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l 'I OVERVIEW Of THE GEM DOCUMENT

The Gulf Ecosystem Momtonng (GEM) Program Document has been prepared m
two volumes to more easily descnbe the baSIC momtormg and research program
(Volume 1) while proVIdmg access to the factual basIS for the program (Volume IT)
Volume I explams the baSIC mobvabons for the program, mformabon needs, and
the strategies for meebng these mformabon needs (see Table 0 1 below) Volume II
presents the factual basIS for the program, mcludmg the detailed descnpbons of
two Important components of the program (1) modelmg and (2) data management
and mformabon transfer Table 0 1 IdenbfIes the quesbon addressed by each
chapter and the products prOVIded The OvervIew FIgure, followmg the table,
illustrates the structure of the GEM Program Document

Table 0 1 Contents of the GEM Program Document

Chapter TItle &Question Addressed

Volume l-5trateglc Plan for Momtonng and Research

ViSion

Why do thIS and what do we hope to
achleve?r

Products

MISSion and goals

Program context

2

3

4

5

6

Human Uses and Actlvlbes

What are the human actIVItIes m the regIon
and theIr potentIal Impacts?

GEM Informabon Needs

What mformatlon do we need?

Program Components and Strategies

How can we get the mformatlon we need?

Momtonng Plan & Research Agenda

What are we gomg to do to get the
mformatlon, when WIll we do tt, and wtth
whom?

Program Management

What are the processes and polICIes for
monttonng and research?

Issues of concern to the Trustee
Council and public

Specific quesbons and
Informabon needs

Key components and
Implementabon strategies

Starting POint for Implementabon
process

The Gulf Ecosystem Momtonng
and Research Program

Volume II-The Hlstoncal Legacy BUlldmg Blocks for the Future

1 BUilding on Lessons of the Past Past expenence

What do other regIonal manne sCIence Hypotheses and strategies
programs have to teach us?

(

2

3

Llngenng Effects of the 011 Spill

What does expenence from the 011 spIll teach
us?

SClenbfic Background

What IS publIshed that can help us?

Past expenence

Current knowledge of the Gulf of
Alaska

General research questions
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Table 0 1 Contents of the GEM Program Document

II

Chapter Title & Question Addressed

4 Conceptual Foundation

How do we thmk the ecosystem works?

5 Modeling

What IS the role ofmodelmg m GEM
ImplementatIon?

6 Data Management and Information Transfer

What are the roles of data management and
mformatlon transfer m GEM ImplementatIon?

A Appendix A Acronyms and Web Links

B Appendix B Fish and Invertebrate Species
from 1996 Trawl Survey of
the Gulf of Alaska

C Appendix C North Pacific Models of the
Alaska Fisheries SCience Center and
Selected Other Organlzatlom~

D Appendix D Gulf Ecosystem MOnltonng and
Research (GEM) Database

E Appendix E Glossary of EXlstmg Agency
Programs and Projects
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Figure 0.1. An overview of the structure of the GEM Program Document showing the relation of
key concepts to the habitat types and the schedule of implementation
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t, EXECUTIVE SUMMARY

Tlus document provIdes the foundation for the Gulf Ecosystem Momtormg
(GEM) program, a long-term research and momtormg effort m the northern Gulf of
Alaska (GOA) The Exxon Valdez Oil Spill Trustee Council (Trustee Council) has
endowed this program as a fmallegaey of Its ffilssIOn to restore the fIsh and
wildhfe resources mJured by the 1989 Exxon Valdez oil spill (EVOS)

Tlus document IS composed of two volumes plus supportmg matenals

•

•

Volume I explams the VISIOn and motivations for the program, mformatIon
needed to understand the GOA ecosystem, and the strategies and plan for
answermg the questions posed about how the system works Also
descnbed are the process and polICIes to further develop the program

Volume II presents the hlstoncallegaey of the program, mc1udmg lessons
from the EVOS restoration program and other regional marme SCIence
programs The current sClenbhc knowledge and current conceptual
thmkmg of the GOA are descnbed m detail

Together, the two volumes prOVide the overall framework for a program that
mc1udes an ongomg process of developmg, revIewmg, and lffiplemenbng a

( momtormg and research plan Implementation IS expected to begm m October
~ 2002

Withm the northern GOA (mc1udmg Prmce Wilham Sound, Cook Inlet, Kodiak
Island, and the Alaska Pemnsula), offshore and nearshore marme, estuarme,
freshwater, and terrestrIal envrronments mteract WIth geolOgiC, chmatIc,
oceanograpluc, and bIolOgiC processes to produce lughly valued natural bounty
and exceptional beauty The GOA proVides habItat for diverse and abundant
populations of nsh and shellilsh, marme mammals, and seabrrds It IS a major
source of seafood for the entrre nation, as well as for Alaska Natives, who rely on It
for SubSIstence and cultural purposes The GOA 15 also a source of beauty and
msprratIon for those who love nature and part of the "lungs" of the planet for
reeyc1mg of oxygen and carbon to and from the atmosphere As a result of both
human mfluences and natural processes, these lffiportant attributes are conbnually
changmg

r
J

L

More than half of the state's 621,000 permanent reSIdents lIve Withm the
geograpluc area of the northern GOA and the nearby population center of the
greater Anchorage area Most of the more than 1 milllon tounsts that travel to the
state each year VISIt this region The pnvate-sector economy of Alaska depends
heaVIly on extraction of natural resources from thIS region, mc1udmg petroleum,
fIsh and shellilsh, mmerals, and bmber Crude oil and fuel tanker traffic,
mcreasmg tourIsm and recreational use, expanded road bUlldmg, and growmg
commerCIal and sport fIshmg pressure are all human actiVIties that could affect the

VOLUME I, ExEcUTIVE SUMMARY ES-1
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marme resources and ecosystem of the northern GOA In addibon, recent eVIdence
of persIstent orgaruc pollutants and heavy metals m fIsh and wildlIfe tIssues m the
GOA mdicate that thIs regIOn IS not Immune from worldwIde concerns about
potenbal effects of contarnmants on marme orgarusms and on human consumers,
partIcularly Alaska Nabve subsIStence users

Populabons of Important marme resources m the northern GOA have
undergone major changes, especIally smce the late 1970s Salmon catches of all
specIes, espeCIally sockeye, have remamed near record levels for two decades, WIth
annual catches sIgnIfIcantly greater than those m the three decades endmg m 1979
ShrImp and red kmg crab have fallen to extremely low levels m the GOA smce
1980, m sharp contrast to the very hIgh levels m the two pnor decades KodIak's
red kmg crab fIshery, once among the world's nchest, has been completely closed
smce 1984 As shrImp and crab have declIned, cod, pollock, and flatfIsh, such as
arrowtooth flounder, have rapIdly mcreased Some marme mammals assocIated
WIth the GOA, such as sea hons, harbor seals, and over-wmtenng fur seals, have
steadily dec1med smce 1980 Other speCIes, such as sea otters and elephant seals,
have been on the nse for more than a decade Colorues of seabIrds, such as black
legged kItbwakes, cornmon murres, and cormorants, have shown declmes smce
about 1980 m some coastallocahbes, such as PWS and central Cook Inlet, but not m
others Overall, many speCIes and populabons assocIated WIth nearshore habItats
m the GOA have declIned smce about 1977, whereas speCIes and populabons
havmg access to offshore gulf habItats have generally mcreased

Understandmg the sources of these changes, whether natural or mfluenced by
human acbvibes, requIres a sohd hIStoncal context ThIs certamly has been the
lesson of the 1989 Exxon Valdez oil spill, a large-scale ecological dIsaster, resulbng m
hundreds of rnI11Ions of dollars mvested m studIes and restorabon projects m the
past decade From the knowledge and expenence gamed through thIs program,
the Trustee Council has dedIcated approXImately $120 nullion to conbnue work on
hngenng oil-spill mJury and to endow long-term morutormg and research m the
world-renowned ecosystem of the northern GOA

The nussion of the GEM program IS II to sustam a healthy and bIOlOgically
dIverse marme ecosystem m the northern GOA and the human use of the marme
resources m that ecosystem through greater understandIng of how Its producbVlty
IS mfluenced by natural changes and human acbVlbes II

GEM has fIve major programmabc goals These are to

1 DETECT Serve as a senbnel (early warrung) system by detecbng annual
and long-term changes m the marme ecosystem, from coastal watersheds to
the central gulf,

2 UNDERSTAND Idenbfy causes of change m the marme ecosystem,
mc1udmg natural varIabon, human mfluences, and theIr mteracbon,

ES-2 VOLUME I, ExEClJITVE SUMMARY
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3 INFORM ProvIde mtegrated and synthesIZed InformatIon to the pubhc,
resource managers, mdustry, and pohcy makers m order for them to
respond to changes m natural resources,

4 SOLVB Develop tools, technolOgies, and InformatIon that can help
resource managers and regulators ImprO\;,e management of manne
resources and address problems that may arIse from human actIVItIes, and

5 PREDICT Develop the capaCIty to predIct the status and trends of natural
resources for use by resource managers and consumers

The annual earnmgs from a $120 mIllion endowment will not be able to fund all
that needs to be done to achIeve the above goals Instead, the Trustee Council will
focus a large part of Its efforts on proVIdmg leadershIp m IdentIfymg momtormg
and research gaps and pnontIes, synthesIZmg and mterprehng results to form a
"bIg pIcture" of the GOA ecosystem, encouragmg effiCIency and mtegratIon
through leveragmg of funds, coordmatIon, and partnershIps, and mvolvmg
stakeholders m local stewardshIp by havmg them help gmde and carry out parts of
the program The GEM program must deSIgn ItS momtormg and research efforts to
ensure theIr apphcatIon to benefit conservatIon and management of manne
resources

RecognIZillg that the gulf ecosystem under consIderatIon IS extremely complex,
consIStIng 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 GEM
Instead will be focused, to a large extent, on key habItats and ecolOgical processes
m the system The four habItatS - watersheds, mtertIdal and subtIdal, Alaska
Coastal Current, and offshore-will be used as tools around whIch to organIZe
momtormg and research efforts IndIVIdual speCIes may be used to answer
questIons and will be selected on the basIS of ecolOgical Importance and theIr
human relevance and abilIty to mdIcate ecosystem dIsturbance, as well as theIr
Importance for understandmg the phYSIcal and bIOlOgical bases for productIVIty
In the end, GEM must be JustIfIed on what It can teach pohcy makers, resource
managers, and the pubhc about optIons for drrectIng human behaVIOr toward
achIevmg sustamable resource management goals

The GEM program will contInue to work WIth resource managers,
stakeholders, the SCIentIfIc commumty, and the pubhc to refine a common set of
pnontIes for research, momtormg, and protectIon m the northern GOA To do that,
there must be a shared understandmg of whIch marme resources of the northern
GOA are valued and what stressors or potentIal threats could affect theIr overall
health The GEM program will build a matnx of who IS momtonng what, where,
and when and IdentIfy gaps m momtonng those thmgs that are Important GEM
will work toward fIllmg m the Important gaps

The momtonng program developed by the Trustee Council IS mtended to be
the"flagshIp" of the GEM program and will be mamtamed even If fundmg levels

VOLUME I, ExECLITIVE SUMMARY ES-3
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vary The momtonng program will mcorporate these elements use of a key
question for each habItat as a staffing pomt for developmg testable hypotheses, a
proposed schedule and strategy for Implementation, possIble partners and partner
actiVities, development of models to synthesIze results, candIdate core momtormg
activIties, and candIdate core varIables

The long-term momtonng element of GEM will be complemented by
strategically chosen research projects These projects wIll follow up on lmgenng
effects of the Exxon Valdez oil spill, explore questions and concerns that arIse out of
mterpretatIon of the momtormg data, espeCIally m trymg to understand the causes
of change, and proVIde key Information and tools for management and
conservation

The Trustee Council belIeves that encouragmg local and commumty awareness
and partICIpation m research and momtonng enhances long-term stewardship of
lIvmg marme resources Traditional and local knowledge can prOVide Important
observations and InsIghtS about changes m the status and health of marme
resources and should be mcorporated mto GEM CItizen momtonng efforts are
already under way m several commumtIes m the GEM region and should be
looked to for future collaboration

Independent peer reVIew of the GEM program IS essential for a hIgh-cahber
SCIentIfIc program PartiCIpation m research and momtonng IS expected to be
completely open to competition All data must be archIved, mamtamed, and
readily acceSSIble to other SCientIfIc users and the publIc In order for GEM to be
successful, It will be necessary to mtegrate, syntheSIZe, and mterpret momtonng
and research results to form and present a "bIg pIcture" of the status of and trends
m the northern GOA ecosystem One approach IS through the use of perIOdic
"State of the Gulf" and "State of the North PacIfIc" workshops and reports
Another IS use of the GEM Web SIte The Trustee Council IS COmmItted to publIc
mput and outreach as Vital components of the long-term GEM program

ES-4 VOLUME If ExECUTIVE SUMMARY
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Prudent use ofthe natural
resources ofthe spIll area

reqUIres mcreased knowledge of
crlttcal ecologIcal mformatton

about the northern GOA

I L~ 1. VISION FOR GEM
IN THE NORTHERN GULF OF ALASKA

In Thts Chapter

)- OrIgm of the GEM program

)- Explanahon of the rrussion IdenhfIed for the program

)- IdenhfIcahon of goals, geographIc scope, and fundIng

A program rooted m the SCIence of a large-scale
1.1 Introduction ecological disaster IS umquely swted to form the

foundahon for ecosystem-based management
The knowledge and experIence gamed dUrIng 10 years of bIOlOgical and phySIcal
studies m the aftermath of the Exxon Valdez oil spill (EVOS) confIrmed that a sohd
hIstOrIcal context IS essenhal to understand the sources of changes m valued
natural resources Toward thIs end, m March 1999 the Exxon Valdez Oil Spill

I

Trustee CouncI1 (Trustee Council) dedIcated approXImately $120 millIon for long-
term momtonng and research m the northern Gulf of Alaska (GOA) The new fund
will be m place by October 2002 and funchon as an endowment, With an annual
program funded through mvestment earnmgs, after allowmg for mflahon-proofmg
and modest growth of the corpus

In makmg the decISIon to allocate these funds for a long-term program of
momtonng and research, referred to herem as the Gulf Ecosystem Momtonng and
Research (GEM) program, the Trustee CounCll exphCltly recogmzed that complete
recovery from the oll spill may not occur for decades
and that through long-term observahon and, as needed,
restorahon achons, the mJured resources and servIces are
most hkely to be fully restored The Trustee Council
further recogmzed that conservahon and Improved
management of these resources and servIces would
reqUITe substanhal ongomg mvestment to Improve
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 Improved
resource management In addIhon, prudent use of the natural resources of the spill
area WIthout comprorrusmg theIr health and recovery reqUITes mcreased
knowledge of cnhcal ecolOgical mformahon about the northern GOA ThIs
knowledge can only be prOVIded through a long-term momtonng and research
program that will span decades, 1£ not centuries There are both Immediate, short-
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term needs to complete the understandmg of the lmgenng effects of the 011 spIll
and long-term needs to understand the sources of changes m valued natural
resources

The ongmal mISSIOn of the Trustee CouncIl's
1 2 MIssion Restorahon Program, adopted m 1993, was to

"effIciently restore the enVIronment mJured by the
EVOS to a healthy, produchve, world-renowned ecosystem, whIle takmg mto
account the lInportance of the qualIty of lIfe and the need for VIable opportunIhes
to estabhsh and sustam a reasonable standard of hvmg "

ConsIStent WIth thIs mISSIOn and WIth the ecosystem approach to restorahon
adopted by the Trustee CouncIl m 1994, the mISSIOn of the GEM program IS to

Sustatn a healthy and mologr.caUy dtverse manne ecosystem tn the
northern Gulf ofAlaska (GOA) and the human use of the manne
resources tn that ecosystem through greater understandtng ofhow
tts producttvrty tS tnfluenced by natural changes and human
actlvlttes

In purSUIt of thIs mISSIOn, the GEM program will accomphsh the followmg

• Sustam the necessary mshtuhonal mfrastructure to proVIde sCIenhhc
leadershIp m Idenhfymg research and momtonng gaps and pnonhes,

• Sponsor momtonng, research, and other projects that respond to these
Idenhhed needs,

• Encourage effICiency m and mtegrahon of GOA momtonng and research
achVlhes through leveragmg of funds and mteragency coordmahon and
partnershIps, and

• Promote local stewardshIp by mvolvmg stakeholders and havmg them help
gmde and carry out parts of the GEM program

In adophng thIs mISSIOn, the Trustee CouncIl acknowledges that, at hrnes,
sustammg a healthy ecosystem and ensurmg sustamable human uses of the rnarme
resources may be m COnflICt In those mstances, the goal of achIevrng a healthy
ecosystem will be paramount The Trustee CouncIl also acknowledges that, at thIs
hille, clearly defmed measures for assessmg "ecosystem health" are lackIng (NRC
2000) These measures WIll be mcorporated mto the program as they are
developed
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FIve major goals have been IdentIfIed as necessary
1.3 Goals to accomphsh the GEM mISSIOn Attammg all

fIve, however, WIll reqUIre several decades Two
of these goals may be attamable Withm the early decades of operatmg the GEM
program, given suffICIent fundmg and collaboratIon WIth other partners

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

2 Understand IdentIfy causes of change m the marme ecosystem, mcludmg
natural varIatIon, human mfluences, and theIr mteractIon

Two other goals prOVide an essentIal pIece of the foundatIon for a long-term
program Although these goals are lIkely to be fully reahzed only after the fIrst
decade of operatmg the GEM program, shorter-term accomphshments should be
achieved sooner

3 Inform ProvIde mtegrated and syntheSIZed InformatIon 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 InformatIon that can help resource
managers and regulators Improve management of marme resources and
address problems that may arISe from human actIVItIes

The fIfth goal IS Inherently long-term and dIffIcult to achieve, but of
consIderable potentIal value to resource users and managers It serves more as a
long-range beacon to guIde the deSIgn of momtormg actIVItIes, than as a goal to be
attamed withm the near term

5 Prechct Develop the capaCIty to predIct the status and trends of natural
resources for use by resource managers and consumers

DurIng the process of learmng how to detect and understand change ill the
northern GOA, resource managers and the concerned pubhc should collect
mcremental dIVIdends on theIr mvestment m GEM UltImately, however, the
benefIts will be maxmuzed over the long run To fully achIeve Its mISSIon, GEM
must prOVide InformatIon that enables resource-dependent people, such as
subSIStence users, recreatIonalIsts, and commercIal fIShers, to better cope With
changes m marme resources The data and InformatIon 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 InformatIon accumulates, the ability for GEM to prOVIde problem
solvmg InformatIon and tools can and must mcrease

GIven the SIZe and compleXIty of the northern GOA ecosystem and the
available fundmg, It will not be possIble to meet these goals WIth only the data
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collected by GEM Addressmg the program goals will requrre acluevmg the
followmg ImplementatIon goals

•

•

•

•

•

•

Lead the way m mtegrahng, syntheslZmg, and rnterprehng 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 entItIes relevant to understandmg bIOlogical
productIon m the GOA and coordmate GEM WIth those efforts,

Leverage funds to augment ongomg momtormg work funded by other
entItIes,

Involve other government agencIes, non-governmental orgarnzatIons,
stakeholders, pohcy makers, and the general pubhc m a collaboratIve
process to aclueve the mISSIOn and goals of GEM,

Increase commumty mvolvement and local and tradItIonal knowledge m
order to enhance long-term stewardshIp of hvmg marme resources, and

FacIhtate apphcatIon of GEM research and momtormg results to benefIt
conservatIon and management of marme resources

4

The substantIal expenence of the EVOS RestoratIon Program mdIcates that
these SIX ImplementatIon goals are reasonable, necessary, and attamable

ConsIstent WIth the RestoratIon Plan, GEM
1.4 Geographic Scope program actIVItIes will occur Withm the area

affected by the 1989 oil spIll, whIch IS generally
the northern GOA, mdudmg Prmce Wilham Sound (PWS), Cook Inlet, KodIak
Island, and the Alaska Pemnsula (FIgure 11) Recogmzrng that the marme
ecosystems affected by the oil spIll do not have dIscrete boundanes, some
momtormg and research actIVItIes may extend mto adjacent areas of the northern
GOA

The prImary geographIc focus of GEM will be the four habItat types that
contam the ecosystems of the area affected by the oil spill, essentIally the northern
GOA These habItats are the watersheds, mterhdal and subtIdal, Alaska Coastal
Current (ACC), and offshore (the conhnental shelf break and the Alaska Gyre)
(SectIon 3 1 2)

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 ArctIc Ocean through the Benng StraIt Waters from the west
coast states (Cahforma, 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 Benng Sea and ArctIc Ocean
ecosystems, as well as the upstream southern GOA In addItIon to the lInkages
prOVIded by the movements of ocean waters, the GOA IS hnked to other regions by
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Figure 1.1 Map of the spill area showing the location of communities.

the many species of birds, fish, and mammals that also move through these regions.
It is also becoming increasingly clear that environmental conditions in the GOA,
such as levels of persistent organic pollutants, as well as the temperature of GOA
waters, can originate many thousands of miles away.

Building on the lessons of the past from the oil spill damage assessment
(Natural Resource Damage Assessment), the oil spill restoration program, and
other efforts (see Volume II), monitoring will occur in localities within the habitat
types best suited to answer the scientific questions posed in the GEM strategic plan
(see Chapter 4, Volume I). Suitability of locales will be determined by scientific and
policy criteria designed in accordance with the mission and goals of the Trustee
Council.

1.5 Funding and
Governance

The Trustee Council will fund the GEM program
beginning in October 2002 with funds allocated
for long-term monitoring and research, estimated
to be approximately $120 million. The Trustee

Council will manage these funds as an endowment, with the annual program
funded by investment earnings after inflation-proofing, thus providing for a stable
program through time. The Trustee Council may choose to fund a smaller program
in the early years to allow the corpus of the fund to build. The Trustee Council's
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long-term goal IS to allow for addItIonal deposIts and donatIons to the fund from "'~-

other sources to mcrease the corpus Acluevmg tlus goal mIght requIre changes m
state or federal legIslatIon and possIbly a change m the court-approved settlement
and WIll be pursued at a later tIme

Under eXIstIng law and court orders, three state and three federal trustees have
been desIgnated by the Governor of Alaska and the PresIdent of the Umted States
to admmlster the restoratIon fund, wluch mcludes fundmg for GEM, and to restore
the resources and servIces mJured by the oll spill The State of Alaska trustees are
the COIDHllssIOner of the Alaska Department of EnVIronmental ConservatIon, 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
Agnculture, and the AdmIrnstrator of the NatIonal Oceamc and Atmosphenc
AdmIrnstratIon, U S Department of Commerce

The trustees establIshed the Trustee Councll to admIrnster the restoratIon fund
The state trustees serve dIrectly on the Trustee Councll The federal trustees each
have appomted a representatIve m Alaska to serve on the Trustee Councll They
currently are the Alaska DIrector of the U S FIsh and WlldlIfe ServIce (Department
of the Intenor), the Alaska DIrector of the NatIonal Marme Fishenes ServIce
(NatIonal Ocearnc and Atmosphenc AdmImstratIon), and the SupervIsor of the
Chugach NatIonal Forest (U S Department of Agnculture) All decISIOns by the
Trustee Councll are reqUITed to be unarumous

It IS expected that the current Trustee Councll will make polley and fundIng
decISIOns for the GEM program It has been suggested that at some tIme m the
future, a new board or oversIght structure other than the Trustee Councll be
establIshed to admImster or guIde the GEM fund It IS also pOSSIble that an eXIStIng
board, eIther under ItS current structure or WIth mmor modIfIcatIons, could take
over management of the fund Use of a new governance structure, If JustIfIed,
would reqUITe changes m law and the applIcable court decrees Such changes
would take consIderable tIme and are not antIcIpated m the near future

1.6 References

NRC 2000 EcolOgIcal mdicators for the natIon NatIonal Academy Press
Washmgton, D C
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Even mprlstme Alaska natural
resource managers are

concerned about
the Impacts ofpollution on

manne ecosystems

2. HUMAN USES AND ACTIVITIES
IN THE NORTHERN GULF OF ALASKA

In ThIs Chapter

~ DIscussIOn of the human Impacts m the GOA

~ SocIOecononuc profIles

~ Ident1fJ.catIon of human actiVities occurrmg

NOTE ThIs chapter IS bemg reworked, and part or all of It will be mc1uded
m the SClenhflc Background, Chapter 3, Volume II Tms wtll proVide better
mformabon to be used m developmg speculc queshons and mformahon needs,
as begun m Chapter 3 (Volume I)

The growmg population of Alaska and the eXlshng and potentially greater
human use of the resources of the northern GOA are Important considerahons for
development of GEM To achIeve the GEM nussIOn of sustammg a healthy
ecosystem, as well as sustammg human use of the marme resources of the GOA, It
IS essential to assess and understand the Impacts that human actiVIties may have on
Important ftsh and wildlIfe speCIes, theIr habItat, and the northern GOA ecosystems
overall

The economy of Alaska depends heavily on extraction of natural resources
(pnmarily 011, fIsh, and shellfIsh, followed by tImber and mmerals) and on
recreation and tounsm In the northern GOA, commerCIal fIshmg, recreation and
tourIsm (mcludmg sport ftshmg), oil and gas development, loggmg, roadbuI1dmg
and urbaruzatIon, marme transportation, and SubSIstence harvests are all actiVIties
that have the potential to affect fIsh and wtldlIfe populations and habItat

Currently, the human Impact on Alaska's marme ecosystems 18 relatively small,
compared to Impacts m most of the developed world Other regIOns are faced WIth
marme dead zones caused by eutrophIcation (declme of a
water body due to oxygen defICIency) from agrIculture
runoff (mcludmg pestiCIdes), overftshmg and depletion of
fIsh stocks, senous mdustnal pollution, and degradation
of tmportant habItat such as coral reefs and coastlmes
Alaska IS prlShne m comparlSon Even here, however,
natural resource managers have concerns about localIzed
pollution, the potential Impacts of some ftshenes, extreme changes m some fIsh and
wtldlIfe populations, and the httle known Impacts of contammants and global
warmmg
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State and federal laws and penmtbng systems are deSIgned to IdentIfy and
rruhgate the dIrect nnpacts of these achVIhes Secondary and cumulahve Impacts
are not as rouhnely assessed, however There IS concern that local problems, If left
umdenhfIed or unmomtored, could grow mto regIOnal problems

Expenence wIth the EVOS Restorahon Program has demonstrated that, unless
an nnpact IS very large, It IS often extremely dIffIcult to Isolate the human Impact
from the natural varIabIlIty Because GEM will be a long-term program, however,
It IS nnportant to assess the potenhalImpacts of human achVIhes on a regular baSIS
to deterrnme theIr mfluence on changes m the abundance and dIstnbuhon of
Important resources

About 71,000 full-hrne reSIdents lIve WIthm the
area dIrectly affected by the oil spill (FIgure 11),
and two to three hrnes that number use the area
seasonally for work and recreahon The spill area
populatIOn, combmed WIth that of the nearby

populahon centers of Anchorage and Wasilla, totals more than 60% of the state's
627,000 permanent reSIdents When the reSIdent populahon IS combmed WIth more
than one millIon tOurIStS who VISIt the state each year, It becomes clear that the
natural resources of the northern GOA cannot be Immune to the pressures
assocIated WIth human uses and achVIhes

2 1 1 Prince Wilham Sound

PWS lIes north of the GOA, south of the Chugach Mountam Range, west of the
Copper RIver, and east of the KenaI Pemnsula About 7,000 people lIve and make
theIr hvrng m thIs area The largest commumhes-Cordova, Valdez, and WhIther
are all coastal and predornmantly non-Nahve, although Valdez and Cordova are
horne to Alaska Nahve village corporahons and tnbes Chenega Bay and Tahtlek
are Alaska Nahve villages All fIve commumhes are acceSSIble by arr or water, and
all have dock or harbor facIhhes In the north, the ports of Valdez and WhIther lInk
the area to the state's mam road system WhIther has tram access, both passenger
and cargo

The econonuc base of the fIve commumhes m PWS IS heavily resource
dependent The Cordova economy IS based on commerCIal fIshmg, prImarIly for
pmk and red salmon As the terrnmus of the Trans-Alaska PIpelIne System, Valdez
IS dependent on the oil mdustry, but commercIal fIshmg and fIsh processmg,
government, and tOurIsm also are Important to the local economy Large 011
tankers rouhnely traverse PWS and the northern GOA to and from the Port of
Valdez In addIhon to workmg as oil mdustry employees, WhIther reSIdents also
work as government employees, longshoremen, commerCIal fIshermen, and serVIce
prOVIders to tourISts The people of Chenega Bay and Tahtlek augment commerCIal
fIShmg, aquaculture, and other cash-based achvIhes WIth subSIStence fIShmg,
hunhng, and gathermg
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2 1 2 Kenai Pemnsula

The KenaI Perunsula, on the northwest margm of the GOA, separates Cook
Inlet from PWS The central pemnsula IS connected to the mam road system, only a
few hours by car from the major populatIon center of Anchorage Homer and
Kenai have Jet au access from Anchorage, and Seward has tram access, both
passenger and cargo Because of thIs road connectIon to Anchorage, the KenaI
Pemnsula IS the fastest growmg area m the northern GOA About 50,000 people
hve on the pemnsula, WIth about two-thuds hvmg near the CItIes of Kenai and
Soldotna The economy of thIS area depends on the oil and gas mdustry,
commercIal fIShmg, and tOurIsm ThIs area was the SIte of the fITst major Alaska oil
strIke m 1957 and has been a center for oil and gas exploratIon and productIon
smce that tIme Seward IS a seaport on the eastern Kenai Pemnsula near the
western entrance of PWS It IS the southern termInus of the Alaska RaIlroad, whIch
transports marme cargo and passengers to and from Anchorage

The southern Kenai Pemnsula contaIns the CItIes of Homer and SeldOVIa and
the Alaska NatIve VIllages of Nanwalek and Port Graham Homer, on the north
SIde of Kachemak Bay, IS the southern termmus of the state's mam road system on
the pemnsula SeldovIa, Nanwalek, and Port Graham, all located south of
Kachemak Bay, are accessIble only by au and sea Nanwalek and Port Graham
depend largely on SubsIstence huntIng and fIshmg and on Village corporatIon
enterpnses, such as the salmon hatchery, cannery, and loggmg enterpnse at Port
Graham Homer IS the econOmIC and populatIon hub of thIs part of the pemnsula
and depends on commercIal fIshmg, tourIsm, and forest products

TourIsm IS an Important and growmg part of the KenaI Pemnsula economy
Marme sport fIShmg out of Seward and Homer IS a major attractIon for the tOurISt
mdustry CruISe shIps dock at the Seward harbor, and commercIal vessels take
passengers on tours of the nearby Kenai Fjords NatIonal Park The Kenai River and
ItS trIbutary, the RUSSIan River, are major sport fIShmg nvers, attractIng tOurIStS
from Anchorage and all over the world

2 1 3 Kodiak Island Archipelago

The KodIak Island archIpelago hes to the west of the northern GOA ThIs
region mcludes the CIty of KodIak and the SIX Alaska NatIve villages of Port LIOns,
Ouzmla.e, Larsen Bay, Karluk, Old Harbor, and AkhIok About 14,000 people hve
m thIs region, although the populatIon swells m the fIshmg season CommumtIes
on KodIak Island are accessIble by au and sea ApprOXImately 140 mIles of state
roads connect commurutIes on the east SIde of the Island

The economy of the archIpelago depends heavily on commercIal fIshIng and
seafood processmg KodIak IS one of the world's major centers of seafood
productIon and has long been among the largest ports m the natIon for seafood
volume or value of landmgs Village reSIdents largely depend on subSIStence
huntIng and fIShmg KodIak Island also has a growmg recreatIon and tourIsm
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economy and IS home to a commercIal rocket-launch facility that held Its fIrst
successful launch m 1999 The U S Coast Guard StatIon near KodIak IS a major
employer

214 Alaska Penmsula

The Alaska Penmsula IS on the western edge of the northern GOA FIve
commurutIes on the south SIde of the Alaska Penmsula he Withm the area affected
by the EVOS ChIgmk, ChIgruk Lagoon, ChIgruk Lake, Ivanof Bay, and Perryville
The populahon of the area IS about 450 year-round reSIdents, but doubles durmg
the fIShmg season All fIve commurutIes are accessIble by au and sea The cash
economy of the area depends on the success of the fIShIng fleets

ChIgmk and ChIgruk Lagoon serve as regIOnal salmon-fIshIng centers, and
Dutch Harbor, southwest of Perryville and outSIde the spIll area, IS a major center
for crab and other marme fIshenes In addItIon to salmon and salmon roe, fIsh
processmg plants m ChIgruk produce herrmg roe, hahbut, cod, and crab About
half the permanent populatIon of these commurutIes IS Alaska NatIve SubSIStence
on fIsh and canbou IS Important to the people who hve m ChIgruk and ChIgruk
Lagoon

ChIgmk Lake, Ivanof Bay, and PerryvIlle are predommantly Alaska NatIve
VIllages and mamtam a SubSIstence lIfestyle, relymg on salmon, trout, marme fIsh
and shellfISh, crab, clams, moose, canbou, and bear CommercIal fIShIng proVIdes
cash mcome Many reSIdents leave durmg summer months to fIsh from ChIgruk
Lagoon or work at the fIsh processors m ChIgmk

2 1 5 Will add section on Anchorage BaSin and how It affects other
parts of region

2 2 1 Commercial Fishing

CommercIal fIShIng IS by far the predommant
human achvity m the northern GOA and IS
thought at thIs tIme to have the potentIal for the

most sigrufIcant Impacts on the GOA ecosystem Withm the GOA, the major
commercIal fIShenes are salmon, PacIfIc herrmg, pollock, cod, hahbut, and
shellfIsh Tens of thousands of mdIVIduals partICIpate m these fIshenes

The penod before the 1989 011 spIll was a tIme of relatIve prospenty for many
commercIal fIshermen Smce 1989, these drastIc changes have occurred m the
commercIal fIshmg mdustry

• Low prIces have reduced the value of the pmk and sockeye salmon
fIsherIes

• Sharp dechnes m herrmg populatIons m PWS, pOSSIbly caused by dIsease
related to the EVOS, have resulted m closures that have devastated the
fIshery
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• The hstIng of the Steller sea hon under the federal Endangered SpeCIes Act
has resulted In restnctIons on groundbsh fIshenes

• In general, many GOA crab stocks have remamed at low levels

A major ecologIcal concern wIth all types of removals by fIshmg actIvItIes IS the
sustarnabIhty of fIsh stocks, whIch could be affected by drrected fIshenes or as a
result of dIscarded bycatch In other fIshenes and hIgh seas mterceptIon ThIs
concern drIves responsIble fIshery management The predommant fIshery stocks
hIstoncally fluctuate because of natural varIability and clrrnate cycles, and for that
reason, harvest rates are set at sustarnable fractIons of the available bIOmass
However, concern stIll eXIsts that settIng harvest rates Without a complete
understandrng of those fluctuatIons could lead to unrntentIonal overharvest,
resultIng In populatIon declInes that could take years to rebound

In addItIon, bycatch may have unrntended consequences on non-targeted fIsh
populatIons In many fIshenes, observers morutor the bycatch In addItIon,
bycatch IS often only a small fractIon of the overall mortalIty However, bycatch IS
not momtored In all fIshenes, and may be sigrufIcant In some

Another ecolOgIcal concern WIth all types of fIShmg IS the removal of marIne
nutrIents (mtrates, phosphates, Iron) that are key to sustammg the long-term
productIvIty of watersheds (Frnney et al 2000) FIShmg for a dommant
anadromous speCIes such as salmon may lower the productIve 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 nutrIents When combmed WIth the loss of
nutrIents associated WIth development of npanan (nver and other waterfront)
habItats and wetlands, the loss of manne nutrIents may contrIbute to ohgotrophy
or "starvatIon" of the watershed Unfortunately, not enough morutonng data on
marrne nutrIents In trIbutanes of the GOA are available to understand the degree to
whIch ohgotrophIcatIon IS occurnng

A thIrd ecolOgIcal concern WIth fIshmg IS the potentIal for unrntentIonal
degradatIon of habItats and attendant losses of plant and anImal speCIes Sport
fIshmg actIVItIes In watersheds have substantIally
degraded some nparian habItats In Southcentral Alaska,
resultIng In lost vegetatIon, lost fIsh habItat, and siltatIon,
and neceSSItatIng walkways and management restrIctIons
Vanous types of marrne fIshmg methods and gear, such as
pots and bottom trawls (very large bag-shaped nets), also
have the potentIal for degradIng sea-bottom habItat and
redUCIng populatIons of sedentary speCIes such as corals
and seaweeds

ProtectIon has already been afforded to marrne habItats m some sensItIve areas
by excludmg gear types that are thought to be InJUrIOUS to habItat For example
most state waters are closed to bottom trawlIng In the eastern GOA, both state and
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federal waters are now closed to trawlmg and dredgmg m part to protect coral
habItats from possIble trawlmg Impacts There are numerous trawl-and-dredge
closure areas near KodIak Island, the Alaska Penmsula, and the Aleuhan Islands
But not all areas of the Bermg Sea and GOA (especIally those that have sandy and
sedIment bottom types) are vulnerable to trawlmg Impacts GIven the amount of
marme habItats already subject to closure, more mformahon on how to defme
crIhcal marme habItats, a possIble role for GEM, IS essenhal to balancmg fIshIng
opportumhes and protechon of habItat

CommercIal fIshIng also has the potenhal to affect other elements of the marme
ecosystem, such as bud and marme mammal populahons Effects result eIther
drrectly, through entanglement m fIshIng nets or dIsturbance to haul-outs and
rookerIes, or mdrrectly, through Impacts on food supphes Areas where marme
mammals feed and that are adjacent to theIr haul-out areas have been closed to
commercIal fIshIng m parts of the Bermg Sea, Aleuhan Islands, and GOA A recent
Nahonal Marme FIsherIes ServIce (NMFS) BIOlOgIcal OpmIOn (NMFS 2000)
concludes that lack of food IS the reason why the endangered Steller sea hon IS not
recovermg from serIous declmes m the GOA and Bermg Sea On the baSIS of thIs
opmIOn, NMFS has severely hmIted fIxed-gear and trawl fIshIng for several
groundfIsh speCIes, a major food source for the Steller sea hon However, thIs
opmIOn has been extremely controversIal, and several mdependent teams of
SCIence reVIewers have concluded that there IS no eVIdence that sea hons are
nutnhonally hmIted and no eVIdence that fIsherIes are causmg prey deplehon

Salmon fIsherIes m the GOA are notable because hatcherIes produce the
majorIty of some salmon specIes m some areas and, m specIfIc fIshenes, the
majorIty of salmon harvested BIlhons of Juverule salmon are released annually
from hatcherIes m three areas Wlthm the northern GOA Cook Inlet, KodIak, and
PWS WIthIn thIS regIon, 56% of the salmon m the tradlhonal commercIal harvest

were of hatchery OrIgm m 1999 The percentage IS hIgher If
cost-recovery fIsherIes are also mcluded In PWS m
parncular, hatchery produchon prOVIdes a majorIty of the
pmk and chum salmon harvested and a substanhal frachon
of the sockeye and coho salmon harvested In 1999,
hatchery pmk salmon contnbuted 84% of the number of
pmk salmon harvested by commercIal fIsherIes ill PWS

EcolOgIcal concerns related to hatcherIes mclude reduced produchon of wild
fIsh because of compehhon between hatchery and wild salmon durmg all stages of
the lIfe cycle, loss of genehc dIverSIty m WIld salmon, and overharvest of wild
salmon durmg harvest operahons targehng hatchery salmon Informahon on the
mterachons between hatchery and wild fIsh m specIfIc locahons, as well as on the
Impact of salmon produced m hatcherIes m both ASIa and North AmerIca on food
webs m the GOA, appears to be essenhal to long-term fIShery management
programs
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2 2 2 Recreation and Tourism

Ma.Jor recreahonal and tOurIst attrachons WIthIn the spIll area mc1ude Portage
GlacIer, Kenai Fjords Nahonal Park, Columbia GlacIer, Kachemak Bay, and Katmal
Nahonal Park World-class salmon fIshmg attracts resIdents and VISItors alIke to
the KenaI RIver, the RUSSIan RIver, and other rIvers on the Kenai Penmsula
Charter halIbut fIshmg IS an Important and grow~grecreahonal achvIty, espeCIally
for Seward and Homer More than 500 vessels are achve m thIs mdustry
Campmg, lukmg, kayakmg, hunhng, and WIldlIfe vIewmg attract VISItors to the
KodIak Nahonal WIldlIfe Refuge, the Chugach Nahonal Forest, and numerous state
and federal park umts and refuges WIthIn the spIll area

Growth of the Alaska populahon and mcreases m nonresIdent VIsitahon to
Alaska Will mcrease the potenhalImpacts of GOA resource use Between 1990 and
1998 alone, the number of nonresIdent ViSItors to Alaska mcreased from 900,000 to
135 mIllIon per year, averagmg a 5% annual rate of mcrease durmg thIs perIod
CruIse shIp traffIc to the state has been mcreasmg by more than 10% a year,
although the rate may be slowmg somewhat

Increased tounsm and recreahonal use could result ill a vanety of Impacts on
marme fIsh and wIldlIfe and theIr habItats Sport fIShmg could contrIbute to
localIZed deplehon of fIsh stocks, as well as degradahon of streambank habItat ill

watersheds Increased recreahonal boat traffIc can dIsturb wIldlIfe on theIr
rookerIes and haul-outs, as well as mcrease 011 and gas reSIdue ill harbors and
adjacent waters CruISe shIps often carry more people than populate many Alaska
towns, and cause concerns about theIr dIsposal of garbage and other waste, Impacts
on arr qUalIty, and potenhal for dIesel fuel spIlls The growmg use of Jet skis for
recreahonal use and theIr potenhal for dIsturbmg neshng waterfowl has led the
Alaska Department of FIsh and Game (ADF&G) to ban Jet ski use m Kachemak
Bay Increased hIkIng and campmg on coastal areas and rIverbanks can lead to
tramplIng, erOSIOn, and related Impacts on local water qualIty The WhIther road,
opened m 2000, IS expected to mcrease VIsitahon to northwestern PWS, WIth
potenhalImpacts to shorelInes, hdelands, and nearshore waters, as well as the fISh
and wIldlIfe populahons that rely on these habItats

2 2 3 011 and Gas Development

The 011 and gas mdustry IS a major economIc force m PWS and Cook Inlet
Crude 011 pumped from fIelds on the North Slope IS transported by pIpelIne to
Valdez, where It IS loaded onto tankers and shIpped to the lower 48 states and
abroad Tankers traverse PWS on the Journey south The number of tanker
voyages from the Port of Valdez has declIned from 640 ill 1995 to 411 m 1999,
because of the sharp reduchon m North Slope crude 011 produchon Any
addIhonal North Slope development could mcrease tanker traffIc

DIscovered m 1957, the Swanson RIver oIlfIeld m the Kenai Nahonal WIldlIfe
Refuge IS the SIte of the fIrst modern-day commercIal 011 development m Alaska
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Much of the oil and gas development m the Cook Inlet area occurs on offshore ~

platforms Underwater plpelmes transport oil and gas to termmals on both sIdes of
Cook Inlet Currently, all Cook Inlet productIon IS delIvered to a local refmery m
NIkIski for processmg

In Apn11999, the State of Alaska offered for lease all available state-owned
acreage (approxImately 2 8 mIllIon acres) m ItS fIrst Cook Inlet AreaWIde Oil and
Gas Lease Sale As a result of the fIrst sale, 011 and gas leases have been ISsued on
about 115,000 acres of land Sales m August 2000 and May 2001 resulted m the
lease of about 205,000 acres of land AddItIonal sales are proposed m 2002 and 2003
by the State of Alaska and the Mmerals Management ServIce

The major concerns about oil and gas development mc1ude the potentIal for 011
spIlls from vessel traffIc, as happened durmg the 1989 EVOS, as well as small,
chromc spills, plpelme corrOSIOn and subsequent leaks, dISPOSal of drillmg wastes
and potential Impacts on water qualIty, and the mtroductIon of exotic speCIes from
ballast waters

The State of Alaska ISsues leases and permIts that stipulate sIte-specIfIc and
actIVIty-specIfIc mItIgation measures The State also momtors exploration,
development, and transportation actIVItIes on state land and waters The Mmerals
Management ServIce IS responsIble for comparable federal regulatIon of offshore
development under the Outer ContInental Shelf Act For actIVIties WIthIn federal
JurIsdIctIon, the NatIonal EnvIronmental ProtectIon Act prOVIdes for analysIS of
envIronmental oil and gas development Impacts All 011 producers, shIppers, and
refmenes are reqUIred to have approved contIngency plans detaIlmg response
capabilities and specIfIc response actIons m the event of a spill In addItion, the Oil
PollutIon Act of 1990 created regional CItIzens adVISOry groups to oversee 011 and
gas actiVIties m PWS and Cook Inlet

2 2 4 SubSistence Harvest

FIfteen predommantly Alaska Native commumtIes m the GEM region, WIth a
total populatIon of about 2,200 people, rely heavily on harvests of SubSIstence
resources such as fISh, shellfISh, seals, deer, and waterfowl SubSIstence harvests m
1998 vaned among commumtIes from 250 to 500 pounds per person, mdicatIng
strong dependence on SubSIstence resources SubSIStence actIVIties also support the
culture and tradItIons of these commumtIes Many famIlIes mother commumtIes
also rely on the SubSIstence resources of the spill area

SubSIstence use IS a form of resource explOItation and must be conSIdered as a
factor potentially affectIng resource abundance and dIstrIbution It IS momtored
under state and federal authontIes SubSIStence harvest of manne mammals IS
probably of greatest concern because marme mammals are an Important
component of SubSIstence dIets m the GEM region In addItIon, SubSIstence
harvests are the only legal take of marme mammals, have no regulatory
restrIctIons, and may affect speCIes With small populations
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2 2 5 Timber HalVest

No major tImber operahons are currently occurrmg m PWS, but loggmg
conhnues on Afognak Island m the KodIak arclupelago and small-scale tImber
operahons are planned for parts of the KenaI Penmsula Of the three major loggmg
operators on Afognak Island, only Afognak Nahve Corporahon 18 shllloggmg m a
major way, WIth 30 nulhon board feet m 2000 and another 30 ffilllion board feet
planned for 2001 Poor lumber markets, mcreased compehhon, and a dwmdlmg
tImber supply have allIed to decreased loggmg achVlhes on Afognak Loggmg
operahons on Port Graham Corporahon lands on the southern Kenai Penmsula
have concluded, but some loggmg may take place on Nahve allotments near Port
Graham On the Alaska Perunsula, Nmlicluk Nahve Corporahon and Cook Inlet
RegiOn Inc are preparmg a major loggmg operahon to begm m 2001 on the
Crescent River, a major Cook Inlet salmon producer

The State of Alaska has a bve-year Schedule of Tlffiber Sales for the Kenai
Penmsula and KodIak area from 2000 through 2004 One sIgrnbcant factor affechng
forest planrung m the KenaI area 18 a major epIdemIC of the spruce bark beetle The
proposed tImber sales are desIgned to use dead and dymg tImber or to harvest
tImber WIth a lugh lIkelIhood of mfestahon m the next few years Durmg tlus 5
year penod, the state plans to hold 31 tImber sales on about 23,000 acres of state
land on the Kenai Penmsula Harvest from these lands IS estImated to be
115 nulhon board feet of spruce and hemlock and 410,000 CUbIC board feet of buch,
cottonwood, and aspen In 1999 m the Moose Pass area, one sale that totaled 153
acres occurred In December 2000, three tracts m the Nmlicluk/Clam Gulch area,
totalmg 1,604 acres, were re-offered, however, no bIds were receIved

Concerns about loggmg mc1ude water quahty effects, long-term effects on the
marme system of bark from log transfer faClhhes, and lffipacts on anadromous
streams from siltahon and habItat destruchon The Alaska Department of
EnVIronmental Conservahon (ADEC) reported that 24% of the water bodIes on the
state's lISt of polluted SItes are due to some aspect of loggmg (ADEC 2000), (ADEC
et al 2001) A sIgrnbcant Issue related to loggmg IS the mcreased access to
previOusly remote lands proVIded by loggmg roads Loggmg operahons on the
KenaI Penmsula alone have added more than 3,000 ffilles of roads m the regiOn
Tlus mcreased access has encouraged all-terraIn velucle use m senslhve habItats,
such as the headwaters of salmon streams

2 2 6 Other Industrial ActiVity

Large spIlls lIke the EVOS are rare More common are smaller dIscharges of
refmed Oll products, crude Oll, and hazardous substances Small spills have been
caused by a varIety of mdustrIes, such as 011 and gas, tImber, flShmg, and seafood
processmg mdustnes, as well as small commercIal estabhshments such as gas
stahons and dry cleaners
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Under state law, the release of hazardous substances and oil must be reported
to ADEC In 1998 and 1999, 1,325 spills were reported m the EVOS regron,
resultmg m a total chscharge of 218,000 gallons of refmed oil products, crude oil
and hazardous substances Although small spIlls were reported throughout the
spill area, by far the largest number of spills (1,037) and greatest volume of
dIScharge (198,000 gallons) occurred m the Cook Inlet regron Most spills (87%)
mvolved refmed oil products, accountIng for about 90% of the total volume
dIscharged Only 6,000 gallons of crude oil were reported spilled m the regron
from 1998 to 1999 (ADEC 2001)

FIgures reported to ADEC mc1ude spills onshore as well as chscharges mto the
marme enVIronment The effects of these small spIlls depend on such varIable
factors as the volume of the chscharge, ItS tOXICIty and perSIstence m the
enVIronment, the hrne of year the spill occurred and the sIgrnfIcance of the affected
enVIronment m the lIfe hIstory of speCIes of concern

2 2 7 Road Bulldmg and Urbanization

Commumty growth and urbaruzatIon often go hand m hand WIth loss of water
qualIty and fIshenes habItat The greatest concentratIon of roads, subchVISIOns, and
other aspects of mcreased urbamzatIon affectIng the GEM regron are Withm the
MumcipalIty of Anchorage and on the west SIde of the KenaI Penmsula In 1999,
the KenaI Penmsula Borough approved plats for 250 subdIVISIOns Most of the
subdIVISIOns were small, but a few were 40 acres or more The borough recently
InltIated a road-pernuttIng program that will address placement and deSIgn of new
roads

ContInued expansIOn of urban areas and resultIng expansIOn of suburban
zones mevitably degrade habItat Changes m land surfaces can change entIre
hydrologrc systems and add to water pollutIon problems Urban growth leads to
mcreasmg dISposal of human wastes Even treated wastes may lead to changes m
speCIes composItIon and productIvIty m watersheds, estuanes, and nearshore
areas

Increased areas of ImpervIOUS surfaces through new roads and subdIVISIOns
usually mcrease stormwater runoff Stormwater runoff IS the largest smgle source
of pollutIon m Alaska and IS caused by runoff and erOSIOn from pavement, parkIng
lots and chtches, commerCIal and reSIdentIal constructIon, and septIc systems
Thrrty-eight percent of the SItes on a 1998 state lISt of polluted water are affected by
such commumty runoff The pollutants mc1ude chemIcals, bactena, and excess soil

Increased stormwater runoff tends to lower base flows m streams and mcrease
peak flows Stream rnacromvertebrates Oarge anImals that lack backbones) and
fIsh populatIons are sensItIve to these changes As part of ItS stormwater dIscharge
pernut through ADEC, the MumcipalIty of Anchorage IS mappmg the ImperVIOUS
surfaces Wlthm Its area and studymg the response of stream macromvertebrates
Under a U S EnVIronmental ProtectIon Agency (EPA) 319 grant from ADEC, the
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Human access to streams
usually leads to degradatIon

ofaquatIc habitat

I
\
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U S States Department of Agnculture Cooperative ExtensIOn ServIce IS also
studymg the effects of lffipervIous surfaces A pilot project IS planned for the
Anchorage area, and If successful, the methodology may be applIed to other areas
m the future

Increased urbaruzatIon also results m fIllIng wetlands, whIch play an lffiportant
ecolOgical role m flltratIon for water qualIty and stormwater protechon The
MumCIpalIty of Anchorage has a wetlands plan, With hIgh- and low-value
wetlands IdenhfIed There IS no plan delIneahng the extent of wetlands and
analyzmg theIr function and values for the rest of the regIOn, however

Human access to streams mcreases as the number of
mIles of road mcreases Tramplmg of stream banks,
changes m stream confIguration created by culverhng of
roads, reduction m npanan zone vegetation, and a
multitude of other problems created by road buIldmg and
access lead to aquatic habItat degradation and loss of baSIC
produchvity Increased human access to small nvers and streams contammg
relatIvely large anIIDa1s such as salmon and nver otters also usually leads to loss of
aquatic specIes through Illegal takIng, despIte the best efforts of law enforcement
Indeed, lImItations m budgets usually lead resource management and protection
agencIes to focus scarce resources on sensItive areas durmg CrItiCal seasons, leaVIng
degradation to take Its course m less sensItive locations

2 2 8 Contammants and Food Safety

The presence of mdustrial and agncultural contammants m aquatic
enVIronments has resulted m worldWIde concerns about potential effects on marme
organISms and human consumers PolyaromatIc hydrocarbons (PARs),
polychlonnated bIphenyls (PCBs), and organochlonne pesticIdes, such as
dichlorodiphenyltrichloroethane (DDT) and ItS denvatIves, are dIstnbuted around
the world m manne and coastal waters and m the nvers and watersheds that feed
fresh water mto these enVIronments Such pollutants can be transported great
dIstances by wmds and ocean currents followmg theIr releases from mdustnal and
agncultural sources, most of them far from Alaska In addItion, mercury and other
metals, such as morgamc arseruc, cadmIum, and seleruum, are naturally present m
the enVIronment at low concentrations, but man-made sources can contrIbute
addItional quantities to the enVIronment

The remoteness of the northern GOA from centers of mdustry and human
population mIght be expected to protect much of thIS region from depOSItion of
envIronmental contamInants Nonetheless, there IS lImIted eVIdence suggeshng
WIde geographIc dIstrIbution of perSIstent organochlonnes (DDT, PCBs, and
dIchlorodIphenyldichloroethylene [DDED, other orgamc pollutants and heavy
metals m the Arctic, Subarctic, and areas adjacent to the GOA (Crane and Galasso
1999) For example, measurable amounts of organochlormes have been found m
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precipitabon and fIshes of the Copper RIver Delta, a tnbutary of the GOA that
forms the eastern boundary of PWS (Ewald et al 1998)

A varIety of geophysIcal pathways bnng these matenals mto the GOA,
mcludmg ocean currents and prevaIlmg wmds In partIcular, the prevaIlmg
atmosphenc cIrculabon patterns transfer varIOUS 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 contanunants, such
as PCBs and DDT, can bIOaccumulate m hvrng marme orgarusms For example,
research samplIng of transIent kIller whales that had eaten marme mammals m
PWS mdIcated concentrabons o~ PCBs and DDT denvabves that are many brnes
hIgher than those concentrabons found m fIsh-eabng resIdent whales The sources
of these contarnmants are not specIfIcally known It has been establIshed, however,
that these contarnmants are passed from nursmg female kIller whales to theIr
calves

There IS also concern about the potenbal effects of contarnmants on people,
espeCIally those who consume fIsh and shellfIsh, waterfowl, and marme mammals
At hIgher levels of exposure, many of the chemIcals noted above can cause adverse
effects m people, such as the suppressIOn of the lInInune system caused by PCBs

The State of Alaska does not momtor envIronmental pollutants m the marme
enVIronment or m marme orgamsms on a regular baSIS There IS no ongomg
program for samplmg food safety m SubSIstence resources m coastal cornrnumbes,
although the 011 spIll prOVided the opportumty to sample SubSIstence resources for
hydrocarbons m the affected areas from 1989 through 1994 Federal funchng for a
Jomt federal-state-Alaska Nabve Imbabve has been requested from Congress
NOAA has annually measured chemICals m mollusks and sedIments smce 1984
The agency also has momtored chemIcal concentrabon m the lIvers of bottom
dwellmg fISh and m sedIments at the SItes of fISh capture smce 1984 The PrInce
WIlham Sound Regional CIbzens AdvISOry CouncIl has measured hydrocarbon
concentrabons and sources Withm areas of PWS and the GOA ThIs program
focuses on samplmg of mtemdal mussels and nearby sedIments

2 2 9 Global Warming

Although drIven by forces outSIde the control of Alaska's natural resource
managers, global WarmIng IS an essenbal considerabon for development and
Implementabon of the GEM program The earth's clImate IS predIcted to change
because human acbvibes-the combusbon of fossIl fuels and mcreased agrIculture,
deforestabon, landfIlls, mdustnal producbon, and rnImng-are altenng the chemIcal
composibon of the atmosphere through the bUIldup of greenhouse gases These
gases are pnmarIly carbon dIOXide, methane, and mtrous OXIde TheIr heat
trappmg property IS undISputed, as IS the fact that global temperatures are nsmg
Observabons collected durmg the last century suggest that the average land surface
temperature has nsen 0 45° to 0 6° C Precipitabon has mcreased by about 1% over
the world's conbnents m the last century, WIth hIgh-labtude areas tendmg to see

18 VOLUME I, CHAPTER 2



\.

