphenc Admmlstration

Invertebrate Species

Phylum

Cnldana

SpeclesITaxon Name

Cyanea caplllata

Alcyonlum sp

Gersemla_sp

Anthomastus sp

Anthomastus sp A

Anthomastus sp B

Pnmnoa wllleyl

Paragorgla arborea

Callogorgla sp

Stylatula sp

Pavonana fmmarchlca

PtJlosarcus gumeYI

JULv2002

Common Name

sea raspberry

slender seawhlp
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Invertebrate Species

Phylum SpeClesffaxon Name Common Name

GnJdaria (contmued) MetndlUm senl/e

Llponem/s brevlcornls

Sty/aster brochl

Cyc/ohe/la /ancel/ata

Emnopora sp

P/umarel/a sp

Thouarel/a sp

Fanel/la compressa

Munceldes sp

Ampht/aph/s sp

Arthrogorgla sp

Annelida Chet/onere/s cyc/urus

Eunoe nodosa giant scale worm

Eunoe depressa depressed scale worm

Serpu/a ven71lcu/ans

Carcmobdel/a cyc/ostomum striped sea leech

Arthropoda Ba/anus evennannl giant barnacle

Ba/anus rostratus beaked barnacle

Panda/us Jordanl ocean shrimp

Panda/us borea/ls northern shrimp

Panda/us tndens yellowleg pandalld

Panda/us p/atyceros spot shrimp

Panda/us gOnlurus humpy shrimp

Panda/us hypsmotus coonstrlpe shrimp

Panda/ops/s dlspar sldestrlpe shrimp

Eua/us macl/enta

Lebbeus groen/andlcus

Crangon communis twospme crangon

Crangon dal/I ridged crangon

Crangon septemspmosa sevenspme bay shrimp

Argls dentata ArctiC argld

Sc/erocrangon boreas sculptured shrimp
r

Argls far kuro argld
(

)
../
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Invertebrate Species

Phylum

Arthropoda (continued)

Speclesffaxon Name

Paslphaea pacifica

Paslphaea tarda

Cancer magister

Cancer oregonens/s

Cancer gracilis

Pmnlxa occldenialls

Oregonia gracilis

Chonlia longlpes

ChlOnoecetes tannen

ChlOnoecetes bairdI

ChlOnoecetes angulatus

Hyas Iyratus

Pagurus brandtJ

Pagurus aleutJcus

Labldochlrus splendescens

Pagurus confragosus

Pagurus dalll

Pagurus kennerlYJ

Pagurus ochotens/s

Pagurus rathbum

Pagurus tannen

Bassochlrus tenUlmanus

Pagurus capillatus

Bassochlrus caVimanus

Bassochlrus gllli

Lopholithodes forammatus

AcantholJthodes h/spldus

LJthodes aeqUlspma

HaparogasrergrebnJtzkn

RhmolJthodes wosnessenskn

ParalJthodes camtschatJcus

ParalJthodes platypus

Placetron wosnessenskll

GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

Common Name

Pacific glass shrimp

crimson paslphaeld

Dungeness crab

Oregon rock crab

graceful rock crab

pea crab

graceful decorator crab

longhorned decorator crab

groved tanner crab

baird! tanner crab

triangle tanner crab

Pacific lyre crab

sponge hermit

Aleutian hermit

splendid hermit

knobbyhand hermIt

whlteknee hermIt

bluesplne hermit

Alaskan hermit

longflnger hermIt

longhand hermit

W1dehand hermit crab

hairy hermIt crab

purple hermit

Pacific red hermIt

box crab

fuzzy crab

golden king crab

rhinoceros crab

red king crab

blue king crab

scaled crab
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Invertebrate Species