GULF ECOSYSTEM MONITORING AND REsEAROi PROGRAM

more sigrufIcant mcreases m rainfall and nsmg sea levels nus mcrease IS
consIStent WIth observatIons that mdicate the northern GOA sea surface
temperature has mcreased by 0 5° C smce 1940, and that precIpItatIon m Alaska
(excludmg the panhandle) mcreased 11%from 1950 through 1990

Increasmg concentratIons of greenhouse gases are lIkely to accelerate the rate of
clImate change The changes seen m the northern GOA and theIr relatIonshIp to
other warmmg and coolmg cycles m the North PaCIfIc and the combmed effects on
global clImate are Important for understandmg how humans affect bIOlOgical
productIon Some populatIons of ush and manne mammals that show longtIme
trends, up or down, or sharp rapId changes m abundance, are actIvely managed
through harvest restraInts The extent to whIch harvest restramts may be effectIve
m establlShmg or altenng trends m abundance of explOIted speCIes can only be
understood Wlthm the context of chmate change
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3. INFORMATION NEEDS

In Tlus Chapter

~ Summary of general rnformatIon gaps m marme SCIence

~ DefmItIon of a central questIon m terms of the fOUI mam habItat types mtegral
to the GEM program

~ StartIng pomts for IdentIfymg rnformatIon needs for each habItat type

A number of current and momtormg
3.1 Introduction and research s and data sets m the GOA

and ent waters will be of value m developmg
the GEM program These are s anzed m AppendIX D ThIs chapter provIdes a
"gap analysIs" of rnfor on needed to answer the key questIons of the conceptual
foundatIon descn m Chapter 4, Volume II The key questIons are deSIgned to
promote bett derstandmg of the ongms and tIme-space scales of vanability m

uctIon and fluctuatIons of key marme-related specIes m the GEM
region e questIons, and the rnformatIon needed to answer them, are stIll very
broad To proVide a more meanmgful gap analysIs, the key questIons have been
further expanded mto multIple specIfIc questIons for each of the fOUI

representatIve habItat types watersheds, mtemdal-subtIdal, Alaska Coastal
Current (ACC), and offshore The specIfIc questIons are then followed by a
descnptIon of the specIfIc rnformatIon needed to answer them CntIcal ecolOgical
processes are also suggested for each habItat type to prOVide further context for the
specIfIc questIons and mformatIon needs Together, these rnformatIon needs will
form the startIng pomt for developmg specIfIc hypotheses and desIgmng the
momtonng and research components necessary to test them as descnbed ill
Chapter 5 (Volume 1)

The reader IS adVised to consIder the questIons and rnformatIon needs below as
the startIng pomts for the process of lffiplementmg the GEM plan All concepts for
specIfIc rnformatIon needs are subject to further development through the SCIentIfIc
advISOry process descnbed ill Chapter 6 (Volume 1) The adVISOry process IS
expected to illclude workshops and other meetmgs to gather the adVIce of experts
m SCIence, pubhc pohey, management, and user group concerns OpportunitIes for
data acqUISItIon and partnerships are discussed m Chapter 5 (Volume I)

3 1 1 General Information Gaps In Marine SCience

RelatIvely httle rnformatIon has been gathered ill Alaska for speCIes of plants
and anlffials that are phySICally small and unsUItable for commerce and subSIStence
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(see Appendix D). Consequently, substantial information gaps still exist for the
basic life histories and biology of broad assemblages of species and communities
that are outside the realm of human trade. The rule of thumb is that the amount of
scientific information available is inversely proportional to the remaining energy
and biomass at each trophic level (Figure 3.1). An especially large gap exists for
basic information on zooplankton species and benthic invertebrates that provide a
vital link between primary producers and fish, birds, and mammals that constitute
the higher trophic levels. Additionally, how natural forces and human activities
control productivities of valued living marine resources is still poorly understood,
although information on the natural forces of climate and physical oceanography is
steadily increasing, primarily through satellite telemetry.
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Figure 3.1 Comparison of forcing biomass and historical information.

The amount of historical scientific information available is inversely proportional to
the forcing biomass (and energy) at each trophic level.

3.1.2 Filling Information Gaps for Representative Habitat Types

Filling information gaps requires answering questions on scales of time and
space with respect to such phenomena of interest as predation, foraging, spawning,
and population growth. Four habitat types, representative of the GEM region, are
used to better organize the GEM program: watersheds, the intertidal and subtidal
areas, the ACC, and the offshore areas (the continental shelf break and the Alaska
Gyre). These habitats are composed of identifiable, although not rigid, collections
of characteristic microhabitats, resident and migratory species, and physical
features. The physical locations are described below:

• Watersheds-freshwater and terrestrial habitats from the mountains to the
extent of a river's plume.

• Intertidal and subtidal areas- brackish and salt-water coastal habitats that
extend offshore to the 20-m depth contour.

VOLUME If CHAPTER 3



•

GULF ECOSYSTEM MONITORING AND RESEARCH PROGRAM

ACC-a swIft coastal current of lower sahmtIes (25 to 31 psu) typICally
found WIthIn 35 kIn of the shore

3.2 Watersheds

• Offshore-the contInental shelf break (between the 200-m and l,OOO-m
depth contour) and the Alaska Gyre m waters outsIde the l,OOO-m depth
contour

The four habItat types are used as a devIce around whIch to orgaruze
mterdIscIplmary momtonng and research actiVIties that address GEM's central
hypothesIS (Chapter 4, Volume II) A central question that explores the hypotheSIS
m relation to the Trustee Council's nussIOn of deternumng the relative roles of
natural forces and human actiVIties IS used to IdentIfy the InformatIOn needs for
evaluatIng th:.e~ce~n!!tr~al!!l!hspotb.esl;s------- _

What are the relatlve roles ofnatural forces and human actlvt
as dtstant and local factors, tn caustng short-term and long-lastlng
changes tn the btologtcal commumtles that support bmls, fish,
shellfish, and mammals tn the four key habttats of the GOA?

The Information needs 0 ea answers to the
questions formed by adaptIng the central question to the specIfIC cIrcumstances
posed by the habItat

To IdentIfy the Information needed m each habItat type, the central question IS
adapted to the habItat's cIrcumstances m the followmg sectIons Information needs
are IdentIfIed as the answers to specIfIc forms of the central question for each
habItat type

3 2 1 General Watershed -L _ L
Information Needs ~r~ --
The kefCiuestIonf~ersh:d habItats IS

What are the relatlve roles ofnatural forces (such as cltmate) and
human actlvttles (such as habttat degradatlon andfishtng) as
dtstant and local factors, tn caustng short-term and long-lasttng
changes tn manne-related btologtcal productlon tn watersheds?

Long-term momtormg of marme-related productIvIty m watersheds IS needed
before the long-term effects of human actiVities and other natural forces on
productiVIty can be fully understood Current momtonng actiVities and hIstoncal
records make It pOSSIble to detect changes m productivIty of promment speCIes
WithIn watersheds that are subject to relatively hIgh levels of human actiVities, such
as the KenaI RIver Understandmg the causes of changes IS not pOSSIble at thIs
tIme, however, because a lack of baSIC measurements makes It nearly ImpOSSIble to
separate the effects of changes m marme productiVity from the effects of other
fadors such as human actiVIties and natural bIOlOgical and geolOgical forces
EVIdence of the sIgmfIcant role of marme nutrIents m deternumng the productivIty
of watersheds IS growmg However, momtonng of these hnkages m the northern
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GOA IS nonexIStent to weak, based on the mformahon gathermg projects descnbed
m the database (see AppendIX D) Measurements of certam kInds of human
achVlhes such as land development and fIShmg m some watersheds are avaIlable,
but the actual Impacts of these achvIhes on produchon of natural resources are less
certam Cumulahve Impacts such as accurnulahon of persIstent contarnmants may
be of mterest at some pomt m the future as they relate to control of plant and
anImal produchon

In addIhon, although there IS substanhal eVldence of the potenhal role of the
mIcronutrIent Iron m controllmg rnarme produchVlty, the degree to whIch
watersheds may be contrIbuhng Iron to rnarme food webs m the GOA IS not bemg
measured The nature of flows of rnarme nutrIents mto watersheds, and the flow
and dIstrIbuhon of freshwater mIcronutrIents (such as Iron) and carbon from the
watersheds mto the rnarme enVIronments remam poorly understood m the GOA
FIllmg watershed mformahon gaps would address long-term queshons about how
the transport of marme nutrIents, terrestrIal mIcronutrIents, carbon, and fresh
water contrIbute to changes m produchVlty and commumty structure m
watersheds and the rnarme enVIronment and how human achVlhes mIght affect
these processes

3 2 2 Specific Watershed Questions and Information Needs

Three speernc watershed (W) queshons and the related mformahon needs are
presented below

W-1 What are levels of rnarme-related nutrIents m watersheds and how do the
annual mputs of rnarme nutrIents vary?

SpeClfic Information Needs Levels of mtrogen-stable ISotopes m freshwater
plants and anImals, and feasIbility of studymg sources of precursors of reduced
Iron m watersheds With marme access

W-2 What IS the annual varIability m precipitahon and runoff m Alaska
watersheds bordermg the northern GOA? (Same queshon apphes to mterhdal
subhdal and ACC habItats )

SpeClfic Information Needs Annual precrpitahon and runoff for all watersheds
flowmg mto the northern GOA In some cases, where data gaps eXISt, It may be
pOSSIble to use rnarme sahmty data to supplement precipitahon and stream flow
measures m eshrnahng total freshwater run off from land to the GOA Input of the
amount of fresh water entermg the GOA from northern Bnhsh Columbia and
Southeast Alaska would also be needed to use rnanne salmIty as a proxy for
freshwater runoff

24

W-3 What are the levels of contamInants entenng and leavmg watersheds
along marme-related pathways?
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Specific Infonnatwn Needs Levels of contarrunants such as persIstent orgamc
pollutants (POPs) m anadromous specIes as adult tmmlgrants and as Juvemle
emIgrants of the watersheds

3 2 3 Watershed Processes

The watershed processes Identtfted as of mterest to the GEM program are those
mvolved m hnkages between terrestrIal and marme vanabIhty, such as
bIOgeochemIcal cycles

3.3 Intertidal and
Subtidal

3 3 1 General Intertidal and Subtidal
Information Needs

The key questIon for mtertIdal and subtIdal
habItats IS

What are the relattve roles ofnatural forces (such as currents and
predatton) and human acttvtttes (such as small-scale development
and tncreased urbamzatton), as dtstant and local factors, tn
caustng short-term and long-Iasttng changes tn the commumty
structure and dynamtcs ofthe tnterttdal and subttdal habttats?

Long-term momtormg IS needed to IdentIfy how human actIVItIes can change
the commumty structure of the mtertIdal and subtIdal areas Current momtormg
actIVItIes may make It pOSSIble to detect changes m commumty structure that are
the result of a combmatIon of human actIVItIes and natural forces m some locahtIes,
however, no program now produces the measurements sufftclent to determme the
extent to whIch such changes are due to human actIVItIes EVIdence of the
mcreasmgly Important role of human actIVItIes m changmg the commumty
structure of shallow nearshore enVIronments IS growmg, however, momtormg that
IS structured to separate human and natural effects m areas of growmg human
Impacts IS sporadIc Momtormg IS needed to measure the natural vanability of the
mterhdal and subtIdal areas at places and tImes that support detectIon of the effects
of human actIVItIes SImultaneous momtormg of currents and nutrIents, bottom
substrates, speCIes compOSItIon, and other Important natural forces m areas With
dtffermg degrees of chromc human actIVIty IS needed Fillmg mterhdal and
subtIdal InformatIon gaps would begm to address the long-term questIons of how
human actIVItIes combme With natural forces to cause changes m productIVIty and
commumty structure m mterhdal and subtIdal enVIronments

3 3 2 Specific Intertidal and Subtidal Question and Information
Needs

One spectftc mterhdal and subtIdal (I) questIon and several related InformatIon
needs are presented below

1-1 What IS the vanabIhty of selected plant and antmal populatIons m the
mterhdal and subtIdal zones?
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SpeClfic Infonnatzon Needs

•

•

•

•

•

•

•

VarIability m numbers and dIversIty of fIxed algae and mvertebrates m
several regIOns, such as PWS, Kachemak Bay, and Kodiak Island

RelatIve availabIhty of larval dIspersal stages

Measures of the cyclmg of carbon, nutrIents, and contammants m key
specIes such as Fucus

A detailed map of mterbdal plant bIOmass durmg the growmg season on a
Wide spatIal scale

MorntorIng of clam populatIons

Measurements of populatIon processes of sea otters

Idenb.6.catIon and measurement of human Impacts of concern

3 3 3 Intertidal and Subtidal Processes

Processes m the mterbdal and subtIdal habItat of mterest to the GEM program
relate to vanability m commumty structure and plant bIomass of selected
populatIons and processes affecbng populatIons

3.4 Alaska Coastal
Current

3 4 1 General ACC Information Needs

The key questIon for ACC habItats IS

26

What are the relattve roles ofnatural forces (such as the vanabdlty
In the strength, structure and dynamICs ofthe ACC) and human
acttmttes (such as flshtng and pollutton) In causing local and
dIstant changes tn productton ofphytoplankton, zooplankton,
bIrds, fIsh and mammals?

Long-term morntorIng actIvItIes to detect seasonal changes m the ACC have
permItted a general, large-scale understandmg of CIrculatIon and lower tropluc
level productIVIty m the ACC, but current morntorIng does not permIt the changes
ill the ACC to be related to the changes ill commuruty structure or productIVItIes ill
illterbdal-subtIdal areas and watersheds Long-term morntorIng IS needed to
measure the natural seasonal and mterannual vanability of the ACC at locatIons
that are lIkely to permIt evaluatIon of these relatIonslups Changes m annual
productIon of some fIsh stocks are mghly correlated With phYSICal changes m the
ACC, but Ideas about the basIs for these apparent relatIons cannot be evaluated
from current morntormg actIVitIes Fl1hng ACC mformatIon gaps would begm to
address the long-term questIons of how human actIVitIes combme WIth the
transport of marme nutnents, terrestrIal ffilcronutnents, carbon, and fresh water to
contrIbute to changes m productIVity and commuruty structure m watersheds and
the marIne enVIronment
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3 4 2 Specific ACC Questions and Information Needs

Seven specIfIc ACC (A) questIOns and related rnformatIon needs are presented
below

A-l What IS the annual vanability of strength, locatIon and dynanucs of the
ACC?

Spectfic Infonnahon Needs Measurements of varIabIhty m temperature and
salmIty WIth depth, on tIme scales from days to multIple decades at locatIons
suffi.cIent to understand. seasonal-scale varIability and at locahtIes suffICIently
WIdely dIspersed to understand large-scale structure, mcludmg mtrusIOn mto bays

A-2 What IS the varIability m the supply of deepwater nutnents to the photIc
zone of the ACC and theIr concentratIons m that zone on tIme and space scales
appropnate to understandmg annual pnmary productIon?

Spectfic Infonnahon Needs Measurements of, or proportIonal to, macronutnents
and mlcronutrIents at appropnate spatIal scales

A-3 What IS the vanability m chlorophyll a concentratIons and phytoplankton
speCIes compOSItIon m the photIc zone of the ACC on tIme and space scales
appropnate to understandmg annual prlmary productIon?

Specific Informahon Needs

• Chlorophyll a measurements

• InformatIon on phytoplankton speCIes compOSItIon

A-4 What IS the VarIabIhty of zooplankton bIomass and specIes compOSItIon m
the ACC on tIme and space scales appropnate to understandmg annual pnmary
and secondary productIon?

Spectfic Infonnahon Needs InformatIon about zooplankton bIOmass and speCIes
compOSItIon

A-5 What IS the varIability ill the avaIlability of forage fIsh to hIgher trophIc
levels (bIrds, fIsh, mammals) m the ACC?

Spectfic Informahon Needs

Analyses of the dIets of selected hIgher-trophIc-level orgamsms (bIrds,
mammals, large predatory fIsh)

Analyses of selected hIgher-trophIc-level orgamsms (bIrds, mammals, large
predatory fISh) for fatty aCId compOSItIon m relatIon to dIet

A-6 What are the major factors affectIng long-term changes ill sea bIrd
populatIons?
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Speczfic Informatwn Needs Annual colony and cluck producbvlty counts of
appropriate species ill selected GOA colorues See also illformabon needs for
Quesbon A-5 above

A-7 What are the major factors a£fecbng long-term changes ill harbor seal
populabons?

Specific Informatwn Needs

•

•

Annual surveys of molbng populabon ill selected GOA haul-outs

Fatty aCId profIles of illdIvidual anImals and scat analysis surveys ill
selected GOA haul-outs

3 4 3 Alaska Coastal Current Processes

Processes ill the ACC of illterest to the GEM program relate to vanability ill the
current structure and dynamIcs, nutrIent supply, and selected populabons and
processes affecbng populabons

3.5 Offshore: The
Outer Contmental Shelf
and Oceamc Waters

3 5 1 General Offshore
Information Needs

The key quesbon for offshore habItats IS

28

What are the relattve roles ofnatural forces (such as changes m the
strength ofthe Alaska Current and Alaskan Stream, mIXed layer
depth of the gyre, wmd stress and downwellmg) and human
acttvzttes (such as pollutton) m determmmg productzon of carbon
and tts shoreward transport?

Long-term mformabon gatherillg 18 needed on the effect of the Alaska gyre on
the natural varIability ill seasonal and annual producbvity of the conbnental shelf
and ACC Past mformabon gathenng 18 suffICIent to suggest that a strong
relabonslup between gyre and mner waters has eXISted at tImes The gyre
conbnental shelf-ACC relabonslup appears to be based on movement of nutnents
detrItus and plankton Current mformabon gathenng, however, does not provide
the long-term data sets needed to detect changes ill the gyre that may be related to
changes ill the ACC, illterbdal and subbdal areas, or watersheds The same
changes ill arumal producbon of certam fISh stocks that are lughly correlated With
phYSIcal changes ill the ACC also appear to be correlated With changes ill the gyre,
but Ideas about the apparent relatIOns between fIsh stocks, the ACC, and the gyre
cannot be evaluated from current mformabon gathenng Fillmg mformabon gaps
on the gyre would begm to address the long-term quesbons of how oceamc
producbvibes and processes ill the GOA may contnbute to changes ill producbvity
and commumty structure ill watersheds and the marme enVIronment
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3 5 2 Specific Offshore Questions and Information Needs

FIve specmc offshore (0) quesbons and related mformabon needs are
presented below

0-1 What IS the annual vanability m the producbon of zooplankton m the
offshore areas?

Speafic Infonnahon Needs Abundance of zooplankton on brne and space scales
approprIate to understandmg annual producbon

0-2 How are the supphes of morgaruc mtrogen, phosphorus, silicon, and
other nutrIents essenbal for plant growth m the euphobc zone annually mfluenced
by clImate-dnven phYSICal mechamsms m the GOA?

Speafic Informahon Needs Measurements of morgaruc mtrogen, phosphorus,
sIhcon, and other nutrIents on brne and space scales approprIate to understandmg
annual varIabIhty

0-3 What IS the role of the PacIfIc HIgh pressure system m determmmg the
bmmg and durabon of the movement of dense slope water onto and across the
shelf to renew nutrIents m the coastal bottom waters?

Spectfic Infonnahon Needs Synopbc mformabon on sea level pressure and
hOrIZontal and vemcal structure of densIty and nutrIents on the outer conbnental

, shelf and Alaska Gyre m relabon to the ACC on approprIate brne and space scales

0-4 Is freshwater runoff a source of Iron and silicon that IS Important to
marme producbVlty m the offshore and adjacent marme waters?

Speafic Infonnahon Needs Levels of bIOlOgIcally available silIcon and Iron from
offshore water m relabon to the ACC on approprIate brne and space scales

0-5 Does Iron hmItabon control the speCIes and SIZe dIStrIbubon of the
phytoplankton commurnbes m the offshore areas?

Speafic Informahon Needs Levels of bIOlOgIcally available Iron and speCIes
composIbon and SIZe dIstrIbubon of the phytoplankton commurnbes from offshore
water on approprIate brne and space scales

3 5 3 Offshore Processes

Processes of mterest to the GEM program m the offshore habItat are vanability
m the strength and locabon of the Alaska Current and Alaskan Stream, gyre
aCbVlty, and prImary and secondary producbon
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r\ 4. PROGRAM COMPONENTS AND STRATEGIES

In TIns Chapter

~ RelatIonslups and functIons of tools for unplementIng the GEM program

~ StrategIes for program unplementatIon

~ The ongomg role of gap analysIs

SynthesIs, research, momtonng, modelmg, and
data management and mformatIon transfer are the
tools to be used m unplementIng the GEM
program These tools are common to most

programs for assessmg hvmg marme resources (Myers et al 2000) For
organIZatIonal purposes, retrospectIve analysIS and process studIes are treated as
forms of research As a common toolset for momtormg and research, the
components are closely related, and theIr functIons sometImes overlap

4 1 1 SyntheSIS

The startIng pomt for developmg the GEM program IS synthesIS, because all
good SCIence ultImately mvolves synthesIS In the words of bIOlOgIst, E 0 WIlson
(1998)

We are drowmng m mformahon WhIle starvmg for WIsdom The world
henceforth WIll be run by synthesIzers, people able to put together the nght
mJormahon, thmk cnhcally about It, and make Important ChOIces WIsely

SynthesIs bmlds on and updates the current understandmg of the northern
GOA It bnngs together eXIstIng data from any number of dISCIplInes, tImes, and
regIOns to evaluate dIfferent aspects of the GEM program's central hypothesIS, key
questIons, and related Ideas SynthesIs has three broad uses FIrst, It IS used to
proVIde drrectIon for developmg hypotheses to be tested and, combmed With
research and momtonng, to update and refIne the conceptual foundatIon descnbed
m Chapter 4, Volume II Second, It IS used as a tool-for example, m workshops,
meetIngs, or pubhcatIons-to mform stakeholders and the pubhc about the
developmg understandmg of the factors responsIble for change m the marme
enVIronment And thrrd, synthesIS IS used to solve resource management
problems, by IdentIfymg new applIcatIons of eXIStIng mformatIon or by IdentIfymg
opportunItIes to solve eXIStIng problems through collectIon of new mformatIon
SynthesIs IS a lOgIcal place to begm the cycle of momtonng and research, but once
used to ImtIate a project or component, It lOgIcally becomes a compamon to
research
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For the purposes of the GEM program, synthesIS IS defIned separately from
research and from retrospectIve analysIs, a form of research SynthesIs dIffers from
research m the reqUIrement that synthesIs be mterdIscIplmary or concerned WIth
multIple habItat types, or both SynthesIs IS usually supported by varIOUS forms of
retrospectIve analYSIS (dIscussed below) The results of synthesIs and research are
often used together to solve problems

4 1 2 Research

Research collects relatIvely short hIDe serIes of observatIons to evaluate some
specmc aspect of the momtonng program or some testable hypothesIS relatIng to
the central hypothesIs It may buIld on or use eXIstIng data and may also buIld
models TestIng current understandmgs through research provIdes the basIS for
makmg changes to the momtormg program and the aSSOCIated components of
modehng, data management and mformatIon transfer

Retrospecttve analysts IS a specIahzed form of research that uses eXIstIng tIme
serIes data to evaluate a testable hypotheSIS or other questIon of slIDl1ar SpecmCIty
relatIng to momtonng, often supported by statIstIcal modelmg RetrospectIve
analySIS contributes to buIldmg numerIcal models and to synthesIs

Research, m the form of process studtes, plays a Vital role m movmg beyond the
correlatIve relatIonshIps that arIse from the momtonng efforts to understand the
underlymg mechamsms Process studIes develop mformatIon on the mechamsms
through whIch energy and matter are transferred across varymg scales of tIme and
space ThIs CrItIcal deeper understandmg IS essentIal to prOVIde a framework and
substance for the numerIcal modelmg and synthesIS Large-scale process studIes
may encompass ecosystem-level processes occurrmg across multIple trophIc levels,
water masses, and habItat types, whereas small-scale studIes may deal WIth
mechamsms as specmc as the dIgestIon rates of mdIVIdual anImals Processes such
as predatIon, nutrient transport, and heat transfer are crItICal to understandmg
changes m hvrng marme-related resources Process studIes support model
bU1ldmg by defmmg relatIonsmps among mdividuais and speCIes and between
phenomena such as pnmary productIon and phYSIcal forcmg Process studIes also
contribute to other forms of research, such as retrospectIve analySIS, and to
syntheSIS

The short-term end pomt for GEM program synthesIS and research IS
ImplementatIon of core momtonng actIVItIes that are refIned as suggested by new
mformatIon

The contInumg roles for syntheSIS and research, as supported by modelmg, are
to promote understandmg of the relatIonshIps among and Withm the broad habItat
types of the ecosystems, plant and ammal speCIes, phYSIcal and cheffilcal
oceanographIc processes, and chmate m the GOA ContInual refInement and
testIng of hypotheses, syntheSIS across geographIc areas and speCIes, and modelmg
of bIOlOgical and phYSICal processes are expected \

"
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4 1 3 MOnltormg

Momtonng IS the achon of takIng long-tIme senes observahons at bmes and
places desIgned to test hypotheses based on current understandmgs Momtonng IS
essenhal to detechng and understandmg change, because It provIdes the starhng
pomt for synthesIS, vanous forms of research, modelmg, and mformahon transfer
How often and where to sample are Important aspects of detechng change, and,
therefore, key considerahons m the deSIgn of momtormg They must be
appropnate to the hypotheses bemg analyzed

Momtonng m the GEM program WIll be orgarnzed mto core momtonng and
partnershIp momtonng Core momtonng IS fully supported by the GEM program,
partnershIp momtormg IS partIally supported

The end pomt for momtonng IS a geographIcally dIStrIbuted network gathenng
data on the state of the marme ecosystem These data are transformed mto
mformahon for user groups by usmg synthesIS, research, modelmg, data
management, and mformahon transfer Momtonng will use spahally structured
survey methods

414 Modeling

Modelmg IS used to make the relahonshIps between the parts and processes of
the ecosystem clear Models are tools for orgarnzmg data and tellmg a story and
can be wntten m a varIety of medIa as verbal, VISUal, stabshcal, or numencal
models In the GEM program, the specIfIc purposes of modelmg are to help
accomplISh the followmg

•

•

•

•

•

Inform, commumcate, and proVIde common problem defmIhon,

IdentIfy core vanables and relahonshIps,

Set pnonhes,

Improve and develop expenmental (momtonng) deSIgns, and

Improve decision-makmg and rISk assessment

Modelmg, momtormg, and data management strategies need to work m
concert for each to be fully effechve (FIgure 41) Modelmg IS a pivotallmk
between momtonng and data management and mformahon transfer on the one
hand, and syntheSIS and research on the other Modelmg feeds back mformahon to
the momtonng program m the form of recommendahons on how the momtormg
system can be made more effechve Modelmg also helps mterpret data for the use
of syntheSIS and research achVIhes Current modehng efforts are consIdered m
more detail m Chapter 5, Volume II The dISCUSSIOn below prOVIdes a bnef
mtroducbon to deflllibons and strategies for modelmg m the GEM program
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End-to-End Observing System

Monitoring Observations

,,
Data Management & Infonnation Transfer

,,
Modeling

.. l., r

Synthesis, Research, Management Applications

Figure 4.1 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]).

As defined for the purposes of the GEM program, a model may be expressed in
verbal, visual, statistical, or numerical languages. Verbal models are also known as
"qualitative" and"conceptual"; statistical models are also known as "correlative"
and "stochastic"; and numerical models are also known as "deterministic" and
"mechanistic." Note that "prediction," "simulation," and "analysis" are not types of
models, but uses of models. For example, the use of any kind of statistical or
numerical model to reproduce the behavior of a process, such as population
growth, is known as a simulation (see Chapter 5, Volume II). The different media
for models are explained below:

• Verbal models come in different degrees of precision, from low-precision,
narrative explanations of how physical and biological factors combine to
produce birds, fish, and mammals (such as in the conceptual foundation,
Chapter 4, Volume II), to highly precise statements known as testable
hypotheses.

• Visual models, such as Figure 4.2 of the conceptual foundation, are graphic
images of verbal models.

• Statistical models and related mathematical techniques promote
understanding of whether verbal models are worth considering further. By
comparing combinations of measurements, such as fish growth rates at
different water temperatures, statistical methods show the likelihood of
relationships among phenomena, but not how or why they are related.

•
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Figure 4 2 A visual model of the GEM conceptual foundation
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• Numencal models are mathemahcal translahons of verbal models
descnbrng how and why phenomena are related Numencal models often
rely on estabhshed prrncipies from phySICS, chemIStry, and bIOlogy

All four types of models will be used rn the GEM program In the near-term,
however, models of bIOlogical phenomena are expected to be mostly verbal, ViSUal,
and stahshcal, whereas models of phySIcal and chemIcal phenomena are lIkely to
be pnmarily numencal, rn addIhon to berng verbal and stahshcal

Models are tools not only for understandrng, but also, for predIchng change
Models orgaruze and analyze momtonng observahons of plants and anImals,
natural forces, and human achvIhes WIth the use of the mathemahcs of modelrng,
short-term predIchons can be made about how a parhcular aspect of the ecosystem
works The ulhIDate demonstrahon of understandrng a phenomenon, however, IS
longer-term predichon Coverrng the vast dIstance between current understandrng
of the produchvity of hVIng marrne-related resources and predIchng changes on
longer hIDe scales (weeks, months, and years) will reqUITe thousands of small steps
rn understandrng ThIS progreSSIOn will necessarily take a long hIDe Because of
the hIDe reqUITed, Idenhfyrng the relahonsmp between current understandrng and
probable changes rn resource produchvity IS a reasonable goal for a long-term
program such as GEM

The long-term modelrng end pornts for momtonng, synthesIS, and research rn
GEM are workrng bIOphYSICal models that make managers, pohcy makers, and
resource users aware of changes rn natural resources, help them understand the
human and natural ongtns of these changes, and give them some Idea of what to
expect rn the future

VOLUME I, CHAPTER 4 35



GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

4 1 5 Data Management and Information Transfer

Data management and mformatIon transfer are the processes of acqurrmg m
the fIeld, receIvmg m the office, formathng, and stormg data, provIdmg qualIty
control and assurance, developmg and managmg databases, and makIng the data
understandable to users It mcludes the development of mformatIon products
based on mterpreted data and the dehvery of these products, mcludmg user
mterfaces The short-term objectIve of data management and mformatIon transfer
m the GEM program IS to gam control of the data acqurred WIth EVOS funds
Many of these data are m danger of bemg lost as the passage of hrne leads to loss of
project personnel and InStItutIonal memory

The long-term end pomt for GEM data management and mformatIon transfer IS
a system that manages the rapId and effiCIent flow of data and mformatIon based
on core morutormg projects to end users, and that facIhtates the flow of data and
mformatIon between and among GEM partners and the user cornrnuruty

GEM data management IS a program support functIon mtended to accomphsh
the followmg

• Support croSS-dISCIphnary mtegratIon of physIcal, bIolOgical, and
tradItIonal knowledge Withm a structured, decislOn-makmg framework,

• Support syntheSIS, research, and modehng that evaluate testable
hypotheses on the roles of natural forces and human achvitIes m controllmg
bIOlOgical productIon, and

• Lay the groundwork for future use of dIStrIbuted, Web-based analySIS and
management tools as the morutormg program becomes fully operatIonal

By neceSSIty, the data mcorporated mto the GEM program will derIve from a
varIety of sources and formats, whIch will mclude retrospectIve data sets and
tradItIonal knowledge and may contam spatIal and temporal components
SyntheSIS and research WIll need to mcorporate data not drrectly collected by the
GEM program, such as satellite remote-sensmg mformatIon and fishery catch data
IncorporatIon of these data mto regional models and decislOn-makmg systems will
reqUIre tools for data mgestIon and query, espeCIally to facIhtate modehng (see
FIgure 4 1) Because the output from the GEM program will be used by people
from a WIde varIety of dISCIphnes and backgrounds, the user mterfaces must be
easy to understand and acceSSIble through a dIStrIbuted network, such as the
Internet

Data management and acqUISItIon pohcles are essentIal to ensure the rapId
transfer of mformatIon to end users Although the data must flow through the
system as qUIckly as pOSSIble, qualIty control and assurance procedures and the
prerogatIves of SCIentIsts to pubhsh mterpretatIons of the data need to be respected
One approach that may prove USe£u1IS the estabhshment of "peer reVIewed" data

•

36 VOLUME I, CHAPTER 4



4.2 Strategies for
Implementation

GULF ECOSYSTEM MONITORING AND RESEARCH PROGRAM

sets that allow the sCIenhsts mvolved to receIve credIt 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 (see Chapter 5, Volume 1) that are yet to be chosen PossIbilIhes
for these products, based on the expenence of other momtonng and research
programs, are dIscussed m Chapter 6, Volume II, and could mclude models and
measures relevant to determmmg the produchVlty of key specIes such as salmon

The sClenhfIc strategy of the GEM program uses a
central hypothesIS and key queshons from the
conceptual foundahon to establISh the lillhal
drrechon for the program From thIS startmg

pomt, the GEM program follows a path of synthesIs, research, and momtonng to
detect, understand, and, eventually, predIct changes m hvmg marme-related
resources of the GEM regIon As shown m the table below, the strategy calls for
modehng and data management to closely support synthesIS and research

The way to achIeve predIchon m the long term IS to buIld a body of knowledge
on how and why the produchvIty of hvmg marme-related resources changes
through hIDe SynthesIs IS used to buIld and mamtam a coherent and
comprehensIve understandmg of the current state of knowledge Research tests
current understandmgs Momtormg achVIhes take long-hille-senes observahons at
hIDes and places deSIgned to test hypotheses based on current understandmgs
And at all stages of the program, an ongomg gap analysIs demonstrates when It IS
possIble to take advantage of the work of others (FIgure 4 3)

The baSIC sequence of achVlhes for estabhshmg the momtonng network IS
enVlsIOned as follows

SynthesIs -7 Research -7 Momtormg

Concurrent programs of modehng and data management would support the
sequence of synthesIS, research, and momtonng Table 4 1 illustrates thIs
lffiplementahon strategy

The lffiplementahon strategy shown m Table 4 1 uses the baSIC components of
the program m a senes of three steps that lead gradually to the IdenhfIcahon and
estabhshment of a long-term momtormg program The frrst step IS mcreased
synthesIs of eXlshng rnformahon, conhnumg the process started m preparmg the
sCIenhfIc background (Chapter 3, Volume II) and m conJunchon WIth exploratory
research projects that build on current synthesIS The GEM program IS now at thIS
step, WIth ongomg synthesIS and prehmmary research expected to conhnue
through FISCal Year (FY) 2002 The lillhal synthesIS achvIhes, mcludmg modehng,
would support IdenhfIcahon and development of testable hypotheses Imhal
research achVlhes would explore the feasIbility of measurmg candIdate vanables at
vanous locahhes m the watershed, mterndal and subhdal, ACC, and offshore
Imhal synthesIS m the mterndal and subhdal, ACC, and offshore areas would rely
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ceRE & PARTNERSHIP MONITORINC EFFORTS

MISSION & COALS

CONCEPTUAL FOUNDATION

CENTRAL HYPOTHESIS &
QUESTION BY HABITATWPE
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• Scientific
• Administrative
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• Universities
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Science
Programs

Figure 4.3 Selecting monitoring elements starts with the mission and goals established by the Trustee Council, •
as expressed in the conceptual foundation, which is regularly updated by new information from a variety of
sources.

heavily on past and developing information from research and monitoring
programs such as SEA, FOO, OCC, and GLOBEC (see Appendix D). Synthesis in
the watersheds would rely on past and ongoing monitoring and research under
ADF&G, USFWS, USFS, and others.

The second step, to be initiated in FY 03, combines continuing synthesis with
research that examines opportunities for core monitoring in PWS, the outer Kenai
Peninsula, Lower Cook Inlet, Kodiak, and adjacent waters. All research projects
are initiated for a fixed duration; however, some of these initial projects might be
considered "pilot monitoring" projects that could be extended indefinitely if results
of retrospective analyses, workshops, modeling studies, synthesis, and other
preparatory research show continuation is warranted.

The third step is full implementation of a long-term monitoring program. As
identified by the preparatory synthesis, research, and modeling, each core
monitoring activity would collect data on a number of core variables that support
evaluation of testable hypotheses. Partners may fund additional measurements at
the location of core monitoring activities. For example, with proper planning it is
usually possible to add monitoring equipment to moorings without disrupting
existing activities for data acquisition. It may also be advantageous for partners to
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I ~

\ Table 4 1 Strategy for Implementing a MOnitoring Network
\ Example ofbUlldmg a momtonng activity for the GEM program m 5 fiscal years through

syntheSIS and research, supported by concurrent modelmg and data management

Momtonng 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 Numencal prototype (p) ArchiVing (c)

Dlstnbutlon (p)

2006 Research MOnitor Statlstlcal(c) Coordination (c)

MOnitor Research Numencal (p) ArchiVing (c)

Dlstnbutlon (p)

2007 MOnitor MOnitor ArchiVing (c)

Research Numencal (p) Dlstnbutlon (p)

Notes

c =core (GEM program supported) actiVity

p =partnership (Jointly supported) actiVity

mcorporate core momtormg locatIons mto therr own transects and other surveys
The actual number of core momtormg actIVItIes at full ImplementatIon at the end of
FY 07 WIll depend on how much fundmg IS avaIlable and the needs demonstrated
by the results of retrospectIve analyses, workshops, modelmg studIes, synthesIS,
and other preparatory research

The IdentIfIcatIon of mformatIon needs, or gap
analysIS, IS an Important part of the process of
IdentIfymg the startIng pomts for momtormg and
research (Chapter 5, Volume I) It WIll contInue to
be an Important part of ImplementatIon In the

process of startmg the GEM program, the available mformatIon (AppendIX D) was
compared to the mformatIon relevant to answermg the key questIons (Chapter 4,
Volume IT) to see what mformatIon was rmssmg (Chapter 3, Volume I) ThIs
process will contInue durmg ImplementatIon, WIth more general questIons bemg
replaced by mcreasmgly specIfIC questIons

It IS Important to have a clear understandmg of how the nature of the questIon
determmes the nature and outcome of the gap analySIS The gap analYSIS has three
essentIal parts a questIon, IdentIfIcatIon of mformatIon necessary to answer the
questIon, and a survey of relevant available mformatIon
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The frrst part, the queshon, IS fundamental to the gap analysIs and defInes the
survey of all relevant mformahon needed to answer It A general queshon calls for
a general gap analysIS, and a more detaIled queshon calls for a more detaIled gap
analysIs The gap analysIs concludes WIth a comparISon of the mformahon needed
to the mformahon avaIlable

As the GEM program moves from general queshons about what controls and
connects bIologIcal produchon WIthIn and between habItats, and toward specIfIc
queshons and testable hypotheses, the gap analysIs will become hIghly specIfIc
Testable hypotheses will start to be developed durmg the second half of FY 02
More detaIled gap analysIS wIll be done when the process reaches the level of
testable hypotheses, WIth hIghly specIfIc queshons, m FY 03

A conhnumg gap analysIs, supported by a conhnuously updated database of
current and hIstoncal mformahon-gathermg projects m the GOA and adjacent
areas, IS essenhal to Implemenhng the GEM program ThIs analysIs will be key to
fIndmg new partners for momtormg achVIhes, Idenhfymg new opportumhes for
research and synthesIs, and provIdmg mcreased opportumhes for collaboratron,
WIthout rISkIng duphcahon

The lffiffiemate end pomt of the gap analysIs strategy IS a database that
supports IdentIfymg mformahon needs m the short term, as core momtormg
vanables and locahons are selected In the longer term, the supportmg database...
will become a valuable tool for resource managers, pohcy makers, other SCIentISts,
stakeholders, and the general pubhc

The GEM program IS deSIgned to mcrease and
enhance the mformahon managers and harvesters
use to cope WIth changes m natural resources To
accomphsh thIs, GEM WIll acqUIre data SUItable
for use m resource management apphcatrons,
ensure that data IS converted mto useful
mformahon m a hrnely manner, and mVIte

research and synthesIS projects that both mvolve and benefIt natural resource
management agencIes

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) dunng
the course of ItS lIfe cycle (FIgure 4 4) Management of the salmon fIShery requIres
detechng and understandmg the consequences for produchon of habItat
management deCISIOns (Box 1 9, FIgure 4 4) throughout the salmon's lIfe cycle
GEM seeks to prOVIde data relevant to answenng specIfIc queshons about how a
range of habItat types funchon to produce salmon and other speCIes The cychc
nature of the salmon fIShery m hrne and space makes It clear that bIOlOgIcal
produchon In one habItat type cannot be understood In Isolahon from produchon
In the other habItat types m whIch the salmon completes Its lIfe cycle GEM

)
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queshons are dIrected at understandmg not only specIfIc mechamsms of
produchon m representahve habItat types, but the connechons among habItat
types

The management apphcahons actually achIeved will depend on a varIety of
factors, mcludmg the parhcIpahon of resource managers m the reVIew and
Implementahon of the GEM program
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Figure 4 4 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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\ 5. MONITORING PLAN AND RES&AREII AGENY

In Tlus Chapter

>- Elements of the phased approach for developmg a morutormg program

>- Startmg pomts for research

The morutormg program developed by the
5 1 Introduction Trustee CouncllIS mtended to be the "flagslup" of

the GEM program and will be marntamed even If
fundmg levels vary SynthesIS, research, modelmg, and data management will all
be used to develop and refIne morutormg actIvItIes A phased approach IS
enVIslOned durmg a 5-year penod, from FY 03 to FY 07, and WIll mcorporate these
elements

• Use of the key questzon for each habItat as the startIng pomt for performmg
the necessary synthesIS and research for developmg testable hypotheses

• A proposed schedule and strategy for Implementatzon, FY 03 to FY 07, for core
and partnerslup actIVItIes, models, and data management

• LISts of probable or prospectzve partners that are actIvely domg related
morutormg or research m the broad habItat type

• Development of models as a way to syntheSIZe morutormg and research
results and transfer InformatIon to end users

• CandIdate (possIble) core monztonng actzmtles recommended based on the
conjunctIon of partnershIp opportunItIes and opportunItIes for measurmg
bIOlOgIcal and phySIcal quantItIes related to the key questIon and
InformatIon gaps

• CandIdate (possIble) core vanables recommended based on approaches
suggested by the hterature reVIewed m the SCIentIfIc background (Chapter
3, Volume II)

Followmg a dISCUSSIOn of data management, thIS chapter dIscusses the above
morutonng program elements for each habItat type The key questIons were
mtroduced m Chapter 3 (Volume I)

Because data management functIons and products
5.2 Data Management are genenc to all habItat types, the suggested

ImplementatIon strategy prOVIded m thIS sectIon
IS apphcable to all four habItat types Core data management WIll be prototyped m
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FY 03 as core synthesIs and research projects are InItIated and partnerslups formed
The fIrst core functIon IS to establIsh coordInatIon among partIes as soon as
possIble, but no later than FY 04, by such means as fIle transfer protocol (ftp) SItes,
Web SItes, and e-maIl lIsts As data from core and partnerslup research projects are
produced, around FY 04, arcluvmg of data will be essentIal to serve research needs
A partnerslup system of data dIStrIbutIon will be deSIgned to make mformatIon
products readIly avaIlable to partners and other user groups The ultImate goal for
all broad habItat types will be an end-to-end system, m wluch a momtormg
network proVides data to models and other applIcatIons that provIde serVIces to a
varIety of end users, mcludmg the ongomg GEM synthesIs, research, and
modelIng

5 3 Watersheds 5 3 1 Key Question

44

What are the relattve roles ofnatural forces (such as cltmate) and
human acttvtttes (such as ftshtng and tncreased urbamzatton) that
result tn hamtat degradatton, as dtstant and local factors, tn
caustng short-term and long-Iasttng changes tn manne-related
btologtcal productton tn watersheds?

5 3 2 Schedule

Development of watershed momtormg actIVity will be led by a core synthesIs
effort m FY 03, bwldmg on preparatory core research m FY 02 to establIsh an
approach to measurmg levels of marme mfluence m ammals and plants of the
watersheds Core synthesIs WIll aSSISt m developmg hypotheses by about FY 04
that can be tested and refmed by core research m FY 05 and FY 06 At least one
core momtormg statIon will be InItIated by FY 06, but may not be fully operatIonal
untIl FY 07

Table 5 1 presents the proposed schedule and strategy for ImplementatIon

5 3 3 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 ammals and plants, water
qualIty momtormg, eXIstIng hydrology models, mcludIng annual and seasonal
runoff, and permIttIng of human actIVItIes such as resource harvests and land
development Startmg m FY 04, partners will be encouraged to aSSIst m fundIng
research to further SIte selectIon Tlus actIVIty will extend through FY 06,
termInatIng after the momtormg statIons are fully operatIonal Because an
analogous research program IS underway at the Washmgton Department of FIsh
and WildlIfe (WDFW), that agency may be WIllmg to share mformatIon and the
costs of process studIes of mutual mterest
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Table 5 1 Proposed Implementation Strategy 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 Statlstrcal(c) Coordination (c)

Research Numerical prototype (p) Archiving (c)

Dlstnbutlon (p)

2006 Research MOnitor Statlstrcal(c) Coordination (c)

MOnitor Research Numerical (p) Archiving (c)

Dlstnbutlon (p)

2007 MOnitor MOnitor Archiving (c)

Research Numencal (p) Dlstnbutron (p)

Notes

c =core (GEM program supported) activity

p = partnership (jOintly supported) actrvlty

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

Candidate core momtonng actrvltres Kenai River watershed Karluk River watershed

Candidate core vanables Isotopes of nitrogen In aquatic and npanan plants and animals
precursors of reduced Iron In water and anadromous fish

534 Models

Models of the relatIOnslup between manne producbvlty and watershed
producbVlty (Fmney et al 2000) wIll lIkely be verbal as of FY 03 Stabsbcal
modehng to descnbe the strength of relabons among vanables and power analysIS
to guIde samphng should start m FY 04, conbnumg through the evaluabon of the
lllibal momtormg stabon m FY 06 The end pomt of modelmg will be a numencal
model of the geochemIStry of the core vanable(s) m the watershed to the boundary
of the mtemdal and subbdal areas ThIS model will be lllibated m about FY 05 and
operabonal (m some sense) by FY 07 It IS recogruzed that a number of partner
momtonng acbVlbes m addibon to the core acbvity will be needed to create
parameters for a numencal model If numencal modehng proves mtractable,
stabsbcal modehng would be extended m the mtenm

5 3 5 candidate Core Monltormg ActiVities

Canwdate core momtonng acbvibes WIll be chosen to bmld on eXlsbng long
bme senes of data collected by prospecbve partners The KenaI and Karluk nvers
are two lIkely candIdates For the KenaI RIver watershed, three decades of data on
adult salmon returns to the spawnmg grounds of the watershed can be used as
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estImates of marme mfluence In addttIon, salmon catch data span more than fIve
decades The proxmuty to Anchorage places the Keruu RIver watershed under
heavy pressure from human actIVItIes and theIr assocIated Impacts, many of whIch
are documented by government regulators MultIple prospectIve partners have
extensIve programs m place to morntor vegetatIon, terrestnal anImals, lImnology,
and other vanables of potentIal relevance to the key questIon The Karluk RIver
watershed IS umque m havmg a pubhshed record of more than 300 years of
changes m marme mfluence m general, and marme rntrogen m partIcular (Fmney
et al 2000) In addItIon, the prospectIve partners have collected more than eIght
decades of counts of salmon returns for the watershed

5 3 6 Candidate Core Variables

Isotopes of rntrogen m plants and anImals and sources of reduced Iron are
candIdates for core variables, based on work descnbed m the SCIentIfIC background
under marme-terrestnal connectIons (SectIon 33, Volume II) and cherrucal
oceanography (SectIon 35, Volume II) In watersheds of the GEM regIOn, where
rntrogen hrruts productIvIty, marme rntrogen m anadromous fISh speCIes,
pnncipally salmon, could be an Important drIver of watershed productIvIty
Phosphorus and Iron from salmon may also be Important to watershed
productIvIty, but dIrect measures of the ongm of these elements are not available
Indrrect measures rrught be, for example, phosphorus or Iron concentratIon per
gram of fIsh tImes average fIsh weIght tImes return number A decade of work on
the role of Iron m pnmary productIVIty m marme areas suggests that geophysIcal
and bIOlOgIcal processes m watersheds may contrIbute to manne productIVIty
Processes m the watersheds may hrrut marme prodUCtIVIty by controlling the
avaIlabIhty of precursors of reduced Iron

5.4 Intertidal and
Subtidal 5 4 1 Key Question

46

What are the relattve roles ofnatural forces, such as currents and
predatton) and human acttvtttes (such as small-scale development
and tncreased urbamzatton), as dtstant and local factors, tn
caustng short-term and long lasttng changes tn the commumty
structure and dynamtcs of the tnterttdal and subttdal habttats?

5 4 2 Schedule

Development of the mtertIdal and subtIdal morntonng actIVItIes IS expected to
begm With a planmng workshop m FY 02 and an mtense core syntheSIS effort m FY
03 that mvolves extensIve preparatory core research The mherently hIgh
varIability of the commumty structure of the mtertIdal and subtIdal habItat-and Its
vulnerabIhty to the effects of predatIon and human degradatIon-may make It
dIffIcult to develop a deSIgn that can separate human actIVItIes from natural forces,
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forestallmg lffiplementahon of Inlhal momtormg unhl FY 06 Core synthesIs IS
planned to provIde hypotheses by about FY 05 that can be tested and refmed by
core research m FY 06 and FY 07 The lIDhal schedule calls for at least one core
momtormg stahon to be IDlhated by FY 06, but It may not be fully operabonal
unhlFY07

Table 5 2 presents the proposed schedule and strategy for Implementahon

Table 5 2 Proposed Implementation Strategy for Intertidal and Subtidal Habitat

MOnitoring 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)

Dlstnbutlon (p)

2006 Research MOnitor Statlstlcal(c) Coordination (c)

MOnitor Research ArchiVing (c)

Dlstnbutlon (p)

2007 MOnitor MOnitor Statlstlcal(c) ArchiVing (c)

Research Numencal prototype (p) Dlstnbutlon (p)

Notes

c =core (GEM program supported) actiVIty

p = partnership (jointly supported) activity

Prospective partners ADF&G (Kachemak Bay National Estuanne Research Reserve [KBNERR])
NOAA (National Ocean Service) UAF Cook Inlet Regional CItizens AdVISOry Council (CIRCAC)
Pnnce Wilham Sound Regional CItizens AdVISOry Council (PWSRCAC) USFS, EPA-ADEC
(EMAP) A1yeska Plpehne Service Company

Candidate core mOnltonng activIties Kachemak Bay (lower Cook Inlet) Green Island (PWS)

Candidate core vanables substrate type and dlstnbutlon species composItion and dlstnbubon
recrUitment

5 4 3 Prospective Partner ActiVities

Partner achvIhes m FY 03 WIll be the supporhng momtormg programs already
m place, such as momtormg of mdIVldual specIes for baSIC bIOlogy and
contanunant loads, surveys of speCIes composlhon and dIstrlbuhon, surveys of
substrates, and measurements of phYSICal oceanography (see Table 5 2) Starbng m
FY 04, partners WIll be encouraged to asSISt m fundmg research to further SIte
selechon These achVlhes will extend through FY 06, termmatmg after the
momtormg stahon IS fully operahonal m FY 07
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544 Models

Models of changes rn commumty structure of the rnterhdal-subbdal areas m
response to human acbvitIes and natural forcmg are expected to be prImarIly
verbal from FY 03 to FY 05 StatIstIcal modelmg, parbcularly power analysIs to
gmde samplmg, IS expected to be operable as soon as FY 03, because of experIence
gamed m the EVOS coastal habItat program and related damage assessment and
restorabon work Stahshcal modelmg will conhnue through the evaluabon of the
lllltIal morutorIng stabon m FY 06 The end pomt of a numerIcal model to combme
physIcal forcmg and human acbvitIes for descnbmg commuruty structure IS a very
ambibous undertakIng for a core acbvity WIthrn as-year hme frame and may not
be feaSIble at all WIthout substanbal partner support

5 4 5 Candidate Core MOnltormg ActiVities

CandIdates for core morutorIng acbvitIes will be selected based on substanbal
partnerIng opportumtIes, chances for assessmg human acbVIbes and Impacts, and
lOgIsbcs Likely candIdates are Kachemak Bay m Lower Cook Inlet and Green
Island m PWS Kachemak Bay IS close to the Clty of Homer and becommg a
developed recreatIonal deshnahon In addIbon, the bay has the presence of coastal
habItat assessment programs already m place WIthrn the Kachemak Bay Nabonal
Estuarme Research Reserve (KBNERR), as well as nearby moorIngs takIng
oceanographIc measurements The USFS has a long-term ecolOgical morutorIng
SIte at Green Island, which IS still seemg effects from the 1989 oil spill A new
weather stahon IS bemg Installed nearby at Applegate Rocks, and addibonal
oceanographIc moorIngs m nearby Montague Strait are lIkely

5 4 6 Candidate Core Variables

Commumty structure m the mterbdal and subbdal areas IS deterInmed by
substrate type and amount, as well as by phYSIcal oceanographIc features, such as
wave acbon SpeCIes composItIon and dIstribubon are fundamental to determmmg
commumty structure, as IS the recrUItment rate of key speCIes such as barnacles,
mussels, and clams, dependrng on substrate

5.5 Alaska Coastal
Current 5 5 1 Key Question

48

What are the relattve roles ofnatural forces (such as the vanabtltty
tn the strength, structure, and dynamtcs ofthe ACC) and human
acttvtttes (such as ftshtng and pollutton) tn caustng local and
dtstant changes tn productton ofphytoplankton, zooplankton,
btrds, ftsh, and mammals?
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5 5 2 SChedule

Development of ACC momtormg will requrre a perIod of synthesIs and
research that mvolves collaborahon between phYSICal and bIOlOgIcal sCIenhsts to
deCIde on how to best detect changes m annual and seasonal producbon and
transfer of energy to hIgher trophIc levels The determmahon of what phySICal
chemIcal processes are most Important to measure for prImary and secondary
produchon will requIre a synthesIS that combmes eXlshng phYSICal and bIOlOgIcal
mformahon and hypotheses SpecIfIc seasonal queshons such as what controls the
hffilng, durahon, and magmtude of the sprIng bloom on the mner conhnental shelf
need to be carefully cast as testable hypotheses before COffiffiltbng to long-term
momtormg Havmg the SEA, APEX, GLOBEC Northeast PacIfIc Nahonal Estuary
Program (NEP), FOO, OCC, and NPAPC programs precede and parallel the GEM
program IS extremely fOrtuItoUS for development of thIs component The
experIence and lessons from these programs will be extremely benefICIal m helpmg
GEM build ItS core momtonng components For these reasons, development of
ACC momtormg achvity 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 producbVIty and trophIc
transfer m the ACC will take longer to develop than the approach to phYSICal
measurements, whIch could be developed m a relahvely short perIod of hIDe 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 hIDe to
dIShll 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 S 3 presents the proposed schedule and strategy for Implementahon

5 5 3 Prospective Partner ActiVities

NOAA's mterest m the ACC conhnues to be hIgh, as demonstrated through ItS
partlclpahon m the GLOBEC and acc programs and some conhnumg work m the
FOO program m Shehkof Strait It IS almost certam that the GAK1 stahon and hne,
mamtamed and momtored by the Umversity of Alaska and m place now for
decades, will playa central role m future momtonng of the phySIcal structure of the
ACC based on temperature and salmIty measures Recently added bIOlOgIcal
measures, mc1udmg chlorophyll a, will lIkely be maIntaIned and supplemented
Other opportumhes for partnershIps mclude GLOBEC's more recently establIShed
stahons from PWS across the conhnental shelf and one of the lmes used m the
FOCI program m the Shehkof Strait The USGS, whIch has an estabhshed set of
seabIrd momtormg colomes spaced at about SOO-kID mtervals around the GOA and
mto the Bermg Sea, IS another strong candIdate for a partner Close coordmatIOn
With methods of the colomal seabIrd program of the USFWS Alaska ManhIDe
Refuge IS enVISIOned to make seabIrd data consIstent around the coast of Alaska
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Table 5 3 Proposed Implementation Strategy for Alaska Coastal Current
Habitat

Momtormg ActiVity

Fiscal Year Core Partners

2003 SynthesIs MOnitor

Research

2004 SynthesIs MOnitor

Research Research

2005 Research MOnitor

Research

Model

Statlstlcal(c)

Numencal (p)

Statlstlcal(c)

Numencal (p)

Statlstlcal(c)

Numencal prototype (p)

Data
Management

Coordlnatron (c)

Coordlnatron (c)

Archlvlng(c)

Coordination (c)

Archiving (c)

Dlstnbutlon (p)

2006

2007

Research

MOnitor

MOnitor

Research

MOnitor

Research

MOnitor

Statlstlcal(c)

Numencal (p)

Numencal (p)

Coordlnatron (c)

ArchiVing (c)

Dlstnbutron (p)

Archiving (c)

Dlstnbutlon (p)
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Notes

c = core (GEM program supported) activity

p = partnership (jointly supported) activity

Prospective partners UAF (IMS School of Flshenes and Ocean SCiences [SFOS]) U S
Department of Intenor (DOl) (National Park Service [NPSj USFWS, USGS) North PaCific
Research Board (NPRB) NOAA (NMFS/Natronal Ocean Service [NOS]), EPA-ADEC EMAP

Candidate core mOnltonng actlvltres GAK1, Hlnchlnbrook Entrance Montague Strait

Candidate core vanables temperature salinity fluorescence plankton, forage species

For measunng forage speCIes vanability, populatIon abundance data from the
ADF&G on PacIfIc hernng In PWS and also for populatIons at KodIak Island and m
KamIshak Bay, although not complete, may be useful Starhng In FY 04 and
extending through FY 06, partners will be encouraged to aSSIst In fundIng research
to further SIte selectIon for morutormg the ACC

Plankton measurements (settled volume) are now beIng taken by potentIal
partners at SIX hatcherIes In PWS On the basIS of past correlatIons of plankton
settled volume With annual pmk salmon returns and decadal-scale herrmg
abundance, these data could prOVIde InformatIon about productIVIty of the ACC
system of relevance to multIple speCIes under certam condItIons ExtensIon of the
"plankton watch" to hatcherIes In other areas and local commumtIes throughout
the northern GOA may be a worthwhIle and potentIally econonucal way to
mamtaIn long-term data sets and archIves of plankton Other opportumtIes to
collect samples and analyze plankton commurutIes may mclude crUIses With net
and hydroacoustIc sampling, as well as satelhte Images Also of pOSSIble merIt are
the use of shIps that offer opportunItIes, for example, the contInuous plankton
recorder IS recommended to be deployed on 011 tankers travehng from Valdez to
Long Beach under EVOS sponsorshIp In FY 02 Certamly any satellite Images of
the sea surface that measure chlorophyll a concentratIons prOVIde very useful
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synoptic pIctures, even takrng mto account the lImItations that cloud cover and lack
of subsurface data present DecISIons will be made WIth the guIdIng philosophy of
collectrng data of relatively low frequency m space and tlme so that decadal scale
change can be resolved

Perhaps the largest challenge for the ACC habItat will be developmg
momtorrng actIvIties to measure varIability m forage fIsh populations and
assocIated predator populatIons Some optIons for exploration of partnershIps for
assessmg forage fIsh abundance and assocIated phenomena mclude the followmg

•

•

•

•

•

•

•

Larval surveys buIldrng on the databases and archIved specImens from the
FOOprogram

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 rnner shelf )

Aenal surveys WIth the use of conventional photography or other sorts of
Imagrng (such as LIDAR) of shallow water aggregations of Juveniles or
adults

HydroacoustIc sensors mounted on vanous shIps of opportunIty and fIxed
moorrngs

AnalYSIS of food Items brought back to the nests of colomal seabIrds (such
as puffIns) as an mdicatIon of the relative abundance of vanous forage fIsh
speCIes m partIcular areas

Other net samplIng programs that may be under way or contemplated

554 Models

Several hydrographIc and CIrculation models have been or are bemg developed
for the ACC (see also Chapter 5, Volume II, and AppendIX C) A CIrculation model
workshop IS planned m FY 02 to consIder approaches most hkely to be useful to the
GEM program Models of the relationshIp of marme planktomc productIOn to
water column structure were developed m the EVOS SEA program (EslInger et al
2001) and are expected to eventually be further developed under the GEM
program

The GLOBEC nutrIent-phytoplankton-zooplankton (NPZ) 1-D and 3-D models
are a SUIte of coupled bIOlOgical-phYSICal models concerned WIth the coastal region
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of the GOA They address effects of concern to the GEM program m the ACC and
offshore cross-shelf transport, upstream effects, local producbon, and condibons
conducIve to sUItable Juverule salmon rearmg habItat

Models of parbcular mterest from the Faa program are the l-D and 3-D
verSIOns of the Shehkof NPZ models, and the GOA Walleye Pollock Stochasbc
SWItch Model (SSM) (see Chapter 5, Volume II, and AppendIX C) The ShelIkof
NPZ models are a set of coupled (bIolOgical and phYSICal) models deSIgned to
examme hypotheses about pollock recruItment m the Shehkof StraIt region The
Pollock SSM IS a numencal sImulabon of the process of pollock recruItment Of
parbcular mterest to the GEM program IS the IdenbfIcabon by the SSM of three
specIfIc agents of mortalIty wmd ffilXmg, ocean eddIes, and random effects
Ecopath models developed by Okey, Pauly, and others at the Umversity of BrItISh
ColumbIa are also of mterest, especIally for PWS, but also for the GOA conbnental
shelf and slope (exdudmg fJord, estuarme, and mterbdal areas) (see AppendIX C)

5 5 5 Candidate Core MOnltormg ActiVities

It appears that the phySIcal oceanographers have developed a level of
understandmg about mner-shelf dynanucs that wIll allow the GEM program to
IdentIfy a core set of measurements, locabons, and frequencIes that address
quesbons relevant to the GEM program A core momtormg acbvity based on the
partnershIp at the GAKl stabon IS lIkely Others may be added m FY 04 to FY 07
as IdenbfIed by syntheSIS and the results of other programs (GLOBEC and FOa
stabons and moonngs) and as fundmg allows Full core momtormg m the ACC
may not be fully operatIOnal untIl FY 07

5 5 6 Candidate Core Variables

The key variables m measurmg the producbVlty of the ACC are temperature,
Insolabon, sallillty, fluorescence, and abundance of key forage speCIes, mdudmg
fIsh and zooplankton

5.6 Offshore· Outer
Contmental Shelf and
Oceamc Waters

5 6 1 Key Question

52

What are the relahve roles ofnatural forces (such as changes tn the
strength of the Alaska Current and Alaskan Stream, mtxed layer
depth ofthe gyre, WInd stress, and downwelltng) and human
acttvlttes (such as polluhon) In determtnlng productton ofcarbon
and Its shoreward transport?
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5 6 2 Schedule

As WIth the ACC portlon of the program, results of GLOBEC research need to
be carefully consIdered before lIIlplementatron of long-term morutormg m thIs
broad habItat type TIns dehberate approach IS reflected m the emphasIS on
synthesIS for thIs habItat type m the early years of the proposed schedule and
strategy for lIDplementahon (Table 5 4)

Table 5 4 Proposed Implementation Strategy for Offshore Habitat

Momtonng 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 Numencal prototype (p) ArchiVing (p)

Dlstnbutlon (p)

2006 SyntheSIS MOnitor? Statlstlcal(c) Coordination (p)

Numencal (p) ArchiVing (p)

Dlstnbutlon (p)

2007 SyntheSIS MOnitor? ArchiVing (p)

Numencal (p) Dlstnbutlon (p)

Notes

c = core (GEM program supported) actIVIty

p = partnership (jOintly supported) activity

Prospective partners NPRB NOAA (NMFS/NOS) Canadian Department of Flshenes and
Oceans (CDFO). Japan Fishery Agency

Candidate core mOnltonng actiVIties GLOBEC stations Valdez-Long Beach Line and other
ships of opportUnity

Candidate core vanables nutnents detntus and plankton temperature and salinity

5 6 3 Prospective Partner ActiVities

Support of partners m eXIstmg morutormg projects may be necessary to obtam
suffICIent mformahon for deSIgn of a morutormg program Because of the expense
of lllihatmg most offshore samphng programs, careful selechon of partners and the
use of long-term, low-frequency data gathermg will be key strategIes for
understandmg decadal-scale changes m thIs enVIronment Current efforts to apply
the contmuous plankton recorder (CPR) technology on shIps of opportunIty m the
GOA offer partnershIp opporturuhes ExtensIOn of eXIstmg shIps of opportunIty
programs to mc1ude measurement of vanables of mterest to the GEM program IS
also a pOSSIbility
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564 Models

The GLOBEC NPZ l-D and 3-D models are dIscussed above m SectIon 554 A
broader model addressmg NPZ for the enbre North PacIDc IS the North PacIDc
Ecosystem Model for Understandmg RegIonal Oceanography (NEMURO), m
wluch fluxes of mtrogen, silicon, and carbon will be tracked (see AppendIx C)

5 6 5 Candidate Core MOnltormg Activities

A reasonable oceanograpluc program m the ACC can probably be extended
across the shelf break WIth the use of eXIsbng GLOBEC, FOG, and OCC samplmg
statIons, moormgs, and transects The use of the Valdez-Long Beach lme wIth Oll
tanker-mounted fluorescence and zooplankton samplmg gear appears to be an
attractIve strategy for long-term, low frequency samplmg over large spatIal scales

5 6 6 Candidate Core Variables

PartIcularly CruCIal 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 mlXed layer
depth m the Alaska Gyre m the sprmg-summer, and Ekman transport of offshore
producbon onshore Measurements of basIC varIables are essentIal to
understandmg the role of these offshore aspects m affecbng productIVIty of other
habItats These vanables mclude temperature, salmlty, nutrIents, detntus, and •
plankton

The GEM program will use strategIcally
chosen synthesIs and research projects WIth
relatIvely short-term goals to help develop the
long-term momtormg component of GEM As

starbng pomts for selecbng research m support of momtormg, four general areas of
research are dIScussed, followed by a SynOpSIS of past and current research
conducted to aId the transItIon to GEM

5 7 1 General Areas of Research

Lmgenng Injury from the 011 Spill Research specIDcally related to the effects
of the EVOS may be needed m the frrst few years of the GEM program, but the
need for thIs type of research IS expected to dImmIsh through tIme Types of
research that may be conducted mclude explormg the conbnumg, low-level effects
of hydrocarbon exposure on the SurvIval and reproductIon of fISh and wildh£e
resources and the IdenbfIcatIon of pathways of such exposure General restoratIon
projects that relate drrectly to restoratIon of Oll spill mJury may also be needed m
some cases

De£lmng Testable Hypotheses In many, or even m most, habItat types,
suffICIent mformatIon may not eXIst to defme the testable hypotheses around wmch
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morutormg prOjects can be desIgned In these and sImllar cases, synthesIs and
research will be needed to defme testable hypotheses

Explonng Quesbons wIth or Generated by Momtormg Data _As the effects of
EVOS fade and as GEM matures, research projects will mcreasmgly arIse from the
results and needs to Improve the long-term morutormg program Some of thIs

research will mvolve speCIal analyses and modelmg of data obtamed through the
core morutormg program (mcludmg current and retrospectIve data) and/or
partnershIp and mdependent morutormg efforts m the GOA

Management, Conservabon, and SensIbve Areas and Seasons GEM research
will mclude projects deSIgned to fill gaps m the mformatIon necessary to manage
and conserve natural resources Examples of thIs type of research mclude
Improvmg techruques, tools, or technology for stock assessments of fIShenes
resources, gathermg baSIC mformatIon on speCIes' lIfe hIstones, and stock
IdentIfIcatIon of marme mammal, seabIrd, or fIsh populatIons GEM data may be
apphed to IdentIfy sensItIve areas and seasons m the marme enVIronment so that
thIs mformatIon can be consIdered m the development of management and
conservatIon strategies

5 7 2 SynopsIs of GEM TranSition Projects

Some of the past and current Trustee Council actIVItIes are partIcularly
appropnate to serve as startIng pomts for desigrung research m support of GEM
(Table 5 5) COmmIttees and work groups WIthIn each habItat type will use the
results of these "GEM transItIon" projects (conducted m fIscal years 2000 to 2002) as
startIng pomts for developmg testable hypotheses and syntheSIS and research
recommendatIons

Note that GEM transItIon projects have been orgaruzed m Table 5 5 mto
categones that correspond to GEM program components synthesIS (mcludmg
workshops), research, and modelmg (mcludmg aspects of data management and
mformatIon transfer) Abstracts for each project are prOVIded below If a project
has been m operatIon a number of years, the abstract refers to the most recent
actIVItIes of the project and Its current status

210 ThIs project hnks students m the area affected by the oil spill WIth research
and morutormg projects funded by the Trustee Council The project mvolves
students m the restoratIon process and prOVIdes these mdividuais the skills to
partICIpate m restoratIon now and m the future Youth conduct research overseen
by prmcipal mvestIgators who have mdicated mterest m workmg WIth students
Youth Area Watch fosters long-term COmmItment to the goals set out m the
restoratIon plan and IS a pOSItIve commuruty mvestment m that process
PartICIpatIng commurutIes m FY 02 will be TatItlek, Chenega Bay, Cordova,
Nanwalek, Port Graham, SeldOVIa, Seward, Valdez, WhIttIer, and KodIak
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Table 5 5 GEM TransItion ActivIties, Fiscal Years 2000-2002
Listed with project number and titles of activities

Habitat
Type

Watershed

Intertldal
Subtidal

ACC

Offshore

SynthesIs and
Workshops

612 Kenai River
Manne-Terrestnal
Links (FY 02)

374 Hemng
recommendations
(FY 00)

395 Workshop on
Intertidal
mOnltonng (FY
02)

374 Hemng
recommendations
(FY 00)

630 Workshop on
modeling
circulation (FY
02)

630 Workshop on
modeling
circulation (FY
02)

Research

567 Contaminants mOnltonng (FY 00)

649 Reconstructing sockeye (FY 02)

667 Citizens Environmental MOnltonng
Program (FY 02)

668 Water quality database (FY 02) 1

210 Youth Area Watch (FY 00 01 02)
385 Kachemak Bay MOnltonng (FY 01)
501 Seabird mOnltonng protocols
(FY 00)
509 Harbor seal expenmental design
(FY 01)
510 Intertidal mOnltonng
recommendations (FY 00)
538 Hemng stock Identification (FY 01
02)

556 Mapping intertidal (FY 02) 1

567 Contaminants mOnltonng (FY 00)

210 Youth Area Watch (FY 00 01 02)

340 GAK1 (FY 00, 01 02)
404 Archival tag testing (FY 01 02)
493 Sampling strategies for GOA trawl
survey (FY 00)
501 Seabird mOnltonng protocols (FY
00)
538 Hemng stock Identification (FY 01
02)
552 Exchange between PWS and GOA
(FY 00 01 02)1

561 Community based forage fish
sampling (FY 02)
567 Contaminants mOnltonng (FY 00)

584 Alrbome remote sensing (FY 02)

614 Physical data from tankers (FY 02)

671 Ships of opportUnity In Lower Cook
Inlet (FY 02)

567 Contaminants mOnltonng (FY 00)

614 Physical data from tankers (FY 02)

624 Ships of opportUnity CPR (FY 02)

Modeling

391 Cook Inlet
Information System (FY
00 01)
455 Data system for GEM
(FY 00)

391 Cook Inlet
Information System (FY
00 01)

455 Data system for GEM
(FY 00)

389 3-D Ocean state
simulation modeling (FY
00 01)

391 Cook Inlet
Information System (FY
00 01)

455 Data system for GEM
(FY 00)

603 Ocean Circulation
Modehng (FY 02)1

389 3-D Ocean state
simulation modeling (FY
00 01)

391 Cook Inlet
Information System (FY
00 01)

455 Data system for GEM
(FY 00)

603 Ocean Circulation
Modeling (FY 02)1
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340 Interannual vanahons m temperature, saluuty, and theIr verncal
msmbuhon on the northern GOA shelf reflect envIronmental changes that rrught
affect tlus manne ecosystem TIns vanabIhty needs to be quantIfIed and
understood based on extended hIDe senes such as the 3D-year record at
hydrographIc stahon GAK1 near Seward ThIs project mamtaIns thIs hIDe senes
and will conhnue to quantIfy the varIability and understand the sources of
vanability It will also begm to document mterannual vanahons m near-surface
(upper 10 m) stratIficahon and the hmmg of the spnng bloom on the mner shelf
The data and associated analyses are suggested as bemg an Important component
to the development of the GEM program

374 Much of the data already collected under EVOS fundmg on herrmg needs
to be analyzed There are many components to herrmg research that need to be
synthesIZed TIns project will evaluate all aspects of past research mc1uclmg, but
not hmIted to, stock structure, year-class strength, and dIsease structure A
workshop of herrmg researchers will be conducted to dISCUSS Ideas for admhonal
herrmg research and momtonng The results of the workshop and wnhngs WIll be
analyzed to IdentIfy Important queshons that remam about herrmg and to deCIde
whIch ones can and cannot be addressed Recommendahons will be developed for
pnonhes and research drrecbon for herrmg m the future, whIch may serve as a
basIs for a SCIence plan for herrmg

385 The mcreasmg number of stresses on marme and estuarme ecosystems has
challenged sCIenhsts and resource managers to fmd methods for determmmg
temporal rates and spahal extents of ecolOgical responses to changes m
enVIronmental conmhons TIns project will provIde the necessary matchIng funds
for the Kachemak Bay Nabonal Estuarme Research Reserve to establIsh a
momtormg program of oceanographIc envIronmental attrIbutes m Kachemak Bay
Results of ongomg stumes will then be able to lmk patterns of oceanographIc
changes to patterns of bIodIversIty m the marme and estuarme mterndal and
subhdal habItats of Kachemak Bay

389 Usmg the observed data collected from 1995 to 1998 m PWS and the
forcmg of bde, coastal current mflow/ outflow, freshwater mscharge, and wmd
stress, a 3-D PWS model developed under the Sound Ecosystem Assessment (SEA,
Project 320) will be used to produce conhnuous 4-year, 3-D fIelds of velOCIty,
temperature, saluuty, and mIXIng coeffiCIents for resource managers, fIshmg
mdustry, and bIOlOgical apphcahons In admbon, the mterannual vanability of
PWS ocean cIrcu1abon, temperature, and saluuty due to mterannually varIable
atmosphenc forcmg will be stumed ThIs will allow IdentIfIcahon of the key
enVIronmental parameters to be mcluded m a long-term momtonng program to
assIst resource managers

391 The Cook Inlet Informabon ManagementjMomtonng System (CIIMMS)
will proVIde a WIde range of users the opportunIty to share and access valuable
mformahon and data about the Cook Inlet watershed and Cook Inlet-related
acbVlbes CIIMMS potenbal users mclude educators, sCIenhsts, students,
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researchers, resource managers, pnvate organIZatIons, and mdIvidual cItIzens
CIIMMS will provIde an mteracbve Web sIte for the Cook Inlet cornmuruty to
efficIently and effectIvely contrIbute, Idenhfy, and access relevant InformatIon from
a dIstrIbuted network of provIders

395 Tlus project will produce a draft nearshore morutormg plan that provIdes
a framework for future morutonng A prehmmary draft plan will be developed by
the prmcipal mvestIgators that mcludes consIderatIon of eXlstmg programs m the
Lower 48 (such as PICES and PISCO and Alaska (such as PWS and Cook Inlet
Regional CItIzens I AdVISOry conmussIOns) Tlus draft will then be revIewed by a
panel of four to fIve mdependent experts m nearshore marme ecology representmg
varIOUS mterests and dIscIplmes A reVIsed plan will be produced and presented to
agencIes, stakeholders, and other mterest partIes at a workshop held m conjunctIon
WIth the EVOS Annual Workshop m January 2002

404 ArchIve tags With temperature and hght-geolocatIon sensors Will be
morutored for post-smolt coho salmon m Cook Inlet LIght/locatIon relatIonshIps
specIfIc to the GOA developed under Project 00478 will be apphed m thIs study of
movement and mIgratIon paths for coho salmon durmg maturatIon m ocean
enVIronments m Cook Inlet Salmon for thIs study will be reared m captIvIty (at
the ADF&G hatchery at Fort Richardson) to 1+ year of age (200 to 250 rnm) and
released m Cook Inlet as part of the department's ShIp Creek sport-fIshmg hatchery
release FY 01 mcludes pilot studIes of tag retentIon, behaVIor, and growth for coho
m captIVIty ShIp Creek coho will be tagged mId-May A spnng release
expenment m the fIrst year Will be contIngent on the success£u1lffiplementatIon
and retentIon of these tags Surveys for early Jack recovenes will be done at the
ShIp Creek weIr and among sport fIshers Morutonng for adult tag recovenes will
be done m the coho commercIal fIshery m Cook Inlet and the derby sport fIshery on
ShIp Creek ArchIve tagged fIsh will be used to document coho salmon use of
marme habItats, mIgratIon routes, contnbutIon to the sport fIshery, and
hatchery/wild mteractIons for salmon m Cook Inlet

455 Tlus project will report on the data system Issues related to GEM, , the
Trustee Council's long-term morutonng and research program In addItIon to the
data collectIOn effort, data dehvery WIll prove to be a cntIcal component of the
success of GEM Therefore, the data system Issues need to be part of the planmng
process Tlus project will outlme some of the key data and user ISsues and produce
a report analyzmg eXIStIng systems that dehver slmIlar data In addItIon,
strawman proposals WIll be developed for a range of data systems that could meet
the needs of the GEM program

493 Tlus project IS an mtegrated study of mecharnsms controllmg changes m
commuruty structure m the GOA ecosystem The major goal for thIs fIscal year IS
to reVIew the eXIstmg GOA small-mesh trawl survey database and develop a
statIstIcally based and cost-effectIve strategy for long-term samphng and future
morutormg It IS antIcIpated that any developed samplmg scheme or strategy will
then be employed m future morutonng survey deSIgns Proper and consIstent
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samplmg should lead to a more comprehensIve understandmg of bIOlogIcal

physIcal couplmg and dynamICS of the GOA ecosystem

501 SeabIrd populatIons WIll need to be morutored for many years to assess
both recovery and ecolOgIcal condItIons affecbng recovery DetaIled studIes of
mdIVldual seabIrd colorues and marme ecosystems m the GOA have been
conducted by the USGS and USFWS under the auspIces of damage assessment and
restoratIon programs of the Trustee CouncIl Much has been learned about factors

mfluencmg seabIrd populatIons and theIr capaCIty to recover from the spIll m the
GOA As the restoratIon program moves toward long-term morutormg of
populatIons, however, protocols and long-term morutormg strategIes that focus on
key parameters of mterest and that are mexpensIve, practIcal, and apphcable over a
large geographIc area need to be developed

509 The productIon and survIVal of young harbor seals are cntIcal to reversal
of the long-term declme of seals m PWS, and to ulbmate recovery of the populatIon
from damage due to the oIl spill SIgrufIcant mter-annual dIfferences m dIet and
body condItIon of young seals were documented m 1997 to 1999 ThIs project will
obtam addItIonal mformatIon on the populatIon condItIon (such as dIet and percent
body fat) of pup, yearlmg, and sub-adult harbor seals, the age classes most hkely to
be hmIted by food avaIlability Data obtamed on harbor seal populatIon condItIon
from thIs project and from 1997 to 1999 wIll be compared WIth concurrent
populatIon abundance data to assess the status of harbor seals relatIve to carrymg
capaCIty, and subsequently denve more comprehensIve and reahstIc expectatIons
for populatIon recovery

510 ThIs project WIll examme the state of recovery of key habItats and
representatIve mJured speCIes WIthm the mterbdal zone m PWS FY 00 WIll COnsISt
of a statIstIcal comparISon of the NOAA Hazmat and Coastal HabItat (pnmarIly
Project CH1A) data and IdentIfIcatIon of cost-effectIve measures for morutormg
mtertIdal comrnurutIes

538 ThIs project will perform a comparatIve mvestIgatIon of two proIlllSmg
stock IdentIfIcatIon technIques for PacIfIc herrmg-elemental analYSIS of otohths
and fatty aCId profIle analySIS of select soft tIssues Lmuted samples from SItka
Sound, PWS, Karmshak Bay, KodIak Island, and TOgIak will be collected and
analyzed to determme If stock dIfferences are detectable by each procedure, and at
what scale Successful results from thIS pIlot study should be followed up WIth
future evaluatIons of the temporal and structural (sex, age, maturIty) stability of
these bIOmarkers

552 One of the least understood phySIcal processes that mfluence the
bIOlOgIcal components of PWS IS the exchange between the northern GOA and
PWS ThIs project will document the mterannual varIability m water mass
exchange between the sound and the adjacent northern GOA at HmchInbrook
Entrance, and IdentIfy mecharusms govemmg thIs exchange The project wIll
deploy an upward-Iookmg ADCP (AcoustIc Doppler Current ProfIler) moormg m
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Hmchmbrook Entrance to create hIDe senes of velocIhes spanmng 3 years The
moonng will be eqUIpped WIth a CTD (conduchvity temperature versus depth) to
create a hIDe senes of deep temperature and salnuty To Idenhfy the dommant
factors that govern PWS/GOA exchange, the moormg velocIty and deep
temperature/salmIty hIDe senes WIll be combmed wIth meteorolOgical and
phYSICal data collected under other research programs already m progress

556 Groups, mdividuals, and programs as dIverse as natural resource
agencIes, local governments, researchers, conservahon advocates m Cook Inlet and
Kachemak Bay, and GEM can benefIt from a comprehensIve, hIgh-resoluhon
database of shorelme and nearshore habItats, and from mformahon on the phYSICal
changes seen through hIDe At present, no such detailed database or momtonng
program eXIsts Withm the GOA ThIs project will use a method adopted along the
US west coast to gather such habItat mformabon m a cost-effecbve yet detailed
manner The method relIes on a nested hierarchical nearshore classmcahon based
on the phYSICS of the enVIronment to select replIcate shore sItes for momtonng algal
and mvertebrate dIversIty

561 ThIs project IS based on the recently completed 5-year pilot study,
conducted as part of APEX (Alaska Predator Ecosystem ExperIment, Project 163),
that used stomach contents from sport-caught halIbut to sample forage fIsh
populabons The project WIll morutor long-term trends m forage fIsh populahons
m several regIOns of the spill area durmg GEM The project will prOVide
mformabon to help assess and understand the types and levels of commuruty
partIcipahon that may be available for long-term forage fIsh momtonng studIes
Also, If project results are favorable, the mformahon can be used to begm desIgmng
cost-effecbve, commumty-based forage fIsh morutonng studIes to track long-term
trends m capelm and sand lance stocks m the Kachemak Bay/lower Cook Inlet,
Resurrecbon Bay, KodIak Island, and PWS regions

567 ThIs project will assess needs and pnonhes for momtonng envIronmental
contammants m the northern GOA, mcludmg the area dIrectly affected by the 011
spill It will evaluate mformatIOn on water qualIty, marme specIes I sensIhVIhes to
pollutants, and contammants that pose potenhally adverse effects to the ecosystem
and to human health Recommendahons will specIfy pnonbes for morutonng of
contammants m order to track Imgenng oil spIll mJury, trends, and potenhal effects
of pollutants

584 ThIs project will evaluate arrborne remote sensmg tools for GEM,
mcludmg a bIOlogical/ecological mterpretahon of the data collected The
Instrument package COnsIStS of (1) a pulsed LIDAR (LIght Detecbon and Rangmg)
to map subsurface bIOlOgical features day to a maXImum of 50 m, (2) an mfrared
radIometer to map SST (sea surface temperature) day (sImIlar to AVHRR,
Advanced Very HIgh Resolubon RadIometer), (3) two three-ehIp dIgital VIdeo
systems to map ocean color (chlorophyll), bIrds, mammals, surface fIsh schools,
and ocean frontal structure, and (4) an mfrared dIgital Video to map bIrds and
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mammals at rught The project will use slupboard and buoy data for valIdatIon
and mterpretatIon of remote sensed data

603 Tlus project will establIsh a 3-D ocean CIrculatIon model m the GOA to lay
down a foundatIon for GEM m order to couple tlus model to a hydrolOgIcal model
and a bIOlOgIcal model Tlus model will cover the entrre GOA, mcludmg PWS and
Cook Inlet The honzontal resolutIon of tlus modellS 4 by 2 mmutes (about 3 7 km
at 60° N Tlus model WIll be forced by tIdes, the Alaska Current mflow/ outflow,
freshwater dIscharge, and wmd stress denved from the NatIonal Center for
EnVIronmental PredIctIon

612 Tlus project will prOVIde matchmg funds for a coordInator to serve a
multIdISCIplInary team of agency-supported SCIentIsts that IS desIgnmg a study of
marme and terrestrIal nutrIent cyclIng m the KenaI RIver watershed The oil spill
curtailed commerCIal fIshmg on the rIver m 1989, causmg changes m productIvitIes
of sockeye salmon and other speCIes, m addItIon to allowmg a maSSIve mput of
marme nutrIents borne by the unharvested salmon The watershed IS also at some
rIsk from anthropogeruc actIVItIes, mcludmg habItat degradatIon, mcreased
utIhzatIon, and mvaSIve speCIes StudIes on watersheds of the PacIfIc Northwest
suggest there may be cascadmg Impacts when marme derIved nutrIents normally
supplIed by salmon carcasses are dIverted from an ecosystem When nutrIents
normally supplIed by salmon are WIthdrawn, productIVIty of the entrre watershed
IS expected to be dImmlShed

614 Tlus project will use a thennosalInograph and fluorometer, to be Installed
on a crude oil tanker, to acqUIre contInuous, long-term measurements of the near
surface temperature, salmIty, and fluorescence fIelds along the tanker route
between Valdez, Alaska, and Long Beach, Cahforrua

624 Tlus project presents the ratIonale for developmg a plankton morutonng
program for the GOA by usmg slups of opportunIty Plankton are a cntIcal lInk m
the marme food cham whose dynamICS are poorly understood, but respond rapIdly
and unambIguously to chmate change and form the lInk between changes m the
atmosphere and valuable upper tropluc level populatIons, such as salmon, herrmg,
shrImp, and groundfIsh The proposal reVIews the eVIdence that many of the most
valuable marme resources m the GOA are strongly mfluenced by changes m ocean
clImate Slups of opportunlty are a cost effectIve platform for large-scale
morutonng, and tlus project will build on recent experIence gamed WIth CPR
(contInuous plankton recorders) m the North PacIfIc to prepare for GEM

630 In FY 02, tlus proJect, wluch funds Trustee Council staff and the Clue£
SCIentISt to develop the GEM plan, will mclude a workshop on modelIng
CIrculatIon

649 Tlus project will reconstruct the last 2,000 years of changes m sockeye
salmon abundance m Eshamy Lake (PWS) and Upper RUSSIan Lake (Kenal River
watershed) by analyzmg 15N m lake sedIments These new data will be syntheSIZed

VOLUME I, CHAPTER 5 61



GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

WIth ongomg studIes at Karluk Lake (KodIak Island) The research quesbon IS
What IS the normal vanability m sockeye salmon populabons m the GOA? ThIs
research will contrIbute to development of the GEM program by proVIdmg a
mstorIcal perspecbve on current condibons and by developmg new hypotheses
about the chmabc causes of populabon fluctuabons m GOA salmon Work at
Dehght and DeSIre lakes on the outer Kenai Penmsula coast wIll also be conducted

667 ThIs project will analyze 5 years of past data from Cook Inlet Keeper's
CIbzens' EnvIronmental Momtormg Program, the mst consIstent, credIble, and
coordmated commumty-based water quahty momtonng program m Alaska
Keeper's stream ecolOgist will determme If samphng frequency, methods,
parameters, and SIte selecbon are effecbve at meebng the momtonng obJecbves of
detecbng sIgmf1cant changes m water quahty through bIDe The results will asSISt
Cook Inlet Partners (Kenai Watershed Forum, Anchorage Waterways CouncIl,
Wasilla SoIl and Water Conservabon DIStrIct) m re£mmg theIr commumty
momtonng efforts and may lead to future commumty-based momtonng programs

668 The project partners have come together to form a database COmmIttee to
create a consIStent data management system m wmch all cIbzens groups and
agenCIes can equally share, report, and reVIew theIr water quahty and habItat data
The cOmmIttee's obJecbve IS to make data more accessIble and more useful to
deCISIOn makers, stakeholders, resource managers, and the pubhc The COmmIttee
WIll uphnk a shared mteracbve database on the Internet, where It can be Viewed
and querIed WIth GIS watershed maps, photographs, and graphs so that It IS user
frIendly, educabonal, and mearungful Access to these data will help facilitate a
better understandmg about threats to, and solubons for, water quahty and habItat

671 Cook Inlet Keeper and the Kachemak Bay Research Reserve will orgaruze
a network database of local commumty volunteers for the purpose of collecbng
oceanograpmc data from regional smps of opportumty An outreach program will
be undertaken to Idenbfy and construct a database of prIvate and commerCIal
vessels makmg frequent trIps m the Kachemak Bay, lower Cook Inlet, and GOA
regions A therrnosalmograph, mstalled on a vessel at the Kachemak Bay Research
Reserve, WIll be used to clarIfy regions for future data collecbon These data will
also be correlated With eXlsbng stabonary sensors and volunteer-momtormg
projects to expand spabal and temporal knowledge of water quahty and ffilXmg
patterns and theIr relabonsmp to the dIspersal of larvae and pollutants m the
region
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c\ 6. PROGRAM MANAGEMENT: PUBLIC ADVICE,
SCIENTIFIC GUIDANCE, AND DATA POLICIES

In Thts Chapter

~ DIscussIOn of a reconstItuted Program AdVISory Cornnuttee to proVIde pubhc
advIce

~ DescnptIon of the process for mVItIng, reVIewmg, approvmg, and adoptIng
projects

~ Prehmmary descnptIons of the processes for gettmg advIce from experts and
thepubhc

~ Prehmmary data management and InformatIon transfer polICIes

The Importance of publIc partICIpatIon m the
6.1 Public Advice Trustee CouncIl process, as well as establIshment

of a pubhc adVISOry group to adVIse the trustees,
/ was specIfIcally recogruzed m the Exxon Valdez settlement and IS an mtegral part of
~ -" the agreement between the state and federal governments FIgure 6 1 illustrates the

role of publIc partICIpatIon m the GEM program

The exIStIng Pubhc AdvISOry Group (PAG) has 17 members representIng
12 mterest groups and the publIc at large, as well as two ex-officIO members from
the Alaska LegISlature The charter for thIs group must be renewed m January
2003 At that tIme, It would be approprIate to change the makeup of the PAG to
mclude the partICIpatIon of addItIonal mterests Prehmmary mput from the current
PAG and from some of the commumty faCIhtators representIng mbal mterests calls
for a reconstItuted Program AdVISOry Cornnuttee (pAC), representIng a broad
range of stakeholder mterests and commumtIes and mcludmg a number of
SCIentIsts WIth broad VISIon and stature

One pOSSIble scenano IS a group of 20, WIth fIve SCIentIsts and 15 commumty
and stakeholder representatIves A decISIon would need to be made on whether
specIfIc seats would be formally deSIgnated ThIs group would meet at least twIce a
year and prOVIde broad program and pohey gmdance to the Trustee CouncIl and
staff on the overall development and progress of the GEM program The group
would take an actIve role m settIng prIorItIes and ensunng that the overall program
IS responsIve to publIc mterests and needs
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Figure 6.1 The flow of information to the Trustee Council in GEM program management comes
from the director and a staff, the Public Advisory Committee (PAC), and the public at large. The
director and staff link the Trustee Council to information from technical review and advice and
with other marine resource programs.

6.2 Program
Management and
Administration

The administration and management of the GEM
program must be cost-efficient, have a high degree
of scientific credibility, and provide for public
access and accountability.

The GEM program will be administered by a
core professional staff that is not directly affiliated with any particular agency,
institution, or program, as is currently the case with the management of the Exxon
Valdez Oil Spill Restoration Office (Figure 6.1). An executive director will oversee
the financial, program management and administration, scientific, and public
involvement aspects of the program. The executive director and staff, while
housed for administrative purposes in a single government agency, will work
under a cooperative agreement for all six trustees. The Trustee Council and staff
will actively solicit advice on science and policy matters, including review of
monitoring and research activities, from experts and from the public, including the
PAC.
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6 2 1 Proposal Evaluation Process

The basIc work plan process will have the followmg elements or steps, whIch
are also shown m FIgure 6 2 As ImplementatIon of GEM begInS, however, these
steps may be modIfIed as effICIencIes and Improvements are found

• A "State of the Gulf" workshop will be held penodIcally, at whIch the
current status of the health of the GOA ecosystem will be assessed Project
mvestIgators, peer reVIewers, resource managers, stakeholders, and the
pubhc will be mVIted to thIs meetIng, at whIch research and momtormg
results will be presented and dIscussed In some years, thIs workshop will
be replaced by or augmented WIth a process of consultatIons and
workshops WIth VarIOUS COmmIttees and work groups of SCIence adVISors
to evaluate and affIrm or reVIse pnontIes

• An Invztahon to Submzt Proposals, whIch will specIfy the types of proposals
that are pnontIes for consIderatIon to Implement the mISSIOn and goals of
the GEM program, will be Issued penodlcally Research proposals are
enVISIOned to be of £mIte duratIon and have short-term goals (for example,
2 to 5 years) Momtonng projects will be evaluated and renewed on longer
tIme scales (such as once every 5 years) The Invztahon(s) will be the vehIcle
for notIfymg the SCIentIfIc commumty and others that proposals will be
consIdered durmg a certam penod of tIme

Proposals receIved m response to the Invztahon WIll be crrculated for peer
reVIew (see below) Peer reVIew comments and recommendatIons will be
summarIZed by staff and prOVIde a basIS for a prehmmary recommendatIon
by the executIve drrector Proposals will be reVIewed for therr ablhty to
contrIbute to the mformatIon-gathenng needs of the central hypothesIS and
questIons, and also for how they contrIbute to meetIng the programmatIc
goals and pohcles of the Trustee CouncIl (see Chapter 1, Volume 1), such as
promotIng commumty mvolvement, developmg resource management
apphcatIons, and leveragmg funds from other sources Past performance of
prInCIpal mvestIgators will be assessed Staff will also reVIew all budgets
In addItIon, the comments from the PAC and the general pubhc will be
sohclted

•

•

•

The executIve drrector will develop a recommendatIon on each proposal
based on the peer reVIew, staff reVIew, and pubhc and SCIentIfIc adVIce

A reasonable penod of tIme for publIc comment will be built mto the
proposal reVIew process, mcludmg reVIew by the PAC

The Trustee Council, after recelvmg adVIce from Its pubhc and SCIentIfIc
adVISors and staff, will vote on whIch proposals to fund
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GEM Proposal Eualuation Process

WORK PLAN

TRUSTEE COUNCIL
ADOPTION--

PROPOSAL

INVITATION

PUBLIC REVIEW
• Program Advisory

Committee
• General Public

TECHNICAL REVIEW
• Peer Review
• Committees
• Staff

STAFF
RECOMMENDATION

Figure 6.2 The GEM proposal evaluation process consists of seven basic elements in
chronological order: the invitation, the proposal, public and technical review, staff
recommendation, Trustee Council adoption, and the work plan.

6.2.2 The Work Plan

A Work Plan will document the current activities that implement the program.
As projects for monitoring 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
into the Work Plan on a periodic basis.

6.2.3 Reports and Publications

Final reports will be required for all monitoring and research projects and will
be reviewed to evaluate whether the investigators are making satisfactory progress
toward project objectives. Selected annual reports may be required and possibly
sent for peer review. All final reports will be subject to independent peer review,
and comments from the independent peer reviewers must be addressed in the final
versions of final reports. All annual and final reports will be archived at the Alaska
Resources Library and Information Service (ARLIS).

Publications in the peer-reviewed literature will be expected of program
participants.

6.2.4 Peer Review

Each project, as well as some annual and all final reports, will be peer-reviewed
by appropriate experts identified by staff who, as a rule, are not also conducting
projects funded by the Trustee Council. The peer review may be either paid or
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volunteer, whIchever IS most expedibous and appropnate The external peer
reView process will proVide a ngorous cnbque of the sCIenbhc ments of all
morutonng and research proposals and selected reports ReView funcbons may be
carned out m wnbng, by telephone and OCCasIOnally on sIte or m person

SpecIal reView panels may be convened from bIDe to bIDe to evaluate and make
recommendabons about aspects of the GEM program At other bIDes, specIal
panels may meet WIth project mvesbgators and others to fully explore partIcular
tOpICS, problems, or projects PenodIc reView by an outsIde enbty, such as the
Nabonal Research Councr1, may be appropnate

6 3 GUidance on GEM Program Development and Implementation

In addIbon to peer reVIew and pubhc reVIew and adVIce, a cOmmIttee and
work group approach will be used to guIde GEM program development and
Implementabon Tlus approach may mc1ude a core cOmmIttee, subcOmmIttees, and
workgroups

6 3 1 Core Committee

The core COmmIttee would have four purposes

1 PrOVide leadershIp m Idenbfymg and developmg testable hypotheses
relevant to the central quesbons of the GEM plan, consIStent With the
mISSIOn, goals and pohcles of the Trustee Council

2 Support habItat subcOmmIttees and ad hoc work groups (see below) m
Idenbfymg and helpmg Implement core varIables and core momtonng
stabons

3 Help Idenbfy and recommend syntheses, models, process studIes, and
other research acbVlbes for the Inmtahon to SUbmIt Proposals

4 AsSISt staff m Idenbfymg peer reVIewers and pOSSIbly partICIpate m the
peer reView

The core comnuttee would be composed of ementus and seruor sCIenbsts and
others selected pnmarily for expertIse and leadershIp m a fIeld of study The
sCIenbsts servmg on the PAC would also serve on the core cOmmIttee, as would the
charrs of each of the habItat subcOmmIttees (see below) In general, the core
comnuttee members would not be pnnCIpal mvesbgators for GEM projects
Insbtubonal and profeSSIOnal affIhabons would also be of mterest m selectmg
members, because connecbons to other marme SCIence programs will be valuable
for ensurmg collaborabon and coordmabon on GEM program Implementabon

6 3 2 Subcommittees

SubcOmmIttees would be orgaruzed around the four broad habItat types
watershed, mterbdal and subbdal, ACC Current, and offshore (Outer conbnental
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shelf and Alaska gyre) The charrs of each subcornnuttee would serve on the core
comnuttee

The purposes of the subcornnuttees would be to

•

•

•

Recommend to the core cornnuttee testable hypotheses, Items for mVItatIon
and peer reVIewers m theIr broad habItat type,

IdentIfy and help guIde nnplementatIon of core morutormg statIons and
varIables that are relevant to the key questIons and testable hypotheses, and

PossIbly conduct peer reVIew on proposals and reports m theIr broad
habItat type

6.4 Data Management
and Information
Transfer Policies

70

The subcornnuttee would be composed of sCIentIsts, resource managers, and
other experts selected prnnarIly for dISCIplmary expertIse and familiarIty With the
broad habItat type (watersheds, mterhdal and subtIdal, ACC, and offshore)
InstItutIonal and professIOnal affiliatIons would also be of mterest m selechng
members to promote collaboratIon and cooperatIon

6 3 3 Work Groups

Ad hoc work groups may be perIodIcally formed to develop specIfIc products
as requested by the core cornnuttee and subcornnuttees Work groups could also
be charged WIth solvmg a parncular problem m a fmIte amount of hIDe, such as the
proper locatIon of an oceanographIc moormg

Data management and InformatIon transfer
polICIes are an mtegral part of GEM program
management Oear and effectIve approaches to
gathenng InformatIon and makmg It WIdely
available m understandable formats are essentIal

to the successful operatIon of the GEM program Because the program IS a regional
program WIth goals of cooperatIon, coordmatIon, and mtegratIon WIth eXlShng
marme SCIence programs, data polICIes are to be compatIble WIth, and sImIlar 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 GeospatIal Data Cornnuttee
(FGDC), GLOBEC, and the EPA's EnVIronmental Morutonng and Assessment
Program will be used as starhng pomts for developmg GEM data polICIes
(OptIons and procedures for data management and InformatIon transfer are
consIdered m more detail m Chapter 6, Volume IT )

From the fundamental premISes stated here, data polICIes will evolve to
support GEM projects as they are nnplemented (see Chapter 5, Volume I) In the
GEM program workmg defmItIons, "data" are baSIC observatIons on the state of the
system, and "InformatIon" IS data processed to be both understandable and of
ImmedIate use to SpecIalIStS and the publIc
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The GEM data polIcIes mcorporate 10 broad elements

1 A COmmItment to the mamtenance and long-term availability of data

2 Full and open sharmg of data at low cost, after venfIcatIOn and vahdahon

3 TImely avaIlability of data, dependIng on the type of data Some data WIll
be available almost ImmedIately, other data may be available WithIn 24
months

4 Availability of data on the GEM publIc Web SIte

5 Idenhhcahon of the ongm of all data WIth a citahon

6 Adherence to data collechon and storage standards

7 PrOVISIOn of citahons to the GEM BIblIography

8 Encouragement of achve parhcIpahon m the GEM Web SIte for all
parhClpants

9 Long-term arcmvmg of all data m a deSIgnated storage faCIlIty

10 Acceptance of and adherence to the data polICIes as a conmhon for
parhcIpahon m the GEM program and receIpt of fundIng
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APPENDIX A. ACRONYMS AND WEB LINKS

Note Not all of these acronyms and Web hnks are referenced m the GEM Program
document Many are mc1uded for general reference purposes

ABC Acceptable BIOlogIcal Catch
ABWC Alaska Beluga Whale COmmIttee
ABSC (USGS) Alaska BIOlogIcal ScIence Center (BIologIcal Resources DIVIsIOn,

U S GeologIcal Survey)
http / / www absc usgs gov/ research/seabIrd&foragefIsh/mdex htrnl

AC Alaska Current
ACC Alaska Coastal Current
ACCE Atlantic ClImate and CIrculation Expenment
AOA Archc ClImate Impact Assessment

http / /www aCIa uaf edu
http / /www Iarc uaf edu/structure_oLIARC htrnl

ACDP Acoustic Doppler Current ProfIlers
ACf Alliance for Coastal TechnolOgIes
ADCED Alaska Department of Commumty and EconOmIC Development
ADEC Alaska Department of EnVIronmental Conservation
ADEOS-II Advanced Earth ObserVIng Satellite-II
ADFG Alaska Department of FISh and Game

DIVISIOn of CommerCIal FISherIes http / /www cf adfg state ak us/cf_home htm
DIVISIOn of HabItat http / /www state ak us/adfg/habitat/hab_home htm

DIVISIon of SubSIStence
http / /www state ak us/local/akpages/FISH GAME/subsist/subhome htm

DIVISIOn of SubSIstence WhISkers Database
http / /www state ak us/local/akpages/FISH GAME/SUbSISt/subhome htm
DIVIsIOn of Sport FISh

http / /www state ak us/local/akpages/FISH GAME/sportf/sLhome htm
ADHSS Alaska Department of Health & SOCIal ServIces
ADNR Alaska Department of Natural Resources http / /www dnr state ak us/
DIVISIOn of Parks and Outdoor Recreation http / /www dnr state ak us/parks
DIVISIOn of Mmmg, Land and Water http / /www dnr state ak us/mlw
ADOT Alaska Department of Transportation
AEPS ArctIc EnVIronmental Protection Strategy

http / / arctIccIrc1e uconn edu/NatResources/aeps htrnl
AEWC Alaska EskImo Whalmg COmmISSIon
AFSC Alaska FIsherIes SCIence Center (NOAA/NMFS)

http / /www afsc noaa gov/ generalmfo htm
AIS ArchIval Information System
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AMAP ArctIc Momtormg and Assessment Programme
http / /www amap no

AMHS Alaska Manne HIghway System
AMMC Aleut Manne Mammal ComnussIOn
AMMTAP Alaska Manne Mammals TISsue ArchIval Project
AMNWR Alaska MantIme NatIonal WIldhfe Refuge
AMOS Advanced Modelhng and Observmg System
AMSR Advance MIcrowave Scanmng RadIometer
ANHSC Alaska NatIve Harbor Seal COmmISSIOn
APEX Alaska Predator Ecosystem Expenment
ARC AtlantIc Reference Center
ARCUS ArctIc Research ConsortIum of the Umted States

http / /www arcus org
ARGO Array for Real-tIme GeostrophIc Oceanography
ARGO OPN ARGO Ocean ProfIlmg Network

http / /www argo ucsd edu
ARIES Austrahan Resource InformatIon and EnVIronment Satellite
ARUS Alaska Resources LIbrary and InformatIon ServIce
ARMRB Alaska RegIOnal Manne Research Board
ARMRP Alaska Regional Marme Research Plan
ARPA ArctIc Research and Pohcy Act (1984)
ASLC Alaska SeaLIfe Center

http / / www alaskasealIfe org/
ASP AmneSIac She1lfIsh POlsonmg
ASTF Alaska ScIence and Technology FoundatIon

http / /www astf org
ATSDR Agency for TOXIC Substances and DIsease RegiStry
ATV All Terram VehIcle
AUV Autonomous Underwater VehIcle
AVHRR Advanced Very HIgh ResolutIon RadIometer
AVSP Alaska VISItor StatIstIcs Program
AWC Anchorage Waterway CouncIl

http / /www anchwaterwayscouncIl org
AWQ DIVISIon of AIr and Water Quahty, ADEC
BAHC BIOsphenc Aspects of the HydrolOgical Cycle (IGBP)
BASS Task Team Basm Scale StudIes Task Team (PlCES)
BBMMC BrIStol Bay Marme Mammal Council
BBNA BrIStol Bay NatIve AsSOCIatIon
BCIS BIOdIversIty ConservatIon InformatIon System
BDY Beach Dynanucs
BIO BIOlOgical Oceanography COmmIttee (PlCES)
BOOS BaltIc OperatIonal OceanographIc System
BRD BIOlOgical Resources DIVISIon
CAAB Codes for Austrahan AquatIc BIOta
CACGP COmmISSIOn on Atmosphenc ChemIStry and Global PollutIon
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CalCOFI Cahfonua Co-operahve FIShenes Inveshgahon program
CAOS Co-ordmated Adnahc Observmg System
CARIACO Carbon Retenhon m a Colored Ocean Program
CARICOMP CarIbbean Coastal Manne ProdUctIVity
CBMP Chesapeake Bay Momtormg Program
CCAMLR COmmISSIon for the Conservahon of Antarchc Manne LIvrng Resources

http / /www ccamlr org
CCC Cod and ClImate Change (ICES/GLOBEC)
CCCC ClImate Change and Carrymg CapaCIty (PlCES/GLOBEC)
CCF One hundred CUbIC feet
CCS Cahforma Current System

http / /globec oce orst edu/groups/nep/mdex html
CDFO CanadIan Department of FIShenes and Oceans
CDOM Coloured DISsolved Orgamc Matter
CDQ Commumty Development Quota
CEMP CCAMLR Ecosystem Momtonng Program

http / /www ccamlr org/EnglISh/e_scIenhfIc30mmIttee/e_ecosystem_momtonng/e_ec
osys_momtonn~mtro htm

CENR COmmIttee on EnVIronment and Natural Resources
CEOS COmmIttee on Earth Observahon Satellites
CGOA Coastal Gulf of Alaska

http / /globec oce orst edu/groups/nep/mdex html
C-GOOS Coastal Panel of GODS
CHL Chlorophyll
CHM Cleanng-House Mechamsm of the Convenhon on BIOlOgical DIversIty
OFAR Cooperahve Inshtute for ArctIc Research

http / /www crfar uaf edu
http / /wwwcuaruafedu/fIsheneshtml

CIIMMS Cook Inlet Informahon Management and Momtonng System
http / /www dnr state ak us/ssd/cnmrns/cnmms_sum2 html

CIK Cook Inlet Keepers
CIMI Computer Interchange of Museum Informahon
CIRCAC Cook Inlet Regional CIhzens AdVISOry CouncIl
CISNet Coastal IntensIve SIte Network
CLEMAN Check LISt of European Manne Mollusca
CLIC ClImate and Cryosphere
CLIVAR ClImate VarIability and PredIctability Program
C-MAN Coastal Manne Automated Network
CMED/ GMNET Consorhum for Manne and Estuanne Disease/Gulf of MeXICO Network
CMI (MMS) Coastal Manne Inshtute
CMM COmmISSIon for Manne Meteorology (of WMO)
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 SensIng development
and vahdabon

COMBINE COoperabve MorutorIng In the Balbc Marrne EnvIronment
CoML Census of MarIne LIfe

http / / core ssc erc msstate edu/censhome html
CONNS Coastal Observrng Network for the Near Shore
COOP Coastal Ocean Observabon Panel
CoOP (NSF) Coastal Ocean Processes
COP Coastal Ocean Program
CORE Consorbum for OceanographIc Research and Educabon

http / / core ssc erc msstate edu/corehmpgl html
COSESPO Coastal Observrng System for the Eastern South PacIfIc Ocean
COTS CommercIal off the shelf software
CPR AdvISory Panel on Conbnuous Plankton Recorder Survey In the North PacIfIc (PICES)
CPTEC Center for Weather Forecasts and ClImate StudIes (Brasil)
CRIS Court RegiStry Investment System
CRP ComprehensIve Rabonahzabon Program
CSCOR Center for Sponsored Coastal Ocean Research
CSIRO Commonwealth ScIenbfIc and Industnal Research Orgaruzabon
CTD ConducbvIty temperature versus depth
OW Coastal Trapped Waves
CVOA Catcher Vessel Operabonal Area
CZCS Coastal Zone Colour Scanner
DARPA Defense Advanced Research Projects Agency
DBCP Data Buoy Cooperabon Panel
DBMS Database Management System
DDE DIchlorodIphenyldIchloroethylene
DDT DIchlorodIphenyltnchloroethane
DEOS Deep Earth Observatones on the Seafloor
DFO Department of FIshenes and Oceans, Canada
DMS DImethylsulphIde
DNMI Norwegian Meteorological Insbtute (Det norske meteorologISke rnsbtutt)
DO DIssolved Oxygen
DOC US Department of Commerce
DoD US Department of Defense
DODS DIstnbuted OceanographIc Data System

http / /wwwurudata ucar edu/packages/dods/
http / / dads gsa un edu/

DOE U S Department of Energy
DOl US Department of the Intenor
DON QUIJOTE Data ObservIng Network for the QuIJOTe
EA/RIR EnVIronmental Assessment/Regulatory Impact ReVIew
EASy EnVIronmental AnalySIS System
EC European Commuruty
ECDIS Electroruc Chart and DISplay Informabon Systems
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EC/IP ExecutIve Conumttee / ImplementatIon Panel for CCCC (PICES)
ECMWF European Center for MedIUm Range Weather ForecastIng
ECOHAB (NSF) Ecology of Harmful Algal Blooms
EDY Estuarme DynamICS
EEZ ExclUSIve EconOmIC Zone
EEZ(A) European EconOmIC Zone (Area)
EFH EssentIal FISh HabItat
EGB (NSF) EnVIronmental GeochemIstry and BIOgeochemIstry
EIOA European OceanographIc Industry ASSOCiatIon
ELOISE European Land-Ocean InteractIon StudIes
EMAP EnVIronmental Morutormg and Assessment Program

http //www epa gOY emap/
http //yosenute epa gov/rl O/oea nsf/I 887fc8bOc8f2aee8825648fO0528583/f7a660b35e
5d96df882568790053fcIO?()penJ)ocumnent

ENSO EI NIiio Southern OSCIllatIon
EOSDIS EOS Data and InformatIon System

http / / spsosun gsfc nasa gov/NewEOSDIS_Over html
EPA US EnVIronmental ProtectIon Agency
ERMS European Register of Marme SpecIes
ERS-l European Remote Sensmg satellite-l
ERS-2 European Remote Sensmg satallite-2
ESH (NSF) Marme Aspects of Earth System HIStory
ESIP Earth SCIence InformatIon Partners FederatIon
ESP Eastern South PaCIfIc
ESRI EnVIronmental Systems Research InstItute

ArcIMS system http / /www esn com/software/arclIDS/mdex html
ETL tools ExtractIon, TransformatIon, and Loadmg tools
EU European Uruon
EUMETSAT European OrgaruzatIon for the ExplOItatIon of MeteorolOgical Satellites
EuroGOOS European GOOS
EuroHAB European Harmful Algae Bloom
EVOS Exxon Valdez OIl Spill http / /www OI1spill state ak us/

BIbhography http / /www OI1spill state ak US/BIbho/bIbho htm
Fmal and Annual Reports http / /www 0I1spI11 state ak us/reports/clusters htm

F & A Fmance and AdmInIStratIon Conumttee (PICES)
FCCC Framework ConventIon on Chmate Change

Federal GeographIc Data Conumttee metadata reqUIrements
http / /wwwfgdcgov/metadata/metadatahtml

Federal SubsIStence FIShery Morutonng Program, Federal SubSIStence Management Program
http / /www r7 fws gov/ asm/home html

FGDC Federal GeographIc Data Conumttee
Frs FIShery SCIence Conumttee (PICES)
Fishbase, FishGopher, FIshNet searchable fIsh databases managed by multIple orgaruzatIons
FMP FIshery Management Plan
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FOCI Flshenes Oceanography Inveshgahons
http 11rho pmel noaa gov1card/long/home_page html

F-R Fundralsmg COmmIttee (PICES)
FY FIScal Year
GAIM Global AnalysIs, Interpretahon and Modellmg (IGBP)
GAK Gulf of Alaska
GAP Gap AnalYSIS Program
GARP Genehc AlgOrIthm for Rule-set Productron
GBIP Global BIOdIversIty Informahon Facility
GC Governmg Council (PlCES)
GCM Global ClImate Model
GCN Global Core Network
GCOS Global ClImate Observmg System

http 11193135216 2/web/gcos/pub/dlID_vLl html
GCRMN Global Coral Reef Momtormg Network
GCTE Global Change and Terrestnal Ecosystems (IGBP)
GEF Global EnvIronmental FacilIty
GEM Gulf Ecosystem Momtormg
GEO Global Eulenan Observahons
GEOHAB Global Ecology of Harmful Algal Blooms
GHL GUldelme Harvest Level
GIPME Global Inveshgahon of Polluhon m the Marme EnVIronment
GIS GeographIc Informahon System
GIWA Global Internahonal Water Assessment
Gil Global Imager
GLOBE Global Learnmg and Observahons to BenefIt the EnVIronment

http Ilwww globe gov
GLOBEC Global Ocean Ecosystem DynamICS

http Ilcbl umces edu/fogarty/usglobecl
GLOBEC NEP GLOBEC Northeast PacIfIc

http 11globec oce orst edulgroupsinep1mdex html
GLORIA GeolOgIcal Long-Range Inclmed AsdIC
GLOSS Global Sea-Level Observmg System
GMBIS Gulf of Marme BIOgeographIc Informahon System
GNP Gross Nahonal Product
GOA Gulf of Alaska
GODAE Global Ocean Data AssImI1ahon Expenment
GOES Geostahonary Operahonal EnVIronmental Satellite
GOOS Global Ocean Observmg System

http Ilwww gos udel edu
GPA/LBA Global Programme of Actron for the Protechon of the Marme EnVIronment from

Land-Based ActrVlhes
GPO GOOS Project Office
GPS Global Poslhomng System
GSC GOOS SteerIng COmmIttee
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GTOS Global Terrestnal Observmg System
GTS Global Telecommurucahons System
Gill Graplucal User Interface
HAB harmful algal bloom

http Ilwww redhde WhOl edu/hab
HABSOS Harmful Algal Bloom Observmg System

http Ilwww habhrca noaa gov
RAPC HabItat Areas of PartIcular Concern
HELCOM HelsmkI COmmIssIOn-Balhc Marme EnVIronment Protechon COmmISSIon
HMAP HIstory of Marme Ammal Populahons
HMS HydrometeorologIcal ServIce
HNLC lugh mtrate, low chlorophyll waters
HOTO Health of the Oceans
HPLC HIgh Performance LIqUId Chromatography
IABIN Inter-AmerIcan BIOdIversIty Informahon Network
WInter-AmerIcan Inshtute
rARC Internahonal ArctIc Research Center, Umverslty of Alaska

http Ilwww Iarc uaf edul
IARPC Interagency ArctIc Research Pohcy COmmIttee

http Ilwww nsf gov/od/opP/arctIc/Iarpc/start htm
IBOY Internahonal BIOdIversIty Observahon Year
IBQ IndIVIdual Bycatch Quota
lCAM Integrated Coastal Area Managementl Integrated Coastal Area Management Programme
ICES Internahonal Council for the Explorahon of the Sea
ICLARM Internahonal Center for LIVIng Aquahc Resources Management
ICM Integrated Coastal Management
ICSU Internahonal Council for ScIence
ICZN Internahonal Code of ZoolOgIcal Nomenclature
IFEP Iron Ferbhzahon ExperIment Panel (PlCES)
IFQ IndIVIdual FIshmg Quota
IGAC Internahonal Global AtmospherIc ChemIStry Project (IGBPI CACGP)
IGBP Internahonal Geosphere-BIOsphere Programme

http I Iwww Igbp 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
lGOSS Integrated Global Ocean ServIces System
IGS Internahonal GPS ServIce for Geodynarrucs
IGU Internahonal Geograpluc Umon
llIDP Internahonal Human DImensIOns Programme on Global EnVIronmental Change
lIP Internahonal Ice Patrol
I-LTER Internahonal LTER
IMS Inshtute of Marme SCIence, Umverslty of Alaska
InfoBOOS BOOS Informahon System
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INPFC InternatIonal North PacrfIc Flshenes ComnussIOn
http / /wwwnpafc org/mpfc/mpfc htrnl

10C Intergovernmental OceanographIc Comnusslon (of UNESCO)
http / / IOC unesco org/Iyo/