Phylum SpecleslTaxon Name Common Name

Arthropoda (continued) Pugettla sp kelp crab

Mumda quadnspma

Mollusca Tochuma tetraquetra giant orange tochul

Tntoma dlOmedea rosy tntonla

Ch/amylla sp

Cranops/s majOr

NatIca c/ausa arctic moonsnall

NatIca russa rusty moonsnall

Polimces pa/lidus pale moonsnaJi

Co/us herendeenl/ thln-nbbed whelk

Vo/UtOPS/US harpa left-hand whelk

Vo/UtOps/US fragllis fragile whelk

BennglUs kenmcottll

Bennglus undatus

Neptunea amlanta

Neptunea pnbJIoffens/s Pnbllof whelk

Neptunea /yrata lyre whelk

Pliclfusus kroyen

Vo/UtOPS/US callorhmus

Afona clrcmata keeled afona

Fusltnton oregonens/s Oregon tnton

Bathybemblx balrdll

Cldanna cldans

Buccmum plectrum SinUOUS whelk

Buccmum sca/anforme ladder whelk

Arctome/on steamsll Alaska volute

Mod/o/us modlo/us northern horsemussel

MytJlus edulis blue mussel

Ch/amys rub/da reddish scallop

PatInopecten caunnus weathervane scallop

Yo/dla sC/ssurata cnsscrossed yoldla

Yo/dla thrac/aeform/s broad yoldla

Nucu/ana sp )
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r Invertebrate Species

-----~-------------------

GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

Phylum

Mollusca (contInued)

Echinodermata

SpecleslTaxon Name

Llmopsrs akutanrca

Musculus nrger

Musculus dlscors

Astarte crenata

Tndonta borealIs

Cyc/ocardra ventncosa

Cyc/ocardra crebncostata

C/rnocardrum nuttal/J1

C/rnocardJUm cl/ratum

C/rnocardJUm ca/Ifomlense

Mactromens po/ynyma

SIIJqua sp

Sempes groen/andlcus

Sempes /aperousJl

Pododesmus macroschrsma

OpIsthoteuth/s ca/Ifornlana

Octopus doflernr

Ross/a pacifIca

Berryteuth/s magIster

Evastenas trosche/J1

Evastenas echrnosoma

Orthastenas koehlen

Leptastenas hy/odes

Rathbunaster ca/Ifomrcus

Pycnopodra heIJantholdes

Stylastenas forren

Lethastenas nanrmens/s

PedIcel/aster magrster

Poranropsrs rnflata

Henncla sangurno/enta

Henncla /evlUscu/a

Leptastenas po/ans

Gephyreaster swJftJ

JULY 2002

Common Name

Akutan Iimops

black mussel

discordant mussel

crenulate astarte

boreal trldonta

stout cyclocardla

many-rib cyclocardla

Nuttall cockle

hairy cockle

California cockle

Arctic surfclam

Greenland cockle

broad cockle

Alaska falsejlngle

flapjack devilfish

giant octopus

eastern Pacific bobtail

magistrate armhook squid
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Invertebrate Species

Phylum

Echinodermata (continued)

SpecleslTaxon Name

H/ppastena spmosa

Pseudarchaster pare/II

Med/aster aequalis

CeramasterJapomcus

Ceramaster patagomcus

LUid/a foliata

So/aster endeca

So/aster dawsom

So/aster stJmpsom

So/aster pax/llatus

Crossaster borealis

Crossaster papposus

Lophaster furci/liger

Pterastertesse/atus

Pteraster mJ!Jtans

Pteraster obscurus

Dlp/opteraster mu/tJpes

Astenas amurens/s

Ctenod/scus cnspatus

Leptychaster pacmcus

Dlpsacaster borealis

LUidlaster dawsom

Strongylocentrotus droebachlens/s

Strongylocentrotus franc/scanus

Strongylocentrotus pa/lidus

Allocentrotus fragllis

Bnsaster latlfrons

Echmarachmus panna

Gorgonocephalus caryl

Asteronyx lovem

Oph/ura sars/

Amph/oph/ura ponderosa

OphlOpholis acu/eata

Common Name

red bat star

orange bat star

rose sea star

purple orange seastar

common mud star

green sea urchin

red sea urchin

whIte sea urchin

orange-pink sea urchin

Parma sand dollar
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Invertebrate Species

Phylum

Echinodermata (continued)

Ponfera

Bryozoa

Brachiopoda

Chordata

Specles{faxon Name

ParastIchopus calrfomlcus

Molpadla mtennedla

Pentamera lissoplaca

Bathyplotes sp

Cucumana fallax

StlchopusJapomcus

Psolus fabnclI

Subentes ficus

Aphrocallistes vastus

Mycale lovem

Halichondna pamcea

Myxilla mcrustans

Hylonemasp

Eucratea loncata

Flustra serru/ata

Terebratalia transversa

Terebratulma ungUicula

Laqueus calrformanus

Styela rustIca

Bo/tema sp

Halocynthla aurantlum

AplidlUm sp

Synorcumsp

Molgula retortrformrs

Molgula gnfrthsll

Common Name

hermIt sponge

clay pipe sponge

tree sponge

barrel sponge

scallop sponge

fiberoptlc sponge

feathery bryozoan

leafy bryozoan

sea potato

sea peach

sea clod

sea grape

Source Maron, M H Data report 1996 Gulf ofAlaska bottom trawl survey 1997
U S Department of Commerce, National Oceamc and Atmosphenc AdmrmstratJon
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) APPENDIX H. - COLLECTED RESEARCH QUESTIONS

Tlus appendIx contams potenhal GEM research
H.t. Introduction queshons collected from a number of sources

mc1udmg workshops, pubhc meetrngs, and
chscusSIOns among scIenhsts and resource managers worlmg m the GOA Some of
these queshons have been pubhshed m earher verSIOns of the GEM Program
Document

H.2 Research
Questions From
AppendiX C, Gem
2000

AppendIx C of the GEM 2000 Draft Program
Document (Apnl2002) contamed a number of
research questIons that were presented as pOSSIble
startrng pomts for GEM research

\
J

~

H 2.1 Climate, Sea Surface Interactions and Physical Oceanography

a What are the penodIc and apenodIc changes m the atmosphere that
mfluence the northern GOA? Are they predIctable? How will the trend
m global warmmg affect cycles m the future?

b What 18 the annual, mterannual, and mterdecadal varIability m the
posItron and strength of the Alaska Coastal Current? What 18 the
annual, mterannual, and mterdecadal VarIability m the Alaska Current
and Alaska Stream?

cHow 18 downwellmg of onshore-dnven water and upwellmg of deep
water affected by changes m wmd and coastal precipitahon dunng
dIfferent chmahc regtmes? Does freshwater-mduced strabfIcatron and
wmd-mduced nuxmg on the contmental shelf change sIgmf1cantly
undervanouscbInahcregtmes?

d How do fronts and eddIes affect bIOlOgical produchon and onshore­
offshore transport?

e How do nearshore and shelf exchange processes change over bme and
what are the bIOlOgical consequences of such changes?

f What are the fluctuahons m freshwater mput to the coastal gulf and
how do these changes affect crrculahon, strahfIcahon, and Inshore­
offshore exchange?
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H22 Ocean Fertlhty and P~ankton

a How are nutrIent transport and recycbng m the central GOA and on the
shelf dIfferent m dIfferent chmabc regmtes?

b What are the relabve roles of local nutrIent recyclmg versus deep-water
supply and cross-shelf transport m PWS, Cook Wet and KodIak Island?

c Does the mtense upwellmg m outer Cook Inlet vary sIgrufIcantly
mterannually or mterdecadally? Do long-term changes m some bdal
nodes (e g, an 18 6-yeaI nodal cycle) affect nutrIent supply m thIS
regIOn?

d Are PWS, Cook Inlet and the KodIak shelf net Importers or net
exporters of nutrIents, carbon and energy?

e How do the bmmg, magmtude, durabon, and speaes composIbon of
the sprmg bloom respond to seasonal and mterannual vanability m
nutrIent supply and phYSICal condIbons?

f What IS the zooplankton commuruty response to seasonal and
mterannual vanability m phytoplankton? What IS the fate of offshelf
zooplankton producbon under dIfferent chmabc regmtes?

g What combmabons of phYSICal condIbons and pnmary and secondary
producbon lead to favorable condIbons for hIgher trophIC level

)
consumers (fISh, bIrds, mammals), and what IS the spabal and temporal
varIability and frequency of occurrence of these combmabons?

h What are the relabve contrIbubons of the net plankton,
illlcroheterotrophs, and bacterIa m the overall energy budget of the
ecosystem?

1 What IS the role of Imported terrestrIal plant carbon m nearshore
manne commurubes? Do mcreases m temperature and freshwater
mflow that occur durmg posIbve PacIfIc Decadal Oscillabons brmg
sIgmfIcantly greater mputs of terrestrIal produced carbon?