10CCG InternatIonal Ocean-Color CoordmatIng Group
lODE InternatIonal OceanographIc Data and InformatIon Exchange

http / /IOC unesco org/IOde/mdex htm
100S Integrated Ocean Observmg System

http / / core sse erc msstate edu/oceanobs htrnl
IPCC Intergovernmental Panel on ClImate Change
IPHAB Intergovernmental Panel on HABs
IPHC InternatIonal PaCInc HalIbut ComnussIOn

http / /www Iphc washmgton eduf)
IPSFC InternatIonal PacIfIc Salmon FIShmg ComnussIOn
IRFA ImtIal Regulatory FleXIbility AnalysIS
IRIU Improved RetentIon/Improved UtIhzatIon
ITAC ImtIal Total Allowable Catch
ITIS Integrated TaxonOmIC InformatIon System
ITSU 10C TsunamI Warnmg System m the PacIfIc
IUCN The World ConservatIon Uruon
Japanese ADEOS-2 satellite http / /seawmds 1pl nasa gov
JCOMM Jomt Techrucal ComnussIOn for Oceanography and Manne Meteorology
JDBC Java Database ConnectIVIty
JDIMP Jomt Data and InformatIon Management Panel
JGOFS (NSF) Jomt Global Ocean Flux Study

http / lads smr wb no/mofshgofs htm
KBRR Kachemak Bay Research Reserve

Kachemak Bay EcolOgIcal CharactenzatIon study
http / /www state ak us/adfg/habltatjgerunfo/nerr/kbec/mdex htrn

KRSA KenaI RIver SportfIshmg AssoCIatIon
LAMP Local Area Management Plan
LATEX Lowslana-Texas shelf study
LEO Long-term Ecosystem Observatory
LEO-15 Long-term Ecosystem Observatory at 15-m depth
LExEn (NSF) LIfe m Extreme EnVIronments
LIDAR LIght DetectIon and Rangmg
LISt of oceanographIc data servers http / /gcmd gsfc nasa gov/pomters/ocean htrnl
LLP LIcense 1IrnItatIon Program
LMR lIvmg Manne Resources
LOICZ Land-Ocean InteractIons m Coastal Zone
LTER Long-term EcolOgIcal Research (NSF) http / /lternet edu/
LTOP Long-Term ObservatIon Program

http / /globec oce orst edu/groups/nep/mdex htrnl
LUCC Land Use/Cover Change (IGBP/IHDP)
MABNET Man and the BIOsphere Network
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MARBID Manne BIOdIversIty Database
MARGINS (NSF) Contmental Margms
MarLIN Manne Laboratones InformatIon Network
MAROB Manne ObservatIon
MAST Marme SCIence and Technology
MBARI Monterey Bay Aquanum Research InstItute

http / /www mbarl org/aboutf
MBF One thousand board feet
MBMAP AdVISOry Panel on Manne Brrds and Mammals (PlCES)
MBNMS Monterey Bay NatIonal Manne Sanctuary

http / /bomta mbnms nos noaa gov/research/mb_workshop/rndex html
MEHRL Marme EnVIronmental Health Research Laboratory

http / /wwwcofcedu/-gnce/mehrl
MEL Master EnVIronmental LIbrary

http / /www-mel nrlmry navy mIl/
MEQ Manne EnVIronmental Quahty COmmIttee (PlCES)
MERIS MedIum ResolutIon Imagmg Spectrometer
MetOp MeteorolOgIcal OperatIonal
MFS MedIterranean Forecastmg System
MMPA Manne Mammal ProtectIon Act
MMRC The North PacIfIc UmversItIes Manne Mammal Research ConsortIum

consortIum@zoology ubc ca
MMS Mmerals Management ServIce
MMS OCSES Outer Contmental Shelf EnVIronmental StudIes
MODEL Conceptual / theoretIcal and Modehng StudIes Task Team (PlCES)
MODIS Moderate ResolutIon Imagmg SpectroradIOmeter
MONITOR Momtor Task Team (PlCES)
MOOS Ocean Observmg System of the Monterey Bay Aquanum Research InstItute

http / /www mban org/default htm
MOO Modular Optoelectromc Scanner
MPA Manne Protected Areas (DOC/DOI)

http / /www mpa gov
MRB MaxImum Retamable Bycatch
MSFCMA Magnuson-Stevens FIShery ConservatIon and Management Act
MSY MaxImum Sustamable YIeld
mt MetrIC tons
NA Northern AdrIatIc
NABIN North Amencan BIodIversIty InformatIon Network
NABIS NatIonal AquatIc BIOdIversIty InformatIon Strategy
NAML NatIonal AsSOCIatIon of Manne Laboratones
NAO North AtlantIc OscillatIon
NASA NatIonal AeronautIcs and Space AdmmIstratIon
NASA/AMSR Advance MIcrowave Scannmg RadIometer

http / /wwwghcc msfc nasa gov/ AMSR/
Earth ScIence EnterprISe http / / www earth nasa gov
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NASAlGRACE GraVIty Recovery and ClImate Expenment
http IIessp gsfc nasa gOYIessprrussIOns html

NASA/NASDA TropIcal RaInfall Measurement MIssIOn
http Illtpwww gsfc nasa gOYIMODISIMODIS html

NASA/Sahmty and Sea Ice WorkIng Group
http Ilwww esr org/lagerloef/ssIwg/ssIwgrep1 v2 html
NASA/SeaWIFS http IlseaWIfs gsfc nasa gOY
Naval OceanographIc OffIce

http 1112816023 51/noframe/select products htm
NAWQA NatIOnal Water QualIty Assessment Program
NCAR Nabonal Center for AtmospherIc Research
NCDC Nabonal OImate Data Center

http IIwww ncdc noaa gOYI
NCEP Nabonal Centers for EnVIronmental ProtectIon
NDBC Nabonal Data Buoy Center
NDVI NormalIzed DIfference Vegetabon Index
NEAR-GOOS North East ASIan GOOS
NEMO Naval Earth Map Observer
NEODAT Inter-Insbtubonal Database ofFIsh BIOdIverSIty In the NeotrophIcs
NEP Nabonal Estuarary Program
NERR Nabonal Estuarme Research Reserve
NESDIS Nabonal EnVIronmental Satellite, Data, and Informabon Servtce
NGO Non-governmental orgaruzabon
NGOA Northern Gulf of Alaska
NIST NatIOnal Insbtute of Standards and Technology

http I Iwww mst gOYI
NIWA Nabonal Insbtute of Water and Atmosphere Research
NMFS Nabonal Marme FIsherIes ServIce

http I Iwww nmfs gOYI
NM1v1HSRP Nabonal Marme Mammal Health and StrandIng Response Program

http IIwww nmfs gOYIproCreslovervtewImmhealth html
NMML Nabonal Marme Mammal Laboratory

http Ilnmml afsc noaa govlAlaskaEcosystems/sslhome/FILEINFO htm
NOAA Nabonal Oceamc and AtmospherIC Adrrumstrabon
NOAA HAZMAT Hazardous MaterIals Program
NOAA NOS Nabonal Ocean Servtce
NODC Nabonal OceanographIc Data Center

http I Iwww nodc noaa gOY
NOLS Nabonal Outdoor LeadershIp School
NOPP (NASA) Nabonal Ocean PartnershIp Program

http I I core ssc erc msstate edu/NOPPpg1 html
NOPPO Nabonal OceanographIc PartnershIp Program Office
NORLC Nabonal Ocean Research LeadershIp CouncIl
NORPAC North PacIfIc, an mformally orgaruzed group of screnbsts responsIble for collabng

and publIshmg much of the oceanographIc data collected In the North Pacmc Ocean durmg
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the penod of approxImately 1930 to 1965 These data were pubhshed ill several volumes by
the Umversity of Cahforma Press ThIs data set IS collectIvely known as the NORPAC data

NOS NatIonal Oc~anServIce
http I Iwww nos noaa govI

NPAFC North PacrfIc Anadromous FISh COmmISSIOn
http I Iwww npafc org
http Ilwww pac dfo-mpo gc ca/scI/pbs/pages/NPAFC hbn

NPDES NatIonal PollutIon DIScharge EhmmatIon System
NPFMC North PacrfIc FIshery Management COunCll
NPO North PacrfIc OscillatIon
NPOESS NatIonal Polar-OrbitIng EnvIronmental Satellite System
NPS NatIonal Park ServIce
NRC NatIonal Research COunCll
NRT Near Real TIme
NS&T NatIonal Status and Trends Program

http I I ccmaserver nos noaa govINSandTINew_NSandT html
NSF NatIonal ScIence FoundatIon
NSIPP (NASA) Seasonal-to-Interannual PredIctIon Program
NURP (NOAA) NatIonal Undersea Research Program
NVODS NatIonal VIrtual Ocean Data System http Iinvods orgl
NVP Nearshore Vertebrate Predator project
NWP numencal weather predIctIon
NWS NatIonal Weather Set:Vlce

http I Iwww nws noaa govI
OAR OffIce of Oceamc and Atmosphenc Research (NOAA)

http I I oar noaa govI
OBIS Ocean BIogeographIcal InformatIon System

wwwcomlorg
OCC Ocean CarryIng CapaCIty
OCSEAP Outer ContInental Shelf EnVIronmental Assessment Program
OCTS Ocean Color and Temperature Scanner
OE (NOAA OAR) Office of Ocean ExploratIon

http I I oceanpanel nos noaa govI
OECD OrgarnzatIon for EconOmIC Co-operatIon and Development
OFP Ocean Flux Program
OMB OffIce of Management and Budget
OOPC Ocean ObservatIons Panel for Chmate
OOSDP Ocean Observmg System Development Panel
OPA 90 Oil PollutIon Act of 1990

http Ilwww pwssc-osn orgldocslopa90 html
OPR Office of Protected Resources

http Ilwww nmfs gov/proCres/proCres html
ORAP Ocean Research AdVISOry Panel
ORNL Oak Ridge NatIonal Laboratory

Mercury http IlbeIJa-flor ornl gov Thai
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OSNLR Ocean ScIence rn Relahon to Non-Llvrng Resources
OSPARCOM Convenhon for the Protechon of the Marrne Envrronment of the North-east

AtlantIc
OSRI Prrnce WIlham Sound Oil Spill Recovery Inshtute

http / / www pwssc-osn org/mISSIOn/mISSIOn fr html
OSSE Observahon System SImulahon Expenments
OSlP OffIce of ScIence and Technology Pohcy
OY Ophmum Yield
PAG Pubhc AdVISOry Group
PAGES Past Global Change (IGBP)
PAH Polyaromahc hydrocarbons
PAR Phosynthehcally Available RadiatIon
PC PubhcatIon COmmIttee (PlCES)
PCAST PresIdent's COmmIttee of AdVIsors on ScIence and Technology
PCB Polychlorrnated bIphenyls
pec Pollock Conservahon CooperatIve
PDO PacIfIc Decadal Oscillahon
PICES Data Bases http / /plces lOS bc caldata/webhst/webhst htm
PICES North PacIfIc Marrne ScIence Orgarnzahon (not an acronym)

http / / plces lOS bc cal
PICES TechnIcal COmmIttee on Data Exchange http / /plces lOS bc caldataldataf htm
PIRATA Pilot Research Array rn the TropIcal Atlanhc
PISCO PartnershIp for the InterdISCIplInary Study of Coastal Oceans

http / /www plscoweb org/
PMEL PacIfIc Marrne Envrronmental Laboratory

http / /www pmel noaa gov/
PMEL Berrng Sea and North PacIfIc Ocean Theme Page www pmel noaa gov/berrng
POC PhYSICal Oceanography and ClImate COmmIttee (PlCES)
POLDER Polanzahon and Drrechonahty of the Earth's Reflectances
POM Prrnceton Ocean Model
PORTS PhySIcal OceanographIc Real-TIme System
PORTS/VTS PORTS/Vessel TraffIC SerVIces
POST PacIfIc Ocean Salmon Trackrng Project
PRODAS Prototype Ocean Data AnalYSIS System
PROFC Programa Regional de OceanografIa FISIca y ClIma
PSC PacIfIc Salmon COmmISSIOn

http / /www psc org/Index htm
PSMFC PacIfIc States Marrne Flshenes COmmISSIOn

http / /www psmfc org/
PSMFC Regional Mark Processrng Center

http / /www rmIS org/rndex html
PSP ParalytIc ShellfIsh POIsonrng
PST PacIfIc Salmon Treaty
PWS Prrnce WillIam Sound
PWSAC PWS Aquaculture Corporahon http / / www ctcak net/-pwsac/
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PWSRCAC PWS RegIonal CItIzens AdVISory Councrl
PWSSC Prmce WIlham Sound ScIence Center

http / / www pwssc-osri org/
QAQC QualIty Assurance and QualIty Control
QC qualIty control
QUIJOTE QuIckly Integrated Jomt Observrng Team
R&D Research and Development
RACE Resource Assessment and Commumty Ecology
RAMS RegIonal Atmosphenc Modelmg System
RCAC RegIonal CItIzens AdVISOry Council
RCRA Resource Conservatlon and Recovery Act
RDP Ribosomal Database PrOject
REX RegIOnal Expenments Task Team (PlCES)
RIDGE (NSF) Ridge InterdIscIplmary Global Expenments
RLDC ResponsIble Local Data Center
RLDC ResponsIble Local Data Center
RMI Remote Method Invocatlon
RNODC ResponsIble Natlonal OceanographIc Data Center
RSN RedSur Network
S1 SeSSIOn 1 - Scrence Board SymposIUm on SubarctIc gyre processes and therr mteractIon WIth

coastal and transihon zones phYSICal and bIOlOgIcal relahonshIps and ecosystem Impacts
(PlCES)

S2 SeSSIOn 2 - BIO TOpIC SeSSIOn on Prey consumphon by hIgher trophIc level predators m
PlCES regIons Imphcahons for ecosystem studIes (PlCES)

53 SeSSIOn 3 - Jomt BIO / CCCC TOpIC SeSSIOn on Recent progress m zooplankton ecology study
m PlCES regIons (PlCES)

54 SeSSIOn 4 - FIS TOpIC SeSSIOn on Short lIfe-span qwd and fIsh as keystone specIes m North
Pacmc marme ecosystems (PICES)

55 SeSSIOn 5 - POC TOpIC SeSSIOn on Large-scale crrcu1ahon m the North Pacmc (FlCES)
56 SeSSIOn 6 - Jomt POC / BIO TOpIC SeSSIOn on North Pacmc carbon cyclmg and ecosystem

dynanucs (PlCES)
S7 SeSSIOn 7 - CCCC TOpIC SeSSIOn on Recent fmdmgs and comparISOns of GLOBEC and

GLOBEC-hke programs m the North Pacmc (PICES)
58 SeSSIOn 8 - MEQ TOpIC SeSSIOn on Envrronmental assessment of Vancouver Harbour results

of an mternahonal workshop (PlCES)
S9 SeSSIOn 9 - MEQ TOpIC SeSSIOn on ScIence and technology for enVIronmentally sustamable

marIcu1ture m coastal areas (PICES)
SAFE Stock Assessment and FIshery Evaluahon Document
SAR Synthehc Aperture Radar
SB ScIence Board (PICES)
SBIA (NSF) Shel£-basm Interactlons m the Arctlc
SCAMIT Southern CalIforma AsSOCIahon of Marme Invertebrate TaxonomISts
Sq-IGBP) ScrenhfIc COmmIttee for the IGBP
SOCEX (NSF) ScIence Ice ExerCIse
SCOPE ScIenhfIc COmmIttee on Problems of the EnVIronment
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SCOR SCIentIfIc Comnuttee on Ocearuc Research
SCS South Chma Sea
SEA Sound Ecosystem Assessment
SEARo-I Study of EnVIronmental Arcbc Change
SEAS Slupboard EnvIronmental Data AcqUlsibon System
SeaWIFS Sea-vIewmg WIde Fieid-of-view Sensor
SEI SpecIal Events Imager
SEPOA Southeast PacIfIc Ocean Array
SFOS School of FISherIes and Ocean SCIences
SG SeaGrant

http / /www nsgo seagrant org/
SGI State of the Gulf Index
SHEBA (NSF) Surface Heat Budget of the Arcbc Ocean
SIMBIOS Sensor IntercomparISon and Merger for BIOlogical and InterdIScIplmary OceanIc
StudIes
SIMoN Sanctuary Integrated Morutonng Network

http / /www mbnms nos noaa gov/Research/sImoniSImon htm
SLFMR Scannmg Low Frequency Microwave RadIometers
SO-GLOBEC Southern Ocean Programme (GLOBEC)
SOIREE Southern Ocean Iron release experIment

http / /kabpo ruwa en nz/-hadfIeld/gustjIron
SOLAS Internabonal Convenbon for Safety of We at Sea
SPACC Small PelagiC FIsh and ClImate Change (GLOBEC)

Specrmen Bankmg Project
http / /wwwnwfscnoaa gov/pubs/tm/tm16/tm16 htm

SQuID Structured Query and Informabon DelIvery
SSC ScIentIfIc and StatISbcal COmmIttee
SSE (NOAA) Sustamable Seas ExpedIbon
SSF Storm Surge Forecast System
SSH Sea Surface HeIght
SSM/I SpeCIal Sensor Microwave/Imager
SSS Sea Surface SalmIty
SST Sea Surface Temperature
STAMP SeabIrd Tissue Arcluval Morutonng Project
START Global Change System for AnalYSIS, Research and Trammg (IGBP)
STD Sahruty Temperature Depth recorder
STORET System (EPA)

http / /www epa gov/ owow/STORET
SWAO South Western Atlanbc Ocean
TAC Total Allowable Catch
TAO TropICal Atmosphere Ocean (buoy array)

http / /www pmel noaa gov/ togaOtao/revIew98/data html
TASC Transatlanbc Study of Calanus fmmarclucus (ED)
TCODE Techrucal COmmIttee on Data Exchange (PICES)
TCP TropIcal Cyclone Programme
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TEMA Trammg, E;ducatIon and Mutural AssIStance (lOC)
TOGA TropIcal Ocean and Global Atmosphere
TOPEX/Poseiden http I I topex-www 1pl nasa gov
TIP TOPEX/Poseldon
UAA Umversity of Alaska, Anchorage
UAF Umversity of Alaska, Farrbanks
UN Umted NatIons
UNCED The Umted NatIons Conference on EnVIronment and Development
UNCLOS Umted NatIonal ConventIon on the Law of the Sea (Montego Bay, 1982)
UNEP Umted NatIons EnVIronmental Programme
UNESCO Umted NatIons EducatIonal, ScIentIfIc and Cultural OrgaruzatIon

http II lOC unesco orgllOcwebI
UNFCCC Umted NatIons Framework ConventIon on Chmate Change
USARC US ArctIc Research COmmlSSIOn
USCG US Coast Guard
USDA US Department of Agnculture
USDllliS US Department of Health and Human ServIces

http IIwww os dhhs govI
USFS U S Forest ServIce
USGCRP (NASA) US Global Chmate Research Program
US GLOBEC (NSF) US Global Ocean Ecosystem DynamICS

http I Icbl umces edu/fogarty/usglobecl
USGS US GeolOgical Survey

http IIwww usgs govI
USNO US Naval Observatory

http Ilwww usno navy mIll
VBA Vessel Bycatch AccountIng
VENTS (NOAA) Vents Program
VIP Vessel IncentIve Program
vas Volunteer Observmg Slups
WI Workshop 1- MONITOR Workshop on Progress m momtormg the North Pacmc (PICES)
W2 Workshop 2 - REX Workshop on Trends m herrmg populatIons and trophodynamICS

(PICES)
W3 Workshop 3 - MODEL Workshop on Strategies for couplmg lugher and lower tropluc level

marme ecosystem models (PICES)
W4 Workshop 4 - BASS Workshop of Development of a conceptual model of the SubarctIc

Pacmc basm ecosystem(s) (PICES)
W5 Workshop 5 - IFEP Plannmg Workshop on Deslgnmg the Iron fertilizatIon expenment m

the SubarctIc Pac1flc (PICES)
W6 Workshop 6 - (BIO I MBMAP) - The basIS for estImatIng the abundance of marme bIrds

and mammals, and the lffipact of theIr predatIon on other organISms (PICES)
W7 Workshop 7 - C02 Data SynthesIS SympOSIum (PICES)
WAM Wave Model
WCRP World C1lIDate Research Program (lCSUIIOC/WMO)
WES Waterways ExperlIDental StatIon

APPENDIX A 15



----------------------- ._-

GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

WESTPAC IOC Sub-CornnusslOn for the Western Pacmc
WG Workmg Group (PlCES)
WHOI Woods Hole Oceanograpluc Insbtubon
WMO World MeteorologIcal Orgamzabon
WMS Open GIS Consomum's Web Mappmg Server

http / / www opengIS org/techno/ specs/ Ol-047r2 pdf
WOCE (NSF) World Ocean Crrculabon Experunent (WCRP)

http / /www soc soton ac uk/OTHERS/woceipo/ipO html
http / /www ems udel edu woce/

WODC World Oceanograpluc Data Center
WOOD World-Wide Oceans Opbcs Database
WWW World Weather Watch
XBT expendable bathythermograph
XCDT expendable conducbvIty, depth and salmIty deVIces
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OVERVIEW OF THE GEM DOCUMENT

The Gulf Ecosystem Morutormg (GEM) Program Document has been prepared m
two volumes to more easily descnbe the baSIC morutormg and research program
(Volume 1) while provIdmg access to the factual basIS for the program (Volume II)
Volume I explaInS the basIC motIvatIons for the program, InformatIon needs, and
the strategies for meehng these InformatIon needs (see Table a 1 below) Volume II
presents the factual basIS for the program, mcludmg the detailed descnphons of
two Iffiportant components of the program (1) modelmg and (2) data management
and InformatIon transfer Table a 1 IdenhfIes the questIon addressed by each
chapter and the products provIded The OvervIew FIgure, followmg the table,
illustrates the structure of the GEM Program Document

Table 0 1 Contents of the GEM Program Document

Chapter Title &Question Addressed Products

Volume I-Strateglc Plan for MOnltonng and Research

VIsion MISSion and goals

Why do thIS and what do we hope to Program context
achIeve?

/

{

2

3

4

5

6

Human Uses and ActiVIties

What are the human actIvitIes In the regIon
and thetr potentJallmpacts?

GEM Information Needs

What informatIon do we need?

Program Components and Strategies

How can we get the informatIOn we need?

Momtonng Plan & Research Agenda

What are we gOing to do to get the
informatIon when WIll we do It and WIth
whom?

Program Management

What are the processes and polICIes for
monltonng and research?

Issues of concem to the Trustee
CounCil and public

SpeCific questions and
information needs

Key components and
Implementation strategies

Starting POint for Implementation
process

The Gulf Ecosystem Momtonng
and Research Program

Volume II-The Historical Legacy BUlldmg Blocks for the Future

BUilding on Lessons of the Past Past expenence

What do other regIonal manne sCIence Hypotheses and strategies
programs have to teach us?

I
""

2

3

Llngenng Effects of the 011 Spill

What does expenence from the all spIll teach
us?

SCientific Background

What IS publtshed that can help us?

Pastexpenence

Current knowledge of the Gulf of
Alaska

General research questions

VOLUME II, OVERVIEW
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Table 0 1 Contents of the GEM Program Document

II

Chapter Title & Question Addressed

4 Conceptual Foundatron

How do we thmk the ecosystem works?

5 Modeling

What IS the role of modelmg m GEM
ImplementatIOn?

6 Data Management and Informatron Transfer

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

A AppendIx A Acronyms and Web Links

B Appendix B FIsh and Invertebrate SpecIes
from 1996 Trawl Survey of
the Gulf of Alaska

C Appendix C North PaCIfic Models of the
Alaska Flshenes SCience Center and
Selected Other Organlzatrons

D Appendix D Gulf Ecosystem MOnltonng and
Research (GEM) Database

E AppendIx E Glossary of EXlstrng Agency
Programs and Projects

VOLUME II, OVERVIEW

Products

Central hypothesIs and questIon

Modeling definitions and optIons
for program Implementation

Data management and
information transfer optrons for
program ImplementatIon

!
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GEM MISSI~:AND ~OALS J
,,' /-1 --,

Conceptua(Foundation lr.

Central H~pothesiS ~j
& Key Questions

Scientific background &
general research questions

Gap Analysis
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Figure 0.1. An overview of the structure of the GEM Program Document showing the relation of
key concepts to the habitat types and the schedule of implementation
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1.1 Alaska Regional
Marme Research Plan
(1993)

c' 1. BUILDING ON THE LESSONS OF THE PAST

In ThIS Chapter

~ Background on other relevant programs

~ Studtes supported by Trustee Council fundmg

The Gulf Ecosystem Momtonng (GEM) program IS not the frrst attempt to look
at large areas of Alaska's marme ecosystems from a broader perspectIve The
Exxon Valdez Otl Spill RestoratIon Program, as well as a number of other programs,
prOVIdes valuable guIdance

As explamed m Volume I, long-term enVIronmental momtonng and ecosystem
studIes WIll be deSIgned to rncrease our understandmg of the bIolOgical processes
of the spill area ecosystem m the context of natural forces and human actIVItIes

The Alaska ReglOnal Manne Research Plan (ARMRP)
(1993) IS a marrne SCIence planmng document WIth
a broad geographIc scope that was prepared
under the U S Regional Marrne Research Act of
1991 For all marme areas of Alaska, rnc1udmg the

Gulf of Alaska (GOA), the plan prOVIded fIve elements of rnterest to the GEM

program

1 An overvIew of the status of marme resources,

2 An mventory and descrIptIon of current and
antICIpated marme research,

3 A statement of short- and long-term marme
research needs and prIorItIes,

Goals ofother major
programs are relevant

to the GEM effort

4 An assessment of how the research and
momtonng actIVItIes under the program take advantage of eXIStIng
proJects, and

5 DeSCrIptIons, tIme tables, and budgets for research and momtormg to be
conducted under the program

ARMRP goals express the SCIentIfIc needs of the Alaska region as of 1992 and are
stIll relevant to the GEM effort because they will accomplISh the followmg

• DIstInguISh between natural and human-rnduced changes m marrne
ecosystems of the Alaska region,
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•

•

•

DIStInguIsh between natural and human-mduced changes m water quahty
of the Alaska regIon,

StImulate the development of a data gathermg and sharmg system that wIll
serve sCIentIsts m the regIon from government, acadeIll1a, and the private
sector m deahng WIth water qualIty and ecosystem health Issues, and

ProvIde a forum for enhancmg and mamtammg broad dISCUSSIOn among
the marme sCIentIfIc commuruty on the most direct and effectIve way to
understand and address ISsues related to mamtaInIng the health of the
water qualIty and ecosystem health m the regIon

1.2 Bermg Sea
Ecosystem Research
Plan (1998)

The Benng Sea has receIved a good deal of
attention because of concern about long-term
declmes m populations of hIgh-profIle speCIes
such as kIng and tanner crab, Steller sea hons,
spectacled elders, Steller's elders, common

murres, thIck-bIlled murres, and red-legged and black-legged kittIwakes (DOl et al
1998b) The GEM Ill1SSIOn statement IS consIstent WIth the VISIon of the federal
state regulatory agencIes for the Benng Sea Ecosystem Research Plan (DOl et al
1998a), whIch follows "We enVISIOn a productive, ecologIcally dIverse Bermg Sea
ecosystem that WIll provIde long-term, sustaIned benefIts to local commurutIes and
the nation" The basIc concepts of the GEM program are also consIstent WIth the
overarchmg hypotheses of the Bermg Sea plan

•

•

Natural VarIablhty m the phySIcal enVironment causes shIfts m trophIc
(food web) structure and changes m the overall productivIty of the Bermg
Sea

Human rrnpacts lead to enVIronmental degradation, mcludmg mcreased
levels of contaIll1nants, loss of habItats, and mcreased mortalIty on certam
speCIes m the ecosystem that may trIgger changes m speCIes composItion
and abundance

1 3 GLOBEC (1991 to
Present)

2

In addItion, four of the research themes of the Benng Sea plan-varIabIlIty and
mecharusms m the phYSIcal enVIronment, mdIVIdual speCIes responses, food web
dynaIll1cs, and contaIll1nants and other mtroductIons--are closely alIgned WIth the
conceptual foundation of the GEM program (see Chapter 4, Volume II) Current
research programs for the Benng Sea (DOl et al 1997) often overlap WIth the
programs IdentIfIed m the database of ongomg and hIStOrical GOA projects
(dIScussed m Chapter 4, SectIon 4, Volume 1)

The SCIentIfIc COIllIll1ttee on Ocearuc Research
(SCOR) and the Intergovernmental
OceanographIc COIllIll1SSIOn (lOC) estabhshed the
Global Ocean Ecosystem DynaIll1cs (GLOBEC)

program m late 1991 GLOBEC IS the core project of the International Geosphere
BIOsphere Programme responsIble for understandmg how global change WIll affect
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abundance, dIversIty, and productIVIty of manne populatIons The program
focuses on the regulatory control of zooplankton dynamlcS on the bIOmass of many
fIsh and shellfIsh

The GLOBEC ScIence Plan (U S GLOBEC 1997) descnbes an approach that uses
a combmatIon of neld observatIons and modelmg to concentrate on the IDlddle and
upper trophIc levels of the ecosystem The GLOBEC goal IS as follows "To
advance our understandmg of the structure and functIonrng of the global ocean
ecosystem, Its major subsystems, and Its response to phYSIcal forcmg so that a
capability can be developed to forecast the responses of the manne ecosystem to
global change"

The overarchrng concept IS that marme and terrestrIal ecosystems have close
connectIOns among energy flow, cheIDlcal cyclrng, and food web structure GEM
morutormg actIVItIes WIll be consIstent WIth these addItIonal GLOBEC concepts

•

•

•

•

Changes m abundances of brrds, fIsh, shellfIsh, and mammals (hIgher
trophIc levels) usually reflect changes m phYSICal and cheIDlcal processes,

The actual effects on abundances of hIgher trophIc level anunals may
depend on how these physIcal and cheIDlcal changes act on food
productIon through effects on lower trophIc level speCIes,

Changes m the dOIDlnant speCIes at each trophIc level are consIstent WIth
changes m the phYSICal and cheIDlcal systems, and

Understandrng how the domrnant speCIes at each trophIc level change
through hIDe requrres knowledge of the energy and nutrIent budgets of the
ecosystem

1.4 SCientific Legacy of
the Exxon Valdez Oil
Spill (1989 to 2002)

EcolOgical knowledge gamed m the years
followmg the 1989 Exxon Valdez Oil SpIll (EVOS)
forms a substantIal porhon of the foundatIon of
the GEM 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 sCIenhllc legacy of the
Exxon Valdez Oil Spill Trustee Council (Trustee CounCIl) creates the need to
understand the causes of populatIon trends m mdIVldual speCIes of plants and
anunals through hIDe and the need to dIstInguIsh human Impacts from those of
clImate and mteractIons WIth related speCIes

The studIes supported by the Trustee Council smce 1989 mclude more than 1,60
damage assessment studIes costIng more than $100 IDlllion, as well as hundreds of
restoratIon studIes costIng approxImately $170 millIon These studIes have resulted
m more than 400 peer-revIewed SCIentIfIc pubhcatIons, mcludmg numerous
dISsertatIons and theses In addItIon, hundreds of peer-revIewed project reports
are available through the Alaska Resources LIbrary and InformatIon SeTVlces
(ARUS) and state and uruversity hbrary systems Many TInal reports are available
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rn electroruc format through the Trustee CouncIl offices or ARLIS A current
electroruc bIblIography of sCIentIfIc publIcatIons sponsored by the Trustee CouncIl
IS avaIlable on ItS Web sIte (WWW O1lspill state ak us) or on request to the Trustee
CouncIl (EVROTCB 2001) A lIst of Trustee CouncIl proJects, as well as a complete
lIst of £mal and annual project reports, also IS aVaIlable on the Web SIte or on
request (EVROFAB 2001)

In addItIon to much specIfIC InformatIon on the effects of 011 on the plant and
anIffiallIfe rn the spIll area, the studIes also prOVIde a wealth of ecolOgIcal
InformatIon Most promrnent among the Trustee CouncIl'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 perIod, SEA brought together a team of
SCIentISts from many dIfferent dlsclplrnes to understand the bIolOgIcal and phySIcal
factors responsIble for producrng herrrng and salmon rn PWS When completed,
the data collected durrng SEA are expected to form the baSIS of numerIcal models
capable of sImulahng the oceanographIc processes that rnfluence the survIval and
productIvIty of Juverule prnk salmon and herrrng rn PWS SEA has already
prOVIded new InsIghts rnto the CrItIcal factors that rnfluence fIsherIes productIon,
rncludIng ocean currents, nutrIent levels, ffilXIDg of water masses, sallllity, and
temperatures These observatIons have made It pOSSIble to model how phySIcal
factors rnfluence productIOn of plant and arumal plankton, prey, and predators rn
the food web

The Nearshore Vertebrate Predator (NVP) project IS a SIx-year, $6 5 mIllIon
study of factors lImIhng recovery of two fISh-eahng speCIes, rIver otters and pIgeon
guillemots, and two rnvertebrate-eahng speCIes that rnhablt nearshore areas,
harlequrn ducks and sea otters The project looked at 011 exposure, as well as
natural factors such as food aVaIlabIlIty, as potentIal factors rn the recovery of these
rndlcator speCIes, and has contrIbuted to rncreased understandrng of the lrnkages
between terrestrIal and marrne ecosystems (see Chapter 3, SectIon 2, Volume II)

The Alaska Predator Ecosystem ExperIment (APEX) IS an eIght-year,
$108 mIllIon study of ecolOgIcal relatIons among seabuds and theu prey speCIes
The APEX project explored the CrItICal connectIon between productIvltIes of marrne
bud populatIons and forage fIsh speCIes, rn an attempt to understand how wlde
rangIng ecolOgIcal changes mIght be related to £1uctuahng seabud populatIons In
addItIon, analyzrng the food of marrne buds shows prOmIse rn provldrng
abundance estImates for key fIsh speCIes, such as sand lance and herrrng

The followrng tOpICS also have been covered by other Trustee Counol-funded
studIes and the results are avaIlable rn publIshed SCIentIfIc lIterature

•

•

PhYSIcal and bIolOgIcal oceanography,

Marrne food web structure and dynamICS,
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• Predator-prey relatIonslups among brrds, ftsh, and mammals,

• The source and fate of carbon among species,

•

•

•

•

Developmental changes m tropluc level Withm species,

Marme growth and survival of salmon,

Intertldal commumty ecology, and

Early life lustory and stock structure ill herrmg

Many studies have focused on key mdividual species mJured by the oil spill,
mcludmg pmk and sockeye salmon, cutthroat trout, Pacllic herrmg, black
oystercatchers, nver otters, harbor seals, mussels, and kelp

One of the most extensive senes of smgle-species mvestIgatIons is the
$14 million SUite of pmk salmon studies These mclude momtonng the toXiC effect
of oil, conductIng genetic studies related to sUTVlval, and supplementIng select
populatIons Another extensive senes of studies was done on PacIftc herrmg
Roughly $6 milhon has been spent on the restoratIon of PacIftc herrmg ill additIon
to the fundmg for the herrmg component of SEA Smce the crash of 1993, the
population has yet to recrUit a lughly successful post-spill year-elass Current
illvestIgatIve strategies are focused on the full range of causes of the crash, such as
disease and ecolOgical factors, mcludmg the effects of oceanograpluc processes on
year-class strength and adult distnbutIon and understandmg stock structure

More than $5 mIllion has been spent on the restoratIon of marme mammals,
pnmarily harbor seals, a major source of subSiStence food m the diet of Native
Alaskans m the northern GOA Harbor seal populatIons were dechmng before the
spill, took a big lut at the tIme of the spill event, and have continued to dechne ever
smce, although the rate of dechne seems to have slowed Food aVailability is the
major focus of current research, because diSease and other factors have been ruled
out as causes
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2. LINGERING EFFECTS
OF THE EXXON VALDEZOIL SPILL

In TIns Chapter

~ DescrIphon of the Exxon Valdez oil spIll and settlement

~ Status of mJured resources and servIces

~ Concerns WIth lmgermg oil effects

On March 24,1989, the YjV Exxon Valdez ran aground on Bhgh Reef m PWS,
spIllmg almost 11 mIlhon gallons of North Slope crude oil The event was the
largest tanker spill m U S hIstory, contammahng about 1,500 mIles of Alaska's
coastlme, kIllmg bIrds, mammals and fISh, and diSruphng the ecosystem m the
path of the spreadmg oil

In 1991 Exxon Corporahon agreed to pay the Umted States and the State of
Alaska $900 mIllion over 10 years to restore, replace, enhance, or acquIre the
eqUIvalent of natural resources mJured by the spill, and the reduced or lost human
servIces they provIde (Umted States of AmerIca and State of Alaska 1991) Under
the court-approved terms of the settlement, the Trustee Council was formed to
admImster the restorahon funds Twelve years after the spill, total recovery has shli
not been achIeved Table 21 lISts resources and the status of theIr recoverIes as of
March 1999 More detaIl as of March 2001 are provIded below

2.1 Status of Recovery Not Recovermg

EIght speCIes conhnue to be lISted as not
recoverIng common loons, cormorants (pelagiC,

double-crested, and red-faced), harbor seals, harlequm ducks, kIller whales (AB
pod), and pIgeon guillemots The factors affechng theIr recovery status vary or are
unknown

Common Loon Loons are long-hved, are slow-reproducmg, and have small
populahons Common loons m the spill area may number only a few thousand,
mcludmg only hundreds m Prmce WIlham Sound (PWS) Yet carcasses of 395
loons were recovered followmg the spill, mcludmg at least 216 common loons
Boat surveys m the sound show no recovery through 2000

Cormorant Cormorants are large fish-eahng bIrds that spend much of theIr
hIDe on the water or perched on nearby rocks Three speCIes typIcally are found
Withm the oil-spill area pelagiC, double-crested, and red-faced Post-spill counts
showed sIgmhcant declmes m the eshIDated numbers of cormorants (all three
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Table 2 1 Status of Resources Injured by the Exxon Valdez 011 Spill
as of March 1999

Not Recovermg Recovermg Recovered

Common loon Archaeological Bald eagle
resources

Cormorants Black oystercatcher River otter
(3 species)

Harbor seal Clams

Harlequin duck Common Murre

Killer whale (AB Intertidal commumbes
pod)

Pigeon gUillemot Marbled murrelet

Mussels

Pacific herring

Pink salmon

Sea otter

Sediments

Sockeye salmon

Subbdal commumtles

Recovery Unknown

Cutthroat trout

Designated Wildemess
Areas

Dolly Varden

KJtthtz s murrelet

Rockfish

8

The following Injured human services are considered to be recovenng commercial fishing
passive use recreabon and tounsm and subsistence

speCIes combmed) m PWS when compared to pre-spill populahons Boat surveys
m the sound show no recovery through 2000

Harbor Seal Harbor seal populahons m PWS and the GOA have declmed by
80 percent m the last 20 years The declmes may be related to envIronmental
changes occurrmg smce the late 1970s, but thIs IS unclear The ou spill kIlled an
eshmated 300 seals, resulhng m a i-year drop of 43 percent m oued areas of the
sound The declme has conhnued at an average rate of about 3 3 percent from 1990
to 1999

Harlequtn Duck Harlequm ducks feed m mterhdal and shallow subhdal
habItats where most of the spilled ou was IDlhally stranded Three years of data on
overwmtermg adult female harlequms mmcate sIgrufIcantly lower SurvIval rates m
oued versus unoued parts of the sound Researchers conhnue to VIew conhnued
hydrocarbon exposure as a potenhal contnbuhng factor to theIr lack of recovery

Ktller Whale The AB pod of killer whales, whIch lost 13 of 36 members m the
2 years followmg the ou spill, has yet to regam ItS former SIze, even though the
overall SIZe of the GOA populahon has mcreased smce the spul The pod lost
several adult females and Juveniles, and It IS expected to take many years for
natural reproduchon to make up for those losses The pod has mcreased by two
members smce 1996

Ptgeon Gutllemot The pIgeon guillemot populahon m PWS had declmed
before the spIll, and It IS eshmated that 10 to 15 percent of the spill-area populahon '_ )
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may have dIed followmg the spIll Surveys m the sound show no eVIdence of a
post-spill populatIOn Increase through 1998

Recovered

At the other end of the recovery scale are bald eagles and nver otters These
speCIes have been declared "recovered" because their populations now appear
healthy

Bald Eagle An estImated 6,000 bald eagles lIve year-round or seasonally m
PWS Although an estImated 250 eagles dIed durmg the spIll, the populatIon
rebounded qUIckly and the bald eagle was formally desIgnated as recovered m
1996

Rtver Otter RIver otters feed m mtertIdal areas, makIng them vulnerable to
spIlled 011 StudIes from 1989 to 1991 IdentIfIed dIfferences m the bIOchemIstry and
behavIOr of nver otters m oiled and un01led areas RIver otters were lIsted as
recovered m February 1999 after 2 years m whIch dIfferences were no longer
measurable

Recovering

Several resources appear to be makIng clear progress toward recovery, but
have not yet met specIfIc recovery obJectives These mclude black oystercatchers,
common murres, marbled murrelets, mussels, PacIfIC herrmg, pmk salmon, sea
otters, sockeye salmon, clams, and mtertIdal and subtidal communIties

Black Oystercatcher It IS estimated that there are only about 15,000 black
oystercatchers worldWIde, about 10 percent of whIch summer m PWS They spend
their entIre lIves m the mtertIdal area and are hIghly vulnerable to spilled 011
Oystercatchers appear to be reoccupymg and nestIng at once-oiled SItes, and there
are no oil-related dIfferences m the productivIty of black oystercatchers and
SUrvival to fledgmg of their chIcks

Common Murre About three-quarters of all the bird carcasses found after the
spill were murres, and the losses resulted m declInes of as much as 40 percent m
local common murre populations By 1997, common murre colorues had bounced
back to near pre-spIll populatIOn levels Though the 1997 El NIfio brought a
temporary setback for the murres, the murre populatIons appear to be recovered
now at the Barren Islands Surveys at the ChIswell Islands WIll take place m 2001

Marbled Murrelet The marbled murrelet IS lIsted as a threatened speCIes
throughout the PacIfIC Northwest, but IS relatively abundant m Alaska It IS
estImated that as much as 7 percent of the marbled murrelet populatIon m the spIll
area was killed by the spill Marbled murrelets declmed before the spIll, losmg 67
percent of their population m PWS smce 1972 Murrelet numbers m wmter
mcreased after the spill and productiVIty appears to be Withm normal bounds
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Mussel Beds To protect mussel beds and the many specIes they harbor from
addItIonal rnJury, the beds were not cleaned after the spill Twelve years later, oil
persIsts rn some mussel beds rn PWS, proVIdrng potentIal pathways of 011
contamrnatIon for sea otters, nver otters, black oystercatchers, and harlequrn ducks

Pactftc Hemng Some PacIfIc herrrng spawnrng areas were contamrnated by
oil, resulhng rn rncreased egg mortalItIes and larval deformltIes Although the
sIgnIfIcance of these lilltIal rnJunes to long-term populatIon levels has not been
estabhshed, sharp dechnes rn hernng numbers after the spIll and httle recovery
srnce are cause for concern PacIfIC herrrng rn PWS suffered a dramatIc collapse rn
1993 The commercIal herrrng fIshery rn the sound was closed for four succeSSIve
years, openrng agarn rn 1997 and 1998 In 1999, the herrrng populatIon suffered
another setback and the commercIal season was agarn closed rn 1999 and 2000
Although It IS hIghly unlIkely that PacIfIC herrrng conhnue to be affected by any
reSIdual 011 rn the spill area, full recovery to pre-spIll populatIon levels awaIts
recruItment of a major new year-class of fIsh

Pmk Salmon. Overall, prnk salmon are recoverrng well from the effects of the
oil spIll There had been recent concerns about the sensItIVIty of early lIfe stages of
prnk salmon to very low localIzed concentratIons of crude oil, and on thIs baSIS the
Trustee Council lIsted the prnk salmon as recoverrng from the effects of the oil spill
rn 1999, the last hIDe the rnJured speCIes lISt was fully evaluated

Sea Otter An eshIDated 13,000 sea otters currently populate PWS It IS clear
that recovery IS under way for sea otters, WIth the exceptIon of local populatIons rn
the most heavily OIled bays on Krught Island The lack of recovery at Krught Island
may reflect the extended hIDe requrred for populatIon growth for a long-lIved
mammal WIth a low reproductIve rate and slow dIspersal rate, but It also could
reflect the effects of conhnurng exposure to hydrocarbons or a combrnatIon of both
factors

Sockeye Salmon Nearly all commerCIal salmon bshrng was closed throughout
the spill regIon rn 1989, allowrng many more sockeye spawners than desrrable to
enter some watersheds ThIs produced an unusually hIgh abundance of Juvenile
sockeye that depleted the food resources of the nursery lakes The result was an
overall declrne rn growth of Juveniles and reduced rates of adult returns to some
areas Although the rates of adult returns appear to be returnrng to normal,
accounhng for returns from some of the affected brood years has yet to be
completed

Interttdal and Subttdal Communtttes Interhdal and subtIdal commurutles are
well on therr way to recovery, but recovery has generally been laggIng ill the upper
rnterhdal zone Subtldal commurutles rnclude such speCIes as eelgrass, starfIsh,
and helmet crabs that remarn nearshore but underwater at all hIDes Interhdal
commurutIes rnclude the flora and fauna that lIve between the low- and hIgh-tlde
hnes, such as clams, Fucus, barnacles, and ch1tons I

~
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Recovery Unknown

For some specIes, not enough IS known about theIr ongrnal mJury, current
populations, reproductive success, and overall health to make a Judgment on theIr
recovery SpecIes for whIch recovery IS unknown are cutthroat trout, Dolly
Varden, KItt1Itz's murrelets, and rockfIsh

Cutthroat Trout PWS cutthroat trout populations are small and
geographIcally Isolated Cutthroat trout, therefore, are hIghly vulnerable to
explOItatIOn, habItat alteration, and pollution In 1989 and 1990, followmg the oil
spill, cutthroat trout m a number of oiled streams grew more slowly than m
unoiled streams However, studies have smce found rnherent dIfferences m
growth between the eastern and western sound, and a faIrly hIgh degree of overall
vanability m growth Current mformatIon IS not suffICIent to quantIfy the possIble
mJury to cutthroat trout, and theIr recovery status IS unknown

Dolly Varden. Dolly Varden had some of the hIghest hydrocarbon
concentrations of any fISh studIed m 1989 There 18 eVIdence that Dolly Varden m a
number of oiled streams grew more slowly than m unoiled streams m 1989 and
1990 The degree of exposure makes It lIkely that Dolly Varden were mJured by the
spill, but the lack of hIstoncal data prevents quantIfymg those mJUrIes and theIr
recovery status IS unknown

Ktttlttz's Murrelet KItthtz's murrelets are found only m Alaska and portlons
of the Russian Far East It IS estlmated that more than 1,000 mdividuals died from
the 011 spill, whIch would represent a substantial fraction of the world population
Very httle IS known about thIs specIes Small population, low reproductIve
success, and affImty to tidewater glacIers (some of whIch are recedmg rapIdly) are
reasons for concern about the long-term conservation of KItthtz's murrelet

Rockfish Relatively httle 18 known about the complex of rockfIsh populations
m the northern GOA Some dead adult rockfIsh were recovered followmg the 011
spill, and autopsIes mdIcated 011 mgestIon as the cause of death In addition,
closures of salmon fishenes apparently mcreased fIShmg pressure on rockfIsh
However, the ongrnal mJury from the spill IS uncertam, as are any long-term
effects

Human Sennces The hves of the people who hve, work, and play m the areas
affected by the spill were completely disrupted m the spnng and summer of 1989
CommercIal fIshmg families dId not fIsh Those people who traditionally SUbsISt
on the fISh, wildlIfe, and plants of the regIOn could no longer trust what they were
eating and turned Instead to hIgh-pnced grocenes Recreational opportunities
were mostly shut down and the worldwIde Image of an attractive and pnstIne PWS
was tamlShed WIth 011

Twelve years later, a sense of normalcy 18 returmng to the spill regIOn, but
reSIdents, fIshers, and the tOUrIsm/recreation mdustry have not fully recovered
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2.2 Concerns about
Lmgermg Effects

Long-term environmental
momtorlng and ecosystem studies

will be deSigned to Increase
our understanding of

the biologicalprocesses of
the spJlI area ecosystem In

the context ofnatural forces
and human actIVities
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The Trustee CouncIl deternuned that the "human servIces" of commercIal
fIshIng, SubSIstence, recreahon/ tounsm, and paSSIve use will have recovered when
the mJured resources on whIch they depend are once agam healthy and produchve
Because that level of recovery has not been achIeved, each of these servIces IS
consIdered to be recovermg

There are two mam concerns about the
lmgenng effects of oiling from the 1989 EVOS
The fIrst IS the potenhal effect of pockets of
reSIdual 011 m the enVIronment Laboratory

studIes have shown that contact WIth petroleum hydrocarbons from weathered oil,
even m very small amounts, can kIll or harm early lIfe stages of pmk salmon and
PacIfIc herrmg It IS not yet known, however, whether such effects are actually
occurrmg to any sigrufIcant degree m PWS or at other locahhes WIth reSIdual oil
TISsue samples from hIgher vertebrates, such as sea otters and harlequm ducks,
also mdIcate possIble ongomg exposure to petroleum hydrocarbons m PWS The
effects of thIs exposure are not well establIshed at the level of mdlvldual anImals or
at the populahon level

The second concern IS the ability of populahons to fully recover by overcommg
the changes m the populahon dynamICS resulhng from the illlhal OIl-related
mortahhes and the mterachon of these effects WIth those of other kmds of changes
and dISturbances m the marme ecosystem Changes m populahon dynaIDlcs are
mdlcated by changes m the age dIstnbuhon m the populahon or abundance,
among other metrlcs Sea otters around northern Krught Island are an example of a
speCIes that have experIenced prolonged changes m populahon dynamICS m the
heaVIly oiled western porhon of PWS The combmed effects of the 011 spill and the
1998 El Nlfio event on abundance of common murres m the Barren Islands IS an
example of pOSSIble mterachve, or cumulahve, lIDpacts Another example IS how
the negahve lIDpacts of changes m the availabilIty of forage fIshes may have
combmed WIth oIl-related mortahhes to mterfere WIth the rate of recovery of
seabIrds, such as the pIgeon gmllemot

Durmg the next several years, studIes of lmgermg 011
spIll mJury and recovery will mcreasmgly be mcorporated
mto long-term enVIronmental momtormg and ecosystem
studIes These long-term studIes are expected to mcrease
our understandmg of the bIOlOgical processes of the spill
area ecosystem m the context of natural forces and human
achvlhes, mcludmg the oil spill Some 011 spill momtormg
achVlhes (such as reSIdual oil m the envIronment) may be
repeated penodIcally as mdIcated by mformahon
developed m the long-term studIes

When evaluahng lmgermg effects of the 011 spill, It IS lIDportant to bear m mmd
that not all sClenhfIc results from the NRDA and Trustee CouncIl mveshgahons are
available yet Although the oil spIll occurred more than a decade ago, results of
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studIes are stIll bemg publIshed on a regular basIS The Trustee CouncIl database
of peer-revIewed publIcatIons and theses resulbng from ItS oil spill mvestIgatIons
currently contaIns more than 400 CItatIons (EVROTCB 2001) New publIcatIons
from oil spill mvestIgatIons are expected for at least the next three years In
addItIon, much addItIonal detaIled data that cannot be publIshed m peer-revIewed
lIterature because of space lImItatIons IS bemg added m the form of £mal reports
from oil spill mvestIgatIons (EVROFAB 2001) It WIll be a number of years after the
completIon of the 011 spIll restoratIon mvestIgatlOns before thIs mformatIon IS fully
available

2 3 References

EVROFAB 2001 Exxon Valdez Oil Spill RestoratIon Office bIblIography of £mal and
annual reports Anchorage, Alaska, Exxon Valdez all Spill Trustee Council

EVROTCB 2001 Exxon Valdez all SpIll RestoratIon Office bIblIography of
publIshed oil spill mvestIgatIons Anchorage, Alaska, Exxon Valdez Oil Spill
Trustee Council

Uruted States of Amenca and State of Alaska 1991 Memorandum of agreement
and consent decree, A91-081 ClV
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(~ 3. SCIENTIFIC BACKGROUND

In Thts Chapter

> Descnphon of the sCIentIfIc understandmg of the Gulf of Alaska

> IdentIfIcahon of physIcal, chelTIlcal, and bIOlogical charactenshcs

> DISCUSSIOn of changes m populahons, predators, and prey

Introduction

The cold and turbulent Gulf of Alaska (GOA) IS
one of the world's most produchve ocean regions
It sustaIns Immense populahons of seabIrds,
marme mammals, and fIshes, and provIdes a way
of lIfe for tens of thousands of Alaskans Indeed,

the gulf IS shll wild, full of lIfe, and deserves protechon and WISe management as
one of the bIO-gems of the planet

Summary of the
Scientific Background
for the Northern
Gulf of Alaska

Just why the GOA IS so unusually produchve remams unclear The fIsh, bIrds,
and mammals at the top of the food cham are supported by a dIverse marme food
web, dependent on the phYSICal char<;ictenshcs of an ever-ehangmg ocean- one
that expenences seasonal, annual, and longer-penod extremes m weather and
clImate The plant nutrIents come from deep water, fuelmg produchon at the base
of the marme food web ThIS produchon IS eventually expressed m the stock SIZe
and produchon of hIgher-level consumers Somehow, phYSICal condIhons m thIs
regIOn promote sufficIent exchange between deep and shallow waters to bnng
these ferhhzmg elements to the surface, where they shmulate plant growth each
year To understand the gulf's complex ecosystem, and the produchVlty of Its
speCIes bIg and small, will reqUITe more preCISe knowledge about the mterachons
between many bIOlOgical and phySIcal factors

Fortunately, recent studIes provIde a SCIentIfIc 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 assocrahons are mfluenced by
shIfts m ocean clImate and human achVlhes-provides exclhng new posslbIhhes
for understandmg thIs great ecosystem ThIs knowledge will help resource
managers sustam populahons of these speCIes despIte growmg human mfluence m
the region (possIble clImate change and elevated polluhon levels) and the pressure
of mcreased human use (harvests, recreahonal Impacts, and populahon)

/
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ThIs summary descnbes the northern GOA ecosystem as It IS now understood,
and reveals gaps In current knowledge about the dynamICS of hIgher-level
productIvIty (A reader seekrng greater detallIS referred to the text In the full
SCIentIfIc Background)

The Prmclpal Habitats and Llvmg Resources

The extent of damage resultIng from the maSSIve oilIng of Pnnce Wilham
Sound and the coastal waters to the west In the spnng of 1989 will never be fully
known In the short term, Gulf Ecosystem MomtorIng (GEM) studIes will focus on
the spill-affected resources that remaIn at nsk But the Exxon Valdez Oil Spill
Trustee Council (Trustee Council) has deCIded to COmmIt Its long-term support to a
program of broader ecolOgIcal research and envIronmental momtonng The effort
will center on the major phySIcal and bIOlOgIcal phenomena that Influence marIne
productIvIty In the prInCIpal habItats of the northern GOA For purposes of the
GEM program, these habItats have been IdentIfIed as

• The coastal watersheds,

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

• The Alaska Coastal Current (ACC), and

• The offshore areas embraCIng the contrnental shelf break and beyond to the
contrnental slope and deep ocean baSIn

In these InteractIng envIronments, SCIentIsts will seek to understand how the
domrnant fIShes, seabIrds, and marIne mammals use theIr cntIcal habItats to
sustaIn theIr populatIons In the face of cyclIng ocean clImate, commercIal and
subSIStence harvests, and threats from pollutIon and dISeases

The Watersheds
The extensIve coastal watersheds that dram Into the northern GOA represent

spawrung and rearIng habItat for anadromous speCIes lIke PacIfIc salmon and
eulachon, and nestrng habItat for some seabIrds hke marbled murrelets The
carcasses of spawned-out salmon supply substantIal amounts of marIne-denved
nutrIents to the poorly nOUrIshed streams, lakes, and nvers used for theIr
reproductIon In addItIon, dyIng salmon prOVIde a food supply for many bIrds and
mammals throughout the coastal range Bears, eagles and many gulls benefIt
locally from thIs extensIve forage resource Analyses have also shown that marrne
denved mtrogen from anadromous fIshes leaves a detectable SIgnal In many coastal
plant commurutIes

The human harvest of anadromous speCIes may affect not only those speCIes,
but also all of the plants and anImals touched by marIne nutrIents Therefore,
understandIng the dIStrIbutIon of marIne nutrIents by anadromous fIsh speCIes
puts a new dImensIOn on fIShenes management So, It IS 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 reqUITe long-term
momtormg of the flux of manne nutnents

These same watersheds expenence extensIve human activIty m addItion to
fIshIng Large-scale logging and commerCIahzatIon, mcludmg coastal settlements
and towns, can alter or destroy some habItats Expandmg recreational actiVIties m
the coastal zone between Prmce Wilham Sound and KodIak Island will also mclude
addItional land uses Compared WIth other regions m North Amenca, however,
most watersheds m the penphery of the GOA are remote and relatively
undIsturbed

The IntertIdal andSubtIdal
The mtertIdal and shallow subtidal habItats are represented by a vanety of

near-shore estuarme, fjord, and exposed coastal settIngs These habItats range from
preCIpItous and rocky, to gently slopmg WIth muddy or sandy bottoms The
mtertIdal and shallow subtidal zones are among the most productive of marme
habItats m the GOA Here the annual growth of mIcroalgae, seaweeds, and
seagrasses supports many mvertebrates that, m turn, are food for fIshes, marme
brrds, and mammals GuIllemots and sea otters, for example, depend on the crabs,
clams, and mussels, along WIth small benthIc fIshes, found m the mtertIdal and
subtIdal habItats ThIs speCIalIzed edge-zone habItat IS also a nursery for Juvemle
pInk and chum salmon, and Juvenile Pacmc herrmg for several months each year
Huge schools of spawnmg hernng and capehn depOSIt theIT eggs m the shallows
each sprmg These mass spawnmgs mduce a feedIng frenzy that may last for a
week or more Gulls, kittIwakes, seals, sea hons, fIshes, and a varIety of large
mvertebrates gather to feed on the egg masses The fIsh eggs are often eaten m
huge numbers by shorebrrds and other speCIes that stop over m the region durmg
the sprmg mIgration