H23 Fish and Fisheries

a What are the mechanISms responsIble for mterannual and mterdecadal
vanabons m populabons of major speCIes of forage fISh (herrmg,
pollock, capelm and eulachon) m the GOA?

b What IS the balance between nearshore survIVal of JUvem1e salmon and
survIVal through the remamder of the hIe cycle m the GOA m
determmmg fluctuabons m salmon returns m the regIOn?

c Are there parbcu1ar combmabons of penods of wmd-free, onshore
transport of deep water WIth hIgh nutrIent content and penods of )
wmd-dnven illlXlllg that prevent prolonged strabfIcabon of surface
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water that are opbmal for mshore SurVIval of young hernng and
salmon?

d Does enhanced late-season plankton produchon favor surVIval of 0+
age class fIsh?

e How Important to overwmtermg surVIval of forage fIsh are warm
wmter water temperatures and holdover zooplankton produchon?

f What 15 the long-term effect of salmon hatchenes on the allocahon of
pelagIc food resources m the GOA?

g What are the tropluc dynanuc processes that determme produchon of
fIsh and shellfIsh m the North PacJ.ftc?

h What are the lmlages between plankton dynanucs and early Me
lustones of fIsh and shellfIsh and subsequently observed changes m
fIsh, shellfIsh, bud, and marme mammal populahons?

I What are the bIOhc Imphcahons of chmahc forcmg and nutnent
transport conmhons, from effects on prImary and secondary producers
to effects on mvertebrates, fIsh, buds, and marme mammals through
the pelagIc and benthIC food webs?

a
!~ ""

(

)
H24 BenthiC and Intertidal Communities

How do populahons and produchvity of benthIc and mterhdal
commumhes fluctuate mterannually and mterdecadally?

b What conmhons cause fluctuahons m the frachon of the sprmg bloom
that falls ungrazed to support the benthIc fIsh and mvertebrate
commumty?

c How does nutnent supply to nearshore plants fluctuate?

d What are the hnkages between commerCIally Important fIsh speCIes
(e g, cod, hahbut, sable fIsh) and benthIc produchvIty?

H 2 5 Bird and Mammal Populations

a How do populahons and produchvity of seabuds fluctuate
mterannually and mterdecadally? Is the aval1abIhty of fatty forage
fIshes (e g, herrmg, capehn and eu1achon) m the shelf envrronment the
mam determmant of populatIOn success?

b How do populahons and produchvity of harbor seals fluctuate
mterannually and mterdecadally?

c Do populahons of harbor seals fluctuate WIth the aval1abIhty of fatty
forage fIshes (e g, herrmg, capehn and eu1achon) m the shelf
envrronment?
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d How do populahons and produchvity of sea otters fluctuate
mterannually and mterdecadally7 Does food supply play the mam role,
or do dIsease and predahon7

e To what extent does transport of marme rutrogen from the GOA
determme or hmIt the produchon of terrestnal bud and mammal
populahons7

H 2 6 Anthropogenic and Natural Contammants

a vVhat ale tile concenhallons of blOaccumulated antluopogeruc
chemIcals m tile coastal and shelf orgarusms7

b What IS the loss rate of resIdual E:>..'ton Valdez 011 spill hydrocarbons
from the spill area7

c Are anthropogeruc chemIcals havmg adverse effects on the health of
manne orgarusms, espeCIally apex predators WIth hIgh accumulahons
of perSIStent synthehc chemIcals7

d What are the concentrahons of blOaccumulated natural toxIns, such as
domolC aCId, m the coastal and shelf enVIronment7

")

General Research
Questions From
Volume II,
Chapter 3, Gem
2001

H.3.

e Are natural toxms havrng adverse effects on the health of marme
orgarusms, such as killer whales and other apex predators WIth hIgh
accumulahons of perSIStent synthehc chemIcals7

The followmg research queshons were mcluded m the SaenhfIc
Background SectIon of the GEM 2001 Program Document
(Volume II, Chapter 3) Based on comments received from the
Nahona! Research Councll, these queshons have been removed
from that sechon and mcluded here

H 3 1 Physical and Geological Oceanography Coastal Boundaries
and Coastal and Ocean Circulation (Chapter 7 6)

a What physical-chemIcal processes control pnmary and secondary
produchon, and m parhcular, what processes control the hmmg,
durahon, and magrutude of the sprmg bloom on the mner conhnental
shelf, mcludmg the mlets, sounds, and fJords7

b Does stratIfIcahon of the water column m the euphotIc zone of the ACC
depend pnmarlly on the rate at whICh fresh water spreads offshore as a
consequence of three-dlillenslOnal cuculahon and illlXillg processes
assocIated WIth ocean dynamIcs7

)
/"
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c Do phYSICal oceanographIc shelf processes m the ACC m the months
leadmg up to the sprmg bloom precondIbon the magmtude and
sequence of bIOlogIcal events durmg the sprmg bloom7

d Does zooplankton reCruItment m the ACC depend on shelf phYSICal
processes durmg a 1/precondItlOnmg penod" leadmg up to the onset of
the sprmg bloom7

e What are the sources of the nutnents m the euphobc zone on the mner
shelf m the sprmg7

f How are exchanges of caIbon and nutrIents, detntus and plankton, at
the shelf break mfluenced by the mteracbons of phYSICal processes wIth
the Alaska Stream and the Alaska Current WIth the complex
bathymetry of the northern and western GOA7

g What IS the effect of eddy structure on nutnent flux across the
conbnental shelf slope7

h How and where does the mteracbon of the bdal wave WIth varymg
bottom topography generate reSIdual flows that transport nutnents and
carbon across water mass boundanes on the mner shelf7

1 Do dIumal-penod shelf waves along the KodIak shelf mfluence
bIOlOgIcal producbon and the dISpersal of planktomc orgamsms7

H.3 2 Chemical Oceanography Marine Nutrients and Fertility
(Chapter 7 7)

a What IS the role of the PaofIc HIgh pressure system m determmmg the
bmmg and durabon of the movement of dense slope water onto and
across the shelf to renew nutnents m the coastal bottom waters7

b Is freshwater runoff a source of IIon and silicon that IS Important to
manne producbVlty m the ACC and other marme waters7

c Does IIon hmItabon control the specIes and SIZe dIStnbubon of the
plankton commumbes m the offshore areas7

d Does zooplankton, especIally IDlcrozooplankton, control the amount of
food produced by phytoplankton m the offshore7

H 3 3 Biological Oceanography Plankton and ProductiVity (Chapter
7.8)

a What are the relabonshIps between the Inshore (watersheds, mterbdal­
subbdal, and ACe) and offshore producbon cycles, how are the Inshore
and offshore phased through tIme, and how do they mteract at theII
boundanes over the shelf7
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1 How are the relahonslups between offshore and mshore produchon
marufested m food webs supporhng bIrds, fJ.sh and mammals?

2 How are the effects of future chmate change marufested m mshore
and offshore food webs supporhng bIrds, fJ.sh and mammals?

b What are the changes m abundance of the mdIVldual speCIes of large
copepods, amphIpods and euphausnds that male up the bull of the
secondary produchon m the mshore and offshore GOA?

H 3 4 Nearshore BenthiC Commumties (Chapter 7 9)

a What are sources and rates of natural dISturbance to these commumhes,
and what are rates and patterns of recovery?

b How variable IS recrmhnent m space and hille, and among planktoruc
speCIes?

c What IS the relahonshIp between recrmhnent rates and growth rates of
fIlter feeders? Algae? Predators?

d What are pnmary energy and nutnent sources of mtemdal and benthIC
commuruhes-m SItu, upwellmg, offshore, terrestnal runoff?

e Under what condIhons are populahons lmuted by recrUIhnent, food,
space, natural dISturbance, temperature, predators, compehtors, and
dISease?

f How do the substrates, bathymetry, phYSICal factors, bIOlOgical forces
such as predahon and compehhon, and human achVlhes act together to
defme commuruty structure?

g What controls the rates of recrmhnent of key plant and anImal speaes
to the nearshore benthIc commumhes?

1 To what degree do recrmhnent processes control commuruty
structure and populahon abundances m mtemdal-subhdal benthIc
systems?

2 How does predahon hmIt the abundance, dIverSIty, and SIZe
compoSlhon of benthIc marme mvertebrates?

h What IS the relahonshIp between bIOlOgical produchon processes and
phYSICal transport phenomena m the coastal ocean and settlement
patterns and mtensihes of VarIOUS specIes m mterhdal-subhdal benthIc
commuruhes?

1 How do bIOlOgical mterachons, both drrect (such as predahon and
mterference compehhon), and mdrrect (such as trOphIC cascades),
mfluence the dynamICS of commuruty change and succesSIOnal
recovery from dISturbance m mtemdal-subhdal systems?