The mtertIdal and shallow subtidal zones may be at greatest rIsk to human
actiVIties There IS mcreasmg use of vehIcles, boats, and arrcraft by recreatIonalISts
and sport fIshermen to explOIt these areas In addItIOn, floatIng pollutants and
refuse, partIcularly plastic matenals from the fIShIng mdustry, make landfall m the
mtertIdal zone UnlIke the coastal watersheds that remam relatively unaltered at
many locations, It IS rare to walk the mtertIdal zone anywhere m the GOA and not
see eVIdence of human actiVIty The degree to whIch these"footprmts" result m
enVIronmental degradation IS clear m the case of 011 and tOXIC spills, but largely
unknown for other pollution

The Alaska Coastal Current
HuggIng the mner thIrd of the contInental shelf, the ACC proVIdes a SIzeable

and ecolOgically Important transItion zone between the shallow, nearshore
commumtIes and the huge outer-shelf and oceamc pelagiC ecosystems Fed by
runoff from glaCIers, snowmelt, and raInfall, the well-defIned coastal current IS a
near-shore "nver m the sea" WIth a freshwater output about one and a half tImes
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that of the MISSISSIppI RIver It flows consIstently to the north and west around the
northern GOA from BrItIsh ColumbIa to Urumak Pass on the AleutIan Cham The
ACC, urged along by coastal wmds, dIStrIbutes subarctIc plankton commurutIes
around the region and mto protected mSIde waters such as Pnnce 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 or on ISlands where protectIon from
predators IS afforded by the IsolatIon of rocky clIffs Because of thIs nestIng
behaVIOr, the dIstrIbutIon and abundance of seabrrds durmg therr reproductIve
season IS governed prImarily by the availability of SUItable, safe nestIng SItes and
access to adequate prey Seabrrds m the GOA are often grouped on the baSIS of
therr foragmg behaVIOr Surface feeders lIke kittIwakes 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 Seabrrds feed close to
colorues when opportunItIes anse, 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 offspnng

Marme mammals resIdmg m the ACC are prImarily 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 prImarIly) or transIent
(feedmg mostly on other marme mammals) Seals, sea hons, and sea otters bear
and protect therr offsprIng m coastal rookerIes sprmkled 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 Juverules appear to be more confIned
to the waters near rookerIes By comparISon, sea otters and harbor seals are almost
sedentary m habIt, usually rangmg only short dIstances for food Juvenile and
adult harbor seals hunt and consume a vanety of fIshes, sqUIds, and octopus m
mostly coastal habItats WhIle sea otters can retrIeve food from depths to 100 m,
they rarely leave the shallow coastal areas where they hve as generahst predators
on a broad array of sessile or slow-movmg macro-mvertebrates, mcludmg clams,
mussels, crabs, sea urchIns, and starfIshes

Many fIshes and shellfIshes also hve, feed, and reproduce m the ACC Coastal
rockfIshes, PacIfIC herrIng, Juvenile and adult walleye pollock, Juvenile and adult
salmon, adult cod, and many speCIes of shrImpS and crabs occur m protected
fjords, Inlets, bays, and sounds where they forage and/or reproduce, and where
therr early lIfe stages feed and grow HalIbut and lIngcod occur abundantly m
some seasons, and kmg crabs that feed and grow m deeper shelf and slope
envrronments 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

18 VOLUME II, CHAPTER 3



GULF ECOSYSTEM MONITORING AND RESEARCH PROGRAM

weeks or even months, the flow of the ACC serves to dIStrIbute these forms to the
varIety of coastal habItats found around the edge of the gulf

The same coastal flow that benefIts so many speCIes may also serve to distrIbute
marme pollutants Oil spilled m the northeastern comer of Prmce WIlham Sound
by the Exxon Valdez entered the coastal flow and was carrIed hundreds of mIles to
the west, foulIng beaches along the outer Kenai Penmsula, m lower Cook Inlet, on
KodIak Island, and along the southern Alaska Penmsula A future tOXIC spIll m
shelf or coastal waters southeast of Prmce WillIam Sound could conceIvably be
spread across the entIre northern GOA by the coastal flow

Offshore Mid-shelfandDeeper Waters
Arrowtooth flounder, PacIfIc ocean perch, walleye pollock, PacIfIc halIbut and

PacIfIc cod (m descendmg order of Importance) composed the bulk of the trawl
caught stock of ground fIshes m shelf and contmental slope enVIronments of the
GOA m 1996 These waters, whIch begm at the outer edge of the ACC-about 20 to
30 mIles offshore - delIneate a huge marme ecosystem East of Prmce WillIam
Sound, the shelf IS narrow, so the mId-shelf and deeper waters are close to the
coast, about 30 to 50 mIles South and west of the sound, the shelf broadens to 100
to 120 mIles m WIdth before narrowmg agaIn south of the Alaska Penmsula and
Aleutian Islands These dIfferences m shelf WIdth prOVIde seabIrds, seals, and sea
hons at some coastal locations 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 Spatial dIfferences of thIs kmd may be Important to
recogruze when comparmg the reproductive successes of bIrds and mammals m
rookenes from dIfferent locations m the gulf

Because the Alaska Current has It southern ongms m the ocearnc Subarctic
Current, marme pollution and floatmg refuse from as far away as ASia, or
ongmatIng from delIberate deep-ocean dumpmg or aCCIdents at sea, can be swept
north and westward around the shelf edge m the GOA Trash from the
mtematIonal fIshmg mdustry operatmg 200 mIles offshore IS commonly found on
beaches Some of these pollutants can also be carned westward to the gulf m the
atmosphere

Intermediate Levels of the Food Web

Food webs are really pyramIds WIth seabIrds, marme mammals, and fIshes at
the top that depend InItially on energy captured by marme plants at theIr base
Although there are hundreds-perhaps thousands-of dIfferent plant and anImal
plankters mvolved m the synthesIS and InItial transfer of organIc 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 relatively
modest varIety of small schoolIng fIshes and macroplankters, but they are
consumed m very large numbers SeabIrds are the clearest illustration Out of the
hundreds of fISh speCIes m the gulf, a substantial portIon of the diets of seabIrds
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cOnsIsts mamly of smelts (capelm, eulachon, and rambow smelt), Juvemle hernng,
pollock and salmon, PacIfIc sand lance, PacIfIc sandflsh, lanternfIshes, and adult
euphausuds 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
exhIbIt schoolIng behaVIOrs that concentrate them for theIr bIrd, mammal, and
larger fIsh predators Herrmg, capelm, sand lance, and lanternfIsh 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 dIStrIbutIOns, abundances, and forage requIrements of these speCIes are poorly
understood The mfluence of clImate change on theIr populahons IS also poorly
known ThIs IS partly because rouhne censusmg technIques are used prImarily to
count and map adult stocks of commerCIal unportance, and Ignore the smaller
forage fIshes Modem technIques that use hIgh-speed mId-water and surface
trawls, marme acoushcs, UDAR (lIght detechon and rangmg), aenal surveys, and
momtormg the dIets of top consumers lIke bIrds and large commerCIal fIShes WIll
make It pOSSIble to learn more about thIs vltallmk m the food web

Forage fIShes are often taken m the bycatch of federal and state-regulated
fIshenes m the GOA, and while the proporhon relahve to the target speCIes tends to
be small, It may be ecolOgIcally sIgmfIcant m some cases Flshenes targetmg
hernng, salmon, and pollock all have mCldental catches of Juvemles that mIght be
aVOIded as the mdustry develops new eqmpment and technIques to mIrunuze 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 WIlham Sound to recover from 011 spill mJunes may be
due, m part, to an abnormally hIgh mCldence of VIral HemorrhagIC SephcemIa
(VHS) and a marme fungus plagmng these stocks

Plankton and Lmkages to the PhySical Oceanography

Oceamc, shelf, and coastal plankton are the base of a vast food web supportmg
most seabIrds, marme mammals, and fIshes These hny drIfters are supplemented
by nch populahons of plants and mostly small benthIc mvertebrates that feed
hIgher-level consumers m mterhdal 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 commumty does playa drrect and
Important role durmg the early lIfe hIstory of most fIshes Ichthyoplankters -larval
and Juvemle fIshes and shellfIShes - 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 Juvemle stages,
only a frachon survIve to Jom the adult populahons Tradlhonally, thIs surVIVal
rate was eshmated m fIeld studIes of the early lIfe stages of fIsh, mcludmg the
phySIcal and chemIcal charactenshcs of the rearmg waters These studIes have led
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to several Important Ideas about cntIcal ecologIcal bottlenecks m the early
development of fIsh larvae and Juvemles lInkIng changes m ocean currents and
clImate wIth dIstnbutIon, growth, and survIval T1us dIrect tIe to ocean clImate
creates an Important "handshake" that extends through the food web to adult fIsh
stocks Unfortunately, the small number and patchy dIstnbutIon of
Ichthyoplankters relatIve to the non-fIsh plankton creates some extremely senous
dIffIcultIes WIth samplmg and data mterpretatIon that hmIt the early-lIfe hIstory
approach

The bloom of plankton each sprmg defInes the cycle of manne productIon for
that and succeedmg years as the Impact of the planktomc bIOmass moves through
the food web The plankton commurutIes undergo huge seasonal changes m rates
of photosynthesIs and growth, and m theIr standIng stocks each year ImtIated m
the sprmg by a stabilIZIng upper layer and mcreasmg ambIent lIght levels, the
phytoplankton commuruty undergoes explosIve growth durmg April, May, and
June before bemg controlled by nutrIent depletIon, smkmg, and zooplankton
grazmg The orgamc matter produced m thIs burst of productIvIty mostly
compnses a relatIvely small number of dommant speCIes In a sImilar way,
shallow-water plants-mIcroalgae, seaweeds, and sea grasses-provIde much of
the plant-denved orgamc matter m mtertIdal and shallow subtIdal areas In the
late fall, plankton stocks plummet dramatIcally and remam low durmg wmter and
early sprmg

The hmmg, duratIon and mtensIty of marme plant blooms are controlled
largely by the phySIcal structure of the water column Dependmg on the VarIable
condItIons of any gIven spnng, the plant bloom may be early or late by as much as
3 weeks WarmIng 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 lilltIates the growth of phytoplankton stocks also restrIcts the
vertIcal movement of dIssolved mtrogen, phosphate, and SIlIcon, resultIng m a
dramatIc slowmg of growth m early and mId-summer PrevIOUS work suggests
that wmter-condItIoned temperature and sahmty mfluences plankton productIon,
workIng m concert WIth sprmg weather condItIons to establIsh the overall success
of the spnng bloom Recent observatIons from moormgs that momtor cW.orophyll
m the water mdIcate that a fall phytoplankton bloom also occurs m Pnnce Wilham
Sound m some years, but not others T1us burst of productIon peaks m September
and can last through November The ecologIcallffiportance of thIs late-season
productIon and the phySIcal forces that unleash the bloom are not yet understood

By defImtIon, the plankton are dnfters, they have lIttle or no mobility
Therefore, theIr geographIcal locatIons are determmed prImanly by ocean currents
However, because many zooplankters are capable of daily and/or seasonal vertIcal
mIgratIons of 100 m or more, these mIgratIons may mteract WIth vertIcal or
hOrIZontal currents m ways that create localIzed swarms and layers (patches) of
plankton m the ocean These patches proVIde food for bIrds, fIshes, and marme
mammals Whales feedmg on surface or subsurface swarms of large copepods or
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euphusnds, and adult pollock and herrmg £I1termg or gulpmg large calanOld
copepods m surface layers, are examples of patch feedmg Because the plankton
can be concentrated or dISpersed by ocean currents, fronts, and eddIes, the physIcal
oceanography plays a huge role m creatmg and mamtammg "feedmg statIons" for
marme bIrds, mammals, and fIshes

The marme productIon cycle beyond the shelf edge IS exceptIonally complex
PhotIc zone levels of mtrogen, phosphate, and silIcon are apparently available m
suffiCIent quantItIes to promote phytoplankton productIon durmg the sprmg,
summer, and fall However, levels of chlorophyll (a measure of the concentratIon
of hvmg phytoplankton m the water) m the upper layers remam very low
throughout the year at many locatIons In the coastal regions and mner shelf, there
IS a burst of chlorophyll-the "bloom" -each sprmg ThIs bloom results from an
Imbalance 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 IS very httle "excess" plant matter m the water to smk to the deep sea bed
ThIs balancmg act m offshore waters has generally been attrIbuted to the abIhty of
the ffilcrograzers to efficIently"crop down" the plant stocks and prevent blooms

It has been suggested that morgaruc Iron from atmosphenc sources IS llffiltmg
plant productIvIty to very small cell SIZes at the ocean surface These mIcrOSCOpIC
plants are cropped effICIently by ocearuc protozoans and other mIcroconsumers
Unhke the shelf and coastal plankton, where large cham-fOrmIng dIatoms feed the
macrozooplankton dIrectly, the ocearuc food web Instead supports an addItIonal
level of tmy consumers that are then grazed by larger zooplankters On the baSIS of
food-cham theory, thIs addItIonal 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 addItIonal step m the food
web does not compromIse the region's ability to feed hundreds of mIllIOns of these
fIsh each year

Very httle IS known about how the plankton commuruty responds to human
actIVity Some recent and dramatIc shIfts m phytoplankton stocks m the Bermg
Sea, assOCIated With a summer WarmIng trend, were accomparued by very
notIceable dechnes m seabIrd SurvIValS m the shelf enVIronment These
observatIons suggest that any mcreased chmate WarmIng due to human mfluence
could alter hIgh-latItude food webs WIth drastIc effects for some consumers

Influences of Weather and Climate

Gulf orgarusms are mfluenced by a varIety of currents, frontal regions, eddIes,
water temperatures, and salmItIes These condItIons defIne the ocean state and
reflect the mfluence of weather and chmate From September through April each
year, weather m the GOA region responds to the pOSItIon and mtensity of the
AleutIan Low pressure system The cyclomc storms that develop m and around the
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GOA ill assocIation WIth the Aleutlan Low cause strong easterly wmds to blow
along the northern coastlme The frIction of these wmds on the sea surface
promotes a net shoreward flow m the upper 60 to 90 meters, and a counter
clockwISe drIft of the Alaska Gyre, the Alaska Current, Alaskan Stream, and Alaska
Coastal Current The frequency and mtensIty of storms establIshes a "conveyor
belt," carrymg ocean-derIved plankton stocks shoreward, some reachIng as far as
the protected coastal waters By usmg carbon Isotopes as mdIcators, a strong
offshore SIgnal can be found m mshore zooplankton and fIshes at some locatlons
In contrast, durmg June, July, and August, the conveyor belt slows or weakly
reverses m response to the appearance of the North PacIfIc 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 locatlons, prOVIdIng a cruCIal
source of deep nutrIents and oxygen renewal for deep coastal areas

The locatlon and mtensIty of the Aleutlan Low IS not constant When the low IS
mtense, the weather IS stormy WIth mcreased precIpItatlon m the coastal
mountams, and elevated sea levels and warmer water temperatures m the eastern
GOA Under these condItions, deSCrIbed as the posItlve phase of a weather
phenomenon called the PacIfIc Decadal Oscillatlon (PDO), the wmd-mduced cross
shelf transport mcreases, as does flow m the ACC Durmg the long term, these
conmtlons seem to favor productIOn of salmon, pollock, cod, and flounder, but
other speCIes are dIsadvantaged, such as seabIrds at many locatlons, some forage
fIshes, and shellfIsh lIke shrImp and crab When the PDO cycles back to ItS next
negatlve phase-as It IS predIcted to do, WIth colder, less stormy, lower sea levels
conmtIons should favor the recovery of shel1fIsh stocks, WIth salmon and gamd
populatlons expected to slIp mto declIne Why these populations fluctuate the way
they do m response to changes m ocean cllIDate IS unknown However, the cyclIng
of nature's laboratory from year to year, and through longer perIods, prOVIdes a
strong baSIS for a number of mtrIgumg studIes to search for and descrIbe the
undedymg mechamsms that create change, and somehmes complete reversals, m
fIsh, bIrd, and mammal abundance

Toward a More Functional Understandmg of GOA Ecosystems

Current knowledge about coastal, shelf, and oceamc ecosystems supportIng the
lIvmg marme resources of the GOA IS hmIted and skewed heavily toward
structural elements-specIes lISts, hIstOrIcal patterns of productlon (catch and
harvest statIStlcs), crude maps of dIstrIbutlon and abundance, some met
Informatlon, IDlgratory behaVIOrs, and, m a few cases, rates of produchon At the
level of plankton, the seasonal cycle IS qUlte well understood m relatlonshIp to
factors lIke lIght and nutrIents, but hIgher m the food web at the zooplankton level
and that of the small schoolIng fIshes, lIttle Informatlon IS available Therefore,
WIth a few exceptlons, the "puzzle pIeces" are begmnmg to form reasonably
coherent pIctures at the top and bottom of the food web, but are absent or mostly
IDlssmg from the IDlddle regIOns of the web
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The challenge for GEM will be to eventually understand how the major
physIcal and bIOlogIcal components mteract dynamIcally to produce the hIstorIcal
patterns m stock SIZe and producnon of key specIes Convennonal populanon
theory teaches that VarIabIhty at the hIghest levels m food webs reflects the balance
between reproducnon and mortahty (due to natural causes, predanon, harvests,
dISeases, and pollunon) A few stansncal analyses pomt to sIgmf1cant correianons,
however, between populanon levels and weather, clImate, or phySIcal
oceanographIc condInons, some apparently ned to recurrmg cycles hke the PDQ,
the North PacIfIC Index (NFl), the 18 6 year Lunar Nodal TIdal Cycle, and epIsodIc
events hke EI Nmo/La NIfia Unfortunately these mtrIgumg and often ephemeral
correianons suggest, but do not Ident1fy, the mechanISms behInd these
relanonshIps ThIs crIncal mIssmg Informanon must be obtamed at some pomt m
comprehensIve fIeld and modehng studIes that focus on selected ecosystem
processes

To be successful, these studIes must be funded at levels suffICIent to Ident1fy
and collect the relevant data, and supported over perIOds of t1me that brIdge the
cycles m chmate and ocean condInons Few studIes anywhere have been able to
sustam theIr acnVInes long enough, or were suffICIently comprehensIve to meet
these cnterIa The GEM program will be umque m that regard and could assume a
strong leadershIp role m takIng the next bold steps m marme ecolOgIcal research
In so domg, GEM WIll fmd ways to more fully explOIt some emergIng research
II themes" that are suggesnng new dIrecnons for process studIes of large
ecosystems

1 Nature Is Complex
Food web theory has played a major role m shapmg quanntanve approaches to

studymg marme systems Smce the early 1940s, when aquanc commumnes were
perceIved as a hnear serIes of mterconnected levels-producers (plants), frrst-order
consumers (herbIvores), hIgher-level consumers (predators), and recyclers
(bactena) - thIs powerful Idea has pomted to ever more sophIsncated mqUIrles
about how matter and energy are cycled through these systems However, m the
last few years, there has been a growmg awareness that the mabIhty to more fully
understand how nature works may be ned to a number of sImplIfymg assumpnons
that have always been made about hvmg systems It IS now understood that at
some level of detaIl, natural processes cannot all be adequately explamed by strIct
hnear theory ThIs means that unless the compleXIty of nature IS acknowledged
and that constramt dealt WIth m a realISnc manner, the GEM program work will
fall short, as will the ability to resolve resource management and other Issues

2 SurvivalStrategies Define Habitat DependenCies
There IS a growmg need to more fully understand what has been passed over

as mostly IIold SCIence" - how the lIfe hIstory of a target speCIes explOIts the marme
ecosystem durmg Its entrre lIfe span For example, most marme fIshes begm hfe as
nny pelagIC or demersal eggs followed by a drIfnng larval stage that may last for
weeks or months The drIft1ng perIOd IS followed by succeSSIve Juvenile and
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maturmg older stages that may use chfferent parts of the ecosystem from those that
host the adults Understandmg the enhre ecolOgIcal domam of a partIcular specIes
will help establIsh the"connechveness" needed to more fully understand how
human mfluences and perturbahons m clImate and weather work thel! way though
the marme ecosystem m the GOA

3 Use ofCommon Biological Currency
Oceanographers have tradihonally used measures of carbon or mtrogen as

common denommators to descnbe processes of orgamc matter syntheSIS and
transfer at lower trophic levels At the other end of the food web, the fishenes
lIterature 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 pnnCIpal prey
BIOenergehc modelmg IS becommg more common and measures of whole body
energy content eaSIer to obtam For mstance, the overwmtenng starvahon
mortalIty of Juvemle PacIfIc hernng resIdmg m Pnnce WillIam Sound can now be
estImated through numencal analYSIS of the fat stores of the hernng as they go mto
wmter and the wmter water temperatures

4. Problems ofTime andSpace
Attempts to understand how marme ecosystems react to chmate and human

mfluences pose huge samplmg problems for systems on the scale of the GOA
Current understandmg suggests that the Impacts of large-scale chmate shifts and
polluhon are not umform, but seem to be temporally and spahally dIStnbuted m
ways that are not fully understood For example, seabrrd colomes at some
locahons do well, whIle others do not Two aspects may be Important contnbutors
to this uncertamty (1) varIability m the hmmg, locahon, and duratIOn of pnmary
produchvity each year as mfluenced by weather-a kmd of "hmmg IS everythmg"
ISsue, and (2) spahal patchmess on a variety of length scales m forage stocks
respondmg locally to changmg temperature, sallillty, currents, and other ocean
charactenshcs ThIs suggests that GEM will have to study a number of dIfferent
envrronments at dIfferent tImes to fully understand the ecolOgIcal ramIfIcatIOns of
chmate-dnven change, and that care must be taken m generahzmg about cause and
effect Withm the regIon

5. Immigration or Emigration
PartIcularly for seabrrds and marme mammals censused at neshng SItes and

rookenes, some populahon trends mIght be explamed by mIgrahons away from or
to these locahons If thIS IS occurrmg, these migrahons could pose senous
problems m the mterpretahon of hIstoncal trends m the GOA Some belIeve that
fIsh or shellfIsh stocks can also shift therr dIstnbuhons m response to
envrronmental change, leadmg to mcreases m some areas and declInes mothers,
although the overall stock produchon mIght remam unaltered ThIs potenhal
source of error must be addressed by GEM
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6. Top-Down and Bottom-Up Controls
HIstorIcal approaches to studIes of marme systems have led to a dIchotomy of

disciphnes Oceanographers have focused on the base of the food web and
relatIonshIps wIth ocean phYSICS and chemIstry, whereas fIsherIes SCIentIsts have
studIed explOIted stocks and, occaSIOnally, the forage resources that support them
Top-down or bottom-up control has been debated endlessly for years WIthout
resolutIOn It IS now begmmng to be understood, that thIs IS not an eIther/or
problem, but rather one of process mteractIon Top-down and bottom-up control
of populatIons occurs SImultaneously m all hvmg systems and must be studIed as
such to refIne understandmgs of system functIon For example, recent studIes of
Juvemle pInk salmon m PrInce WIlham Sound have demonstrated that top-down
losses to fIsh predators, such as adult pollock and herrmg, are modulated by the
kmds and amounts of zooplankton available, a bottom-up functIon The
opportunIstIc pollock and herrmg prefer to feed on macrozooplankton when
plentIful, thereby Improvmg the chance of Juvemle salmon to fatten up and escape
theIr role as prey However, when macrozooplankton IS not abundant, pollock and
herrmg begm augmentIng theIr dIets by feedmg more heaVIly on small fIshes,
mcludmg Juvemle salmon In thIs way, bottom-up processes affectIng the
productIon of copepods not only help feed and fatten young salmon, but top-down
processes of pollock feedmg on copepods help protect the salmon fry

ConclUSion

In the fInal analysIS, the GEM program will engage a complex ecosystem- a
product of evolutIonary adaptatIon through many thousands of years ThIs robust
hvrng assemblage exhIbIts dIfferent characterIstIcs of speCIes dommance,
dIstrIbutIon, and abundance m response to short-term and longer-perIod changes
m chmate forcmg and human mfluences These dIfferent"states" have most
recently been descrIbed as regImes In the GOA, at least two dommant phySIcal
states-El Ntfio/La Ntfia-and PDO are known to affect the productIon cycles of
several marme speCIes It IS also likely that long-term warmmg of the North PacIfIC
Ocean IS havrng an as yet unaSSIgned roles m ecolOgical change GEM proposes to
mvestIgate why some resources, but not others, benefIt from these changmg and
mteractmg oceamc condItIons ThIs understandmg WIll ultImately prOVIde
InformatIon to more prudently explOIt and/or conserve speCIes of hIgh value for all
users Knowmg why a partIcular set of resources IS performmg at a given level of
productIvIty will ultImately prOVIde a means to more effectIvely manage the
system under dIfferent states of speCIes dommance and external mfluences ThIs
ambItIous goal will be addressed through a long-term COmmItment to mnovatIve
SCIence, and the thoughtful apphcatIon of results
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The GOA encompasses watersheds and waters
3 1 The Gulf of Alaska south and east of the Alaska Penmsula from Great

SItkm Island (176° W), north of 52° N to the
CanadIan marnland on Queen Charlotte Sound (127° 30' W) Twelve and a half
percent of the contInental shelf of the Uruted States hes WIthIn GOA waters (Hood
1986)

The area of the GOA drrectly affected by the EVOS (FIgure 31) encompasses
broadly dIverse terrestrIal and aquatIc envrronments WIthIn the four broad
habItat types of the watersheds, mtemdal-subtIdal, Alaska Coastal Current (ACC),
and offshore (contInental shelf break and Alaska Gyre), the geolOgIcal, chmatIc,
oceanographIc, and bIOlOgIcal processes mteract 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 entrre natIon, a source of tradItIonal foods and culture for
mmgenous peoples, and a source of food and enjoyment for all Alaskans Servmg
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 InsprratIon to
those who love natural thmgs

The eastern boundary of the GOA 15 a geolOgIcally young, tectorucally 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 he
m a serIes of steep, hIgh mountam ranges GlaCIers head many watersheds m thIs
area, and the eastern boundary mountaIns trap weather systems from the west,
makmg orographIc, or mountam-drrected, forcmg Important m shapmg the
regIon's cllmate From the southeastern GOA hmIt (52° N at landfall) movmg
north, the eastern GOA headwater mountam ranges and heIght of the hIghest
peaks are the Pacmc 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), Talkeetna (8,800 ft), and Alaska (20,320 ft) The western boundary of the
GOA headwaters IS 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
mountaIns, although thousands of small mdependent draInages dot the eastern
coastlme and Islands of the InSIde Passage Major eastern nvers from the south
movmg north to the perImeter of PWS are the Skeena and Nass (Canada), the
Shkme, Taku, ChIlkat, ChI1koot, 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
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Figure 3.1 Distribution of oil from the Exxon Valdez oil spill.

To the west of PWS lie the major rivers of Cook Inlet. Two major tributaries of
Cook Inlet, the Kenai and the Kasilof, originate on the Kenai Peninsula. The Kenai
Peninsula lies between PWS, the northern GOA and Cook Inlet. Cook Inlet's
largest northern tributary, the Susitna River, has headwaters in the Alaska Range
on the slopes of North America's highest peak, Mt. McKinley. Moving southwest
down the Alaska Peninsula, only two major river systems are found on the western
coastal boundary of the GOA, the Crescent and Chignik, although many small
coastal watersheds connected to the GOA abound. Kodiak Island, off the coast of
the Alaska Peninsula, has a number of relatively large river systems, including the
Karluk, Red, and Frazer.

The nature of the terrestrial boundaries of the GOA is important in defining the
processes that drive biological production in all environments. As described in
more detail below, the ice cap and the eastern boundary mountains create
substantial freshwater runoff that controls salinity in the nearshore GOA and helps
drive the eastern boundary current. The eastern mountains slow the pace of and
deflect weather systems that influence productivity in freshwater and marine
environments.
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The GOA shoreline is bordered by a continental shelf ranging to 200 meters (m)
in depth (Figure 3.2). Extensive and spectacular shoreline has been and is being
shaped by plate tectonics and massive glacial activity (Hampton et al. 1986). In the
eastern GOA, the shelf is variable in width from Cape Spencer to Middleton Island.
It broadens considerably in the north between Middleton Island and the Shumagin
Islands and narrows again through the Aleutian Islands. The continental slope,
down to 2,000 m, is very broad in the eastern GOA, but it narrows steadily
southwestward of Kodiak, becoming only a narrow shoulder above the wall of the
deep Aleutian Trench just west of Unimak Pass. The continental shelf is incised by
extensive valleys or canyons 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).

----~. ~-.

Figure 3.2 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 [SeaWiFS], a National Aeronautics and Space
Agency remote-sensing satellite.)

3.2 Climate 3.2.1 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
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GOA (LUlck et al 1987) (Wilson and Overland 1986) Eventually these storms make
landfall m Southcentral or South east Alaska where theIr further progress IS
lmpeded by the extreme terram of the Samt Elias Mountams and other coastal
ranges In fact, weather forecasters call the coastal regIOn between Cordova and
Yakutat "Coffm Comer," m reference to the frequency of decaymg extratroplcal
storms found there

The htgh probabIlIty of cyc10mc disturbances m the northern GOA IS sIgmftcant
to the local weather and chmate of PWS Associated wIth these storms are large
offshore-dIrected, low-level pressure gradIents (tIghtly packed Isobars roughly
parallel to the coast) Dependmg on other factors (such as statIc stability, upper
level wmd profile) these gradIents can produce strong gradIent-balance wmds
parallel to the coasthne or downslope (offshore-dIrected) wmd events (Macklm et
al 1988) Further, because of the complex glaCIally sculptured nature of the terram
m PWS, several regIOns expenence sIgmftcant upslope wmds m certaIn favorable
storm SItuatIons ThIs wmd confIguratIon, m concert WIth steep terram and nearly
saturated, low-level arr masses, produces the local extreme m preCIpItatIon
responsIble for tIdewater glaCIers of PWS

The combmatIon of general stormmess, sIgmftcant wrndmess (and concoffiltant
wave generatIon), and orographtcally enhanced preCIpItatIon are essentIal features
of the northern GOA and PWS, and have a strong lmpact on the varIety and
compOSItIon of the bIOta tills regIOn supports In addItIon, the annual meltIng of
seasonal snowfall accumulatIons, m combmatIon WIth glaCial ablatIon, IS
responsIble for the bulk freshwater mput mto PWS In thIs context, any changes m
chmate-naturally mduced or anthropogemc-that substantIvely alter the frequency
and duratIOn of these common yet transIent weather features should also affect
related parts of the regIOn ecosystem In the followmg diSCUSSIOn, the factors
responsIble for cllmate change are Identlfted and explamed on a general level m
preparatIon for specllic relatIonshtps among chmate, phYSICal, and cheffilcal
oceanography, speCIes, and groups of speCIes that follow Chmate IS recogruzed to
be a major natural force Influencmg change m bIOlOgical resources

The GEM ffilSSIOn IS to promote, " greater understandmg of how ItS
productIVIty 18 Influenced by natural changes and human actIVitIes" (EVOSTC
2000) CllmatIc forcmg 18 an lmportant natural agent of change m the region's
populatIons of bIrds, fISh, mammals, and other plant and anlmal speCIes (Hare et
al 1999, Mantua et al 1997, Anderson and Platt 1999, FranCIS et al 1998) Human
actIVitIes, or anthropogemc forcmg, may have profound effects on chmate There 18

growmg eVidence that human actIVitIes producmg "greenhouse gases" such as
carbon dIOXide may contrIbute to global chmate change by altermg the global
carbon cycle (SIgman and Boyle 2000, Allen et al 2000) Understandmg how
natural and human forcmg Influences bIolOgical productIvIty reqUIres knowledge
of the major determmants of chmate change descnbed m thIs sectIon

Chmate m the GOA results from the complex mteractIons of geophySIcal and
astrophySIcal forces, and also m part by bIOgeocheffilcal forcmg PhYSICal processes
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actrng on the global carbon cycle and Its hvmg component, the bIOlogIcal pump,
drIve oscillatIons m chmate (SIgman and Boyle 2000) The most promment
geophysIcal feature assocIated WIth chmate change m the GOA IS the AleutIan Low
Pressure system (WIlson and Overland 1986) The locatIon and mtensity of thIs
system affects storm tracks, arr temperatures, wmd velocItIes, ocean currents and
other key phYSIcal factors m the GOA and adjacent land areas Sharp varIatIons, or
oscillatIons, m the locatIon and mtensity of the AleutIan Low are the result of
phYSIcal factors operatrng both proxImally and at great dIstances from the GOA
(Mantua et al 1997) PenodIc changes m the locatIon and mtensity of the AleutIan
Low are related to movements of adjacent contrnental arr masses and the Jet stream
to oceanography and weather m the eastern tropIcal PaCInC

AstrophysIcal forces contrIbute to long-term trends and penodIc changes m the
chmate of the GOA by controllmg the amount of solar radIatIon that reaches earth,
or InsolatIon (Rutherford and D'Hondt 2000) Chmate also depends on the amount
of global msolatIon and the propornon of the InsolatIon stored by the atmosphere,
oceans, and bIOlOgIcal systems (SIgman and Boyle 2000) Changes m chmate and
bIOlOgIcal systems occur through phYSICal forcmg of controllmg factors, such as
solar radIatIon, strength of lunar ffilxmg of water masses, and patterns of ocean
CIrculatIon PenodIc varIatIons m the earth's solar orbIt, the speed of rotatIOn and
onentatIon of the earth, and the degree of mchnatIon of the earth's axIS m relatIon
to the sun result m penodic changes m chmate and assocIated bIolOgIcal actIvIty

Understancimg chmatIc change reqUITes sortIng out the effects of phYSIcal
forcmg factors that operate SImultaneously at dIfferent penods PenodicitIes of
phYSIcal forcmg on factors potentIally controllmg chmate and bIOlOgIcal systems
mclude are 100,000 years, 41,000 years, 23,000 years, 10,000 years, 20 years,
18 6 years, and 10 years, among many others For example, Mmobe (1999)
IdenhfIed penods of 50 and 20 years m an analYSIS of the North PacIfIC Index (NPI)
(FIgure 3 3) (Mmobe 1999) The NPI IS a hIDe senes of geographIcally averaged
sea-level pressures representrng a unIvarIate (dependIng on only one random
varIable) measure of locatIon for the AleutIan Low (Trenberth and Hurrell 1994)

Advances and retreats of IcefIelds and glaCIers mark major changes m weather
and bIOlogy Changes m the seasonal and geographIc dIstrIbutIon of solar
radIatIon are thought to be pnmanly responsIble for the penodIc advance and
receSSIOn of glaCIers durmg the past 2 millIon years (Hays et al 1976) The amount
of solar radIatIon reachmg earth changes penodIcally, or oscillates, m response to
varIatIons m the path of the earth's orbIt about the sun GeographIc and seasonal
changes m solar radIatIon caused by penodic varIatIons m the earth's orbIt around
and onentatIon toward the sun have been labelled "MIlankovich cycles," whIch are
known to have charactenstIc 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
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FIgure 3 3 Filtered North PaCific Index In the W1nter-spnng winter and spnng seasons
NPI IS shown In hectoPascals a measure of barometnc pressure at sea level The three
curves show the NPI band-pass filtered over Intervals of 10 to 80 years 10 to 30 years
(bldecadal) and 30 to 80 years Source Mlnobe 1999

questIons m paleoechmate research (Hays et a1 1976, Rutherford and DHondt
2000)

3 2 2 Long Time Scales

3.22.1 Orbital Eccentricity and ObIlquity
ShIfts m the penodIcity 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 m translahng the effects of phYSIcal forcmg mto weather
cycles GlaCIal cycles may have lllitIaliy shIfted from the 41,000-year perIOd of the
11 obhqUlty cycle" to the 100,000-year penod of the 11 orbItal eccentncIty" perhaps
caused lllitJaliy by changes m the heat flux, from the equator to the hIgher latItudes
(Rutherford and DHondt 2000) (ObhqUlty IS the angle between the plane of the
earth's orbIt and the equatonal plane) Accordmg to the theory advanced by
Rutherford and D'Hondt (2000), mteractIOns between long-penod phySIcal forcmg
(MIlankovIch cycles) and shorter-penod forcmg (precessIOn) may have been a key
factor m lengthemng the tIme penod between glaCIatIons m the transItIon penod of
1 5 and 0 6 Myr bp TransItIons from glaCIal to mterglacial penods may be
tnggered by factors such as the ffilcronutnent Iron (Marhn 1990) that control the
actIVIty of the bIOlOgical pump m the Southern Ocean, descrIbed below
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Theones about regulahon of heat flux from the equator to northern lahtudes
are central to understandillg chmate change For example, the heat flux that occurs
when the Gulf Stream moves equatonal warmth north to surround the Umted
Kmgdom, Iceland, and Northern Europe defmes comfortable human lIfe styles ill
these countrIes Anythmg that dISrupts thIs heat flux process would drashcally
alter chmate ill Northern Europe

3.22.2 Day Length
Day length IS illcreasillg by one to two seconds each 100,000 years pnmarIly

because of lunar hdal actIOn (U S Naval Observatory [USNO]) Understandmg the
role of day length ill clImate varrahon 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 varIahon (USNO) Short-term effects are probably
illconsequenhal bIOlogrcally, because varIahons ill daily rotatIOnal speed are very
small, but cumulahve effects could be more substanhal ill the long term

3.2.2.3 Carbon Cyclmg and the Biological Pump
Changes ill the amount of solar radIahon available to dnve phySIcal and

bIologrcal systems on earth are not the only causes of clImate oscillahons ill the
GOA, or elsewhere ill earth Of cntIcalImportance to lIfe on earth, changes ill
Insolahon result ill changes ill the amount of a "greenhouse gas," carbon dIOXIde ill
the atmosphere resultillg from changes ill phYSICal propernes, such as ocean
temperature, and due to bIOlogrcal processes col1echvely known as the bIOlogrcal
pump (ChIsholm 2000) The Importance of the bIOlogrcal pump ill determmmg
levels of atmosphenc carbon dIOXIde IS thought to be substanhal, Sillce the drrect
phYSICal and chemIcal effects of changes ill Insolahon on the carbon cycle alone
(SIgman and Boyle 2000) (FIgure 3 4) are not suffICIent to account for the magmtude
of the changes ill atmosphenc carbon dIOXIde between major clImate changes, such
as glacIahons

The BIOlOgical Pump PhotosynthesIs and resprrahon by marille plants and
anImals play key roles m the global carbon cycle by "pumpmg" carbon dIOXIde
from the atmosphere to the surface ocean and illcorporahng It mto orgamc carbon
durmg photosynthesIs Orgamc carbon not hberated as carbon dIOXIde durmg
resprrahon IS "pumped" (exported) to deep ocean water where bactena 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 venhlates to the atmosphere The degree to whIch thIs
deep-water's carbon dIOXIde IS "pumped" back illtO the atmosphere or "pumped"
back mto deep water depends on the mtensIty of the photosynthehc achvIty, whIch
depends on availabIhty of the macronutrIents phosphate, mtrate, and sIhcate, and
on mIcronutrIents such as reduced Iron (ChIsholm 2000)

Areas where mtrates and phosphates do not llffilt phytoplankton produchon,
such as the Southern Ocean (600 S), can have very large effects on the global carbon
cycle through the achon of the bIOlogrcal pump When shmulated by the
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Figure 3.4 Global carbon cycle diagram showing the movement of carbon compounds of the
atmosphere, land, marine photic zone, the deep ocean, and the sea floor.

micronutrient iron, the biological pump of the Southern Ocean becomes very
strong because of the presence of ample nitrate and phosphate to fuel
photosynthesis, as demonstrated by the Southern Ocean iron release experiment
(SOIREE) at 61 0 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 quality of being "high nitrate, low chlorophyll" (HNLC) 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 3.4), 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-chemical effects do not fully account for these changes, the ruling
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hypothesIS IS that the bIOlogIcal pump IS stronger dunng glaCIatIons But why
would the bIOlogIcal pump be stronger durmg glaCIatIons?

Two leadmg theones explarn decreases m atmosphenc carbon dIOXIde by
means of mcreased actlvIty m the ocean's bIOlogIcal pump durmg glaCIatIOns
(SIgman and Boyle 2000) Both theones explam how mcreased export productIon
of carbon from surface waters to long-term storage m deep ocean waters can lower
atmosphenc carbon dIoxIde durmg glaCIal penods The Broecker theory develops
mechanISms based on mcreasmg export from low- to IDld-latItude surface waters
(Broecker 1982, McElroy 1983), and the second theory rehes on hIgh-latItude export
productlon of dIrect relevance to the GOA Patterns and trends m nutrIent use m
hIgh-latItude oceans, such as the GOA, where nutrIents usually do not llIDlt
phytoplankton productlon, could hold the key to understandmg chmate
oscillatIons

3.2.24 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,
preCIpItatIon, 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 thermohalme CIrculatIon m the Atlantlc and southern
oceans mfluence arr temperatures over these portIons of the globe by transportmg
and exchangmg large quantItIes of heat energy WIth the atmosphere (peIXoto and
Oort 1992) Patterns of thermohalme (affected by salt and temperature) ocean
CIrculatIon probably change dunng penods of glaCIatIon (Lynch-StIeghtz et al
1999) The nature of changes m patterns of thermohalme CIrculatIon appear to
determme the duratIon and mtensIty of cllIDate change (GanopolskI and Rahmstorf
2001) Although the chmate of the GOA IS not dIrectly affected by thermohalme
CIrculatIon, chmate m the GOA IS mfluenced by thermohahne CIrculatIon through
chmatIc hnkages to other parts of the globe

TeleconnectIon between North Pacmc and the TropIcal PaClhc can penodIcally
strongly mfluence levels of coastal and mtenor preCIpItatIon Because changmg
patterns m preCIpItatIon alter the expreSSIOn of the ACC (FIgure 3 5), whIch IS
largely drIven by runoff (Royer 1981a), penodIcally changmg weather patterns
such as the PaClhc Decadal OscillatIon (PDO) and the El Nlfio Southern OSCIllatIon
(ENSO) can profoundly alter the CIrculatIon and bIology of the GOA (See
Sectlon 3 2 2 3 )

The effects of the cool ACC and the warmer Alaska Stream moderate arr
temperatures GOA ocean temperatures are Important m determmmg chmate m
the fall and early wmter m the northern GOA and may be mfluentIal at other tImes
of the year Because the cool glaCIally mfluenced waters of the ACC moderate aIr
temperatures along the coast, the strength and stabilIty of the ACC are lIDportant m
determmmg chmate
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Figure 3.5 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).

3.2.3 Multi-decadal and Multi-annual Time Scales

3.2.3.1 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
du~ 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 lunar tIdal cycle appears to be approxunately synchronous
wIth thePDO

Contemporary c1lrnate m the GOA IS defmed by large-scale atrnosphenc and
oceamc crrculatIon on a global scale Two penomc changes m ocean and
atrnosphenc condItIOns are parhcu1arly useful for understandmg change m the
clImate of the GOA, the PD~ and the ENSO Although weather patterns m the
ArctIc and north AtlantIc are also correlated WIth weather m the North PacIfIC,
these relatIons are far from clear The PDO, ENSO, and other patterns of c1lrnate
varIabIhty combme to grve the GOA a vanable and somehrnes severe c1lrnate that
serves as the mcubator for the wmter storms that sweep across the North Arnencan
contInent through the Aleutian storm track (Wilson and Overland 1986)

Increased understandmg of the PDO has been made pOSSIble by slIDple yet
mghly descnptIve mmces of weather, such as the NPI These mmces are dIscussed
below Changes m the annual values of these mdices led to the reahzatIon that
weather conmtIons m the GOA sometlIDes change sharply from one set of average
conmtIons to a d1fferent set durmg a penod of only a few years These rapId
c1lrnatIc and oceanograpmc regrrne shIfts are assOCIated WIth s1ID1larly rapId
changes m the anlIDals and plants of the regron that are of VItal mterest to
government, mdustry, and the general pubhc

3.2.3 2 PaCific Decadal OSCillation
The PD~ and assOCIated phenomena appear to be major sources of

oceanograpmc and bIOlogrcal varIabilIty (Mantua et al 1997) ASSOCIated WIth the
PD~ are three seIDl-permanent atrnosphenc pressure regrons dOIDlnatIng c1lrnate
m the northern GOA-the Sibenan and East Pacmc mgh-pressure systems and the
AleutIan Low pressure system These regrons have variable, but charactenstIc,
seasonal locatIons A proIDlnent feature of the PD~ and the cllIDate of the GOA IS
the AleutIan Low, for wmch average geograpmc locatIon changes penodically
durmg the wmter Wmterhrne locatIon of the AleutIan Low affects ocean
crrcu1atIon patterns and sea-level pressure patterns It IS charactenstIc of two
c1lrnatIc regrrnes a southwestern locus called a negatIve PDO regrrne (as m 1972)
and a northeastern locus called a pOSItIve PD~ (1977) (FIgures 3 6 and 3 7) The
locatIon of the Aleutian Low m the wmter appears to be synchroruzed WIth annual
abundances and strength of recrmtrnent of some fIsh speCIes (Hollowed and
Wooster 1992, FrancIS and Hare 1994) The AleutIan Low pressure system averages
about 1,002 IDlllibars (Favonte et al 1976), IS most mtense m wmter, and appears to
cycle m ItS average pOSItion and mtensity WIth about a 20- to 25-year penod
(Rogers 1981, Trenberth and Hurre111994)

The PD~ IS studIed WIth multIple mdices, mc1udmg the anomahes of sea level
pressure (as m the NPI, wmch IS mscussed below), anomahes of sea surface
temperature, and wmd stress (Mantua et al 1997, Hare et al 1999) The PD~
changes, or oscillates, between pOSItIve (warm) and negatIve (cool) states
(FIgures 3 8 and 3 9) In decades of pOSItIve PDOs, below-normal sea surface
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Figure 3.7 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-century 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 160· E to 140· W, 30· to 65· 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 S
shaped waveform with a 50-year period (sinusoidal pentadecadal) (Figure 3.3). His
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Figure 3.8 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.

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

3.2.3.3 EI 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 contmental boundary of the eastern PacllIc are
around 20 C, as cold bottom waters (8 C) ffilX WIth warmer surface water to form
a large pool of relatIvely cool water of the coast of Peru When an El Nrfio (warm)
event starts, the pool of cool coastal water at the contmental 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 Nrfio, mcreases m the surface
water temperatures of as much as 5 4 C have been observed very close to the coast
of Peru EI Nrfio also brmgs a sea level nse along the Equator m the eastern PacllIc
Ocean of as much as 34 cenhmeters, as warm buoyant waters movmg m from the
west ovemde cooler, denser water masses at the contmental boundary In a cool
La NIna event, the sea levels are the OpposIte from an EI Nrfio, 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 In some of the same geograpruc areas as PDO, but there
are two maJor dIfferences between these patterns Fust, an ENSO event does not
last as long as a PDO event, and second an ENSO event starts, and IS eaSIest to
detect, m the eastern equatonal Pacmc, whereas PD~ dommates the eastern North
PacIfIc, IncludIng the GOA The SImultaneous occurrence of two maJor weather
patterns In one locatIon illustrates Mmobe's POInt that mUltIple forCIng factors WIth
dIfferent charactenstIc frequenCIes must be operatmg SImultaneously to create
regIme shIfts (FIgure 3 3)

The role of marIne Inputs to the watershed
phase of regIonal bIOgeochemIcal cycles has been
recogruzed for some hme (MathIsen 1972)
ExperIments In artIfICIal and natural streams have

shown that chlorophyll a and the bIOmasses of the bIO£I1m (bactena and molds) and
aquatIc macroInvertebrates, such as msects, Increase as the amount of salmon
carcass bIOmass Increases Chlorophyll a has been observed to Increase over the
full range of carcass bIOmass, whereas mcreases In macromvertebrates stop at
some hmItIng value of carcass loadIng (WIpfu et al 1998, WIpfu et al 1999)
Salmon carcasses shmulate productIon of multIple tropruc levels, mcludIng
decomposers, In watersheds by prOVIdIng carbon and nutrIents In earlIer studIes
of an Alaskan stream contarnrng chrnook salmon, PIOrkowskI (1995) supported the
hypotheSIS of WIpfh et al (1998) that salmon carcasses can be Important m
structurIng aquatIc food webs In partIcular, mIcrobIal compOSItIon and dIverSIty
may determme the ability of the stream ecosystem to use nutrIents from salmon
carcasses, a prmcIpal source of marme mtrogen

Marme nutrIents and carbon move from the marme envuonment Into
terrestrIal speCIes In the watersheds of the GOA (WIpfu et al 1999), as has been
shown to be the case In anadromous fIsh-bearmg watersheds elsewhere In the
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north PacIfIc regIon (BIlby et al 1996) The followmg specIes have been found to
transport marme nutrIents WIthm watersheds ••

•

•

•

Anadromous speCIes, such as salmon (Khne et al 1993, Ben-DaVId et al
1998a),

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

OpportunlstIc scavengers as nverme mmk (Ben-DavId et al 1997a), wolf
(SzepanskI et al 1999), and martens (Ben-DavId et al 1997b), and

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

As agencIes grapple WIth
Implementation of

ecosystem-based management,
conservatIon actIons are likely

to focus more on
ecosystem processes and

less on smgle specIes

42

In theory, any terrestrIal 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 nutnents are WIdely dIstrIbuted throughout
watersheds, as determmed from levels of marme mtrogen m Juvemle fIsh,
mvertebrates, and aquatIc 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 relatIve Importance of clImate and human-mduced changes m
populatIon levels of bIrds, fIsh, and mammals Indeed, losses of baSIC habItat
productIvIty because of low numbers of salmon entenng a watershed (Khne et al
1993, MathIsen 1972, PIorkowskI 1995, Fmney et al 2000) may be confused WIth the
effects of fIshenes mterceptIons or marme clImate trends Companson of
anadromous fIsh-bearmg streams to non-anadromous streams has demonstrated
dIfferences m productIVItIes related to marme nutrIent cyclmg Import of marme
nutrIents and food energy to the lotIc (flowmg water) ecosystem may be retarded m
systems that have been denuded of salmon for any length of tIme (pIOrkowskI
1995)

PaleoecolOgIcal studIes (whIch focus on anCIent events) m watersheds bearmg
anadromous speCIes can shed hght on long-term trends m marme productIvIty
Use of marme mtrogen m sedIment cores from freshwater spawmng and rearmg
areas to reconstruct prehIstonc abundance of salmon offers some msIghts mto long

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

Watershed studIes lmkmg the freshwater and marme
portlons of the regIonal ecosystem could pay Important
benefIts to natural resource management agenCIes As
agenCIes grapple WIth ImplementatIon of ecosystem-based
management, conservatIon actIons are hkely to focus

more on ecosystem processes and less on smgle speCIes (Mangel et al 1996) In the
long-term, protectIon of Alaska's natural resources will requIre extendIng the
protectIon now afforded to smgle speCIes, such as targeted commerCIally Important
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salmon stocks, to ecosystem functIons (Mangel et al 1996) In process-orIented
conservatIon (Mangel et al 1996), productIon of ecologIcally central vertebrate
specIes IS combmed WIth measures of the productIOn of other specIes and measures
of energy and nutrIent flow among trophic levels to IdentIfy and protect ecolOgIcal
processes such as nutrIent transport ApphcatIons of ecolOgIcal process measures
m Alaska ecosystems have shown the feaSIbility and potentIal Importance of such
measures (Khne et al 1990, Khne et al 1993, Mathisen 1972, PIOrkowski 1995, Ben
DaVid et al 1997a, 1997b, 1998a, 1998b, SzepanskI et al 1999), as have apphcatIons
outsIde of Alaska (Bilby et al 1996, Larkm and Slaney 1997)

3 4 1 PhySical Settmg, Geology,
and Geography

3 4 PhySical and
Geological
Oceanography: Coastal
Boundaries and Coastal
and Ocean Circulation

The GOA mcludes the contInental shelf, slope,
and abyssal plam of the northern part (north of
50° N) of the northeastern PacIfIC Ocean It
extends 3,600 kilometers (km) westward from
127° 30' W near the northern end of Vancouver

Island, BntIsh ColumbIa, to 176°W along the southern edge of the central AleutIan
Islands (FIgure 3 10) It mcludes a contmental shelf area of about 3 7 x 105 km2

(110,000 square nautIcal mlies [Lynde 1986]) The area of the shelf amounts to
about 17% of the entIre Alaskan contInental shelf area (2 86 x 106 km2 total) and
approxnnately 125% of the total contInental shelf of the Uruted States (McRoy and
Goenng 1974) ThIs vast ocearuc domam sustaIns a nch and dIverse marme hfe
that supports the econOmIC and SubSIstence hvehhood for both Alaskans and
people hvmg m AsIa and North AmerIca The GOA IS also an Important
transportatIon corndor for vessels carrymg cargo to and from Alaska and vessels
travelmg the Great CIrcle Route between North AmerIca and ASIa

The high-latItude locatIon and geolOgIcal history of the GOA and adjacent
landmass strongly mfluence present-day regIonal meteorology, oceanography, and
sedImentary enVIronment The northern extensIOn of the Cascade Range, WIth
mountaIns rangmg m altItude from 3 to 6 km, nngs the coast from BntIsh
Columbia to Southcentral Alaska (Royer 1982) The AleutIan Range spans the
Alaska Perunsula m the western GOA and contaIns peaks exceecimg 1000 m m
elevatIon All of the mountaIns are young and therefore prOVIde plentIful sources
of sedIment to the ocean The regIon IS seISmIcally actIve because It hes Withm the
convergmg boundanes of the PacIfIc and North AmerIcan plates The motIons of
these plates control the SeISmICIty, tectorucs, volcarusm, and much of the
morphology of the GOA and make this regIon one of the most tectorucally actlve
regIons on earth Gacob 1986) Indeed, tectoruc motIon contInuously reshapes the
seafloor through faultIng, subSIdence, landshdes, tsunamIS, and SOlI lIquefactIon
For example, as much as 15 m of uphft occurred over portIons of the shelf durmg
the Great Alaska Earthquake of 1964 (Malloy and Merrill 1972, Plafker 1972, von
Huene et al 1972) These geolOgIcal processes mfluence ocean CIrculatIon patteITlS,
delIvery of terrestrIal sedIments to the ocean, and reworkmg of seabed sedIments
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ApproxImately 20% of the GOA watershed IS covered by glacIers today (Royer
1982) makmg the regIon the thIrd greatest glaCIal fIeld on earth (MeIer 1984) The
glacIers reflect both the subpolar, mantIme cllffiate and the regIonal dIstnbutIon of
mountams, or orography, of the GOA (see Section 3 3) of the GOA The c1lIDate
sethng mcludes mgh rates of precipItation and cool temperatures, especially at mgh
altitudes, that enhance the formation of the Iceflelds and glacIers The IcefIelds are
both a source and smk for the fresh water dehvered to the ocean In some years the
glacIers gam and store the precIpItation as Ice and snow, m other years, the stored
precIpItation IS released mto the numerous streams and nvers drammg mto the
GOA GlacIal scourmg of the underlymg bedrock provIdes an abundance of fIne
gramed sedlffients to the GOA shelf and basm (Hampton et al 1986) The maJor
mputs of glaCIal sedlffient are the Benng and Malaspma glacIers and the Alsek and
Copper nvers m the northern GOA and the Kruk, Matanuska, and Susltna nvers
that feed Cook Inlet m the northwest GOA (Hampton et al 1986)

The bathymetry, or bottom depth vanatIons, of the GOA reflects the dIverse
and complex geomorphologIcal processes that have worked the regIon durmg
mIllions of years The GOA abyssal plam gradually shoals from a S,OOO-m depth m
the southwestern GOA to less than 3000 m m the northeastern GOA Maxlffial
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 spreadmg centers m the PacIfIc hthosphenc plate (at the earth's
crust), are scattered across the central basm Several of the seamounts or guyots
(flat-topped seamounts) nse to wlthm a few hundred meters of the sea surface and
prOVIde Important mesopelagIc (mIddle depth of the open sea) habItat for pelagIC
(open sea) and benthIc (bottom) marme orgamsms

The contInental shelf varies m WIdth from about 5 km off the Queen Charlotte
Islands m the eastern GOA to about 200 km north and south of Komak 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 Benng Sea, WIth
depths (and InfloW) generally mcreasmg m the westerly drrectIon (Favonte 1974)
In the eastern Aleutians, most of the passes are shallow and narrow, the largest
bemg Amukta Pass WIth a maxlffial depth of 430 m and an area of about 20 km2

(Favonte 1974) Unlffiak Pass IS the easternmost pass (of oceanograpmc
SIgnIfIcance) 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 tectoruc and glaCIal processes (FIgure 3 10) Numerous troughs and canyons,
many onented across the shelf, punctuate the sea floor Subsea embankments and
ndges abound as a result of subSIdence, uphft, and glaCIal morames These
geolOgIcal processes have also shaped the lffiffiensely comphcated coastlme that
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mcludes numerous silled and unsI1led fjords, embayments, capes, and Island
groups

The northwestern GOA mcludes several promment geologIcal features that
mfluence the regIonal oceanography Kayak Island, wmch extends about 50 km
across the shelf east of the mouth of the Copper RIver, can deflect mner shelf
waters offshore InteractIon of shelf currents WIth tills Island can also spawn eddIes
that transport nearshore waters, wmch have a mgh suspended sedIment load, onto
the outer shelf (Ahlnaes et al 1987)

PWS, wmch hes west of Kayak Island, IS a large complex, fjord-type estuarrne
system wIth characterIstIcs of an mland sea (Muench and HeggIe 1978) The sound
commurucates WIth the GOA shelf through Hmchmbrook Entrance m the eastern
sound and Montague Stralt and several smaller passes m the western sound The
shelf 18 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 contInental slope ThIs canyon 18 a potentIally Important condUIt by
wmch slope waters can commurucate dIrectly WIth sound Central PWS 18 about
60 km by 90 km wIth depths typIcally m excess of 200 m and a maxnnal depth of
about 750 m m the northern sound The entrances to PWS are guarded by the shelf,
sills, or both of about 180-m depth Numerous Islands are scattered throughout the
sound and bays, fjords, and numerous glacIers are mterspersed along Its rugged
coastlme

Several silled fjords mdent the northern GOA coast, between PWS and Cook
Inlet Inner fjord depths can exceed 250 m, wmch are greater than the depths over
the adjacent shelf To the west of the Kenal Penmsula IS Cook Inlet, wmch extends
about 275 km from ItS mouth to Anchorage at Its head The mlet IS about 90 km
WIde at ItS mouth, narrows to about 20 km at the Forelands some 200 km from the
mouth, and then WIdens to about 30 km near Anchorage Upper Cook Inlet
branches mto two narrow arms (TurnagaIn 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 dunng low tIdes The bottom topography throughout the
mlet reflects extensIve faultIng and glacIal erosIon (Hampton et al 1986)

At ItS mouth, Cook Inlet commurucates WIth the northern shelf through
Kennedy Entrance, to the east, and WIth Shehkof Stralt, to the west The latter IS a
200-km by 50-km rectangular channel between KodIak Island and the Alaska
Penmsula WIth numerous fjords mdentIng 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 contInental slope west of Cllinkof
Island Southwest of Shehkof Stralt bottom depths shoal to 100 to 150 m, and the
shelf 18 comphcated by the passes and channels assocIated WIth the ShumagIn and
Semlrn18lands
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Figure 3.1 Oa Shelf topography of the northern Gulf of Alaska and adjacent waters (Martin 1997).
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Figure 3.1 Db Shelf topography of the northern Gulf of Alaska and adjacent waters (Martin 1997).
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3.4.2 Atmospheric Forcing of GOA Waters

The climate over the GOA is largely shaped by three semi-permanent
atmospheric pressure patterns: the Aleutian Low, the Siberian High, and the East
Pacific High (Wilson and Overland 1986). These systems represent statistical
composites of many individual pressure cells moving across the northern North
Pacific. The climatological position of these pressure systems varies seasonally, as
shown in Figure 3.11. From October through April, the cold air masses of the
Siberian High deepen over northeastern Siberia, and the East Pacific High is
centered off the southwest coast of California. From May through September, the
Siberian High weakens and the East Pacific High migrates northward to about
40° N and attains its greatest intensity (highest pressure) in June. The seasonal
changes in intensity and position of these high-pressure systems influence the
strength and propagation paths of low-pressure systems (cyclones) over the North
Pacific. In winter, the Siberian High forces storms into the GOA, and lows are
strong; in summer, these systems are weaker and propagate along a more northerly
track across the Bering Sea and into the Arctic Ocean.