---(

)
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How does mterhdal and subhdal habItat change mfluence specIes of
fIsh, seabIrds, and marme mammals from tlus and the other systems?

1 How do offshore, ACC and watershed processes mfluence the
abundance, produchon, and dynamICS of mter-hdal and subhdal
SpecIes such as fIshes, seabIrds, and marme mammals?

2 How do mterndal and subhdal habItats mfluence the abundance,
produchon, and dynamICS of specIes such as fIshes, seabIrds, and
marme mammals m the offshore, ACC and watershed habItats?

3 What are the relahve contnbuhons of carbon fIXed by mIcroalgae
and macroalgae m the mterndal and subhdal?

k What are the approaches to measurmg commumty structure that allow
the effects of human achvIhes to be dIshngmshed from the effects of
natural forces m the mterndal and subhdal?

I To what degree do human achVlhes, such as watershed modJfJ.cahons,
perSIStent orgamc pollutants (POPs) releases, orgamc loadIng, and
drrect and mdrrect effects of explOltahon of marme resources, have
Important Impacts on mterndal-subhdal benthIc commumhes on rocky
shores and m sedImentary habItats?

m What 15 the degree to whIch toXIns mgested by benthIc mvertebrates are
transferred up the food cham m a form that can affect reproduchon,
growth, or SurvIval of vertebrate consumers of those benthIc prey?

n What 15 the funchonal sIgmfIcance of bIOdIversIty and apparent
funchonal redundancy of the dIverse SUlte of component specIes of
mterhdaljsubhdal commumhes?

H 3 5 Forage Species (Chapter 710)

a How can trends m abundance of forage specIes be explamed?

b What 15 the role of large-scale atmosphenc forcmg m controllmg the
structure of marme fISh commumhes m the western central GOA
ecosystem?

c Are speCIes that spawn m the wmter favored by perIods of early peak
pnmary produchon, and speCIes that spawn m the sprmg and summer
favored by penods of delayed produchon?

d Do ocean conmhons that favor concentrahon of forage fISh and theIr
prey enhance produchon of forage speCIes?

1 Do eddIes favor enhanced produchon and reCruItment of forage
speCIes?
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e Is the amount of wmd nuxmg mversely or drrectly (for example,
Rothschud-Osbom) proporhonal to forage fIsh productIOn?

f Does predahon hnut the abundance of forage speCles populahons?

g Does the aggregahon of forage speCles by gradIents (fronts) or water
mass charactenshcs allow top predators to control forage speCles
abundance m the ACC and offshore?

h What 18 the role of food quahty as shown by prey preference selechon
m controllmg forage specIes abundance?

1 What IS the role of accumulahons of tOXlC cheffilcals m fOlage speCles m
mfluencmg reproduchon, growth, and death of forage speCles?

H 3 6 Fish and Shellfish (Chapter 712)

a How can trends m abundance of flsh and shellhsh speCIes be
explamed?

1 Does large-scale atmosphenc forcmg control the quahty of food
aval1able to larval nsh and shellf1sh through Its mfluence on the
speCles composlhon and SlZe dlstnbuhon of pnmary producers?

2 How do the rates of recrmtment of bentluc arumals WIth planltoruc
larvae respond to mecharusms of transport that may control the
dlStrlbuhon of larvae relahve to SUItable bottom habItat?

3 How do the rates of recrmtment of :fIsh specIes WIth planktoruc
larvae respond to mecharusms of transport that may control the
dlStnbuhon of larvae relahve to SUItable Juvenile rearmg habItat?

4 Are f1sh speCles that spawn m the wmter favored by penods of
early peak produchon, and speCles that spawn m the spnng and
summer favored by penods of delayed produchon?

5 What hfe hIStory strategies peTffilt the arrowtooth flounder to be so
wIdespread and abundant?

6 How well are the specIes composlhon, relahve abundances and
trophlc structure of flSh and shel1flsh commumhes understood,
based on current samplmg methods?

7 What are the underlymg mecharusms whereby chmate mduces
changes m produchVlty, and whereby flshmg mduces Varlahons m
the ocean produchon of salmon?

8 How can salmon stocks be Idenhf1ed?

9 What are the ecological processes m the ocean that control
produchVlty of salmon?
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10 What are the mterannual varIabons m ocean growth, dIstnbubon,
and mIgratory bmIng of salmon stocks?