1016 (1) 1012

Figure 3.11 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)

The low-pressure storm systems that compose the Aleutian Low form in three
ways. Many are generated in the western Pacific when cold, dry air flows off Asia
and encounters northward-flowing, warm ocean waters along the Asian continent.
Additional formation regions occur in the central Pacific along the Subarctic Front
(near 35° N) where strong latitudinal gradients of ocean temperature interact with
unstable, winter air masses (Roden 1970). Finally, the GOA can also be a region of
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actIve cyclogenesIs (low-pressure formatIon), parhcularly m wmter when frIgId alI
spills southward over the frozen Bermg Sea, the Alaska mamland, or both (Wmston
1955) Such condItIons can be hazardous to marmers because the accompanymg
hIgh wmd speeds and subfreezmg arr temperatures can lead to rapId vessel Icmg
(Overland 1990)

Regardless of OrIgm, these lows generally strengthen as they track eastward
across the North PacIfIc TIns mtensIfIcatIon results from the flux of heat and
mOIsture from the ocean to the atmosphere The lows attam maxImal strength
(lowest pressure) m the western and central GOA Once m the GOA, the coastal
mountams mhIbIt mland propagatIon, so that the storms often stall and dISSIpate
here Indeed, RUSSIan marmers refer to the northeastern GOA as the "graveyard of
lows" (Plakhotrnk 1964)

The mountams also force arr masses upward, resultmg m coolmg,
condensatIon, and enhanced preCIpItatIon The preCIpItatIon feeds numerous
mountam dramages that feed the GOA or, m wmter, IS stored m snowfIelds and
glaCIers where It can remam for perIods rangmg from months to years

Seasonal vanatIons m the mtensIty and paths of these low-pressure systems
markedly mfluence meteorolOgIcal condItIOns m the GOA Of partIcular
Importance to the marme ecosystem are the seasonal changes m radIatIon, wmd
velOCIty, preCIpItatIon, and coastal runoff

The mcommg short-wave radIatIon that warms 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%
occurs over the northern GOA more than 60% of the
tIme (Brower et al 1988), and cloud cover of less than
25% occurs less than 15% of the tIme Interannual
VarIabIlIty m cloud cover, espeCIally m summer, can affect sea-surface temperatures
and pOSSIbly the mIxed-layer structure (whIch also depends heavily on salilllty
dIstrIbutIon) 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 characterIstIc cloud cover IS so heavy that It hmders the effectIve
use of paSSIve IDlcrowave sensors, such as Advanced Very HIgh ResolutIon Radar
(AVHRR) and Sea-vIewmg WIde FIeld of VIew Sensor (SeaWIfs), m ecosystem
momtonng

The cyclomc (counterclockwIse) wmds assOCIated WIth the low-pressure
systems force an onshore surface transport (Ekman transport) over the shelf and
downwellmg along the coast FIgure 3 12 shows the mean monthly Upwellmg
Index on the northern GOA shelf TIns mdex IS negatIve (Implymg downwellmg) m
most months, mdIcatmg the prevalence of onshore Ekman transport and coastal
convergence Downwellmg favorable wmds are strongest from November through
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Figure 312 Mean monthly upwelling Index 1946 to 1999 (red) and mean monthly
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March, and feeble or even weakly antIcycloruc (upwelImg favorable) m
summer when the AleutIan Low IS dIsplaced by the East PacIfIC HIgh (Royer 1975,
Wilson and Overland 1986) Over the central basm, these wmds exert a cycloruc
torque (or wmd-stress curl) that forces the large-scale ocean CIrculatIon

The hIgh rates of preCIpItatIon are eVIdent m long-term average measurements
FIgure 3 5 IS a composIte of long-term average annual preCIpItatIon measurements
from statIons around the GOA PreCIpItatIon rates of 2 to 4 meters per year (m-yrI)
are typICal throughout the regIOn, but rates m southeast Alaska and PWS exceed
4 m-yrI Except over the Alaska Perunsula m the western GOA, the coastal
preCIpItatIon rates are much greater than the estImated net preCIpItatIon rate of
1 m-yrI over the central basm (Baumgartner and ReIchel 1975) The coastal
estImates are undoubtedly bIased because most of the measurements are made at
sea level and therefore do not fully capture the mfluence of altItude on the
preCIpItatIve flux

FIgure 3 12 also mcludes the mean monthly coastal dIscharge from Southeast
and Southcentral Alaska as estImated by Royer (1982) On an annual average thIs
freshwater mflux IS enormous and amounts to about 23,000 m3 s I, or about 20%
greater than the mean annual MISSISSIppI RIver dIscharge, and accounts for nearly
40% 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 rIvers Consequently, the dIScharge can be thought of as a dIffuse, coastal
"Ime" source" around the GOA penmeter, rather than arIsmg from a few, large
"pomt" sources The dIscharge IS greatest m early fall and decreases rapIdly
through wmter, when preCIpItatIon IS stored as snow There IS a secondary runoff
peak m sprmg and summer, because of snowmelt (Royer 1982) The phasmg and
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magrutude of tlus freshwater flux IS Important, because sahruty prImanly affects
water densItIes (and therefore ocean dynamICS) m the northern GOA

FIgure 3 12 shows that the seasonal varIatIon m wmd stress and freshwater
dIscharge IS large, but also that these varIables are not m-phase WIth one another,
downwellmg IS maxnnal m wmter and mmImal m summer, whereas dIscharge IS
maXImal m fall and mmImal m late wmter Both wmds and buoyant dIscharge
affect the vertical densIty stratIfIcatIon and contrIbute to the formatIon of honzontal
pressure (and densIty) gradIents over the shelf and slope The wmd fIeld over the
shelf IS spatially coherent (LIvmgstone 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 dIstrIbuted nature of the coastal
dIscharge suggest that forcmg by wmds and buoyancy IS approxImately uruform
along the length of the shelf Both the wmds and buoyant flux force the mean
cycloruc alongshore flow over the GOA shelf and slope (Reed and Schumacher
1986, Royer 1998), as shown schematically m FIgure 3 3 On the Inner 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 contInuous over a vast alongshore
extent Thus, the shelf and slope are strongly affected by advectIon (transport of
momentum, energy, and dIssolve and suspended matenals by ocean currents),
Implymg that clImate perturbatIons, even those occurrmg far from the GEM study
area, can be effiCIently commurucated mto the northwestern GOA by the ocean
CIrculatIon The strong advection also ImplIes that processes occurrmg far
upstream mIght substantially Influence bIOlOgical productIon withm the GEM area

3 4 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
CIrculatIon charactenstIcs mto three domaIns

•

•

•

The Inner shelf (or ACC domam) conSIsting of the ACC,

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

The mId-shelf region between the Inner and outer shelves

Because the boundarIes separatmg these regions are dynamIC, theIr locations
vary m space and tIme Although dynamIC connections among these domaIns
undoubtedly eXIst, the nature of these lInks IS poorly understood

The ACC IS the most promInent aspect of the shelf CIrculation It IS a perSIstent
CIrculatIon feature that flows cyclorucally (westward m the northern GOA)
throughout the year 'TIus current ongmates on the BntIsh ColumbIan shelf
(although m some months or years, It mIght ongtnate as far south as the ColumbIa

J River [Royer 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)
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The ACC IS a swIft (20 to 180 centImeters per second [cm S-I] [04 to 3 6 knots]),
coastally trapped flow typIcally found WIthm 35 krn of the shore (Royer 1981b,
Johnson et al 1988, Stabeno et al 1995) Much or all of the ACC loops through
southern PWS, entermg through Hmchmbrook Entrance and eXItIng through
Montague StraIt (NIebauer et al 1994) Therefore, the ACC potentIally IS lInportant
to the CIrculatIOn dynamICS of PWS, clearly, It IS a cntIcal advectIve and Inlgratory
path for matenal and orgarusms 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 contInues southward through ShelIkof 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 (multIyear) estImates of
transport m the ACC, dIrect measurements (Schumacher et al 1990, Stabeno et al
1995) along the KenaI Perunsula and upstream of KodIak suggest an average
transport of about 0 8 Sverdrup (Sv, a umt of flow equal to 1 Inllhon CUbIC meters
per second [1 Sv equals 106 m3 s 1]), WIth a maXlInum In wmter and a Inlrurnum In
summer

The large annual cycle In WInd and freshwater dIscharge IS reflected In the
mean monthly temperatures and salmItIes at hydrograpmc statIon GAK 1, near
Seward, on the mner shelf (FIgure 3 13) Mean monthly sea-surface temperatures
range from about 3 50 C In March to about 140C In August 'The amphtude of the
annual temperature cycle, however, dlInmlshes wIth depth, WIth the annual range
beIng only about 10C at depths greater than 150 m Surface temperatures are
colder than subsurface temperatures from November through May, and the water
column has httle thermal stratlfIcatIon from December through May

Surface salmItIes range from a maXlInum of about 31 practIcal salmIty uruts
(psu) In late WInter to a InlnlInum of 25 psu In August VertIcal Sallllity (densIty)
gradIents are InlnlInal m March and April and maxlInal m the summer months
Surface stratIfIcatIon commences m April or May (somewhat earher m PWS), as
cycloruc wmd stress decreases and runoff Increases, and IS greatest m Inld- to late
summer 'The mner shelf and PWS stratIfy fIrst, because runoff lilltIally IS confmed
to nearshore regIOns and only gradually spreads offshore through ocean processes
Solar heatIng proVIdes addItIonal surface buoyancy by WarInlng the upper layers
uruforrnly across the shelf However, the thermal stratIfIcatIon remams weak until
late Mayor June As wmds mtensIfy m fall, the stratlfIcatIon erodes, resultIng from
stronger vertIcal Inlxmg and mcreased downwellmg, wmch causes surface waters
to sInk along the coast

WIthm the ACC, the annual amplItude m salmIty dlInmlshes WIth depth and
has a InlnlInum of about 0 5 psu at about the 100-m depth At greater depths, the
annual amplItude mcreases but the annual salmIty cycle IS out of phase WIth near
surface salmIty changes For example, at and below the 1,50 m depth, the salmIty IS
InlnlInal m March and maxlInal In late summer-early fall 'The phase dIfference
between the near-surface and near-bottom layers reflects the combmed Influence of
wmds and coastal dIscharge In summer, when downwellmg relaxes, salty,
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nutrIent-nch water from offshore mvades the mner shelf (Royer 1975) The upper
portIOn of the water column IS freshest m summer, when the wmds are weak (lIttle
ffilxmg) and coastal dIscharge IS mcreasmg VertIcal ffilxmg IS strong through the
wmter and redIstnbutes fresh water, salt, and pOSSIbly nutnents throughout the
water column
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Figure 3 13 The mean annual cycle of temperature (upper) and salinity (lower) at vanous 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] )
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The effects of the seasonal cycle of wmd and buoyancy forcmg are also
reflected m both the hydrograpluc propertIes and the along-shore velocIty
structure of the shelf The seasonal transItIons m temperature and sa1mIty
propertIes are shown m FIgure 314, wluch IS constructed from cross-shore sectIons
along the Seward Lme m the northern GOA for Apnl (representatIve of late
wmter), August (summer), and October (fall)

The ACC domam, or rnner shelf, IS WIthIn 50 km of the coast From February
through Apnl, the vertical and cross-shelf gradIents of sa1mIty 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 dynamICS are pnmanly wInd-dnven and barotropIc
(controlled by sea-surface slopes setup by the WInds) at tlus time (Johnson et al
1988, Stabeno et al 1995) In summer (late May to early September), the vertIcal
strat1fIcatIon IS large, but cross-shelf Sallllity (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 lughly varIable, In summer Vertical
strat1fIcatIon weakens In fall, but the cross-shelf sa1mIty gradIents and the ACC
front are stronger than at other times of the year As coastal downwellmg
Increases, the front moves shoreward to witlun 30 km of the coast and steepens so
that the base of the front Intersects the bottom between the 50 and 100 m Isobaths

Theory (Garrett and Loder 1981, Yankovsky and Chapman 1997, Chapman and
Lentz 1994, Chapman 2000) suggests that seasonal varIations In the ACC frontal
structure should strongly rnfluence the vertIcal and hOrIZontal transport and
mIXIng of dIssolved and suspended matenal, 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 tlus offshore flow
Increasmg as dIscharge Increases In fall Taken together, these results suggest
cross-frontal convergence ansIng from dIfferIng dynamICS on eIther SIde of the
ACC front Buoyancy effects domrnate at the surface Inshore of the front (at least
for part of the year), WInd forCIng dommates offshore of the front Convergence
across the front would tend to accumulate plankton along the frontal boundary,
pOSSIbly attractIng foraging fIsh, seabIrds, and marIne mammals (Haldorson 2001)
The front mIght also be a region of SIgnIfIcant vertIcal motions Downwellrng
velOCIties of about 30 meters per day (m-d 1) In the upper 30 m of the water column
are pOSSIble In fall (Tlus estImate IS based on the assumption 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]
Inshore of the front)

The mId-shelf domam covers the region between 50 and 125 km from the coast
Here cross-shelf temperature and Sallllity gradIents are weak In all seasons In
general, the strongest horIZontal densIty gradIents occur WIthIn the bottom 50 m of
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Figure 3.14 Seasonal cross-shore distributions of temperature (left) and salinity (right) along the
Seward Line in the northem 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.

the water column, probably associated with the inshore location 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 in summer than in fall or winter.
Over the upper portion of the mid-shelf water column, the vertical stratification is
largely controlled by salinity in most months, although vertical salinity gradients
are weaker here in summer and fall than on the inner shelf. Consequently, in
summer, thermal stratification plays an important role in stratifying the mid-shelf
water column. Here, the along-shelf flow is weakly westward on average because
of the feeble horizontal density gradients. Both the flow and horizontal density
gradients are highly variable, however, because of energetic mesoscale (10- to
50-km) flow features. Potential sources for the mesoscale variability are as follows:

1. Separation of the ACC from capes (Ahlnaes et al. 1987);

2. Instabilities of the ACC (Mysak et a1. 1981, Bogard et a1. 1994);
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3. Interactions of the shelf flow with topography (Lagerloef 1983); and

4. Meandering of the Alaska Current along the continental slope (Niebauer et
al. 1981).

This mesoscale variability is very difficult to quantify, because it depends on
spatial variations in the coastline and the bottom topography and on seasonal
variations in the winds and shelf density structure. Nevertheless, these mesoscale
features appear to be biologically significant. 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 coincidence between larval pollock numbers and the
presence of eddies in Shelikof Strait. Moreover, the nutritional condition of first
feeding larvae is significantly better inside than outside of eddies (Canino et al.
1991).

The inner and mid-shelf domains share two other noteworthy characteristics.
First, during 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 infrared radiometry in assessing circulation features
and frontal boundaries in the northern GOA.

Second, the bottom-water properties of the shelf change markedly throughout the
year. The above figures show that the high-salinity bottom waters carried inshore
are drawn from over the continental slope in summer. This inflow occurs annually
and probably exerts an important dynamical influence on the shelf circulation by
modifying the bottom boundary layer (Gawarkiewicz and Chapman 1992,
Chapman 2000, Pickart 2000). It might also serve as an important seasonal onshore
pathway for oceanic zooplankton. These animals migrate diurnally over the full
depth of the water column; during the long summer day length, the zooplankton
will spend more time at the bottom than at the surface. The bottom flow that
transports the high-salinity water shoreward might then result in a net shoreward
flux of zooplankton in summer. The summertime inflow of saline water the water
column, probably associated with the inshore location 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 in summer than in fall or winter. Over the
upper portion of the mid-shelf water column, the vertical stratification is largely
controlled by salinity in most months, although vertical salinity gradients are
weaker here in summer and fall than on the inner shelf. Consequently, in summer,
thermal stratification plays an important role in stratifying the mid-shelf water
column. Here, the along-shelf flow is weakly westward on average because of the
feeble horizontal density gradients. Both the flow and horizontal density gradients
are highly variable, however, because of energetic mesoscale (10- to 50-km) flow
features. Potential sources for the mesoscale variability are as follows:

5. Separation of the ACC from capes (Ahlnaes et al. 1987);

6. Instabilities of the ACC (Mysak et al. 1981, Bogard et al. 1994);
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7. Interactions of the shelf flow with topography (Lagerloef 1983); and

8. Meandering of the Alaska Current along the continental slope (Niebauer et
al. 1981).

This mesoscale variability is very difficult to quantify, because it depends on
spatial variations in the coastline and the bottom topography and on seasonal
variations in the winds and shelf density structure. Nevertheless, these mesoscale
features appear to be biologically significant. 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 coincidence between larval pollock numbers and the
presence of eddies in Shelikof Strait. Moreover, the nutritional condition of first
feeding larvae is significantly better inside than outside of eddies (Canino et al.
1991).

The inner and mid-shelf domains share two other noteworthy characteristics.
First, during 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 infrared radiometry in assessing circulation features
and frontal boundaries in the northern GOA.

Second, the bottom-water properties of the shelf change markedly throughout
the year. The above figures show that the high-salinity bottom waters carried
inshore are drawn from over the continental slope in summer. This inflow occurs
annually and probably exerts an important dynamical influence on the shelf
circulation by modifying the bottom boundary layer (Gawarkiewicz and Chapman
1992, Chapman 2000, Pickart 2000). It might also serve as an important seasonal
onshore pathway for oceanic zooplankton. These animals migrate diurnally over
the full depth of the water column; during the long summer day length, the
zooplankton will spend more time at the bottom than at the surface. The bottom
flow that transports the high-salinity water shoreward might then result in a net
shoreward flux of zooplankton in summer. The summertime inflow of saline water
onto the inner shelf is one means by which the slope and basin interior
communicates directly with the nearshore, because (as discussed below) this water
is drawn from within the permanent halocline (depth horizon over which salinity
changes rapidly) of the GOA. The deep summer inflow is a potentially important
conduit for nutrients from offshore to onshore. Inflow, however, is not the only
means by which nutrient-rich offshore water can supply the shelf. Other
mechanisms include flow-up canyons intersecting the shelf break (Klinck 1996,
Allen 1996, Allen 2000, Hickey 1997), topographically-induced upwelling (Freeland
and Denman 1982), and shelf-break eddies and flow meanders (Bower 1991).

The third domain, consisting of the shelf break and continental slope is
influenced by the Alaska Current, which flows along the northeastern and northern
GOA, and its transformation west of 150° W, into the southwestward-flowing
Alaskan Stream. These currents comprise the poleward limb of the North Pacific
Subarctic Gyre and provide the oceanic connection between the GOA shelf and the
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PacIfIc Ocean The Alaska Current IS a broad (300 km), sluggIsh (5 to 15 cm s 1)
flow wIth weak horIZontal and vertIcal velocIty shears The Alaskan Stream IS a
narrow (100 km), swIft (100 cm s 1) flow WIth large velocIty shear over the upper
500 m (Reed and Schumacher 1986) The stream contInues westward along the
southern flank of the Alaska Perunsula and Aleutian Islands and gradually
weakens west of 1800 W (Thomson 1972) The convergence of the Alaska Current
mto the Alaskan Stream probably entaIls conCOmItant changes m the velocIty and
thermohalme gradIents along the shelf break Insofar as these gradIents mfluence
fluxes between the shelf and slope (GawarkIewIcz 1991), the transformatIOn of the
Alaska Current mto the Alaskan Stream ImplIes that shelf-break exchange
mecharnsms are not uruform around the GOA Moreover, the effects of these
exchanges on the shelf will also be mfluenced by the shelf WIdth, which varIes from
50 km or less m the eastern and northeastern GOA to about 200 km m the northern
and northwestern GOA

The Alaskan Stream has a mean annual volume transport (flow of water) of
between 15 and 20 Sv (Reed and Schumacher 1986, Musgrave et al 1992), and
although seasonal transport vanatIons appear small, mterannual transport
variations may be as great as 30% (Royer 1981a) Thomson et al (1990) found that
the Alaska Current IS swIfter and narrower m wmter than m summer Surface
salmItIes Withm the Alaska Current vary by only about 0 5 psu throughout the
year, whereas the seasonal change m sea surface temperature (SST) IS comparable
to that of the shelf (about 10° C) Nevertheless, horIZontal and vertIcal denSIty
gradIents are controlled by the salmIty dIstrIbution MaXImal strahhcatIon occurs
between depths of 100 and 300 m and IS associated WIth the permanent halochne of
the GOA Haloclme salimtIes range between 33 and 34 psu, and temperatures are
between 5° C and 6° C (Tully and Barber 1960, DodImead et al 1963, ReId Jr 1965,
Favonte et al 1976, Musgrave et al 1992) These water-mass charactenstIcs are
Identical to the propertIes of the deep water that floods the shelf bottom each
summer (FIgure 314)

Although eddy energIes of the Alaskan Stream appear small (Royer 1981a,
Reed and Schumacher 1986), sIgmhcant alteration of the slope and shelf-break
CIrculation IS lIkely durmg occaSIOnal passage of large (200-km-diarneter) eddIes
that populate the mtenor basm (Crawford et al 1999) Musgrave et al (1992) show
consIderable alteration m the structure of the shelf-break front off KodIak Island
durmg the passage of one such eddy These eddIes are long-lIved (2 to 3 years) and
energetic, havrng typICal SWIrl speeds of 20 to 50 cm s 1 (Tabata 1982, Musgrave et
al 1992, Okkonen 1992, Crawford et al 1999) They form m the eastern GOA,
pnrnanly m years of anomalously strong cyclomc wmd forcmg along the eastern
boundary (WI1lrnott and Mysak 1980, Melsom A et al 1999, Meyers and Basu
1999) and then propagate westward at about 2 to 3 ern s 1 Most of the eddIes
remam over the deep basm and far from the contInental slope, however, some
propagate along the slope, reqUITmg several months to transIt from Yakutat to
KodIak Island (Crawford et al 1999, Okkonen 2001)
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EddIes that lIDpmge upon the contInental slope could sIgmficantly mfluence
the shelf cIrculahon and exchanges between the shelf and slope of salt, heat,
nutrIents, and plankton TheIr mfluence on shelf-slope exchange rn the northern
GOA has not been ascertamed, but because they propagate slowly, are long-lIved,
and form epIsodIcally, they could be a source of rnterannual vanabIlIty for thIs
shelf These eddIes have many features m common WIth the Gulf Stream rrngs that
sigrufIcantly modIfy shelf properhes along the East Coast of the Umted States
(Houghton et al 1986, Ramp 1986, Joyce et al 1992, Wang 1992, SchlItz 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 nutrIent concentrahons are generally hIgher over the slope than on the
shelf (WhItledge 2000, ChIlders 2000)

3 4 4 BiophySical Implications

The magmtude of the sprrng phytoplankton bloom depends on surface nutrIent
concentrahons and water-column StabIlIty The annual resupply of nutrIents to the
euphohc zone IS not understood for the Inner shelf, however Cross-shelf, surface
Ekman transport rn wmter cannot account for the hIgh nutrIent concentrahons
observed on the Inner shelf rn sprrng (ChIlders 2000, WhItledge 2000) Turbulent
mIXrng durmg late fall and wrnter could mIX the nutrIent-nch deep water (brought
onto the shelf rn summer) up rnto the surface layer rn hme for the sprrng bloom If
so, vernal nutrIent levels mIght result from a two-stage precondihomng process
occurrrng durrng the several months precedrng the sprrng bloom The fIrst stage
occurs rn summer and IS related to the onshelf movement of salrne, nutrient-nch,
bottom water as descnbed above The quanhty of nutrIents carned onshore then
depends upon the summer wrnd fIeld and the properhes of the slope source water
that contrIbutes to thIs mflow The second step occurs rn fall and wmter and
depends on turbulence Current mstabIhhes, downwellrng-rnduced convechon,
and dIffuSIOn accomplIsh the verbcal mIXIng The extent of thIs mIXmg depends
upon the seasonally varyrng strah£Icahon and the verhcal and hOrIZontal velOCIty
structure of the ACC Each of these mechamsrns probably vanes from year to year,
suggeshng that sprrng nutrIent concentrahons WIll also vary

Another potenhally Important nutrIent source for the Inner shelf rn sprrng IS
PWS Wmter mIXIng rn the sound could brrng nutrient-nch water to the surface,
where It IS exported to the shelf by that portIOn of the ACC that loops through
PWS

The hmIng of the sprrng bloom depends on development of strahllcahon
WIthIn the euphohc zone The euphohc zone extends from the surface to a depth
where suffICIent hght still eXIsts to support photosynthesIS Strahllcahon WIthIn
the euphohc zone IS mfluenced by freshwater dIscharge and solar heatIng
PrelImInary GLOBEC data (WhItledge 2000, Stockwell 2000) suggest that the sprrng
bloom begrns rn protected regIOns of PWS rn late March as day length rncreases and
strah£Icahon builds as a result of snowmelt, raInfall, and the shelterrng effect of the
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PWS from wmds The bloom on the shelf lags that of PWS by from 2 to 6 weeks
and may not proceed sllllUltaneously across the shelf Tlus delay results from the
hme requrred to stratIfy the shelf Because densIty IS strongly affected by sahruty
and, therefore, by the spreadmg of fresh water on the shelf, stratmcahon does not
evolve by verhcal (one-dlillenslOnal) processes phase-locked to the annual solar
cycle Rather, strat1£lcahon depends prlillarl1y on the rate at wmch fresh water
spreads offshore, wmch IS a consequence of three-dlmenslOnal crrculabon and
11l1X1Ilg processes mbmately associated wIth ocean dynamlcS

Severallillplicabons follow from tms hypothesIs Frrst, sprmg bloom dynamlcS
on the shelf are not as bghtly coupled to the solar cycle as on illld-labtude shelves
where temperature controls densIty Second, illlXed-Iayer development depends
on processes operabng spanrung a range of hme scales and mvolves a plethora of
variables that affect verhcal illlxmg and the offshore flux of fresh water from the
nearshore These variables mclude the fracbons of wmter preclpltabon delivered to
the coast as snow and ram, the bmmg and rate of sprmg snowmelt (a funcbon of
arr temperature and cloudmess), and the wmd velocIty The relevant hme scales
range from a few days (storm events) to seasonal or longer The long hme scales
follow from the fact that the shelf crrculabon, parhcularly the ACC, can advect the
freshwater that contnbutes to strabflcabon from very distant reglOns Tlurd,
mterannual vanabllity m the onset and strength of strabflcabon on the GOA
conbnental shelf IS probably greater than for illld-labtude shelves Tlus expectahon
follows from the fact that several potenhally mteracbng parameters affect
strat1£lcabon, and each or all can vary consIderably from year to year Therefore,
applicabon of Gargett's (1997) hypothesIs of the ophmal stabIlity wmdow to the
GOA shelf mvolves more degrees of freedom than ItS use on eIther illld-lahtude
shelves or the central GOA (where temperature exerts prlillary control on
strat1£lcabon m the euphobc zone)

All of these conslderahons suggest that stratmcahon probably does not develop
uruformly m space or hme on the GOA shelf The lillplicahons are potenbally
enormous WIth respect to feedmg opporturubes for zooplankton m sprmg These
anlillals must encounter abundant prey shortly after illlgrabng to the surface from
therr overwmtermg depths Emergence from diapause (a penod of reduced
metabolism and machvlty) IS hghtly coupled to the solar cycle, rather than the
onset of strabflcahon ConceIvably then, zooplankton recrUitment success illlght
depend on shelf phySIcal processes occurrmg over a penod of several months pnor
to the onset of the bloom In parhcular, the magrutude and phasmg of the sprmg
bloom illlght be precondlboned by shelf processes that occurred throughout the
precedmg summer and wmter Perturbahons m the magrutude and phasmg of the
sprmg bloom illlght propagate through the food cham and affect summer and fall
feedmg success of Juvenlle nshes (Denman et al 1989)

60 VOLUME II, CHAPTER 3



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

GULF ECOSYSTEM MONITORING AND RESEARCH PROGRAM

345 Tides

The tides m the GOA are of the rruxed type WIth the pnncipallunar serru
dIUrnal (M2) tide bemg dorrunant and the lum-solar dIUrnal (Kl) tide bemg, m
general, of secondary nnportance TIdal charactenstIcs (amplItudes and velocIties)
are strongly Influenced by the complex shelf and slope bathymetry and coastal
geometry, however Consequently, spatial varIations m the tidal charactenstIcs of
these two speCIes are large For example, Anchorage has the largest tidal
amplItudes m the northern GOA, WIth the M2 tide bemg about 36m and the Kl
tide bemg about 0 7 m In contrast, the amplItudes of both of these constituents m
KodIak and Seward are less than half those of Anchorage Foreman et al (Foreman
et al 2000) found that the cross-shelf flux of tidal energy onto the northwest GOA
shelf IS enormous and IS accomparued by hIgh (bottom) fnctIonal diSSIpation rates
Therr model estImates mdicate that the tidal dISSIpation rate m Kennedy Entrance
accounts for nearly 50% of the total diSSIpation of the M2 constituent m the GOA
Further, about one-thrrd of the energy of the Kl tide m the GOA IS dISSIpated m
Cook Inlet Some of the energy lost from tides IS available for rruxmg, whIch would
reduce vertical strabhcatIon and enhance the transfer of nutrIents mto the euphotic
zone

The mteractIon of the tidal wave WIth varymg bottom topography can also
generate shelf waves at the dIUrnal frequency and generate reSIdual flows The
waves are a prornment feature of the low-frequency crrculatIon along the BntIsh
ColumbIan shelf (Crawford 1984, Crawford and Thomson 1984, Flather 1988,
Foreman and Thomson 1997, Curnmms and Oey 2000) and could affect pycnoclme
dIsplacements (The pycnoclIne IS a vemcallayer 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 especIally along the KodIak shelf
break Although no observations are available to confIrm the presence of such
waves along the KodIak shelf, therr presence could mfluence bIOlOgical production
here as well as the dispersal of planktomc orgarusms ReSIdual flows resulting
from non-lInear tidal dynarrucs could (locally) Influence the transport of suspended
and dISsolved matenals on the shelf

Seasonal changes m water-column strabhcatIon can also affect the vemcal
dIstnbutIOn of tidal energy over the shelf through the generation of mternal
(barochruc) waves of tidal penod Such motions are lIkely to occur m summer and
fall m the northwestern GOA where the flux of barotropIC tidal energy (whIch IS
nearly uruforrnly dIStnbuted over the water column) across the shelf break
(Foreman et al 2000) mteracts WIth the hIghly strabhed water column on the shelf
The mternal waves generated can have small spatial scales (lOs of krn) m contrast
to the large scale (l,OOOs of krn) of the generating barotropIC tidal waves
Moreover, the phases and amplItudes of the barochruc tides will vary With seasonal
changes m stratIfIcation Although no systematic mvestIgatIon of mternal tides on
the GOA shelf has been conducted, Daruelson (2000) found that the tidal velocIties
m the ACC near Seward m wmter are about 5 cm s 1 and are barotropIC However,
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m late summer, tidal velocIties m the upper 50 m are about 20 cm s 1 whereas below
100-m depth they are about 5 cm s 1 Internal tides will also dIsplace the pycnoclme
sufnciently to have bIOlogrcal consequences, mcludmg the purnpmg of nutrIents
mto the surface layer, the dIspersal of plankton and small nshes, and the formation
of tranSItory and small-scale zones of honzontal dIvergence and convergence that
affect feedmg behaVIOrs (Mann and LaZIer 1996) Stratmed tidal flows ffilght also
be sIgmfJ.cant for some silled fjords The mteractIon of the tide WIth the SIll can
enhance ffilxmg and exchange (Farmer and Sffilth 1980, Freeland and Farmer 1980)
and can resupply the mner fjord WIth nutnent-nch, mgh-salmlty water and
plankton through Bernoulli suction effects (Thompson and Goldmg 1981, Thomson
and Wolansk11984)

3 4 6 Gulf of Alaska BaSin

The CIrculation m the central GOA conSISts of the cyclorucally
(counterclockwIse) flowmg Alaska Gyre, wmch IS part of the more extensIve
subarctic gyre of the North PacIfIC Ocean The center of the gyre IS at about 53° N,
and 145° 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 Kurosmo Current and the southward-flowmg Oyasmo Current m the
western PacIfIC Some water from the Alaska Stream apparently reCIrculates mto
the North Pacmc Current, but the strength and location of tills recrrculatIon IS
poorly understood and appears to be extremely vanable (Favonte et al 1976) The
North Pacmc Current bIfurcates off of the western coast of North Amenca, WIth the
northward flow feedmg the Alaska Gyre and the southward branch entermg the
CalIforrua Current The bIfurcation zone IS located roughly along the zero lme m
the chmatologrcal mean for the wmd stress curl The gyral flow reflects the large
scale cycloruc wmd-stress dIstrIbution over the GOA Mean speeds of drIfters
deployed m the upper 150 m of tms gyre (far from the continental slope) are 2 to 10
em s I, but the vanability IS large (Thomson et al 1990) These cycloruc wmds also
force a long-term average upwellmg rate of about 10 to 30 m yr 1 m the gyre center
(X1e and HSIeh 1995)

The vertical thermohalme structure of the Alaska Gyre IS descnbed by Tully
and Barber (1960) and Dodlffiead 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,

2 A haloclme that extends from 100 m to about the 200-m depth over wmch
salmlty mcreases from 33 to 34 psu and temperatures decrease from 6 to
4° C, and
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3 A deep layer, extendrng 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 maxlffial value of
about 34 7 psu at the bottom

The seasonal vanahons of the upper layer reflect the effects of wmd-ffilXillg and
heat exchange WIth the atmosphere-essenhally one-dlffiensIOnal mIxmg processes
The ocean loses heat to the atmosphere from October through March and gams
heat from Apnl through September The upper layer 15 Isohalme and 150thermal m
wmter down to the top of the haloclme At tlus hIDe, upper-layer salImhes range
from 32 5 to 32 8 psu, and temperatures range from 4° to 6° C The upper layer 15
fresher and colder m the northern GOA and salher and warmer m the southern
GOA The upper layer gradually freshens and warms m spnng, as wmd speeds
decrease and solar heahng mcreases A summer ffilxed layer forms that mcludes 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 propernes
revert to wmter conmtIOns as coolmg and wmd-ffilXmg mcrease m fall

The haloclme IS a permanent feature of the Subarchc North PacIfIc Ocean and
represents the deepest llffilt over wmch wmter ffilxmg occurs Withm the upper
layer The haloclme results from the lugh (compared With other ocean basIns) rates
of precipitahon and runoff m conJunchon WIth large-scale, three-d1mensIOnal
cITculahon and mtenor ffilXmg 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 effectrvely 1lmlts verhcal exchange between salme and
nutrient-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, contrIbuhons from the North Atlanhc Mean flows m the
deep mtenor are feeble (1 em s I), and the flow dynamICS are governed by both the
cllmatologIcal wmd stress mstrIbuhon (KoblInsky et al 1989) and the global
thermohalme cITculahon (Warren and Owens 1985) modIfIed by the bottom
topography The thermohalme cITculahon carnes nutrient-nch waters mto the
North PacJfJ.c and forces a weak and deep upwellmg throughout the regIOn
(Stommel and Arons 1960a, 1960b, ReId 1981)

3 4 7 General Research Questions

What physical-cheffilcal processes control pnmary and secondary produchon,
and m parhcular, what processes control the hffilng, durahon, and magmtude of
the sprmg bloom on the mner conhnental shelf, mcludmg the mlets, sounds, and
fJords?

Does strahfIcahon of the water column m the euphohc zone of the ACC depend
pnmanly on the rate at wluch fresh water spreads offshore as a consequence of
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three-dImensIonal cIrculahon and rruxrng processes assocIated WIth ocean
dynarrucs? (Sechon 3544)

Do physIcal oceanographIc shelf processes rn the ACC rn the months leadrng
up to the sprrng bloom precondIhon the magmtude and sequence of bIOlogrcal
events durrng the spnng bloom? (SectIOn 3 4 4)

Does zooplankton recrUItment m the ACC depend on shelf phYSICal processes
durmg a "precondIhonrng penod" leadrng up to the onset of the sprrng bloom?
(Sechon 344)

What are the sources of the nutrIents rn the euphohc zone on the rnner shelf rn
the sprrng? (Sechon 3 44)

How are exchanges of carbon and nutnents, detrItus and plankton, at the shelf
break rnfluenced by the rnterachons of physIcal processes WIth the Alaska Stream
and the Alaska Current WIth the complex bathymetry of the northern and western
GOA?

What IS the effect of eddy structure on nutnent flux across the conhnental shelf
slope? (Sechon 344)

How and where does the rnterachon of the hdal wave wIth varyrng bottom
topography generate resIdual flows that transport nutrIents and carbon across
water mass boundanes on the Inner shelf?

Do dIurnal-penod shelf waves along the KodIak shelf rnfluence bIOlogrcal
produchon and the dIspersal of planktomc orgamsms? (Sechon 3 45)

The overall ferhhty of the GOA depends prImanly
on nutrIent resupply from deep-water sources to
the surface layer were plants grow Rates of
carbon hxahon by phytoplankton m the euphohc
zone are hmIted seasonally and annually by

changrng lIght levels and the krnds and supply rates of several dIssolved rnorgamc
cherrucal speCIes Three elements-mtrogen, phosphorus, and sIDcon-are essenhal
to the photosynthehc process (parsons et al 1984) Other dIssolved rnorgamc
conshtuents such as Iron are also belIeved to control rates of photosynthesIs at
some locahons and hIDes (Freeland et al 1997, Marhn and Gordon 1988, Pahlow
and RIebseli 2000)

Orgamc matter synthesIZed by plants rn the lIghted surface layer IS consumed
there or smks down rnto the deeper water column where some may eventually
reach the seabed The unconsumed porhon IS OXIdIZed to morgamc dISsolved
forms by bactena at all depths In the euphohc zone, rnorgamc nutnents excreted
by zooplankton and by rrucronekton and macronekton (fIsh), lIberated by bactenal
oXldahon (a process referred to as remrnerahzahon), or both excreted and lIberated
are lIDIDedIately recycled by phytoplankton (Nekton IS sWIDlIDillg marme We) In
contrast, lIvrng cells, orgamc detrItus (remarns of dead orgamsms), and fecal pellets

64 VOLUME II, CHAPTFo 3



The majorpool ofplant nutrients
for water column production
In ocean, shelf, and coastal
regions IS In deep waters

J

GULF ECOSYSTEM MONITORING AND RESEARCH PROGRAM

that escape the euphotic zone by smkmg are remmerahzed below the lIghted upper
layer, and the resulting morgaruc forms are lost to surface plant stocks The result
of these combmed processes leads to vertIcal chstrIbutIons 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 upwelling and deep seasonal overturn prOVIde local mechamsms that
brmg nutrIent enrIched deep water back mto the surface layer each year
(Schumacher and Royer 1993) AdchtIonally, at depths shallower than about 100 m,
tidal rruxmg resulting from frIction across the bottom can mteract WIth the wmd
ffilxed surface layer to prOVIde an mtermlttent avenue for surface nutrIent
replemshment durmg all seasons

Concentrations of the chssolved morgaruc forms of mtrogen (mtrate, mtrIte, 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 pycnoclIne, resulting from the relatively low salmIty of
the upper 120 to 150 m, lIffilts access to thIs valuable pool, however, deep wmter
rruxmg rarely reaches below about 110 m m waters over the deep ocean (Dochmead
et al 1963, Favonte et al 1976) Although upwellmg occurs m the center of the
Alaska Gyre, It IS belIeved to be only on the order of a meter (or consIderably less)
per day (Sugrmoto 1993, XIe and HSIeh 1995), a relatively modest rate compared to
some regIons of hIgh productiVIty lIke the Peru or Oregon coastal upwellings
Away from the Alaska Gyre upwelling along the northern continental margm of
the GOA, the prevailing wmds dnve a predommately downwelling enVIronment
over the shelf for 7 to 8 months each year Although thIs condItIOn usually
moderates durmg the summer, there IS lIttle eVIdence that wmd-forced coastal
upwellIng IS ever well developed Instead, durmg the perIod of relaxed
downwelling or sporadIC and weak upwelling, a rebound of Isopycnal (densIty
boundarIes, waters havmg the same densIties) surfaces along the shelf edge permlts
the run-up of dense slope water onto and across the shelf ThIs subsurface water,
contammg elevated concentrations of dIssolved nutrIents, flows mto the deeper
coastal baSIns and fjords (Muench and HeggIe 1978, HeggIe and Burrell 1981)
Presumably the tlmmg and duration of thIs coastal
bottom renewal IS related to the nature of the PacIfrc
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, nvers, and glaCIers m the rugged coastal
margm In these areas that are largely untouched by agnculture, thIs mput
probably contrIbutes lIttle 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 production m ocean, shelf, and coastal regIons IS denved from
marme sources and reSIdes m the deep waters below the surface productIon zone

VOLUME II, CHAPTER 3 65



GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

Because lIght lmuts carbon fIXatIon durmg the wmter months, there IS a strong
seasonal SIgnal m nutrIent concentratIons of the euphotIc zone m upper-layer shelf,
coastal, and InsIde waters Durmg the wmter, dIssolved morgaruc plant nutrIents
bmld theIr concentratIons m the deepemng wmd-ffilxed layer as deeper, nutrIent
rIch water becomes mvolved m the seasonal overturn at a tIme when uptake by
phytoplankton IS ffillliffial Under seasonal lIght lmutatIon, surface nutrIent
concentratIons probably peak m early March, Just before the onset of the annual
plankton productIon cycle By ffild- to late-May and early June, euphotIc zone
nutrIents are drawn down dramatIcally to seasonal lows as the stratIfIcatIOn that
lilltIates the spnng "bloom" of plant plankton severely restrIcts the vertIcal flux of
new nutrIents (Goenng 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 lffiportant m sustammg the much-reduced prImary
productIVIty Later m fall, WIth the onset of the AleutIan Low pressure system and
the storms that It produces, a coolmg and deepemng wmd-ffilXed layer can remJect
suffICIent new nutrIents mto a shrmkmg euphotIc zone to lilltIate a fall plant bloom
m some years (EslInger et al 2001)

The strong seasonal SIgnal of nutrIents and plant stocks eVIdent on the
contInental shelf IS dIffiilllShed m surface waters seaward of the shelf break m the
GOA The regIOn beyond the contInental shelf break IS descrIbed as "hIgh nutrIent,
low chlorophyll" It was belIeved hIstOrIcally that grazmg by a collectIve of large
calanOld copepods (specIes of zooplankton endeffilc to the subarctIc PacIfIc)
consumed enough plant bIomass each year to control the overall productIvIty
below levels needed to completely exhaust the surface mtrogen (Hemrlch 1962,
Parsons and Lalli 1988)

More recently, Iron lmutatIon has been posed as a mecharusm controlling
prImary productIon m the GOA and m several other offshore regIOns of the world's
oceans (MartIn and Gordon 1988) Contemporary research m the GOA has
revealed that control of the amount of food produced by phytoplankton through
grazmg of zooplankters IS probably lffipOrtant, although the speCIes of zooplankton
mvolved are not the large calanOld copepods (Dagg and Walser 1987, Frost 1991,
Dagg 1993) ProductIon of phytoplankton IS thought to be controlled by an
assemblage of ffilcrozooplankters, ffilcroconsumers, 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 ffilcroconsumers are capable of effiCIently
trackmg and lmutIng the overall ocearuc productIvIty by eatIng the pnmary
producers, the phytoplankton (Banse 1982) The control mechamsm IS made
possIble because the plant commumtIes are dommated by very small cells, 10
ffilcrometers or less, that can serve as food for the ffilcroconsumers

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 lmutatIon,
phytoplankton commumtIes generally shIft to small-SIZed speCIes whose surface-

(
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,r- - area-to-volume rahos are lugh Resoluhon of these related Ideas IS sought m
conhnumg studIes of the oceamc produchon cycle

Surpnsmg recent observahons demonstrate a trend m mcreasmg temperatures
m the upper layers that may be causmg a sluft m the seasonal nutrIent balance
offshore (Freeland et al 1997, Polovma et al 1995) For the frrst hille, there are
reports that mtrogen has been drawn down to undetectable levels along lme P m
the southern GOA out to a dIStance of 600 km from the coast (Welch 2001) Lme P
IS an oceanograpluc 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 ffilxed layer IS shoalmg under long-term WaIilllng
condItIOns

An essenhalissue for the GEM program will be to understand how, at a vanety
of spahal and temporal scales, the supply rates of morgamc mtrogen, 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 ffilght be mfluenced by clImate changes m the followmg ways

•

•

•

Upwellmg m the Alaska Gyre,

Deep wrnter ffilxmg,

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
deteTffillled m the supply rates of dIssolved morgamc nutrIents to nearshore
habItats (Schumacher and Royer 1993) Fmally, the lffipOrt of marme-denved
mtrogen assOCIated WIth the spawmng ffilgratIOns of salmon and other
anadromous fIShes has been descnbed as a novel means by wluch the oceamc GOA
emiches the terrestrIal margm each year Tlus allochthonous rnput (food from an
outsIde source) to the dramages bordenng the GOA IS clearly lffiportant m many
freshwater nursery areas hoshng the early hfe stages of PacIfIC salmon (Fmney
1998) and must vary WIth mterannual and longer-term changes m salmon
abundance

3 5 1 General Research Questions

How are the supplIes of morgamc mtrogen, phosphorous, SIlIcon, and other
nutrIents essenhal for plant growth m the euphohc zone mfluenced by chmate-dnven
phYSIcal mechamsms m the GOA?

What IS the role of the PacIfIC HIgh pressure system m deteTilllnIDg the hmmg and
durahon of the movement of dense slope water onto and across the shelf to renew
nutrIents m the coastal bottom waters? (Sechon 3 5)
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Is freshwater runoff a source of rron and sIDcon that IS nnportant to manne
produchVIty m the ACC and other manne waters? (Sechon 3 5)

Does rron lmutahon control the specIes and SIZe dlstnbuhon of the plankton
commuruhes m the offshore areas?

Does zooplankton, especIally IDlcrozooplankton, control the amount of food
produced by phytoplankton m the offshore?

(

3 6 Biological
Oceanography
Plankton and
Productivity

enVIronments

3 6 1 Plankton Investigations
In the Gulf of Alaska

Much of what IS presently understood about
the plankton commuruhes and therr produchvIty
m the GOA has arIsen from several programs
exammmg the open ocean and shelf

These programs have mcluded the followrng

•

•

•

•

•

•

US-Canada NORPAC surveys (LeBrasseur 1965),

Subarchc Pac1flc Ecosystem Research (SUPER) project of the Nahonal
ScIence FoundatIon (NSF) (Miller 1993),

The multI-decadal plankton observatIons from CanadIan Ocean StatIon P
(OSP) and Lrne P (McAllister 1969, Fulton 1983, Frost 1983, Parsons and
LallI 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 Oceamc and
Atmosphenc AdIDlmstratIon (NOAA) (Hood and Zmunerman 1986), and

The Shehkof StraIt FISherIes Oceanography CooperatIve InvestIgatIon
(FOCI) study by NOAA and NMFS (Kendall et al 1996)

It IS not understood how the
qUIte dIfferent ecosystems of

lower trophIc levels m the
northeastern subarctic PaCIfic

Ocean are phased through tIme
and mteract at theIr boundaries

over the shelf

68

AddItIonal and more recent programs rnclude the North
Pac1flc GLOBEC of the NSF and those supported by the
EVOS Trustee Council The above-mentIoned programs
and a few other studIes prOVIde a reasonably coherent frrst
order pIcture of the structure and funcbon of lower trophIc
levels m the northeastern subarcbc PacIfIC Ocean A senous
gap rn the detaIled understandrng of relabonshIps between
the observed lllShore and offshore producbon cycles
remaInS, however-namely how these qmte dlfferent

ecosystems are phased through hme and rnteract at therr boundanes over the shelf
As a result, rnformabon IS lackrng about how the effects of future cllmate change
may mamfest rn food webs supportIng hIgher level consumers
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3 6 2 Seasonal and Annual Plankton Dynamics

) The composItIOn, dIstrIbutIon, abundance, and productlvIty of plant and
anImal plankton commumtIes In the GOA have been reVIewed by Sambrotto and
Lorenzen (1986), Cooney (1986), Miller (1993), and Mackas and Frost (1993) In
general, dramatIc dIfferences are observed between pelagIC commumtles over the
deep ocean, and those found In shelf, coastal, and protected InSIde waters (sounds,
fjords, and estuarIes) SpecIfIcally, the euphotlc zone seaward of the shelf edge IS
dommated year round by very small phytoplankters-tlny dIatoms, naked
flagellates, and cyanobacterIa (Booth 1988) Most are smaller than 10 ffilcrons m
SIZe, and theIr combmed standmg stocks (measured as chlorophyll concentratIon)
occur at very low and seasonally stable levels It was OrIgrnally hypothesIzed that a
small group of large oceamc copepods (Neocalanus spp and Eucalanus bungn)
lImIted plant numbers and open ocean productlon by effiCIently controllmg the
plant stocks through grazmg (HemrIch 1962) More recent eVIdence, however,
mdIcates the predommant grazers on the oceamc flora are not the large calanOlds
(Dagg 1993), but Instead abundant populatlons of cIhate protozoans and
heterotrophIc ffilcroflagellates (Miller et al 1991a, 1991b, Frost 1993) It has been
further suggested that m these hIgh nutrIent, low chlorophyll oceamc waters, very
low levels of dIssolved morgamc Iron (coffilng mamly from atmospherIC sources)
are ultlmately responSIble for structurmg the composItlon of the pnmary producers
and consumers (Martln and Gordon 1988, Martln 1991) Close reproductlve and
trophIc couplmg between the nanophytoplankton and ffilcroconsumers appears to
restrIct levels of prImary productIVIty below that needed to exhaust all of the
seasonally avaIlable mtrogen each year (Banse 1982) Moreover, the excreta of the
ffilcroconsumers IS dIffuse, WIth low smkmg rates, and IS easuy OXIdIZed by
bacterIa Ammoma (derIved from grazer-released urea) IS a preferred plant
nutrIent, and the fIrst OXIdatIon product recycled m thIs way Wheeler and
KokkmakIs (1990) demonstrated that as long as amllloma IS avaliable for the plants,
mtrate uptake m the euphotlc zone IS much reduced Together, these £IDdmgs are
paIntlng a consIderably reVIsed pIcture of lower trophIc level relatIonshIps and
nutrIent balances at the base of the offshore pelagIC ecosystem m the GOA

In contrast, shelf, coastal, and InsIde waters host a more tradItIonal plankton
commumty m whIch large and small dIatoms and dmoflagellates support a
copepod-dommated grazmg assemblage (Sambrotto and Lorenzen 1986, Cooney
1986) Here, the annual productlon cycle IS characterIZed by well-defmed SprIng
(and sometlmes fall) blooms of large dIatom speCIes (most larger than 50 ffilcrons)
whose productIvItIes are lImIted annually by the rapId utIhzatIOn of dISsolved
morgamc mtrogen, phosphorus, and sUIcon m the euphotIc zone (Eslmger et al
2001, Ward 1997) These blooms typIcally begrn m late March and early Apru m
response to a seasonal stabliIZatIon of the wmter-condItIoned deep ffilxed layer
HIgh rates of photosyntheSIS tyPICally last only 4 to 6 weeks (Goermg et al 1973)
Strong perIods of wmd, tIdal mIXmg, or both durmg the bloom can prolong these
events by mterruptIng the condItlons of hght and stability needed to support plant
growth When the phytoplankton bloom IS prolonged m thIs way, Its mtensIty IS

VOLUME II, CHAPTER 3 69



GULF ECOSYSTEM MONITORING AND RESEARCH PROGRAM

lessened, but consIderably more orgaruc matter IS apparently drrected mto pelagrc •
food webs, rather than smkmg to feed seabed consumers (Eshnger et al 2001)
Accelerated seasonal warmmg and freshenmg of the upper layers m May and June
provIde mcreasmg strahfIcatlOn that eventually restrIcts the vertIcal flux of new
nutrIents and lImIts summer pnmary prodUCtIVIty to very low levels In some
years, a fall bloom of dIatoms occurs m September and October m response to a
deepenmg wmd-ffilXed layer and enhanced nutrIent levels The ecologrcal
sIgru.6.cance of the fall portIon of the pelagrc productIon cycle remaIns largely
undescnbed

In both the ocean and shelf domams, strong seasonal sIgnals occur m standmg
stocks and estImates of daily and annual rates of productIon for the phytoplankton
and zooplankton Some of the earlIest measurements of photosynthesIs at asp
placed the annual pnmary productIon m the southern part of the Alaska Gyre at
about 50 grams of carbon per square meter per year (g C m 2y 1) (McAllIster 1969),
or somewhat lower than the overall world ocean average of 70 g C m 2y 1 More
recent studIes usmg other techruques, however, have suggested hIgher annual
rates, somewhere between 100 to 170 g C m 2y 1 (Welschmeyer et al 1993) UnlIke
the productIon cycle over the shelf, the ocearuc pnmary productIvIty does not
produce an IdenhfIable spnng/summer plant bloom Instead, the ocearuc
phytoplankton stock remams at low levels (about 0 3 mIlligrams [mg] of
chlorophyll a m 3) year-round for reasons dIscussed above In stark contrast,
ocearuc stocks of zooplankton (upper 150 m) do exhIbIt marked seasonalIty Late
wmter values of 5 to 20 mg m 3 (wet weIght) nse to 100 to 500 mg m-3 m mId
summer, when upper-layer populatIons of large calanOlds dOmInate the standmg
stock ASSUmIng the zooplankton productIon 15 roughly 15% of the ocearuc
pnmary productIvIty (parsons 1986), annual eshmates of zooplankton carbon
productIon eshmated from pnmary productIvIty range between 8 and 26 g C m 2
GIven that the carbon content of an average zooplankter IS approxlffiately 45% of
the dry weIght, and that dry weIght IS about 15 % of the wet weIght (Omon 1969),
the carbon productIon can be converted to eshmates of bIomass Results from thIs
calculatIon suggest that between 119 and 385 g of bIomass m 2may be produced
each year m the upper layers of the ocearuc regrme from sources thought to be
largely zooplankton

The shelf, coastal, and InsIde waters present a mOSaiC of many dIfferent pelagrc
habItats The open shelf (depths less than 200 m) IS 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 submanne canyons and deep straits, but also nses to extensIve shallow shoals at
some locatIons The rugged northern coastal margm IS characterIZed by numerous
Islands, coastal and protected fJords, and estuarIes Only PWS IS deeper than
400m

Although the measurements are sparse, the open shelf and coastal areas of the
northern GOA are belIeved to be qwte productIve, partIcularly the regron between
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PWS and Shehkof Strait (Sambrotto and Lorenzen 1986) Coastal transport and
turbulence along the KenaI Perunsula, rn lower Cook Inlet, and around KodIak and
Afognak Islands appears to enhance nutrIent supphes durrng the sprrng and
summer Annual rates of pnmary production approachrng 200 to 300 g C m 2 y 1

have been descnbed In other coastal fjords, sounds, and bays, the eshmates of
annual pnmary production range from 140 to more than 200 g C m 2 y 1 (Goerrng
et al 1973, Sambrotto and Lorenzen 1986) Assumrng agarn that the annual
zooplankton production IS roughly 15% of the pnmary productivIty, yearly
zooplankton growth rn shelf and coastal areas probably ranges between about 21
and 45 g C m 2 y 1, or 311 to 667 g m 2 y 1 wet weIght In PWS, the wet-weIght
blOmass of zooplankton caught rn nets (net-zooplankton) rn the upper 50 m varIes
from a low rn February of about 10 mg m 3 to a mgh of more than 600 mg m 3 rn
June and July (Cooney et al 200la) For selected other coastal areas outsIde PWS,
the seasonal range of zooplankton blOmass rncludes wrnter lows of about 40 mg m 3

to sprrngjsummer mghs approachrng 5,000 mg m 3 (rn outer Kachemak Bay, for
wmch a converSlOn of settled volumes may have been contamrnated by large
phytoplankton rn the samples, see (Cooney 1986)

In addltIon to strong seasonahty rn standrng stocks and rates of production,
plankton commurutIes also exh1blt predlctable seasonal speCIes successlOn each
year rn the oceamc and shelf enVl!onments Over the shelf, the large dlatom
domrnated sprrng bloom gIves way to drnoflagellates and other smaller forms as
nutnent supphes dlmrnlSh rn late May and early June Ward (1997) descnbed the
phytoplankton speCIes successlOn rn PWS She found that early season domrnance
rn the phytoplankton bloom was shared by the large charn-formrng dlatoms
Skeletonema, ThalasslOslra, and Chaetoceros Later rn June, under post-bloom nutrIent
restrIction, dlatoms were domrnated by smaller Rhlzosolema and hny flagellates
TIns seasonal shift rn domrnance from larger to smaller plant speCIes rn response to
declmrng nutnent concentrations and supply rates IS commonly observed rn other
mgh-latItude systems and IS beheved to be responsIble for dnvrng the succeSSlOn rn
the grazrng commuruty Because of the non hmltatIon rn the oceamc regIme, the
pnmary producer commuruty IS more stable there, WIth hny diatoms,
mlcroflagellates, and cyanobactena domrnahng year-round