H 3 7 Manne Mammals (Chapter 7 13)

a What are the factors respoTISlble for the declme of marme mammal
populabons?

1 What IS the role of marme mammal predabon (consumpbon) m
structurmg theIr prey populabons (plankton, fIsh, and mammals)?

2 What IS the relabon between abundance of malme mammal
populabons and the avaIlability and qualIty of prey speCIes?

3 What IS the relabon between abundance of marme mammal
populabons and the removals of prey specIes by fIShmg?

4 What IS the relabon between reproducbon and abundance of
marme mammal populabons and contammant burdens?

5 How does varIabon m the amount of food produced affect the
geographIc dIStnbubons, fecunmbes and SU1'V1.vals of marme
mammal populabons?

b What are the factors respoTISlble for regulabon of populabon SIZe m sea
otters?

1 Can avaIlability of food become hmIbng?

2 Can predabon, contammabon, human take, or dIsease play
Important roles m structurmg sea otter populabons?

The followmg research quesbons were taken from
the Draft 2001 GEM Program document, Volume
II, Chapter 3 ThIs secbon attempted to develop
generalIZed, mterdlSClphnary research quesbons

from the more speofIc, msClplmary quesbons presented above The quesbons have
been organIZed under three major lessons from the sclenbfIc background Aspects
Important to understandIng and detecbng changes m all plant and anImal specIes
are covered here, although not all specIes are menboned by name

H 4 1 The Importance of Weather

Patterns m current structure, upwe11mgs and convergences, temperature,
sahmty, and deTISlty m the waters of the northern GOA are establIshed m response
to strong external meteorolOgIcal conmbons affeCbng the subarrnc regIon of the
North PacIfIc Ocean and through mteracbons WIth the coastal topography and the
bathymetry of the shelf and coastal regIons

a How VarIable-seasonally and annually-are the cross-shelf and along-shore
flows over the shelf and mner coastal regIons?
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b Under what oceanographIc condlhons are shelf eddIes formed, what are
theIr SIZeS and how long do they persISt?

c How are seasonal and mterannual cycles m upper-layer stability mfluenced
by the condIhons of strong or weak Aleuhan Low pressure systems?

d How frequently are deep bottom waters m coastal fJords renewed, and how
IS thIS process related to cbmate forcmg on seasonal, annual and longer
hIDe scales?

e Under what condIhons, where, and dunng wInch seasons me
oceanograpluc frontallegIOns formed m the northern GOA? How are these
regIOns affected by swmgs m the strength of the Aleuhan Low Pressure
system?

H 4 2 The Importance of Nutrient Transport

Pnmary produchvlty m the euphohc zone IS controlled by amounts and supply
rates of morgantc nutnents The deep waters of the GOA contam some of the
lughest nutnent concentrahons found anywhere However, the seasonally
permanent pycnoclme between 110 and 150 m generally restncts deep nuxmg and
access to thIS valuable pool

a How do shelf and coastal eddIes, frontal regIOns and areas of upwellmg
and convergences affect the supply of morgantc nutrIents to the upper
layers under dIfferent condIhons of ocean chmate m the GOA?

b What are the processes by wluch deep and shallow coastal waters become
ennched WIth nutnents each year? How are nutnent renewal processes
mfluenced by the broader cbmate-forced oceanography of the GOA?

c What role does the mput of fresh water along the northern coastlme play m
supplymg nutrIents and mfluencmg recyclmg from deeper waters? How IS
thIS role affected by varymg ocean cbmate on seasonal, annual, and longer
hIDe scales?

dHow lillpOrtant and under what oceanograpluc and meteorologIcal
condIhons are marme-denved nutrIents brought mto coastal watersheds
and mcorporated m the coastal ecology?

e What are the condIhons that prOVIde suffi.C1ent nutnent resupply to the
surface waters m the fall to promote a fall plankton bloom?

f How does wmter/early sprmg phYSICal "precondlhonmg" of the upper
layers promote or constram plankton produchon through control of
nutnent supply rates and phOtOsynthesIS m oceamc, shelf, and coastal
waters?

g How IS the energy of the dIurnal trdes used to promote nutnent resupply m
the surface waters at selected locahons m the northern GOA?
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H 4 3 The Importance of Plankton Dynamics

In the northern GOA, open ocean and shelf!coastal plankton commumhes
dIffer m theIr speCIes composIhon and annual produchon By defrruhon, deep and
shallow currents dIstnbute the plankton, and standmg stocks occurrmg at specmc
tImes and places are the result of local produchVlty and the addIhon or dIluhon of
stocks by advechon

a Under what phYSICal condIhons and to what extent does the oceamc
plankton commumty mvade the shelf enVIronment, mc1udmg the coastal
and InsIde waters? What role does the mtrudmg plankton play m the
ecology of the coastal waters?

b What IS the bIOlogIcal nature of the boundary between the oceamc and shelf
pelagIc ecosystems, and how IS the pnmary and secondary produchvIty m
these regIons phased through tIme and mfluenced by the state of the
Aleuhan Low?

c How IS the effICIency of food-web transfer from plankton to fIShes, brrds,
and mammals mfluenced by varymg levels of the dommant
macrozooplankton, mc1udmg large calanOlds, euphausllds, and
arnphIpods?

d How IS the tIme-varymg spaha1 dIstnbuhon of the dommant zooplankton
reflected m seasonal, annual, and longer-penod patterns m eddy
formahon, frontal regIons, convergences!dIvergences, and cross-shelf and
along-shore flows?

e What are the mterachng phYSICal and bIOlOgIcal processes that establISh
levels of reCruItment m plankton and nearshore benthIC commumhes?
How do these processes vary under dIfferent condIhons of the Aleuhan
Low pressure system?

f How can the effects of human mfluences on the near-shore benthos be
dIshnguIShed from natural perturbahons?

H 4 4 The Importance of TrophiC DynamiCS

The transfer of energy m food webs (trophIc dynamICS) suppomng fIShes,
bIrds, and mammals IS mfluenced by the composIhon of the forage and Its qualIty
and availability The behaVlors of forage speCIes that result m seasonal
swarmmg!schoolmg or layermg proVlde enhanced opportunIhes for food web
transfers External factors bke fIshmg, hunhng, and contammant levels may
sIgn1flcantly affect populahon structure and SIZe, thereby altermg food webs

a How does the speCIes composIhon and quanhty of small schoolmg fIShes m
shelf and coastal habItats reflect the state of the cyclmg ocean chmate m the
northemGOA?
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b In what way do the conmhons that favor the concentrahon of forage speCIes
also favor thelI levels of produchvIty7

c How do fluctuahons m abundance and specIes composIhon of forage stocks
and hIgher level consumers reflect thelI umque lIfe hIstory strategIes under
dIfferent condIhons of ocean chmate-wmter, sprmg, andsummer
spawners7

d How does the dIStrIbuhon and abundance of forage specIes reflect losses to
predators7

e How do clnnate-fOlced shIfts m the specIes composIhon and abundance of
forage specIes control seablId populahons7

f How can the mfluences of prey availability on seablId abundance be
separated from the effects of regIonal scale properhes umque to colony
locahons, ble glaaers7

g What IS the relahonshIp between commeraal fIShrng and the abundance of
seablId populahons7

h Do local trends m the abundance of murres and la.thwales reflect
mesoscale or regIonal scale clImate and oceanographIc processes affeChng
prey avaIlability7

1 To what extent are fISh, seablId, and mammal stocks affected by top down
mfluences, mcludmg fIShIng and other harvest prachces7

How IS the recruItment to fISh and shel1fJ.sh stocks WIth pelagIC eggs and
larvae mfluenced by vanable transport processes connechng WIth nursery
areas7

k How do clnnate-mfluenced transport mechanlSffiS mfluence the
dIStnbuhons of the drIfhng larvae of benthIc populahons relahve to
SUItable settlement substrates7

I How can long-term trends m salmon produchon be explarned by cInnate­
mduced changes rn ocean produchVlty and varmhons m fIShmg7

m How IS salmon produchon controlled by ecolOgIcal processes m the ocean7

How can mmVldual stocks be IdenhfIed7

n What are the annual levels of ocean produchon of salmon by regIon of
ongrn7

o How IS the abundance and dIStrIbuhon of marrne mammals related to the
availability of forage stocks7

p How IS the abundance of marrne mammal populahons related to the body
burden of marrne contammants7 "'-
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q Wluch Me hIStory stages of fishes, seabIrds and manne mammals are most
at nsk to cInnate change and WhIch to human mfluences7
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