The zooplankton succeSSlOn IS somewhat more complex and rnvolves
rnterchanges between the ocean and shelf ecosystems In the late wrnter and
sprrng, the early copepodlte stages of Neocalanus spp begrn arnvrng rn the upper
layers from deepwater spawnmg populations (MIller 1988, Miller and NIelsen 1988,
Miller and Clemons 1988) This arnval occurs rn some coastal areas (at depths of
more than 400m) rn late February and early March, but IS delayed about 30 days rn
the open ocean Both Neocalanus spp and Eucalanus bungn are rnterzonal seasonal
mlgrators, hvrng a portion of thel! hfe cycle rn the upper layers as developrng
copepodltes, and later reshng rn dlapause rn the deep water preparrng for
reproduction at depth While maturmg rn the oceamc surface water, Neocalanus
plumchrus and N flemmgen InhabIt the wrnd-ffilXed layer above the seasonal
thermochne (upper 25 to 30 m), wmle N cnstatus (the largest of the subarctic
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copepods) and Eucalanus bungll are found below the seasonal stratIfIcahon (Mackas
et al 1993) ThIs unusual parhhonmg of the surface ocean enVIronment by these
specIes has not yet been verIfIed for shelf and coastal waters, although It has been
suggested that the parhhonmg may occur m the deep-water fjords and sounds
(Cooney unpubllShed)

Along WIth the early copepodites of the mterzonal IDlgrators, the late wmter
and sprmg shelf zooplankton commuruty also hosts small numbers of
Pseudocalanus spp , Metndla paClfica, M okhotensls, and adult Calanus marshallae
Because these copepods must frrst feed before reproducmg, theIr seasonal numbers
and bIOmass are set by the hIDlng, mtensity and durahon of the dIatom bloom By
May and early June, the abundances of small copepods hke Pseudocalanus and
Acarha 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 2001a) After Neocalanus leaves the surface waters m late May and
early June for dlapause deep below the surface (at locahons where depths perIDlt),
Pseudocalanus, Acarha, and Centropages (small copepods), the pteropod Llmlcma
pacifica, and larvaceans (Oklopleura and Fnhllana) occur m mcreasmg abundance
Later, from summer to fall and extendmg mto early wmter, carmvorous
Jellyplankters represented by ctenophores, small hydromedusae, and chaetognaths
(Sagztta elegans) become common These shlfhng seasonal dommants are Jomed by
several dIfferent euphausnds (EuphaUSIa and Thysanoessa) and ampmpods
(Cyphocans and Parathermsto) 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)

3 6 3 Interannual and Decadal-Scale Variation In Plankton Stocks

Few measurements are available
for variabIlity ofmarine

envIronmentproducttvlty m
the northern GOA
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Few measurements and estlmates are available for year-to-year and decadal
scale vanabuity m prlmary and secondary produchVlty m all marme enVIronments
m the northern GOA (Sambrotto and Lorenzen 1986) Fortunately, some
mformahon IS aVailable about vanable levels of zooplankton stocks Frost (1993)

descrIbed mterannual changes m net-zooplankton
sampled from 1956 to 1980 at CanadIan OSP Year-to-year
vanahons m stocks of about a factor of fIve were
characterlShc of that data set, and a slIght posIhve
correlahon WIth sallillty was observed Cooney et al
(200lb) exammed an 18-year hIDe senes of zooplankton

settled volumes from eastern PWS collected near salmon hatchenes by the
personnel of the Prmce Wllliam Sound Aquaculture Corporahon, Cordova Once
agam, annual spnnghme 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 posIhvely correlated WIth the strength of the Bakun upwellmg
mdex calculated for a locahon near Hmchmbrook Entrance ThIs correlahon
completely dIsappeared after 1991, however (EslInger et al 2001) Also of some
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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, suggestmg the KodIak shelf and PWS regIons were phased dIfferently for at
least those years SUgImoto and Tadokoro (1997) report a regIme shIft m the
subarctIc PacIfIc and Bermg Sea m the early 1990s that generally resulted m lower
zooplankton stocks m both regIons Perhaps m response to thIs phenomenon,
sprmgtIme settled zooplankton volumes m PWS also declmed by about 50% after
1991 (Cooney et al 2001b)

The most provocatIve pIcture of decadal-scale change m zooplankton abundance m
the GOA IS prOVided by Brodeur and Ware (1992) (FIgure 315) WIth the use of
spatIally dIstnbuted ocearnc data sets reportmg zooplankton bIOmass from 1956 to
1962, and agaIn from 1980 to 1989, these authors were apparently able to capture
large-scale propertIes of the pelagIC productIon cycle durmg both pOSItIve and
negatIve aspects of the PD~ (Mantua et al 1997) A doublmg of net-zooplankton
bIOmass was observed under condItIOns of mcreased wmter wmds respondmg to
an mtensIfIed AleutIan Low pressure system (the decade of the 1980s) ThIs
sustaIned doublmg of bIOmass was also reflected at hIgher trophIc levels m the
offshore food web (Brodeur and Ware 1995) It IS generally beheved the observed
productIon stImulatIon durmg the decade of the 1980s was created by mcreased
nutnent levels assocIated WIth greater upwellmg m the Alaska Gyre The observed
horIZontal pattern of upper layer zooplankton stocks (FIgure 3 15) was an
ImpreSSIve areal expanSIOn (pOSItIve PDO) or contractIon (negatIve PDO) Under
penods of mtensIfIed wmter wmds, some of the hIghest ocearnc zooplankton
concentratIons 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 tIme
penod are not suffICIent to ascertaIn how thIs elevated bIOmass may have mtruded
the contInental margm or reached the coastal areas

3 6 4 Factors Effecting TrophiC Exchanges
Between the Plankton and Larger Consumers

Most would concede that the general theory of trophodynanucs artIculated by
Lmdeman (1942) nearly 50 years ago to represent ways m whIch matter and energy
are transferred through aquatIc commumtIes (by dIfferent levels of producers and
consumers) 15 an overly SImphstIc pIcture of complex mteractIons and non-lmear
relatIonshIps Useful m the lecture hall as a teachmg tool, and successfully apphed
to certcun problems where mst-order estImates of productIon at hypothetIcal levels
are sought based on estImates of plankton productIVIty, these formulatIOns usually
lack any dynanuc connectIon WIth the phYSIcal enVIronment or nutrIent levels
They also generally fali to delmeate seasonahty or other Important temporal
vanabIhty Nonetheless, because of the ease of theIr apphcatIon and the acceptance
of certaIn sImphfymg assumptIons (generalIZed ecolOgIcal transfer effiCIenCIes and
lumpmg taxa Withm trophIc levels), the lmear food-web or carbon budget approach
contInues to be used for selected purposes
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Figure 3.15 Biomass of plankton for the spring and summer period contrasted
for a negative PD~ period (top) and a positive PD~ 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/m3

, and C represents more than
300 g/m3

. (Brodeur and Ware 1992)

Bottom-up trophic models of food web structure supporting the production of
fishes, birds, and mammals in open ocean, slope, estuarine, and fjord environments
in the GOA were formulated by Parsons (1986) in a synthesis of information
compiled primarily as the result of the MMS-funded 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
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generahty, but theIr usefulness for descnbmg specIfIc cInnate-related mecharusms
that nught modIfy food-web transfers IS probably hrnIted by theIr detachment from
the phySIcal enVIronment and theIr relIance on annually or seasonally averaged
stock SIZes and productlvItles

Instead, It may be more mstructlve to exanune how evolved behaVIOral traIts
and other aspects of the hfe hIstones of the dornmant plankters (and other forage
taxa) lend themselves to food-web transfers that could be affected by clImate
change To do thIs, It WIll be llllpOrtant to study how the bIology at lower trophIc
levels mteracts (on a varIety of hrne and space scales) WIth the phySIcal
enVIronment to create enhanced (or dllllImshed) trophIc opporturutles m the
consumer matrIx of dIfferent habItats and seasonal characterIZatIons that pervade
the marme ecosystem m the northern GOA The compressed nature of the annual
plankton productIon cycle m ocearuc, shelf, and coastal waters seernmgly places a
premIUm on "hrnmg" as a strategy to maxuruze the chances for successfully hnkmg
consumers to each year's burst of orgaruc matter syntheSIS Paul and Sffilth (1993)
found that yellowfm sole replerushed theIr seasonally depleted energy reserves
each year m a short penod of about 1 month followmg the peak m pnrnary
productlvIty TIns rapId replerushment of energy reserves IS presumably possIble
because of the structural propertIes of forage populatlons that occur abundantly
durmg the short and mtense productlon cycle Patch-dependent feedmg IS a term
used to descnbe how many consumers respond to the gramy hrne and space
dIstnbutlons of food m theIr feedIng enVIronments (Vahela 1995) In the case of
plankters, whIch by defmItlon move WIth the water, temporal and spatIal
patchmess can be created or dISSIpated through mteractIons WIth (1) phYSICal
processes such as vertIcal and hOrIZontal transport and dIffuSIOn, and (2) bIOlOgIcal
attrIbutes such as rapId growth and swarrnmg or layenng m assocIatlon WIth
feedIng, reproductlve behaVIOrs, or both

For example, the more than 2 month maturatlon process for the large ocearuc
copepods (Neocalanus spp ) growmg m the near-surface of the open ocean, shelf,
and some coastal enVIronments concludes WIth a short penod (15 to 30 days) m
whIch the bIOmass peaks each year, IS concentrated m the largest (C4 and C5)
copepodItes, and IS compressed mto relatlvely fum layers and swarms contlguous
for tens, possIbly hundreds of km (Mackas et al 1993, Cooney 1989, Coyle 1997,
Krrsch et al 2000) In ItS most concentrated form, thIs seasonally ephemeral
bIOmass IS an Important source of food for dIvmg sea bIrds (Coyle 1997), whales,
and planktlvorous fIshes such as adult Alaska pollock and PacIfIC herrmg (WIllette
et al 1999) Acoustlc observatIons suggest the degree of plankton swarrnmg or
layermg depends, m part, on the strength of water column mIXmg and stabIhty
Numencal models of the productIon cycle ill PWS demonstrated that mterannual
vanatlons m the hrnmg of the annual peak m zooplankton probably reflects
dIfferences ill the hrnmg of the earlIer phytoplankton bloom each year Eslmger et
al (2001) reported that the spnng dIatom bloom vaned by as much as 3 weeks from
year to year ill PWS, but that the annual peak m zooplankton always lagged the
plants by about 25 to 30 days Year-to-year shIfts of a week or more ill the peak of
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zooplankton bIomass may profoundly mfluence the effectiveness of food-web
transfers to fIshes, bIrds, and other consumers WIth severe consequences PacIfIc
herrmg have apparently evolved a reproductive strategy to place age-O Juvemles m
the water column precIsely at the hme of the Illid-summer peak m plankton forage
Failure to successfully prOVIsIOn themselves by Illissmg the most optimal summer
feedmg condItions may contrIbute to high rates of wmter starvation for age-O
herrmg m PWS (Cooney et al 2001b)

In another example, Cooney (1983) reported a possIble mteractIon between the
movements occurrmg over the lIfe cycle of large ocearuc calanOld zooplankton,
ontogentIc IlligratIons and an ennchment of feedmg habItats for fIshes, bIrds, and
mammals over the shelf forced by localIzed convergences m the late wmter and
spnng months As prevIously mentIOned, Neoealanus spp arrIve m the surface
waters of the deep ocean m March and April each year Early copepodIte 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)
Neoealanus spp m the shelf enVIronment depends on the spnng diatom bloom for
growth and maturation Because the developmg copepodites have an affImty for
the upper layers where the phytoplankton production occurs (Mackas et al 1993),
they may be able to counteract regIOns of downwellmg and convergence by
conhnumg to Illigrate upward m these zones (a few tens of m per day at most)
Where they successfully detach themselves from the downwellmg water,
populatiOns advected shoreward mto convergences (possIbly m the frontal regIOn
of the ACC) will accumulate These zones of high copepod (and perhaps other
taxa) bIomass should represent regIOns of potentially high trophic efficIency for
planktIvores built and mamtamed for a few weeks by wmd-forced hOrIZontal and
vemcal transport

In a related exerCIse, Cooney (1988) calculated that nearly 10 Illilhon metrIC 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 pomon 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 parhally explam how the seasonally perSIstent
downwellmg shelf sustaIns the observed high annual produchon at higher trophic
levels Klme (1999a), m studies of carbon and rutrogen ISotopes of zooplankton
sampled m PWS, found that 50% or more of the diapausmg Neoealanus cnstatus
overwmtermg m the deep water ongmated from populatIOns outsIde PWS each
year SImilar ISOtOPIC SIgnalS m hemng and other coastal fIshes seem to confrrm a
partial role for the bordermg ocean m "feedmg" at least some coastal habItats

Coyle (1997) descnbed the dynaIllicS of Neoealanus enstatus m frontal areas
along the northern and southern approaches to the Aleutian Islands In regIOns
near water column InstabilIties that fostered nutrIent exchange for nearby stratIfIed
phytoplankton populations, these large ocearuc copepods occurred along
pycnoclmes m subsurface swarms and layers that were m turn attractive feedmg
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sItes for dIVIng least auklets These tropluc assocIatIons (observed acoustIcally)
formed and dIssIpated m response to weather and tIdal modIfIed forcmg of the
waters over the shelf north and south of the AleutIan Islands

KIrsch et al (2000) descnbed dense layers (10 to 20 m m vertIcal extent) of C4
and C5 Neocalanus plumchrus, N flemmgen, and Calanus marshalle m the upper 50 m
of PWS that serve as seasonally Important feedIng zones for adult Alaska pollock
and PacIfIC herrmg SwarmIng behaVIOr m the upper layers by these copepods,
respondmg to the dIstrIbutIon of theIr food m the euphotIc zone, compresses
Neocalanus mto layers stretchmg for tens of km that are readIly located and utIlIzed
by planktIvores Other observatIons at the tIme found the layers of copepods were
absent or only weakly developed m areas WIth lugh mIXmg energy lIke outer
Montague StraIt

Diel mIgratIons of many taxa brmg deep populatIons mto the surface waters
each rught The large bodIed copepod Metndza spp and many PacIfIC euphausnds
(EUphaUSUl and Thysanoessa) represent zooplankters that undergo substantIal daily
mIgratIons from deep to shallow waters at rught A vanety of reasons have been
proposed for tlus behaVIor (Longhurst 1976) Regardless of the "why," vertIcally
mIgratIng populatIons that bUIld local concentratIons near the sea surface durmg
darkness represent another way that behaVIOral traIts are responsIble for creatIng
patchmess that may enhance tropluc exchange Cooney (1989) and Stockmar (1994)
studIed dIel and spatIal changes m the bIOmass of net-zooplankton and
mIcronekton 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 rught
caused by Metndla pacifica and several dIfferent euphausnds that often exceeded
daylIght levels by a factor of fIve or SIX

Spnnger, et al (1996) make a strong case for the enhancement of pnmary and
secondary productIVIty along the shelf edge of the southeastern Bermg Sea CitIng
tIdal mvang, transverse CIrculatIon, and eddIes as mecharusms to mcrease nutrIent
supplIes, tlus so-called"greenbelt" IS descnbed as 60% more productIve than the
outer-shelf enVIronment and 270% more productIve than the bordermg deep ocean
EarlIer, Cooney and Coyle (1982) documented the presence of a lugh-density band
of upper-layer zooplankton along the shelf edge of the eastern Benng Sea
Compnsed pnmarIly of Metndla spp, Neocalanus spp , and Eucalanus bungz, tlus
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 (WeIngartner 2000) IS morutorIng pnmary
productIVIty and zooplankton stocks along cross-shelf transects that should
Intercept a shelf-edge greenbelt If one IS present In the northern GOA

Fmally, meso and large-scale eddy formatIon over the shelf and slope regImes
may also mfluence the patchmess of plankton In ways that could be susceptIble to
changmg clImate forCIng A permanent feature (eddy) In the coastal water west of
Kayak Island IS often VISIble because of entraIned sedIment from the Copper RIver
Formed by a branch of the ACC, tlus eddy may help concentrate plankton
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populations of the upper layer m ways that could later mfluence PWS (Reed and
Schumacher 1986) Vaughan et al (2001) and Wang (2001) descrIbe surface eddIes
m the central regIOn of PWS WIth nnphcatIons for the transport and retentIon of
Icthyoplankton These eddIes (cydomc and antIcydomc) 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 perIphery 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 sustammg umque bIOlogical assemblages as they move through
tIme and space These same characterIstics are also expected for the northern GOA

3 6 5 Climate Forcmg of Plankton Production m the Gulf of Alaska

A major challenge for the GEM program wIll be to eventually produce a
detaIled understandmg of lower trophIc level processes that arIse through
bIOlogical mteractIOns WIth the spatially dIstrIbuted geolOgical and phYSICal
propertIes 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 ACC) and also
downstream from portIons of the southern oceamc Subarctic and TransItion Zone
domams (through the North PacIfIc and Alaska currents) The "open" condItIon
places mcreasmg nnportance on understandmg levels of plankton nnports (from
the south) and exports (to the west) m the perIphery 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 theIr seasonal and annual
production withm the northern GOA Here too the nnport (or export) of nutrIents,
orgamc detrItus, and hvmg plankton stocks to (or from) the shelf must be evaluated
under dIfferent condItIons 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 drIven PhySIcal processes such as deep and shallow
currents, large-scale and localIZed upwellmg and downwellmg, seasonally phased
precIpItatIon, and runoff may brIng about changes m the ecosystem The
reproduction, growth and death processes of the plants and annnals of the oceamc
ecosystem appear to be respondmg prnnanly to marked seasonahty and
mterannual and longer-perIod shIfts m the mtensity and location of the wmter
AleutIan Low pressure system Increased upwelhng m the offshore Alaska Gyre
may promote hIgher rates of nutrIent renewal m the oceamc surface waters With
attendant mcreases m prImary and secondary productIvIty Elevated wmd-forcmg
probably accelerates the transport of upper-layer oceamc zooplankton shoreward
to the shelf edge and beyond The frequency and degree to whIch thIs ocean
derIved bIOmass"feeds" the food webs of the contInental shelf and coastal areas
will depend, m part, on bIOlOgical mteractIons With a large array of phYSICal
processes and phenomena Processes and phenomena active m regions of
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honzontal and verhcal currents assocIated wIth oceanographIc fronts, eddIes,
coastal Jets, shelf-break flows, and turbulence are expected to have a strong
mfluence on the movement of ocean blOmass onto the shelf and coastal areas The
actual effect of such processes and phenomena on dIstrIbutIon of ocearnc blOmass
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 sallllity SpecIfIc mechamsms by whIch surface zone nutrIent
levels are cycled and mamtamed m the vanety of dIfferent habItats that compose
the open shelf and rugged coastal margms must be understood m much greater
detaIl to be useful to the overall GEM mISSIOn

It seems lIkely that the sophIstIcated understandmg sought by the GEM
program of chrnate mfluences on the coupled nutrIent and plankton productIon
regrrnes that support selected consumer stocks may have to corne from studIes that
abandon the practIce of lumpmg taxa WithIn broad ecologically functIonal urnts,
and mstead focus on "key specIes" Fortunately, the subarctIc pelagic ecosystem
(ocearnc, shelf, and coastal) IS dornmated by a relatIvely small number of plankton
speCIes that serve as maJor condmts for matter and energy exchange to hIgher-level
consumers each year In the case of the zooplankton, fewer than 50 speCIes WIthIn a
handful of maJor taxa comprIse 95% or more of the abundance and blOmass
throughout the year Because of thIs pattern of dornmance, and further because of
the dIfferent hfe hIstory strategies employed by these speCIes, a more
comprehensIve understandmg of theIr ecolOgical roles IS both necessary and
feasIble A decislOn to conduct dOmInant speCIes ecology must be understood at all
levels of the study so that, for mstance, techrncians conductlng future stomach
analyses of fIshes, buds, or mammals will report not Just "large copepods and
amphIpods," but rather Neocalanus cnstatus and Parathemlsto ltbellula ThIS nuance
holds partIcular lffiportance for future modelers working on numerIcal
formulatIons that mclude "plankton" WIthout thIs degree of SpeemCIty, It IS
unlIkely that further (fIeld and numerIcal) studies will forge the understandmg of
lower trophIc level functIon sought by the GEM program m the northern GOA

3 6 6 General Research Questions

What are the relatIonshIps between the mshore (watersheds, mtertIdal-subtIdal,
and ACC) and offshore productIon cycles, how are the mshore and offshore phased
through tlrne, and how do they mteract at theIr boundanes over the shelf?

• How are the relatIonshIps between offshore and mshore productIon
mamfested m food webs supportmg buds, fIsh and mammals?

• How are the effects of future cllffiate change mamfested m mshore and
offshore food webs supportmg bIrds, fIsh and mammals?

What are the changes m abundance of the mdIvidual speCIes of large copepods,
amphIpods and euphausnds that make up the bulk of the secondary productIon m
the Inshore and offshore GOA?
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Because the GOA covers a vast and chverse area,
3 7 Nearshore BenthiC Its benthIc commumtIes exlublt tremendous

Commumtles variation (Feder and Jewett 1986) As m any
marme benthIc system, however, the composItion,

functIonmg, and dynamICS of the GOA benthIc commumtIes change prechctably
With certaIn umversally Important vanables The most Important two
envIronmental variables are water depth and substratum type (RafaellI and
HawkIns 1996) The followmg depth zones are tyPiCally chshngmshed

• The mterhdal zone,

• The shallow subtidal zone (bounded by depth of lIght penetration suffICient
for photosythesls of benthIc algae),

• The conhnental shelf (to about 200 m), and

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

The most fundamental substratum dIShnctIOns are hard bottom (rocks, boulders,
cobbles) and soft bottom (mobile sedImentary habitats lIke sands and muds)
Wlthm these two types, geomorphology vanes substantially, With bIOlOgical
ImplIcations that often mduce further habitat parhtlOrung (Page et al 1995,
Sundberg et al 1996)

Understandmg of commumty composItion and seasonal dynanucs of GOA
benthos has grown dramatically over the past 30 years, With two chshnct pulses of
research FIrst, m contemplation of exploration and development of the Oll and gas
resources of the region, the MMS, NOAA NMFS, and Alyeska Consorhum funded
geographIcally focused benthIc survey and morutormg work m the 1970s ThIs
work provided the fIrst wmdows mto the quantitative benthIc ecology of the
region Focus was most mtense on lower Cook Inlet, the Aleutian Islands, the
Alaska Perunsula, Kodiak Island, and northeast GOA, mcludmg the Valdez Arm m
PWS (Rosenberg 1972, Hood and ZImmerman 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
recelvrng the most mtense study was PWS, where the spill orIginated GeographIc
coverage also mcluded two other regions, the Kenai Perunsula-Iower Cook Inlet
and the Kodiak archIpelago-Alaska Penmsula (page et al 1995, Giliillan et al
1995a, Gilfillan et al 1996b, HIghsmIth et al 1994b, HIghSmIth et al 1996,
Houghton et al 1996a, Houghton et al 1996b, Sundberg et al 1996) Some of thIs
benthIc study followmg the Oll spill was conducted m other habitats (soft substrata
[DrIskell et al 1996]) and at other depths (shallow and deep subtidal 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)
Hernng Bay on Krught Island m PWS was a Site of espeCially mtense morutormg
and expenmentatIon on rocky mterhdal commuruhes followmg the Oll spill (van
Tamelen et al 1997)
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3 7 1 Intertidal Commumtles

The mterhdal habItat IS the portIOn of the shorelme m between the hIgh and
low (0 O-m datum) hde marks ThIs mterhdal zone occupIes the umque trIple
mterface among the land, sea, and aIr The land provIdes substrate for occupahon
by mterhdal orgarnsms, the seawater the vehIcle to supply necessary nutrIents, and
the aIr 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 locahons of typIcally hIgh bIOlOgical achvlty As a trIple
mterface, the mterhdal zone IS excephonally nch and bIOlOgically produchve
(RIcketts and Calvm 1968, LeIgh et al 1987) Wmd and hdal energy combme to
SubSIdIZe the mterhdal zone WIth planktomc foods produced m the phohc (sun-lIt)
zone of the coastal ocean Runoff from the adjacent land mass mJects new supplIes
of morgarnc nutrIents to help fuel coastal produchon of benthIc algae, although
such runoff m Alaska IS typIcally nutrIent-poor and can be very turbId (Hood and
ZImmerman 1986) The consequent abundance and dIversIty of lIfe and lIfe forms
m the mterhdal zone serves many Important consumers, commg from land, sea,
and aIr, and mcludmg humans The aesthehc, econOmIC, cultural, and recreahonal
values of the mterhdal zone and ItS resources augment ItS sIgmfIcance, especIally m
the GOA region (peterson 2001)

The bIOta of mtertldal habItats varIes WIth changes m phYSICal substrate type,
wave energy regIme, and atmosphenc clImate (Lubchenco and Games 1981)
Substrata m the GOA mterhdal zone dIffer as a funchon of SIZe, rangmg from
ImmobIle rock walls and platforms, to boulders and cobbles, to gravel, to sands,
and fInally to muds at the fInest end of thIs parhcle-sIZe spectrum Rock surfaces m
the mterhdal zone are populated by epibIOta, whIch are most commonly attached
macro- and mIcroalgae, sessIle, or ImmobIle, suspensIOn-feedmg mvertebrates, and
mobIle grazmg mvertebrates, as well as predatory seastars and gastropods (Connell
1972, Rafaelh and Hawkms 1996) Unconsohdated (soft) substrata-the sands and
muds-are occupIed by large plants m low-energy envIronments, such as marshes,
and mIcroalgae and mfaunal (burled) mvertebrates m all energy regImes (peterson
1991) MobIle scavengmg and predatory mvertebrates occur on both types of
substratum Interhdal commumhes vary WIth wave energy because of
blOmecharncal constraInts (especIally on potenhally sIgrnfIcant predators),
changmg levels of food subSIdy, and mterdependencles between wave energy and
substratum type (LeIgh et al 1987, Denny 1988) Interhdal commumhes tend to be
most lUXurIOUS m temperate clImates, Ice scour and turbId fresh water lImIt
mterhdal bIOta at hIgh lahtudes such as those m the eastern GOA The rocky
mterhdal commumhes of the PacIfIc Northwest, mcludmg the rocky shores of
Islands m the GOA region, are hIghly dIverse, although less so than those m
Washmgton These commumhes are also produchve, although lImIted by
dISturbance of wmter storms and reduced solar Insulahon (Bakus 1978)

The rocky mterhdal ecosystem may represent the best understood natural
commumty of plants and anImals on earth EcolOgiSts realIZed more than 40 years
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ago that thIS system was uruquely well swted to expenmentatIon because the
habItat was accessIble and basIcally two-dImensIOnal and the orgarusms were
marupulable and observable Consequently, ecological SCIence has used
sophIstIcated expenmental marupulatIons to produce a detailed understandmg of
the complex processes mvolved m deterrrurung patterns of dlstnbutIon and
abundance of rocky mtertIdal orgarusms (pame et al 1996, Dayton 1971, Connell
1972, Underwood and Denley 1984) Plants and arumals of temperate rocky shores
exhIbIt strong patterns of vertIcal zonatIon m the mtertIdal zone PhYSIcal stresses
tend to lImIt the upper dIstnbutIons of specIes populatIons and to be more
Important hIgher onshore, competItIon for space and predatIon tend to lImIt
dIStrIbutIons lower on the shore Surface space for attachment IS potentIally
lImItIng to both plants and anImals m the rocky mtertIdal zone In the absence of
dIsturbance, space becomes lImItIng, and competItIon for that lImIted space results
m competItIve exclusIOn of mfenor competItors and monopolIZatIon of space by a
competItIve dommant PhySIcal dIsturbance, bIOlOgical dIsturbance, and
recrwtment lImItatIon are all processes that can serve to mamtam denSItIes below
the level at whIch competItIve exclusIOn occurs (Menge and Sutherland 1987)
Because of the Importance of such strong bIOlOgical mteractIons m deterrrurung the
commuruty structure and dynamICS m thIs system, changes m abundance of certam
keystone speCIes can produce mtense dIrect and mdlrect effects on other speCIes
that cascade through the ecosystem (Menge et al 1994, Wootton 1994, Menge 1995,
Pame et al 1996)

IntertIdal commurutIes occupymg unconsolIdated sedIments (sands and muds)
are qwte dIfferent from those found on rocky shores (peterson 1991) These soft
bottom commurutIes are composed of mfaunal (buned) mvertebrates, mobile
mICToalgae, and abundant transIent consumers, such as shorebrrds, fIshes, and
crustaceans (RafaellI 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 hIgh on shore and
seagrasses low on shore, occur m mtertIdal soft sedIments (peterson 1991) The
large stretch of mtertIdal soft-sedIment shore m between those vegetated zones has
an empty appearance, whIch IS mIsleadmg The plants are mIcrOSCOpIC and
productIve, the mvertebrate anImals are buned out of SIght The soft-bottom
mtertIdal habItat represents a cntIcally 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 protectIve CalCIum
carbonate shells are common, partIcularly polychaetes and arnphIpods (peterson
1991)

The mtertIdal shorelInes of the GOA exhIbIt 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 tIdal flats represent a
small fractIon 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
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1996) Abundance, bIOmass, prodUCtIVIty, and dIversIty of mtertIdal commurutIes
on the shores of the eastern GOA WIth nearby glacIers are depressed by proxImlty
to sources of runoff from glacIer Ice melt The Islands m PWS and the Aleutian
Islands, for example, have ncher mtertIdal commurutIes than the mamland of the
northeast GOA, and the mterhdal commurutIes of KodIak and Afognak tend to be
ncher than those of the ShelIkof Strait mamland on the Alaska Perunsu1a (Bakus
1978, HIghsmIth et al 1994b) GlaCIer Ice melt depresses mtertIdal bIOtIC
commurutIes 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 InstabIlIty on mterhdal
cobble and bou1der shores, thereby removrng mterhdal epibIOta dIrectly through
abrasIOn (Sousa 1979) Shores WIth well rounded cobbles and bou1ders have
accordmgly poorer mterhdal 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 actIon m thIs regIOn (Dayton 1971)
Consequently, exposed rocky coastlInes may expenence more seasonal fluctuatIons
m epibIOtIc coverage than commurutIes on sImIlar substrata m protected ~ords and
embayments (Bakus 1978)

The rocky mterhdal shores of the spill area exhIbIt a typICal pattern of verhcal
zonatIon, although the partIcu1ar speCIes that dOmInate vary m Importance as a
functIon of changmg habItat condItIons (HIghsmIth et al 1996, Houghton et al
1996a, Houghton et al 1996b) VertIcal zonatIon on mterhdal rocky shores IS a
uruversal feature, caused by a combmatIon of drrect and mdrrect effects of height
specIfIc duratIon of exposure to arr (paine 1966, Connell 1972)

The uppermost mterhdal zone on rocky shores of the GOA IS characterIZed by
a dark band of the alga Verruccana The rockweed (Fucus gardnen) dOmInates the
upper mterhdal zone, whIch also mc1udes two common barnacles (Balanus glandula
and Chthamalus dallz), two abundant lImpets (Tectura persona and Lottta pelta), and
the penwmkle (Lzttonna sztkana) (SAl 1980, Hood and Zmunerman 1986, HIghsmIth
et al 1994b)

The mIddle mterhdal zone commonly has even hIgher cover of Fucus, along
WIth beds of blue mussels (Myttlus trossulus), the penwmkle (Lzttonna scutulata),
barnacles, and the predatory drIllmg snaIl (Nucella lamellosa and N ltma) (Carroll
and HIghsmIth 1996) In the low mterhdal zone, a red alga (Rhodymema palmata)
often IS dommant, although mussel beds often occupy large areas and the grazmg
chItons (Kathanna tumcata, Mopalta mucosa, and Tomcella lmeata) and predatory
seastars (Leptastenas hexactts and others) occur here (SAl 1980, HIghsmIth et al
1994b) The blue mussel IS a very sigruficant member of thIs commuruty because It
IS a potentIal competItIve dommant (VanBlancom 1987) and because Its byssus and
between-shell mterstIces provIde a protected habItat for a dIverse smte of smaller
mobile mvertebrates, mcludmg Isopods, amphIpods, polychaetes, gastropods, and
crabs (Suchanek 1985)
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Abundances of rocky mtertIdal plants and arumals m the GOA are controlled
by the same sUIte of factors that affect rocky shore abundances and dynamICS
elsewhere, espeCIally m the PacIfIc Northwest PhysIcal factors, such as wave
actIon from wmter storms, exposure to arr hIgh on shore, Ice scour, and low salmIty
and turbIdIty from glacIal and land runoff, have 1Illportant 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 mtemdal bIOta are predatIon and
recruItment 1lIllItatIon PredatIon by seastars 18 an 1Illportant control of
mvertebrate prey populatIon abundances and, therefore, of commuruty
composItIon low on mtemdal rocky shores (pame 1966, DethIer and DuggInS 1988)
Because blue mussels are typIcally the preferred prey and represent the dornmant
competItor for potentIally 1lIllIted attachment space, thIs predatIon by seastars has
1Illportant cascadmg effects of enhancmg abundances of poorer competItors on the
rock surfaces (pame 1966) PredatIOn by gastropods occasIOnally helps control
mussel abundances (Carroll and HIghsmIth 1996) and barnacle populatIons hIgher
on shore m the GOA (Ebert and Lees 1996) Shorebrrd predatIon, espeCIally by
black oystercatchers, IS also known to 1lIllIt abundances of 1lIllpets on honzontal
rock surfaces of the PacIfIC Northwest mtemdal zones, and thIS process can be
readily dIsrupted by human mference WIth the shy shorebrrds (Lmdberg et al
1998) The presence of numerous strong bIOtIC mteractIons m thIs rocky mtemdal
commuruty of the GOA led to many mdrrect effects of the EVOS m thIs system
(peterson 2001) Because of the mfluence of current flows and mortahty factors
such as predatIon m the water column, larval recruItment can also 1lIllIt populatIon
abundances of marme mvertebrates on mtemdal rocky coasts (Games and
Roughgarden 1987, Menge and Sutherland 1987) WIth a short warm season of
hIgh productIon m the GOA, the potentIal for such recruItment 1lIllItatIon seems
hIgh, but process studIes to charactenze and quantIfy thIS factor have not been
conducted m the GOA Changes m pnmary productIon, water temperature (and
thus breedmg season), and phYSICal transport dynamICS assoCIated WIth regIonal
c1lIllate shIfts could reasonably be expected to regulate the mtenslty of recrUItment
11mItatIon on some rocky shores m the GOA

The consequences of change caused by VarIOUS natural and human-dnven
factors on the structure and dynamICS of the rocky mtemdal commurutIes are not
well developed m the SCIentIfIC lIterature For example, human harvest by flshenes
or subSIstence users of 1Illportant apex predators that exert top-down control on
mtemdal commurutIes could cause substantIal cascadmg effects through the
system But the seastars and gastropods that are the strong predatory mteractors m
thIS commuruty m the GOA regIon are not targets for harvest The mussels that are
taken m subSIstence harvest prOVIde 1Illportant ecosystem servIces as structural
habItat for small mvertebrates (Suchanek 1985), as a dornmant space competItor
(pame 1966), and as a WIdely used prey resource (peterson 2001), but mussels do
not appear 1lIllIted m abundance m the GOA regIon )
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Oceanograpluc processes related to clunate change, eIther natural or human
drIven through global warmmg, have the potentlal to eIther enhance or reduce
recruItment of component mvertebrate specIes of the rocky mtertldal commurutles,
but studIes of the connectlons between coastal phYSICal dynamlcS and shorelme
commurutles are m theIr mfancy (Caley et al 1996) Perhaps the best documented
dnver of change m compositlon and dynamlcS of rocky mtertldal commurutles IS
the Impact of Oll 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 ollitself Because of the Important strong
mteractlons among specIes m rocky shore commurutles, the multlple mdrrect
effects of 011 spIlls on tlus system take about a decade to work theIr way out of the
system (Southward and Southward 1978, Peterson 2001) IntenSIve samplmg and
expenmental work on rocky mtertldal commurutles on sheltered shores m PWS
followmg the EVOS make tlus regIOn data-nch relatlve to most other Alaskan
shores

Intertldal soft sedIments m the spill regIOn of the GOA tyPICally possess lower
bIOmass of macroalgae and mvertebrates than correspondmg rocky shores at the
same elevatlons (SAl 1980, HIghsmlth et al 1994b) The taxonOmlC groups that
dommate mtertldal soft bottoms are polychaete worms, mollusks (especIally
bIvalves), and amplupods (Dnskell et al 1996) Sandy sedIments have lugher
representatlon by suspensIOn-feedmg mvertebrates, whereas fmer, muddy
sedIments are dommated by deposit-feedmg speCIes (Bakus 1978, Feder and Jewett
1986) Intertldal sandy beaches are habItat for several large suspensIOn-feedmg
clams m the GOA that represent Important prey resources for many valued
consumers and that support commercIal, recreatlonal, and SubSIstence harvest
(Feder and KaIser 1980) Most Important are the lIttleneck clam (Protothaca
stammea), the butter clam (Saxldomus gzganteus), the razor clam (Slhqua patula), the
cockle (Clmocardlum nuttallu), the pmk-neck clam (Splsula polynyma), the gapers
(Tresus nuttallu and T capax), and others (Feder and Pau11974) In mudflats, such
as those along the shores of Cook Inlet, dense beds of a deposit-feedmg clam,
Macoma balthlca, and the soft-shell clam (Mya arenana) frequently occur (Feder et al
1990) These two relatlvely soft-shelled clams are sigrubcant food resources for
many seaducks, and the hard-shelled clams are Important prey for sea otters
(KVltek and OlIver 1992, KVltek et al 1992), black and brown bears (Bakus 1978),
and several mvertebrate consumers Intertldal soft-bottom habItats are also
Important feedmg grounds for shorebIrds and for demersal (deep-water) fIshes and
crustaceans (peterson 2001) In additlon to macrofaunal mvertebrates, smaller
mewfaunal mvertebrates are abundant on mtertldal sedImentary shores
Macrofauna descnbes anImals that are retaIned on a 0 5-mm mesh, mewfauna
refers to anImals passmg through a 0 5-mm mesh but retamed on 0 06-mm mesh,
and mlcrofauna are anImals smaller than 0 06 mm Nematode worms and
harpactIc01d_copepods are the most common meofaunal taxa m the GOA regIOn
(Feder and Paul 1980b) HarpactlcOlds serve an Important role m the coastal food
cham as prey for Juverule fIShes, mcludmg salmomds (Sturdevant et al 1996)

VOLUME II, CHAPTER 3 85



The mtertldal habItats ofthe GOA
are critIcally Important feedmg
grounds for marine, terrestrial,

and aVIan consumers

GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

LIttle mformatIon eXIsts on the dynaIDlcs of long-term change m structure and
composItion of mtemdal commumtIes m soft sedlIDents anywhere Some of the
best understandmg of lIDportant processes actually comes from the northern GOA
region The Alaska earthquake of 1964 had a tremendous mfluence on soft
sedlIDent mtertIdal commumtIes because of the geomorphological modIfIcatIOns of
habItat (NRC 1971) UplIft of the shorelme around Cordova, for example, was
great enough to elevate the sedlIDentary shelf habItat out of the depth range that
could be occupIed by many specIes of clams Clam populations m Cordova, a town
once called the clam capItal of the world, have never recovered from the
earthquake The re-mvaSIOn of sea otters has slIDllarly caused tremendous changes
m clam populatIOns m shallow soft-sedlIDent commumtIes of the northern GOA,
mostly m subtIdal areas, but also m mtemdal seillmentary enVIronments (KVItek et
al 1992)

Human lIDpacts can cause change m soft-sedlIDent mtemdal commumtIes as
well Probably the most common means by whIch human actIVItIes modIfy soft
sedlIDent commumtIes m mtemdal habItats IS through alteratIon of seillments
themselves The applIcatIon of pressurIZed wash after the EVOS, for example,
eroded fme sedlIDents from mtemdal areas (Dnskell et al 1996) and may be
responSIble for long delay m recovery of clams and other mvertebrates because of a
slow return of sedlIDents (Coats et al 1999, ShIgenaka et al 1999) AdilltIon of
orgaruc ennchment can stImulate growth, abundance, and productIon of
opportumstIc mfaunal mvertebrates such as several polychaetes and olIgochaetes
m mtemdal sedlIDents Such responses were documented followmg the EVOS
(GIllillan et al 1995a, Jewett et al 1999), presumably because the ollitself
represented orgaruc ennchment that entered the food cham through enhanced
bactenal productIon (peterson 2001) Other types of orgaruc ennchment, such as
bIOcheIDlcal oxygen demand m treated wastewater from mumcipal treatment
facilitIes or mdustrlal dIscharges, can create these same responses DepOSIts of
tOXIC heavy metals from IDlnIDg or other mdustrial actIVIties and of tOXIC synthetIc
orgaruc or natural orgaruc contaIDlnants, lIke PAHs mOll, can cause change m

mtemdal benthIc commumtIes by selectIvely removmg
sensItIve taxa such as echmoderms and some crustaceans
Gewett et al 1999)

Intemdal commumtIes are open to use by consumers
from other systems The great extent and lIDportance of
thIs habItat as a feedmg grounds for major marme,

terrestrIal, and aenal predators render the mtertIdal system a key to mtegranng
understandmg of the functIon m the entIre coastal ecosystem (Peterson 2001) The
mtertIdal habItats of the GOA are crItIcally lIDpOrtant feedmg grounds for many
lIDportant consumers

)

• Marme-sea otters, Juvenile Dungeness and other crabs, Juvemle ShrlIDpS,
rockfIshes, cod, cutthroat trout, and Dolly Varden char m summer, and

86 VOLUME II, CHAPTER 3



GULF ECOSYSTEM MONITORING AND RESEARCH PROGRAM

Juverule fIshes of other stocks explOIted commerCIally, recreatIonally, and
for SubSIstence, mcludmg pmk and chum salmon,

• TerrestrIal-brown bears, black bears, rIver 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 Important spawnmg grounds
for pmk salmon, especIally m PWS Therefore, the mtertIdal habItat prOVIdes
VItal ecosystem servIces m the form of prey resources, spawnmg habItat, and
nursery, as well as human servIces m the form of commercIal, recreatIonal, and
subSIStence harvest of shellfIshes and aesthetIc, cultural, and recreatIonal
opportunItIes In short, a habItat that represents only a small fractIon of the
total area of the seafloor may be the most valuable for the serVIces It prOVIdes to
the coastal ecosystem and to humans

3 7 2 Subtidal Commumtles

The subtIdal habItat IS the porhon of the seafloor found at depths below the low
tIde (0 0 m datum) mark on shore ThIs habItat mcludes a relatIvely narrow band
of shallow subtIdal bottom at depths m the photIc zone (the zone penetrated by
lIght), where plants can lIve, and a large area of UnlIt seafloor, the deep subtIdal
bottom extendmg across the contInental shelf and slope to depths of 4,000 m m the
GOA (Feder and Jewett 1986) The depth to whIch suffICIent lIght penetrates to
support photosynthesIs and the slope of the subtIdal seafloor determme the WIdth
of the shallow subtIdal zone Along a tectOnIC coastlIne lIke the GOA, depth
gradIents are typIcally steep In addItIon, mJectIon of turbIdIty from glaCIer Ice
melt along the coast reduces lIght penetratIon through the seawater These factors
combme to produce a shallow subtIdal zone supportmg benthIc plant productIOn
m the regIOn of the splil 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 m the form of mputs of orgaruc matter from other
marme and, to some small extent, even terrestrIal habItats These orgaruc mputs
mclude most Importantly detrItus from productIon of mterhdal 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
arumals such as whales, other marme mammals, and fIshes occaSIOnally smk to the
bottom and prOVIde large dIScrete packages of detrItus to fuel subsequent mICrobIal
and anImal productIon m the deep subtIdal ecosystem

Although narrow, the shallow subtIdal zone m whIch prImary productIon does
occur IS of substantIal ecolOgIcal sIgrufIcance Many of these vegetated habItats,
espeCIally seagrass beds, macrophyte beds, and kelps, prOVIde the followmg

1 Nursery grounds for marme anImals from other habItats,
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2 Umque habItat for a resIdent commumty of plant-assoCIated ammals,

3 FeedIng grounds for Important consumers, mcludmg marme mammals,
seaducks, and many fIshes and shellfIShes, and

4 A source of prImary producbon for export as detrItus to the deeper unlIt
seafloor ecosystem (SchIel and Foster 1986, Duggms et al 1989)

In the spIll area, eelgrass (Zostera 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, Lammana, and
Nereocystls form dense beds along a large fractIon of the coast (Calvm and Ellis
1978, SAl 1980, Dean et al 1996a) ProductIvIty estImates m wet weIght for larger
kelps Nereocyshs and Lammana m the northeastern GOA range up to 37 to
72 kg/m2/yr (OIClmr and ZImmerman 1986) In thIs shallow subtIdal zone,
prImary productIon also occurs m the form of smgle-celled algae These rruCrobial
plants mclude both the phytoplankton m the water column and benthIc mlcroalgae
on and m the sedIments and rocks of the shallow seafloor Both the planktomc and
the benthIc rrucroalgae represent ecologically Important food sources for
herbIvorous marme consumers The typIcally hIgh turnover rates and hIgh food
value of these rrucroalgal foods m the shallow subtIdal zone helps explam the lugh
productIOn of mvertebrate and vertebrate consumers m thIs enVIronment

The sessIle or slow-movmg benthIc mvertebrates on the seafloor represent the
bulk of the herbIvore trophIc level m the subtIdal ecosystem ThIs benthIc
mvertebrate fauna m the shallow subtIdal zone dIffers markedly as a functIon of
bottom type (peterson 1991) Rocky bottoms are mhablted by epIfaunal benthIc
mvertebrates, such as sponges, bryozoans, barnacles, anthozoans, tumcates, and
mussels Sand and mud bottoms are occupIed largely by mfaunal (burled)
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 IS dommated by suspensIOn feeders, ammals extractmg partIculate foods
out of suspensIon m the water column Under slower flows, depOSIt feeders
dorrunate the benthos, feedIng on orgamc materIals deposIted on or m the seafloor
The benthos also mcludes some predatory mvertebrates, such as seastars (for
example, leather star, Dermastenas Imbncata, and sunflower star, Pycnopodla
hellanthOldes), crabs (for example, helmet crab, Telmessus chelragonus), some
gastropods, and some scavengmg mvertebrates (Dean et al 1996b) BenthIc
mvertebrates of soft sedIments are distIngmshed by SIZe, wIth entrrely dIfferent
taxa and even phyla occurrmg m the separate SIZe classes Macrofauna mclude the
most WIdely recogrnzed groups such as polychaete worms, clams, gastropods,
amphIpods, holothurlans, and seastars (Hatch 2001, DrIskell et al 1996)
Mewfauna mclude most prommently m the GOA nematodes, harpactIcOld
copepods, and turbellanans (Feder and Paul 1980b) Fmally, rrucrofauna mclude
most prommently forarrumfera, ciliates, and other protozoans Because the actual
speCIes compOSItIon of the benthos changes With water depth, the shallow and
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deep subtIdal bentluc faunas m the spill zone hold few specIes m cornmon Soft
sednnent cornmumtIes of Alaska are best descnbed and understood m varIOUS
locatIons WIthm PWS, as a consequence of the mtense study after the oli splil

The shallow subtIdal rocky shores that are vegetated also mclude SUItes of
bentluc mvertebrates umque to those systems These bentluc mvertebrates eIther
dIrectly consume the large plants, such as sea urcluns, or else are assocIated wIth
the plant as habItat Those speCIes that depend upon the plant as habItat, such as
several speCIes of amplupods, crabs and other crustaceans, gastropods, and
polychaetes, often are grazers as well, takmg some mIxture of macrophytIc and
epIphytIc algae m theIr dIets Grazmg by sea urcluns on kelps IS suffIcIently
mtense m the absence of predatIon on the urcluns, espeCIally by sea otters m the
spIll area, to create what are known as "urchm barrens" m wluch the macrophytIc
vegetatIon IS vrrtually removed from the seafloor (Estes and Palffilsano 1974,
SImenstad et al 1978) In fact, tlus shallow subtIdal cornmumty on rocky shores of
the GOA represents the best example m all of marme ecology of a system
controlled by top-down predatIon Sea otters control abundance of the green sea
urchm, Strongylocentrotus droebachIenSIS When released from that otter predatIon,
sea urchm abundance mcreases to create fronts of urcluns that overgraze and
denude the kelps and other macroalgae, leavmg only crustose forms behmd
(SImenstad et al 1978) Tlus loss of macroalgal habItat then reduces the algal
assocIated mvertebrate populatIons and the fIshes that use the vegetated habItat as
nursery These reductIons m turn can mfluence productIvIty and abundance of
pISClvorous seabIrds (Estes and PalmIsano 1974)
Recently, reductIon of tradItIonal marme mammal prey
of killer whales has mduced those apex consumers to
SWItch to eatIng sea otters m the AleutIans, thereby
extendmg tlus tropluc cascade of strong mteractIons to
yet another level (Estes et al 1998, Estes 1999)

Consequently, the shallow subtIdal cornmumty on rocky shores of the GOA IS
strongly mfluenced by predatIon and prOVISIOn of bIOgemc habItat (Estes and
Duggtns 1995) Human dISruptIon of the apex predators by huntIng them (as
lustoncally occurred on sea otters [SImenstad et al 1978]) or by reducmg theIr prey
(as may conceIvably be occurrmg m the case of the Steller sea hons and harbor seals
through overbshmg theIr own prey fIshes [NRC 1996]) has great potentIal to create
tremendous cascadmg effects through the shallow subtIdal bentluc ecosystem
Furthermore, If concentratIon and bIOmagmfIcatIon of orgamc contamInants such
as PCBs, DDT, DDE, and dIoxIns m the tIssues of apex predators, m partIcular m
transIent killer whales (Matkm unpubhshed data), causes ImpaIred reproductIve
success, then human mdustnal pollutIon has great potentIal to modIfy these coastal
subtIdal cornmumtIes on rocky shores

The shallow subtIdal cornmumty on rocky shores of the GOA IS also strongly
mfluenced by larval dIStrIbutIon and recruItment Recent studIes by PISCO (see
AppendIX A for Web hnk) have shown that not only are the effects of competItIon
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and predatIon Important In structurIng bentluc commurutIes, but the sources and
smks of larvae are equally Important Larval abundance and behaVIor, where they
come from, how they respond to ocean condItIons, where they are retarned, where
they are reflected, and the dynamICS regulatIng theIr recruItment are all Important
processes that ultImately control what lIves where Furthermore, knowledge about
lIfe hIstones IS rnsufficient to make broad generalIzatIons about the successes and
faIlures of recruItment events

The shallow subtIdal benthIc commumtIes In soft sedIments of the GOA region
functIon somewhat dIfferently from theIr counterparts on rocky substrata These
commurutIes are Important for nutrient regeneratIon by mICrobIal decomposItIon
and for productIon of benthIc Invertebrates that serve as prey for demersal
shnmps, crabs, and fIshes In some protected areas WIthrn bays, however, the
shallow subtIdal benthos IS structured by emergent plants, specmcally eelgrass In
the GOA These eelgrass beds perform ecolOgical functIons SImIlar to those of
macrophyte-dommated rocky shores, namely nursery functIons, phytal habItat
roles, feedIng grounds, and sources of pnmary productIon Gewett et al 1999) In
the vegetated habitats of the shallow subtIdal zone, the demersal fIsh assemblage IS

typIcally more dIverse than and qUIte dIfferent from the demersal fIshes of the
deeper subtIdal zone (Hood and ZImmerman 1986) In eelgrass (Zostera) beds as
well as In the beds of small kelps and other macrophytes (Agarum, Nereoeystzs and
Lammana) In the GOA, Juvemles of many specIes that lIve In deeper waters as
adults use thIs enVIronment as a nursery for theIr young because of hIgh
production of food matenals and protectIon from predators afforded by the
shIeldIng vegetatIon (Dean et al 2000) Furthermore, several fIshes are assocIated
With the plant habItat Itself, IncludIng especIally pIckers that consume crustaceans
and other Invertebrates from plant surfaces, a mche that IS unavaIlable In the
absence of the vegetatIon Both types of vegetated habItats In the shallow subtIdal
zone of the GOA contaIn larger predatory Invertebrates, specmcally seastars and
crabs I some cases, the same speCIes occupy both eelgrass and kelp habItats (Dean
et al 1996b)

MIcrobIal decomposers play an extremely sIgmhcant role In both shallow and
deep subtidal sedImentary habItats of the sea (Braddock et al 1996) Fungi and
especIally bactena become assocIated WIth particulate orgamc matter and degrade
the orgamc compounds ThIS decomposItion process releases the nutrIents such as
phosphorus and mtrogen In a form that can be reused by plants when the water
mass IS ultImately recycled Into the photic zone In short, benthIc decomposers of
the subtidal seafloor playa necessary role In the nutrIent cyclIng upon whIch
sustaIned production of the sea depends In addItion, these decomposers
themselves represent the foods for many deposit-feedrng Invertebrates of the
subtidal seafloor Much of the detrItus that reaches the seafloor IS composed of
relatIvely refractIve orgamc compounds that are not readIly asslill11ated In the guts
of arumal consumers The growth of mIcrObIal decomposers on tlus detritus acts to
convert these matenals Into more utilIzable mtrogen-nch bIomass, namely fungi
and espeCIally bactena Bactena also scavenge dIssolved orgamc matenals and
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repackage them mto partrculate bacterIal bIOmass, whIch IS then available for use m
consumer food chams

In the subtrdal habItats, the benthIc mvertebrates serve as the prey for mobIle
eplbenthrc mvertebrates and for demersal fIshes (Hood and ZlIIlIIlerrnan 1986,
Jewett and Feder 1982) Mobile epibenthIc mvertebrates are dlstmgurshed from the
benthos Itself by theIr greater mobility and theIr only partIal assoclatron WIth the
seafloor The vast majorIty of thrs group IS composed of crustaceans, namely crabs,
shr1IIlpS, tanalds, and some larger amphIpods (Armstrong et al 1995, Orensanz et
al 1998) In the GOA, thIs group mcludes Dungeness crabs, kIng crabs, snow crabs,
Tanner crabs, both Crangon and Pandalus shr1IIlpS, such as spot shrlIIlp, coon
strIped shrlIIlp, pmk shr1IIlp, and gray shrlIIlp, and other shellfIsh resources that
had great commerclal1IIlportance before the clImatrc phase shrft of the IIlld 1970s
(Anderson and Platt 1999, Mueter and Norcross 1999, Mueter and Norcross 2000)
Chrnate and phySIcal oceanography have the potentral to exert 1IIlportant
mfluences on reCruItment and year-class strength of subtrdal fIshery stocks m the
GOA (Zheng and Kruse 2000b), but the mechamsrns and processes are poorly
understood Demersal fIShes are those fIShes closely assocIated WIth the seafloor,
mcludmg flounders, halIbut, sole, rockfIshes, PacIfIc Ocean perch, and gadnds lIke
cod and walleye pollock They feed predornmantly on the epibenthIc
mvertebrates-the shr1IIlpS, crabs, and amphIpods-but m addItron prey drrectly on
some seSSIle benthrc mvertebrates as well Juverule flatfIsh feed heavily by
croppmg (partIal predatron) on exposed SIphons of clams and exposed palps of
polychaetes Thrs role of prOVIsIOn of benthrc mvertebrate prey for demersal
crustaceans and fIshes IS an 1IIlportant ecosystem servIce of the shallow subtrdal
seafloor

The shrft m the late 1970s from crabs and shnmps to dOIIllnance by demersal
fIshes assocIated WIth the sluft m chrnatrc reglIIle 1IIlplIes a strong role for
enVIronmental forcmg of commuruty composltron m thrs shallow subtrdal system,
although mecharusms of change dynaIIllcs are not understood (NRC 1996)
Because of the effects of trawlIng on blogeruc habItat, such as sponges and erect
bryozoans, m subtrdal soft sedIments and the potentral for fIsherIes explOItatron to
modIfy abundances of both targeted stocks and speCIes caught as by-catch (Dayton
et al 1995), fIshery 1IIlpacts to the soft-bottom benthIc commuruty are a pOSSIble
drIver of commuruty change Because the demersal fIshes that are taken by trawl
and other fIsherIes represent the prey of threatened and endangered marIne
mammals such as Steller sea lIons, the pOSSIble 1IIlplIcatrons of fIshmg 1IIlpacts to
thrs commuruty are Important (NRC 1996)

The benthIc mvertebrate commuruty of shallow unvegetated subtrdal
sed1IIlents has served worldWIde as an mdlcator system for the bIOlOgical mfluence
of marme pollutron The mfaunal mvertebrates that compose thrs bottom
commuruty are sessile or slow-movmg They are dIverse, composed of many phyla
and taxa WIth dIverse responses to the SUIte of potentral pollutants that depOSIt
upon the sedImentary seafloor Consequently, thrs system IS an Ideal chOIce to
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momtor and test effects of marme pollutIon (WarwIck 1993) The subtIdal bentluc
commuruty on the sedlffientary seafloor IS lImIted by food supply Consequently,
commumty abundance and bIOmass reflect the effects of orgamc ennchment ThIs
IS eVIdent from varIatIon m bIOmass among subtIdal bentluc commurutIes
geograplucally WIthm the GOA (Feder and Jewett 1986) Therefore, changes m
pnmary productIvIty m the water column above, allocatIon of that productIon
between zooplanktomc herbIvores and bentluc mvertebrates, and phYSICal
transport reglmes combme to cause spatIally explIcIt modIfIcatIon of soft-sedlffient
bentluc commurutIes m unvegetated subtIdal sedlffients that can serve to momtor
ecosystem status Furthermore, the taxonOmIC composItIon of soft-sedlment
bentluc commurutIes responds dIfferentIally to orgamc loadmg and tOXIC pollutIon
(WarwIck and Clarke 1993, Peterson et al 1996), thereby rendermg tlus system an
excellent chOIce for momtormg to test among alternatIve dnvers of ecosystem
change Among common mvertebrate taxa of subtIdal sedlffientary habItats, the
echmoderms and crustaceans (especIally amplupods) are lughly sensItIve to tOXIC
accumulatIon of heavy metals, PAHs, and synthetIc orgamc compounds Other
taxa such as polychaetes mclude many opportumstIc specIes that bloom WIth
loadmg wIth orgamc pollutants, thereby allowmg Inferences about causatIon of
anthropogemc responses (peterson et al 1996) ThIs capability of subtIdal bentluc
commurutIes m soft sedlments 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 epIbentluc commurutIes and the
demersal fIsh commurutIes of these deeper bentluc habItats (Feder and Jewett
1986) Most samplIng of these deeper bentluc habItats mvolves trawlIng and
focuses on the stocks of crabs, Shrlffips, and demersal fIshes that are commerCIally
explOIted (Rosenberg 1972, Bakus 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 bentluc systems can be
modmed dramatIcally by the phYSIcal damage done by trawls to bIOgemc habItat
such as sponges and soft corals (Dayton et al 1995), tlus human actIvIty IS the
object of concern The contInental slope, on the other hand, does not expenence
great fIshmg pressure

3 7 3 General Research Questions

What are sources and rates of natural dIsturbance to these commumtIes, and
what are rates and patterns of recovery?

How varIable IS recrUItment m space and tIme, and among planktomc speCIes?

What IS the relatIonslup between recrmtment rates and growth rates of fllter
feeders? Algae? Predators?
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What are pnmary energy and nutrIent sources of mtertIdal and bentluc
commurutIes - m SItu, upwellmg, offshore, terrestrial runoff?

Under what condItIons are populatIons lmuted by reCruItment, food, space,
natural dIsturbance, temperature, predators, competItors, and dISease?

How do the substrates, bathymetry, phYSIcal factors, bIOlogICal forces such as
predatIon and competItIon, and human actIVIties act together to defme commuruty
structure?

What controls the rates of reCruItment of key plant and anImal speCIes to the
nearshore bentluc commurutIes?

•

•

To what degree do reCruItment processes control commuruty structure and
populatIon abundances m mtertIdal-subtIdal bentluc systems?

How does predation lmut the abundance, dIversIty, and SIZe composItIon
of benthIc marme mvertebrates?

What IS the relatIonshIp between bIOlOgical productIon processes and phySIcal
transport phenomena m the coastal ocean and settlement patterns and mtensitIes of
VarIOUS speCIes m mtertIdal-subtIdal benthIc commurutIes?

How do bIolOgical mteractIons, both dIrect (such as predatIOn and mterference
competItIon), and mdIrect (such as trophIc cascades), mfluence the dynamICS of
commuruty change and successIOnal recovery from dIsturbance In mtertIdal
subtIdal systems?

How does mtertIdal and subtIdal habItat change mfluence speCIes of fIsh,
seabIrds, and marme mammals from tlus and the other systems?

• How do offshore, ACC, and watershed processes mfluence the abundance,
productIon, and dynamICS of mter-tIdal and subtIdal speCIes such as fIshes,
seabIrds, and marme mammals?

• How do mtertIdal and subtIdal habItats mfluence the abundance,
productIon, and dynamICS of speCIes such as fIshes, seabIrds, and marme
mammals m the offshore, ACC and watershed habItats?

• What are the relative contributIons of carbon fIXed by ffileroalgae and
macroalgae m the mtertIdal and subtidal?

What are the approaches to measurmg commuruty structure that allow the
effects of human actIVItIes to be dIstInguIShed from the effects of natural forces m
the mtertIdal and subtidal?

To what degree do human actIVItIes, such as watershed modIfIcatIons,
perSIstent orgamc pollutants (POPs) releases, orgamc loadmg, and dIrect and
mdIrect effects of explOItatIon of marme resources, have Important Impacts on
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mtertIdal-subtIdal bentluc commumtIes on rocky shores and m sedlIDentary
habItats?

What IS the degree to whIch toXInS mgested by benthIc mvertebrates are
transferred up the food cham m a form that can affect reproduction, growth, or
survIVal of vertebrate consumers of those bentluc prey?

What IS the functional sIgmficance of bIOdIversIty and apparent functional
redundancy of the dIverse SUIte of component speCIes of mtertidal/ subtidal
commumtIes?

3 8 Forage Species 3 8 1 Defimtlon

Forage speCIes mc1ude a broad SUIte of speCIes
that are commonly consumed by hIgher trophIc

level speCIes (fIsh, seabIrds, and manne mammals) SpecrfIes mc1uded m the forage
speCIes complex vanes among authors and management agenCIes The North
PacIfIc Fishenes Management Council (NPFMC) groundfIsh fIshenes management
plan defmes 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 hexapterus),

Lantern fIshes (famIly MyctophIdae),

Deep-sea smelts (famIly BathylagIdae),

PacIfIc sandfish (Tnchodon tnchodon),

Euphausuds (Thysanopoda, EuphausIa, Thysanoesssa, and Stylochezron),

Gunnels (famIly Phohdae),

Pncklebacks (famIly StIchaeIdae),

•

94

Bnstlemouths, hghtfishes, and anglemouths

Spnnger and Speckman (1997) extend tlus defImtIon to mc1ude Juvenile stages
of commercIally explOIted speCIes such as PacIfIC hernng (Clupea pallasz), walleye
pollock (Theragra chalcogramma), and PacIfIc salmon (Oncorhynchus sp) For the
purposes of tlus background reVIew, the GEM program focuses on a subset of
speCIes that are commonly found m coastal or oceamc regions of the GEM study
region In the shelf envIronment, tlus subset mc1udes euphausuds, capelm,
eulachon, sand lance, Juvenile pollock, Juvemle hernng and Juvenile pmk salmon
(Oncorhynchus gorbuscha) In the offshore envIronment, tlus subset mc1udes
common myctophIds, such as small-fInned lantern fIshes (Stenobrachzus leucopsarus
and Dzaphus theta), and bathylagIds, such as the northern smoothtounge
(Leuroglossus schmIdh) ThIs partItIonmg allows GEM to hIghhght several key
research questions that could be the focus of future GEM programs
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A more complete descnptIon of the lIfe lustory characterIStics of the forage
specIes IdentIfIed by the GEM program can be found m Hart (1973, NMFS 2001)
Table 3 1 summanzes key features of the lIfe lustory characterIstics

3 8 2 Resource Exploitation In the GEM Region

Small amounts of non-eommercial 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 fIsherIes for forage speCIes, the NPFMC
restncts the catch of forage speCIes to no more than 2% of the total landed catch of
commercIal fIsherIes m federal waters (NMFS 2001) Although the bycatch of non
commercIal forage speCIes tends to be low relative to target fIshenes for
commerCially explOIted speCIes, the percentage of the bycatch relative to regIOnal
abundances of mdividual forage speCIes IS often not known because of the
dJ.ffJ.culty mvolved m assessmg these speCIes

PacIfIC salmon fIsherIes off the coast of Alaska are managed by a complex
system of treaties, regulations, and mternatIonal agreements State and federal
agenCIes cooperate m managmg salmon resources The State of Alaska regulates
commercIal fIsherIes for salmon Withm state waters where the majorIty of the catch
occurs Federal agenCIes control the bycatch of Juverule salmon m grOundfISh
fIsherIes through prolubited-species bycatch restrIctIOns (NMFS 2001) In the GEM
study regIOn, pmk salmon are pnmarIly harvested by purse semes Most of the
pmk salmon taken m PWS are of hatchery ongrn

State and federal agenCIes also cooperate m managmg PacIfIC herrmg fishenes
Most of the dIrected herrmg removals occur Withm state waters and are regulated
by ADF&G In federal waters, the removals of Pacmc herrmg m groundfISh
fIsherIes are regulated through prohibIted-specIes bycatch restrIctIons (NMFS 2001)

State and federal agenCIes regulate commercIal removals of walleye Pollock
The maJonty of the catch occurs m federal waters, however, small state fIsherIes
have started m PWS In federal waters, the catch IS regulated by federal agenCIes
based on recommended harvest regulations prOVIded by the NPFMC The catch of
Juverule pollock IS assessed Withm the stock assessment and fIshenes evaluatIOn
(SAFE) reports Juverule pollock catch IS mcluded m consIderations regardmg
annual quotas for this speCIes The lack of a market for Juverule pollock less than 30
centimeters (cm) m length serves as an mcentIve to mdustry to mmlffilze the
bycatch of Juverule pollock Efforts to mmmuze bycatch of Juverule pollock m
pollock target fIshenes mclude the voluntary adoption of alternative mesh
confIgurations deSIgned to reduce the retention of small pollock (Enckson et al
1999)

3 8 3 Assessment Methods and Challenges

There are severallffipedlffients to the development of forage speCIes
assessments The diverSIty of lIfe lustory characterIstics confound efforts to
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Table 31 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 herring Oncorhynchus StenobrachlUs
Characteristics 11 species villasus paclficus hexapterus chalcogramma Clupea pallas" 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 planktlvorous planktlvorous planktlvorous plankton and fish planktlvorous plankton and fish planktlvorous

Peak spawning spnng spnng spnng WInter wlnter-spnng wlnter-spnng summer unknown-
WInter?

Spawn location unknown Intertidal nvers late fall early pelagiC on shelf nearshore nvers unknown
WInter

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

Foragmg habitat pelagiC- pelagiC- pelagic- 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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develop a mulhpurpose survey to assess forage specIes as a smgle complex In
addlhon, several forage speCIes are small and pelagic, makIng them less vulnerable
to the standard trawl gear used m broad-scale surveys to assess stocks conducted
by ADF&G or NMFS A lugh prIOrIty 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 Platt 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 selechVlty of the gear or the llIDlted spahal or temporal scope of the surveys

An assessment deSIgned for forage speCIes IS needed to develop an accurate
evaluahon of the dlstnbuhon and abundance of tlus Important group of speCIes It
IS unlIkely that a smgle survey would be adequate for all forage specIes, therefore,
a varIety of survey methods should be consIdered Potenhal survey methods for
forage speCIes are IdenhfIed m Table 3 2

Table 3 2 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

Aenal spawmng surveys

Light detectron and ranging (L1DAR)

Momtonng diets of key bird predators

Candidate Species

Euphausllds, capehn, eulachon, Juvemle
pollock (age 0 and age 1) Juvemle
hemng small finned lantemfishes,
northern smoothtongue

Juvemle salmon

Capehn, eulachon Juvemle pollock
Juvemle hemng, euphausllds

Sand lance

PaCIfic hemng and capehn

Useful for species WIthin the upper 50 m

Juvemle pollock capehn and sand lance

(
I

3 8 4 Hypotheses About Factors InfluenCing Food Production
for Forage Fish Production

Several hypotheses (summarIZed below) have been advanced to explam trends
m forage fIsh dIstrIbuhon and abundance For the most part, these hypotheses are
based on research m the shelf and coastal waters of the western central GOA
ecosystem, mc1udmg PWS Detailed process-orIented research has been conducted
to confIrm hypotheses for a small number of forage specIes, and these studIes were
often conducted m a llIDlted geograpluc area represenhng only a frachon of the
range of the speCIes

1 Feedmg opportunIhes for early feedmg larvae Slufts m large-scale
atmospherIC forcmg controls the structure of marme fIsh commuruhes m
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the western central GOA ecosystem through Its role m determmmg the
tImmg of peak productIon SpecIes that spawn m the wmter and early
spnng wIll be favored by penods of early peak productIon, willIe specIes
that spawn m the late sprmg and summer wIll be favored by penods of
delayed productIon (Mackas et al 1998, Anderson and Platt 1999)

2 ConcentratIOn of prey for early feedmg larvae Ocean condItIons that favor
concentratIon of forage fIsh and therr prey wIll enhance productIon of
forage specIes The FOCI program IdentIfIed a potentIal mecharusm lmkmg
mcreased precIpItatIon to enhanced eddy formatIon and reduced larval
mortalIty EddIes are belIeved to proVIde a favorable envrronment for
pollock larvae by mcreasmg the probability of encounters between larvae
and therr prey (Megrey et al 1996) Research IS needed to determme
whether tills mecharusm may be Important for other forage fIshes WIthm
the western and central GOA

3 Prey dIspersal for early feedmg larvae An mverse or dome-shaped
relatIonsillp exISts between the amount of wmd mIXmg and forage fIsh
productIOn BaIley and MacklIn (1995b) compared hatch date dIstrIbutIons
of larval pollock WIth daIly wmd mIXmg ThIs analysIs showed that frrst
feedmg larvae exillbIted illgher survIval dunng penods of low wmd
mIXmg Megrey et al (1996) speculated that extremes m wmd mIXmg
would result m reduced pollock SurvIVal because low-wmd IDlXillg would
reduce the avaIlabIlIty of nutrIents m the mIXed layer and illgh-wmd
IDlxmg would lead to reduced encounters between pollock and therr prey

4 CompetItIon for prey At fIner spatIal scales, prey resources for forage fIsh
may be llIDlted, leadmg to resource partItIonmg to rrurunuze competItIon
between forage fIsh specIes that occupy sImIlar habItats WIllette et al
(1997) exammed the dIets of JuvenIle walleye pollock, PacIfIc herrmg, pmk
salmon, and chum salmon m PWS TheIr study revealed that two specIes
parrs (walleye pollock and PacIfIc hemng, and pmk and chum salmon)
exillblted a illgh degree of dIetary overlap ThIs fmdmg suggests that m
PWS, competItIon for food resources may occur wIthm these parrs when
food abundance IS hmIted Purcell and Sturdevant (2001) found eVIdence
of potentIal competItIon between zooplantIvorous JellyfIsh and Juverule
fIshes m PWS Therr study showed illgh dIet overlaps m the dIets of pelagIC
coelenterates and forage specIes and that these specIes co-occur spatIally
and temporally m PWS

5 Prey ubhzatIon Overwmtermg mortahty of forage specIes IS dependent on
the amount of energy accumulated durmg the summer FIeld and
laboratory experIments suggest that the overwmtenng success of both
age-O PacIfIc herrmg and age-O walleye pollock may be dependent on the
amount of energy accumulated durmg summer (Foy and Paul 1999, Sogard
and alIa m press) However, the early hfe hIStory strategy of walleye
pollock may make them less susceptIble to starvatIon dunng the wmter
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penod Paul and Paul (1999) compared the growh strategIes of larval and
age-O walleye pollock and PacIfIc herrmg Tlus companson revealed that
walleye pollock metamorphose early, allowmg for an extended growth
penod, wlule PacIfIc hernng metamorphose later and accumulate energy
for overwmtermg RapId growth prOVIdes mcreased SWlffiffiillg speed
leadmg to more successful prey capture and predator aVOIdance The
benefIts of the pollock strategy may allow them to contmue to grow
through the wmter (paul et al 1998)

3 8.4.1 Food Quality
Efforts to Improve understandmg of the mecharusms underlymg the

production of forage speCIes would benefIt from an Improved understandmg of the
prmClpal prey utIhzed by forage speCIes Although detaIled Information eXISts for
commercIal speCIes such as Juverule pollock, salmon, and herrmg (Clanelh and
Brodeur 1997, WIllette et al 1997), only hmIted Information IS available to descrIbe
the prey preferences of many members of the forage fIsh complex In partIcular,
Information IS lackmg m the case of offshore speCIes

3 8 5 Hypotheses About Predation on Forage Fish

By debrutIon, forage speCIes represent an Important prey resource for many
hIgher-trophIc-level consumers (fIsh, seabIrds, and marme mammals) Top-down
predation pressure on forage fIsh depends on several factors, mcludmg predator
abundance, the abundance of alternative prey, the densIty of prey, and the
patchmess of prey Changes m these factors will mfluence the relative Importance
of top trophIc-level forcmg on forage fIsh production

EVIdence suggests that m some years, fIsh predation may exhIbIt a measurable
effect on forage speCIes production m the GEM regIon Anderson and Platt (1999)
noted that the post regIme shIft mcrease m gadOId and pleuronechd fIshes
comclded WIth marked dechnes m capelm and shrImp populations They
proposed that thIs mverse relationshIp could be caused by mcreased predation
mortahty due to an mcrease m plclvorous (fIsh-eatmg) speCIes ConsIstent WIth
thIs hypothesIS, Bailey (2000) performed a retrospective analySIS of factors
mfluencmg Juvenile pollock survIVal He prOVIded eVIdence that durmg the 1980s,
pollock populatIons were largely mfluenced by envIronmental condItIons, and after
the ffild-1980s, Juvenile mortahty was hIgher, resultmg from the bUIldup of large
fIsh predator populatIons In PW5, Cooney (1993) speculated that pollock
predation could explaIn 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 alternative prey resource In
the open ocean, BeamIsh et al (1999a) proposed that mesopelagIc fIShes transfer
and redIstrIbute energy through two prImary trophIc pathways (1) abundant
zooplankton to S leucopsarsus and then sqUId, and (2) S leucopsarsus, D theta, and
L schmldh to walleye pollock, salmon, dolphm, and whales The dIVISIOn of energy
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through these pathways IS thought to mfluence the amount of energy reachIng the
sea floor

The Importance of forage fIsh m seabIrd 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 lIttle eVIdence that seabIrd
predatIon IS suffIcIent to regulate the productIon of forage fIshes m the GEM
regIon, however Therefore, key research elements for predatIon of forage speCIes
by marme mammals and seabIrds should focus on the role of oceanographIc
features m concentratmg forage speCIes WIthIn the foragIng range of seabIrds and
marme mammals

Wlule only a few studIes have exammed the Importance of gradIents (fronts) or
water mass characterIstIcs m aggregatIng forage speCIes for top predators m the
GEM regIon, the Importance of these features IS well known m other regIons In
the AtlantIc, aggregatIons of capehn appear to be assocIated WIth strong thermal
fronts (Marchland et al 1999) LIkeWIse, clImate Impacts on the dIstrIbutIon and
productIVIty of AntarctIc krill (Euphausla seperba) have been shown to produce
Important Impacts 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 envIronment, whIle m cool
years, eulachon were more common m the nearshore enVIronment ConsIstent
WIth the hypotheSIS of Hay et al, Carscadden and NakashIma (1997) noted a
marked declme m offshore capehn abundance dUrIng a cool perIod m 1990s m the
AtlantIc

3 8 6 Hypotheses Concernmg Contammatlon

Because of the broad dIstrIbutIon and abundance of contammants, there IS lIttle
eVIdence to suggest that contanunants regulate the productIon of forage speCIes m
Alaska waters If forage speCIes exhIbIt sUbpopulatIon genetIc structure,
contammants could be mfluentIal m the local mortalIty rate of forage fIsh
subpopulatIons The small SIZe, short lIfe span, and Importance as a prey Item for
hIgher trophIc level foragers make forage speCIes Ideal mdIcators of regIonal
contammant levels (Yeardley 2000) For example, Roger et al (1990) noted that the
hIgh lIpId content of eulachons suggests that they may be potentIal mtegrators of
low-level contammants If forage speCIes are to be used as a regIonal mdIcator of
ecosystem condItIons, research IS needed to determme whether forage speCIes
blOaccumulate tOXIC chemIcals StudIes are needed to determme whether observed
accumulatIons of tOXIC chemIcals are suffiCIent to change mortalIty rage of forage
speCIes If forage speCIes accumulate lethal levels of tOXIC chemIcals at the regIonal
level, genetIc studIes are needed to determme whether these populatIons represent
genetIcally uruque subpopulatIon segments

3 8 7 General Research Questions

How can trends m abundance of forage speCIes be explamed?
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What IS the role of large-scale atmosphenc forcmg m controllmg the
structure of marme fIsh commumtIes m the western central GOA
ecosystem?

Are speCIes that spawn m the wmter favored by penods of early peak
pnmary production, and speCIes that spawn m the spnng and summer
favored by penods of delayed productIOn?

Do ocean condItions that favor concentration of forage fIsh and theIr prey
enhance production of forage speCIes?

• Do eddIes favor enhanced production and recruItment of forage speCIes?

Is the amount of wmd ffilxmg mversely or dIrectly (for example, RothschIld
Osborn) proportIonal to forage fIsh production?

Does mterspecmc competition at small spatial scales lImIt production of forage
fIsh speCIes that occupy slmIlar habItats?

Does predatIOn lImIt the abundance of forage speCIes populations?

Does the aggregation of forage speCIes by gradIents (fronts) or water mass
charactenstIcs allow top predators to control forage speCIes abundance m the ACC
and offshore?

What IS the role of food qualIty as shown by prey preference selectIon m
controllmg forage speCIes abundance?

What IS the role of accumulations of tOXIC chemIcals m forage speCIes ill

mfluencmg reproduction, growth, and death of forage speCIes?

3.9 Seabirds 3 9 1 Overview

The GOA supports huge numbers of reSIdent
seabIrds 26 speCIes nest around the penphery of

the GOA, With an estImated total on the order of 8 mIllion bIrds (Table 3 3) Note
that sea ducks are not consIdered seabIrds for the purposes of thIs dIscussIOn Most
speCIes of seabIrds are colomal and aggregate dunng summer at about 800 colomes
A varIety of habItats are used for nestIng, such as clIff faces, boulder and talus
fIelds, creVIces, and burrows m soft soil Two speCIes, KIttlItz's and marbled
murrelets, are not colomal and nest m very atypIcal habItats KIttlItz's murrelets
nest on scree fIelds m hIgh alpme regIOns often many kilometers from the coast,
and marbled murrelets nest mamly m mature trees ill old-growth corufer forests,
also often dIstant from the coast

Predation by terrestrIal mammals and rapacIOUS bIrds undoubtedly IS
responsIble for the nesting habItats and habIts adopted by seabIrds ClIff-nestIng
speCIes are free to nest on mamland SItes, because mammals cannot reach them and
they are large enough to defend themselves and theIr nests agamst most aVIan
predators Ground-nestIng speCIes do not have thIs option and must nest only on
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Table 3 3 Nesting Seabirds In the Gulf of Alaska

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

Northem fulmar Fulmarus glaclalls 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 Pha/acrocorax auntus 33 6 Cliff CD

Brandt's cormorant Pha/acrocorax pemcillatus 0086 02 Cliff CD

PelagiC cormorant Pha/acrocorax pelaglcus 21 40 Cliff CD

Red-faced cormorant Pha/acrocorax unle 20 38 Cliff CD

Unidentified cormorant Pha/acrocorax spp 15 29 Cliff CD

Mew gull Larus canus 15 11 Ground SF

Hemng gull Larus argentatus 1 1 Ground SF S

Glaucous-winged gull Larus glauscescens 185 241 Ground SF S

Black-legged kittiwake Rissa tndactyla 675 270 Cliff SF

Arctic tem sterna paradlsaea 89 1 2 Ground SF

Aleutian tem Sterna aleutica 94 1 2 Ground SF

Unidentified tem Sterna spp 17 022 Ground SF

Common murre Una aalge 589 589 Cliff DO

Thick-billed murre Una lomVla 55 55 Cliff DO

Unidentified murre5 Una spp 1 197 1 197 Cliff DO

Pigeon gUillemot Cepphus columba 24 13 Crevice CD

Marbled murrelet Brachyramphus marmoratus 200 48 Tree CD

Klttlltz s murrelet Brachyramphus breVirostns + + Scree CD

Ancient murrelet Synthl1boramphus antlquum 164 38 Burrow CD

Cassin's auklet Pfychoramphus aleutJcus 355 71 Burrow DO

Parakeet auklet Cerorhmca monocerata 58 17 Crevice DO

Least auklet Aethla pusilla 002 00018 Talus DO

Crested auklet Aethla cnstatella 46 14 Talus DO

Rhinoceros auklet Cyclorrhynchus pSlttacula 170 90 Burrow DO

Tufted pUffin Lunda clrrhata 1093 874 Burrow DO

Homed 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 In Gulf of Alaska
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)
5Essentlally all common murres
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Islands free from predatory mammals AddItIonally, some ground-nestIng specIes
come and go to and from colorues only at rught, apparently to further thwart aVIan
predators

Foxes, rats, voles, and ground squIrrels were varIOusly mtroduced to most
Islands m the AleutIans and GOA between the late 1700s and early 1900s and
severely reduced the abundances of many speCIes of ground-nestIng seabIrds, such
as storm-petrels, auklets, murrelets, and puffms (BaIley and KaIser 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-nestmg seabIrds stIll lIkely reflect
the effects of mtroduced mammals Moreover, predators that occur naturally
occasIOnally have large, local effects on nestIng seabIrds m the GOA (Oakley and
Kuletz 1996, SeIser 2000)

The dIstrIbutIon and abundance of nestIng seabIrds m the GOA IS therefore
governed prImarily by the availability of SUItable, safe nestIng habItats, as well as
by the availabilIty of prey For example, chff-nestIng speCIes, such as murres and
kIttIwakes, requrre chffs facmg the sea Therefore, regardless of the bIOmass of
potentIal forage speCIes m the eastern GOA, there are no murres or kIttIwakes m
much of the regIon because of the lack of sea chffs Where SUItable nestIng habItat
does eXISt, seabIrds nearly always occupy It, and fluctuatIons m theIr productIVIty
and abundance through tIme are thought to be determmed for the most part by
fluctuatIons m prey populatIons

SpeCIes that nest on clIff faces, such as murres and kIttIwakes, are the most
well-studIed because of theIr VISIbility CompletIng censuses of chff-nestIng
seabIrds IS comparatIvely easy, as IS measurmg several components of theIr
breedmg bIOlogy, mcludmg the study of reCurrIng natural phenomena such as
ffilgratIon (phenology) and reproductIve success Consequently, preCIse estImates
of abundance and productIVIty, and trends m these varIables through tIme, are
avaIlable for murres and kIttIwakes at many colorues m the GOA In addItIon to
theIr VISIbility, murres and kIttIwakes are extremely numerous and wldely
dlstnbuted, and more IS known about them than about any other speCIes

In contrast, seabIrds that nest underground are dIffIcult to study A further
complIcatIon IS that some of these are nocturnal as well DespIte huge numbers
and broad dIStrIbutIons 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 theIr bIOlogy offer
valuable opportunItIes for obtammg InformatIon on the dIstrIbutIon and dynaffilcs
of prey populatIons Important to a vanety of seabIrds and marme mammals

Most seabIrds m the GOA are pnmarIly plsclvorous (fIsh eatIng) durmg the
nestIng season The prmclpal 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
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consIderable amounts of crustaceans m addItIon to fIsh Many speCIes of fIshes are
taken, although a comparatIvely small number contrIbute the bulk of the bIOmass
to dIets of most seabrrds Overall, the three most lffiportant speCIes of fIshes are
sand lance, capelm, and pollock At certam colomes, at certam hIDes, m certam
years, or any combmatIon of these condItions, the myctopmds, Pacmc cod, saffron
cod, herrmg, sable£Ish, pncklebacks, prowflsh, and salmon are also lffiportant to
some speCIes (Hatch 1984, BaIrd and Gould 1986, DeGange and Sanger 1986,
Sanger 1987, Hatch and Sanger 1992, Irons 1992, Platt and Anderson 1996, Suryan
et al 2000, GIll and Hatch unpubhshed data)

ReSIdent GOA seabrrds can be dIVIded mto three groups based on theIr
foraging behavIOr (Table 3 3) Surface-feeders, as therr name lffiphes, 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 ffild-water and deep dIvers are capable of
explOItIng prey at depths of up to nearly 200 m and of foragtng over large areas
(SchneIder and Hunt 1982, Platt and Nettlesmp 1985) Most mdlvlduals of most
speCIes forage over the contmental shelf durmg summer Tills IS due prlffiarily to

the location of nestIng areas, wmch are along the
maInland coast and on nearshore ISlands, and the
dIstrIbutIon of forage speCIes, wmch m aggregate are
more dIverse and abundant on the shelf than off the shelf
Exceptions to thIS generalIZation are the £u1mars and
storm-petrels, wmch have anatoffilcal, behavIOral, and
physIOlogical adaptations that allow them to forage at
great dIstances from therr nestIng areas, gIvrng them

access to resources off the shelf (Boersma and Groom 1993, Hatch 1993), and
speCIes such as kittIwakes that typICally feed over the shelf, but wmch can
effIcIently explOIt prey off the shelf when those prey are Wlthm foragtng range from
therr nestmg locatIOns (Hunt et al 1981, Sprmger et al 1996, Hatch unpubllShed
data)

Therefore, as a group, seabrrds sample forage populations broadly m three
dlffiensIOns These charactenstIcs, plus variations m dIet between speCIes and the
sensItIvIty of varIOUS components of therr breedmg bIOlogy and population
abundance to fluctuations m prey availabilIty, make seabuds m the GOA, as
elsewhere, valuable tools m the study of marme ecosystems (Calms 1987,
Aeblscher et al 1990, Furness and Nettlesmp 1991, Sprmger 1991, Hatch and
Sanger 1992, Monteveccm and Myers 1996, Platt and Anderson 1996, Sprmger et al
1996)

Seabrrd populatiOns m the North Pacmc from CaMorma to ArctIc Alaska are
very dynaIDlc, waxmg and wanmg m response to changes m prey abundance,
predators, entanglement m fIshmg gear, and oil spills (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) Oil spilled from the Exxon
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Valdez killed an estImated 250,000 seabIrds m the GOA, 185,000 of wluch were
murres (platt 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 Immediate
mortalIty and lmgermg effects of the spill m PWS have depressed the abundance of
several other speCIes of seabIrds there throughout the 1990s (Irons et al 2000)

A strong case also has been made for a broad-scale declme m seabIrd
abundance m the GOA dunng the past 2 to 3 decades begInnIDg before the EVOS
Marme bIrds counted at sea m summer m PWS apparently declmed by some 25%
m aggregate between 1972 and the early 1990s (Kuletz et al 1997) Many speCIes
contrIbuted to the declme, mcludmg loonsc--,cormorants (-95%), mergansers,
Bonaparte's gulls, glaucous-wmged gulls (-69%), black-legged kittIwakes (-57%),
arctic terns, pIgeon guillemots (-75%), marbled and KIttlItz's murrelets (-68%),
parakeet auklets, tufted puffms, and homed puffms (-65%) (KloslewskI and Lamg
1994) Other census data further mdlcated that for the marbled murrelet, at-sea
wmter abundance declmed by more than 50% throughout the GOA durmg tlus
tIme (BeISsmger 1995) Results from studIes at several murre colomes m the GOA
m summer tend to support tlus pattern Piatt and Anderson (1996) reViewed the
abundance hIStones of 16 colomes and concluded that many were m declme before
the EVOS Therefore, It proved dIffIcult to estImate the effect oil had on murre
populations

It IS generally thought that alterations m forage fIsh abundance and commumty
structure brought on by envIronmental change not assOCIated WIth the 011 spill,
such as clImate change, have been pnmanly responsIble for fallmg seabIrd
populations (Oakley and Kuletz 1996, Piatt and Anderson 1996, Hayes and Kuletz
1997, Kuletz et al 1997, Anderson and Piatt 1999) For example, pIgeon guillemot
numbers m PWS m 1978 to 1980 averaged about 40% lugher than m the early 1990s,
and they declmed further through 1996 (Oakley and Kuletz 1996) The declme m
abundance was accompamed by a declme m the occurrence of sand lance m theIr
dIets, and It has been suggested that cause and effect relate the two Because sand
lance has a much lugher fat content than the forage speCIes guillemots SWItched to,
such as pollock and blenmes, It IS nutntIonally supenor (Anthony and Roby 1997,
Van Pelt et al 1997) In Kachemak Bay, sand lance was partIcularly abundant m
dIets of gUlllemots nestIng m lugh-denslty colomes m the late-1990s, and clucks fed
predommantly sand lance grew faster than clucks fed lower-qualIty prey (pnchard
1997) LIkeWIse, reductions m energy-dense capelm m the GOA and m dIets of
several speCIes of seabIrd m the 1980s compared to the 1970s also have been lInked
to population declmes (piatt and Anderson 1996, Anderson and Platt 1999)

AddItional eVidence of pOSSIble clImate-medIated population declme IS the
frequency and magmtude of large seabIrd dIe-offs m the past 2 decades Some of
these mvolved huge numbers of surface-feedmg specIes m summer, partIcularly
kittIwakes and shearwaters m the GOA and especrally the Benng Sea, durmg years
of strong El NIfio events, notably 1983 and 1997 (Nysewander and Trapp 1984,
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Mendenhall1997) Others mvolved prmClpally murres m the GOA m wmter In
1993, on the order of 100,000 common murres starved to death, and m 1997, at least
tens of thousands suffered a slIIUlar fate (platt and van Pelt 1993, Platt unpublIshed
data) Such acute mortalIty, when added to the normal, or perhaps elevated,
attnhon suffered by Juvemle bIrds m recent years, could have sigrubcant
repercussIOns on populahon SIze As Platt and Anderson (platt and Anderson
1996) note, there was only 1 reported dIe-off of seabIrds m the general regIOn before
1983, and that was m the Bermg Sea m 1970 (BaIley and Davenport 1972)

There IS no eVIdence that seabIrds m the GOA have been dIrectly 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,
Pacllic cod, and herrmg, but most seabIrds can feed only on the small age-O and
age-l fIsh of these large types and therefore do not compete WIth commerCIal
fIshenes for bIOmass IndIrect effects of commercIal flshmg are pOSSIble II stock
SIZes are affected by fIshmg and II stock SIze mfluences the abundance of young age
classes of those speCIes or the abundance of other forage speCIes

3 9 2 Case Studies

A lot of mformahon has been collected on seabIrds m the GOA m the past
3 decades, although much of the data obtamed m the last 10 years has not yet been
publIshed or even presented Therefore, the mtegrahon of all results mto a
compOSIte pIcture of seabIrd ecology 18 not currently pOSSIble Nevertheless, good
mformahon IS avaIlable for some aspects of the bIOlogy of certam speCIes at certam
SItes, and these examples can be used to gIve a general Idea of the status of seabIrds

and theIr senslhvlty to change m the enVIronment
Promment speCIes are the black-legged kIttlwake and
common murre They are among the most abundant and
WIdely dIstnbuted seabIrds, neshng at hundreds of colomes
from Southeastern Alaska to Ummak Pass These attrIbutes
and theIr ease of study have made them the best known of
all speCIes m the GOA Informahon on trends m

abundance, produchvlty, and dIets of kIttlwakes and murres at severallocahons
spans penods of 1 to more than 4 decades Informahon on other speCIes, notably
fulmars and puffms, at some colomes prOVIdes addlhonal context

39.2.1 Middleton Island
The longest hIDe senes of relIable abundance eshIDates for seabIrds m the GOA

comes from MIddleton Island, where the mst count was made m 1956 (Rausch
1958) Between 1956 and 1974, the number of kIttlwakes mcreased by an order of
magmtude, from about 14,000 to 144,000 bIrds (BaIrd and Gould 1986) That
mcrease IS thought to have been made pOSSIble by the 1964 earthquake, whIch
uplIfted large sechons of MIddleton Island and created extensIve new neshng
habItat Numbers of kIttlwakes remamed hIgh there throughout the 1970s, but
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began to declme steadJ1y m the early 1980s from a peak of about 166,000 bIrds to
about 16,000 today (Hatch et al 1993, Hatch unpubhshed data)

The declme m abundance has been accomparued by generally low productIVIty
smce the early 1980s, averagmg Just 0 06 clucks per parr between 1983 and 1999
(Table 3 4) Supplemental feedmg of kIttIwakes m recent years altered a varIety of
adult breedmg parameters sensItIve to food supply and mereased SurvIVal of
clucks, strongly supportIng the notIon that food hmitatIon has been the cause of
poor productIVIty and populatIon declme (Gill 1999, Gill and Hatch unpubhshed
data)

Table 3 4 Trends In Kittiwake Abundance and Productivity at ColOnies
In the Gulf of Alaska

Population Average Production, Number of Colony
Colony(s) Trajectory 1983-2000 ColOnies years

Increasmg

Gullisland1 Up 039 1 15

Pnnce Wilham Sound2 Up 030 4 67

Barren Island3 Up 040 1 7

Stable

Pnnce Wilham Sound- Level 018 22 372
Overall2

Pnnce Wilham Sound2 Up-Down 014 5 94
\\0 Pnnce Wilham Sound2 Level 015 2 34

ChlnlakBa! Level 019 1 16

Decllnmg

Semldl Islands3
4 Down 005 1 11

Chlslk Island1 Down 006 1 9

Pnnce Wilham Sound2 Down 004 11 177

Middleton Island4 Down 006 1 ?

ColOnies In PWS are diVided Into groups of Increasing stable and dechnlng abundance overall
kittiwake abundance IS stable In PWS

1From J Platt (unpublished data)

2From D Irons (unpublished data)

3From USFWS (unpublished data)

4From S Hatch (unpubhshed data)

The longest tIme senes of abundance data for murres also comes from
MIddleton Island As With kIttIwakes, the murre populatIon mereased by about an
order of magmtude followmg the 1964 earthquake, numbenng 6,000 to 7,000
mWVIduals by the mId-1970s Also hke kIttIwakes, murre abundance at MIddleton
Island was m declme by the end of the decade, fallmg to about 4,000 mWVIduals by
1985 The populatIon abruptly mereased the followmg year to nearly 8,000 bIrds,
where It remamed through 1988, rapIdly declmed agam to about 2000 by 1992, and
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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 vegetahon that
hampers access of chIcks to the sea once they leave the nest (Hatch unpubhshed
data), but the sharp mcreases and decreases durmg the course of the overall dechne
argues for other controllmg factors

Glaucous-wmged gulls also probably nested m comparahvely small numbers
on MIddleton Island before 1964, although no counts were made m the early years
By 1973 there were fewer than 1,000 mdlvlduals and fewer than 2,000 a decade
later However, m contrast to fmdmgs for mUITes and kittIwakes, the populahon
ballooned to more than 12,000 bIrds between 1984 and 1993, and now totals about
11,000 (Hatch unpubhshed data) Predahon by gulls on kittIwake and murre eggs
and chIcks may have contrIbuted to the declmes of those specIes (2001)

The abundance of rhInoceros anklets 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 rhmoceros
anklets nested there before the earthquake because of a lack of habItat (Hatch
unpubhshed data) Therefore, the mcrease m rhmoceros auklet abundance mIght
be Just the result of an mcrease m the extent of neshng habItat as vegetahon
covered uphfted soIls At St LazarIa Island m Southeast Alaska, however,
rhmoceros anklet numbers nearly doubled durmg the 1990s (Byrd et al 1999),
mdlcatmg 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 colorues
between years, therefore, census data are not necessarily as accurate for them as for
other chff-neshng specIes of seabIrds The data show that numbers of neshng paIrs
were comparahvely stable at about 2,000 to 2,800 between the mId-1970s and mId
1980s The number of parrs was extremely volahle from 1985 to 1993, however,
nsmg and falhng by as much as 700% between consecuhve years In 1993, pelagiC
cormorants numbered about 800 parrs, and have mcreased steadily smce then to
about 1,600 parrs (Hatch unpublIshed data)

SeabIrds 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 kIttIwakes typICally prey on extremely energy-dense myctophIds,
whIch are generally restrIcted m theIr dlstrlbuhon to deep-water regions off
conhnental shelves (Wilhs et al 1988, Sobolevsky et al 1996) Later they SWitch to
other, hkely more accessIble, prey and feed chIcks prImarily on sand lance,
although capehn and sablefIsh are also Important m some years (Hatch and Gill
unpubhshed data)
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Rlunoceros 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%of the bIOmass fed to
chIcks rn 11 years between 1978 and 2000 (Hatch unpublIshed data) In years of
apparent low abundance durrng the fIrst half of the 1990s, pmk salmon, capelIn,
greenlrngs, and sablefIsh replaced sand lance

Tufted puffInS at MIddleton Island feed theIr chIcks predommantly sand lance
rn years when sand lance are most abundant sand lance make up as much as 90%
of bIOmass rn peak years Tufted puffrns apparently sWItch to other prey sooner
than rhInoceros auklets when sand lance IS scarce AlternatIve prey of tufted
puffIns COnsIStS marnly of pollock and prowfIsh, WIth somewhat lesser amounts of
sablefIsh (Hatch unpublIshed data)

3.9.2.2 Prince William Sound
Twenty-three kItbwake colorues m PWS were fIrst counted rn 1972, but were

not counted agarn untI11984 These and an addItIonal SIX colorues have been
ViSIted nearly each year srnce (Irons 1996, Irons unpublIshed data) Durrng thIs
tIme, long-term Increases and decreases have been noted at varIOUS colorues, but no
ObVIOUS geographIc pattern to the changes was found Instead, 4 colorues have
grown to large SIZe, and 11 smaller colorues have declmed, With some dlsappearrng
completely FIVe other colorues fIrst Increased, then decreased, and two have not
changed apprecIably At least some of these changes lIkely resulted from
movements of adults between SItes (Irons unpublIshed data) For example, as the
Icy Bay colony declIned from about 2,400 bIrds rn 1972 to fewer than 100 by 2000,
the nearby North Icy Bay colony grew from about 500 bIrds m 1972 to about 2,000
by the late 1990s Overall, the total abundance of kItbwakes m PWS has remarned
stable, or perhaps rncreased slIghtly, despIte substantIal rnterannual varIability, for
example, decreasrng by 45% between 1991 and 1993 and rncreasrng by 35%
between 1999 and 2000

Overall productIvIty likeWise has been hIghly vanable between years, but
generally has been much greater than at MIddleton Island, averagrng 0 18 chIcks
per parr srnce 1984 (Table 3 4) Average productIVIty dIffered consIderably
between colorues With dIfferent populatIon traJectorIes, however (Table 3 4) The
average productIVIty of four colorues With rncreasrng populatIons was twIce that of
two stable colorues and fIve colorues that experIenced matchrng Increases and
decreases, whIle productIVity at those was nearly four tImes as great as that at
11 declrnrng colorues

3.9.23 Lower Cook Inlet
KItbwakes at ChIsIk Island rn Lower Cook Inlet were frrst counted m 1971

(Snarski 1971), and the populatIon appears to have fallen steadIly srnce then By
1978, the number of bIrds was down by about 40% and today It IS Just 25% of the
1971 total (platt unpublIshed data) The trend rn murre abundance at ChIsIk Island
has paralleled that of kItbwakes, but the declIne has been even steeper The
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populatIon fell by more than half between 1971 and 1978, and today stands at Just
about 10% of Its former abundance KIthwake productIvIty has been poor ill most
years, averagmg Just 0 06 chIcks per parr (Table 3 4) Less IS known about
productIvIty of murres, whIch has been eshIDated only Sillce 1996 In that tIme, It
has been varIable and averaged 0 56 chIcks per parr (Table 3 5)

Table 3 5 Trends In Murre Abundance and ProductIvity at Colomes
In the Gulf of Alaska

Population
Colony Trajectory

Gull IsIand1 Up

Chlslk Island 1 Down

Barren Island 2 Up

Semldl Islands 2 3 Up

1From J Platt (unpublished data)

2From USFWS (unpublished data)

3From S Hatch (unpublished data)

Average Production,
1989-2000

052

056

073

048

Range

028-065

018-074

058-075

021-058

Colony
Years

4

4

5

6

In contrast, Just across Cook Inlet at Gull Island ill lower Kachemak Bay,
numbers of kIthwakes and murres have illcreased substantIally Sillce counts were
fITst made ill 1976 The abundance of kIthwakes more than doubled between the
ffild-1970s and ffild-1980s, peaked ill 1988, and has averaged about 10% to 15%
lower through the 1990s (platt unpublIshed data) The growth ill numbers of
murres was somewhat less abrupt, but more endurmg, WIth steady, exponentIal
growth of about 300% through 1999 ProductIVIty of kIthwakes at Gull Island has
been much hIgher than at Ch1sIk Island, and has been among the hIghest anywhere
ill the GOA wIth comparable data (Table 3 4) ProductIVIty of murres at Gull Island
has been less vanable than at Ch1sIk Island, but has averaged essentIally the same,
o52 chIck per adult (Table 3 5)

KIthwakes were fIrst counted on the Barren Islands, at the mouth of Cook Inlet,
ill 1977 The next counts ill 1989 to 1991 were apparently comparable SystematIc
counts began ill 1993 and have contInued Sillce It IS not known If the earlIer (1977
to 1991) and later (1993 to 1999) groups are comparable Wlthm-grOUP data
illdIcate that there was no apparent change ill kIthwake abundance durillg eIther
hIDe penod LIkewIse, there are two groups of counts for murres -7 counts
between 1975 and 1991 and 10 systematIc counts between 1991 and 1999 Counts ill
the early part of the fITst illterval are not comparable to later counts ill that illterval,
therefore, It IS not known whether murre numbers changed from the 1970s to the
late 1980s Sillce 1989, however, the populatIon has steadIly grown by about 40%
(Roseneau unpublIshed data) KIthwake productIvIty at the Barren Islands ill the
1990s was as hIgh as at Gull Island (Table 3 4) Murre productIVIty Sillce 1995 has
averaged 0 73 chIck per parr, whIch IS hIgher than at eIther of the other colomes ill
Lower Cook Inlet
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KItbwakes and murres at all three locahons prey on a sl1111lar sUite of forage
fIshes, but the propomon of each speCIes In dIets vanes dependmg on theIr relahve
abundance Sand lance, capelm, and cods are the three most lITlportant taxa of prey
(platt unpublIshed data, Roseneau unpublIshed data) Among the cods, the
propomons of pollock, PacIfIc cod, and saffron cod vary by locahon A varIety of
eVIdence from the Lower Cook Inlet regIon mdIcates that populahon trends of
kItbwakes and murres at the three colomes are drrectly related to the abundance of
prey aVaIlable to the bIrds (KItaysky et al 1999, Robards et al 1999, Platt
unpublIshed data, Roseneau unpublIshed data)

3.9.24 Kodiak Island
Of numerous seabIrd colomes on KodIak Island, only the one at ChmIak Bay

has receIved much attentIOn KItbwakes were fIrst counted there In 1975 to 1977
and numbers were stable They were next counted m 1984, by whIch hrne the
populahon had more than doubled Numbers have SInce been varIable, but
showed no sIgmficant changes unhll999, when they were about twIce as great as
m 1997 to 1998 KItbwake productIVIty at ChImak Bay was very hIgh for at least
2 years m the ffild-1970s (about 1 chIck per nest), but was poor m the 1980s,
averagmg Just 0 11 chIck per nest between 1983 and 1989 Produchvlty lITlproved
In the 1990s, averagmg 0 24 chIck per nest, and has averaged 0 19 chIck per nest
overall smce 1983 (Table 3 4)

KItbwakes at ChmIak Bay preyed pnrnarI1y on sand lance and capelIn m the
1970s Varlahons In dIet between years were correlated WIth vanahons m
produchVIty (Barrd 1990)

3.925 Semldi Islands
ApprOXImately 2,500,000 seabIrds, or about a thIrd of all the seabIrds neshng m

the GOA, are found on the Seffildl Islands, IncludIng about 10% of the kItbwakes,
half of the murres and homed puffms, and nearly all of the northern fulrnars
(Hatch and Hatch 1983) SeabIrd studIes on the Seffildl Islands began m 1976 and
have conhnued In most years smce Most work has occurred at ChoWlet Island,
whIch hosts on the order of 400,000 bIrds of at least 15 specIes, WIth the clIff-neshng
specles-kItbwakes, murres, and fulrnars-recelvrng the greatest attenhon

The number of kIttIwakes at Chowlet Island varIed lIttle through 1981,
although the number of nests grew by 60% No counts were made In 1982 to 1988
KItbwake abundance In 1989 and 1990 had not changed, but It declIned abruptly m
1991, and has averaged about 30% lower SInce The number of kItbwake nests m
1989 had fallen back to the late 1970s level, where It has tended to remaIn (USFWS
unpublIshed data) Produchvity of kItbwakes at Chowlet Island was generally
hIgh between 1976 and 1981, averagmg 0 43 chIck per nest, WIth the hIghest level
(about 1 chIck per nest) m 1981 KItbwakes began falling to produce chIcks at least
by 1983 (no data were obtamed m 1982), however, and m 11 years between then
and 1998, the average produchvlty has been Just 0 05 chIck per nest (Table 3 4)
Accompanymg the declIne In abundance and collapse of produchvlty was a delay
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of 9 days m the mean laymg date m the 1990s compared to the 1970s and early
1980s Poor productIVIty and delayed laymg are both symptomatIc of food stress

Murre abundance on Chowiet Island was stable between 1977 and 1981
Abundance was the same m 1989 when counts were next made, but m contrast to
fmdmgs for kIttIwakes, the populatIon has grown steadily smce, standmg 30%
hIgher by 1998 As for kIttIwakes, the mean laymg date of murres was about
10 days later m the 1990s than m the 1970s ProductIvIty has not vaned apprecIably
between years, except m 1998 when It was very low The average productIVity
smce 1989 was 0 48 chIck per parr, or about the same as at ChIsIk and Gull Islands
(Table 3 5)

Trends m fulmar abundance, productIVIty, and phenology through tlme
exhIbIted patterns slIDllar to those of kIttIwakes and murres As With murres,
abundance has mcreased numbers of fulmars grew steadIly between 1976 and
1981, and generally contmued that trajectory at least through the IDld-1990s An
excepnonally low number recorded m 1998, the last year they were counted and
the only year smce 1995, may be an artIfact and not representanve of the long-term
trend, or It may represent a real declme As WIth kIttIwakes, producnvity of
fulmars was lower m the 1980s and 1990s, averagmg Just 0 24 chIck per nest from
1983 through 1998, compared to an average of 052 chIck per nest from 1976
through 1981 In addInon, as found for both kIttIwakes and murres, the nestmg
phenology of fulmars was conspIcuously later m the 1990s than m the 1970s

Little IS directly known about diets of kIttIwakes and murres at the SeIDldi
Islands, but based on dIets of rhmoceros anklets and tufted and homed puffrns
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
sigrufIcant for fulmars In general, the diets of fulmars overlap extensIvely WIth
those of kIttIwakes and murres, although overall fulmar dIets are much more
varied (Sanger 1987, Hatch 1993) For example, fulmars are noted for eatmg large
amounts of JellyfISh and offal and for feedmg JellyfIsh to chIcks

3 9 3 ConclUSions

SeabIrd populanons at colorues m the GOA are very dynamIC, WIth numerous
examples of growth and declme durmg the past 3 decades

In spIte of consIderable uncertamty about the magrutude, a wIdespread declme
m the abundance of murres m the GOA may have occurred smce the 1970s
Numbers are clearly down m such diverse habItats as MIddleton Island, whIch hes
near the edge of the contmental shelf and IS the most ocearuc of all colorues m the
GOA, at ChIsIk Island, whIch IS arguably the most nennc (nearshore) colony, and
apparently at several colorues along the south sIde of the Alaska Penmsula Murre
numbers are not uruformly down, however, they have mcreased dramatIcally at
Gull Island durmg the past 15 years and at the Barren Islands and the SeIDldi
Islands durmg the past 10 years Although comparanvely httle IS known about
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murre productiVIty, It has been essentially the same m recent years at the declmmg
colony on Chunk Island as at the growmg colomes on Gull Island and the SemIdI
Islands At ChIsIk Island, the rate of declme of the population equals the estImated
adult mortalIty-productivIty seems to be suffICIent to mamtam numbers.!f those
bIrds were recruItIng to the population Therefore, recrmtInent appears to have
been lackmg, whIch could be explamed by poor SurvIVal of bIrds raIsed there or by
emIgration to other colomes (piatt personal commumcatIon) At Gull Island,
productivIty and recrmtInent can account for only about half the rate of population
growth, WIth ImmlgratIon requrred to explam the other half

In most cases, local trends m the abundance of murres and kIttIwakes, lIkely
reflect mesoscale or regional processes affectIng prey availabilIty For example,
dIfferences m population trends of both speCIes at ChIsIk Island and Gull Island,
and dIfferences m productivIty of kIttIwakes between the Islands, are related to
regional vanatIons m the abundance of forage fIshes (platt unpublIshed data) The
slmIlanty m murre prodUCtiVIty between colomes IS lIkely explamed by fleXible
tIme budgets, whIch buffers them agamst fluctuations m prey (Burger and Platt
1990, Zador and Platt 1999)

There IS not enough mformatIon to determme whether total kIttIwake
abundance m the GOA has changed one way or another Many examples of
growth, declme, and staSIS m mdlvldual colomes are available, but there lS no
apparent broad geographIc pattern to the trends At the few colomes where both
kIttIwakes and murres have been momtored, abundances of the two speCIes tend to
track each other through tIme KIttIwakes, along WIth murres, have declmed at
Middleton Island and ChIsIk Island, and apparently mcreased, WIth murres, at Gull
Island The one exception IS at Chowlet Island m the SemIdi Islands, where
kIttIwakes decreased and murres mcreased Elsewhere, kIttIwakes have mcreased
at ChImak Bay on KodIak Island and remamed stable overall m PWS

There IS a strong correlation between population trajectory and long-term
average productiVIty of kIttIwakes at many colomes Those colomes that are
mcreasmg m SIZe have the hIghest productiVIty, those that are declmmg have the
lowest Colomes that show no change have mtermedIate levels There are vanous
mterpretatIons of such a relationshIp One IS that productIVIty and subsequent
recrmtment of young determInes abundance Another IS that kIttIwake abundance
and productivIty slIDply track changes m prey, that lS, 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 necessarily have to be any
other relationshIp between the two

There are COnspICUOUS temporal patterns of kIttIwake productivIty at many
colomes durmg the past 17 years ProductiVIty at colomes m PWS and at Gull
Island has vaned m tandem, WIth peaks and valleys at about 5-year mtervals hIgh
prodUCtiVIty m the mId- to late 1980s,low m the early 1990s, and hIgher agam after
1995 For most of the record, from the early 1980s through the mId-1990s, thIs
pattern was OppOSIte that at ChImak Bay on KodIak Island, where productivIty
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peaked ill the early 1990s wlule It bottomed-out ill PWS and at Gull Island
ProductIvIty at the three locatIons tended to track together durillg the latter half of
the 1990s

KIttIwake productIvIty and populatIon trends ill PWS are well-correlated
before 1991 and Sillce 1991, but the SIgn (pOSItIve or negatIve) of the relatIonslup
dIffers Before 1991, hIgh productIVIty was assOCIated WIth low numbers of bIrds at
the colomes, but Sillce 1991, the relatIonshIp has been OppOSIte A slffillar SWItch
occurred at about the same tIme ill the relatIonslup between kittIwake productIVIty
ill PWS and the abundance of age-1 herrmg Such dIfferences ill SIgn and behaVIOr
of relatIonslups before and after the 1989-to-1990 regIme sluft have been pOillted
out for kittIwakes ill the Berillg Sea and for varIOUS other ecosystem components of
the North PacIfIC It has been suggested that the dIfferences reflect fundamental
changes ill ecosystem processes (Sprillger 1998, Welch et al 1998, Hare and Mantua
2000)

The peaks and valleys ill kittIwake productIVIty ill PWS have punctuated a
general declmmg trend durillg the longer tenn If productIVIty depends more on
prey abundance than on predatIon, then It seems as though prey have tended to
declme throughout PWS ill the past 17 years, notwithstandmg apparent
oscillatIOns

3 9 4 Future Directions

SeabIrds ill the GOA are sensItIve illdicators of VarIabIlIty ill the abundance of
forage fIshes through tIme and space How well mfonnatIOn from partIcular
speCIes at partIcular colomes reflects broad patterns of ecosystem behaVIor ill the
GOA remaIns to be seen The problem IS that nearly all of the colomes are SItuated
ill habItats WIth dIStInct mesoscale or regIOnal propertIes PWS IS a prIme example,
where colomes are located at the heads of fjords WIth and WithOut glaCIers, ill bays
and on Islands around the perImeter of the m.am 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 condItIons and productIon processes waters ill the relatIvely small regIOn
are cold, nutrIent-rIch, and productIve ClusIk Island lIes ill the path of the outflow
of warm, nutrIent-poor water from Cook Inlet The Seffildl Islands lIe at the
downstream end of ShelIkof Strait and the center of dIStrIbutIon of spawrnng
pollock ill the GOA

Thus, there are varIOUS trends ill abundance of kittIwakes at the numerous
colomes ill PWS Trends ill abundance of kittIwakes and murres at the Barren
Islands and Gull Island are OppOSIte those at neighborillg ClusIk Island, and
patterns of kittIwake productIVIty at Gull Island and ChImak Bay are OppOSIte of
each other Only Middleton Island, wluch SIts Isolated near the edge of the
contInental shelf and the Alaska Stream, and SItes on or near the coast of the Alaska
Pernnsula west of Kodiak Island, wluch lIe ill the flow of the Alaska Coastal
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Current, seem to have the potentIal to represent gulf-WIde varIabIlIty
unencumbered by pOSSIbly confusmg smaller-scale features

On the other hand, there IS reason for optlmlsm that broad-scale varIability 18

mdeed expressed m seabIrd bIOlogy In spIte of a wIde varIety of local habItat
charactenstIcs and populatIon trends of kIttIwakes at the many colorues m PWS,
and large dIfferences m average long-term productIVIty among colorues WIth
dIffermg abundance trends, a common temporal pattern of productIVIty has been
shared by almost all colorues Concordant, dearly defmed peaks and valleys have
been observed at about 5-year mtervals A sound-WIde enVIronmental SIgnal has
propagated through the kIttIwakes regardless of theIr 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, Implymg that they
may not be as ecolOgIcally separated as one mIght assume consIdenng theIr
geographIc dIstance and charactenstIcs of theIr enVIronments And further
expandmg the spatIal dImensIOn, the temporal pattern of sand lance abundance m
the VIClllity of MIddleton Island durmg the past 15 years, as revealed by Its
occurrence m dIets of rhmoceros anklets and tufted puffms there, matches closely
the patterns of kIttIwake prodUCtIVIty ill PWS and at Gull Island Although a long
geographIcal stretch, It mIght 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 kIttIwakes at ChIruak Bay also seemed to be attuned to
thIs same SIgnal, notwIthstandmg the fact that It apparently led to OppOSIte
behaVIOr m the local system for some of the tIme One thmg that IS farrly certam of
IS that the temporal and spatIal patterns m vanous components of seabIrd 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 vanous colorues, detailed InformatIon from them should prove
valuable ill buildmg a compOSIte VIew of ecosystem behaVIOr m the GOA

A varIety of approaches to developmg a long-term morutormg program m the
GOA mIght work, but the framework that has evolved over the past 3 decades
already has proved useful In-depth work IS occurnng or has occurred m many
years smce the 1970s at well-placed locatIons throughout the GOA These locatIons
mclude St Lazarla Island and Forrester Island m Southeast Alaska, MIddleton
Island, many colorues m PWS, ChIsIk Island, Gull Island, and the Barren Islands m
Lower Cook Inlet, KodIak Island, the SemIdI Islands, and AIktak Island on the
south SIde of Urumak Pass Colorues at these locatIons share several well-known,
tractable speCIes that prOVIde complementary VIews of the ecosystem, partIcularly
If they are systematIcally explOIted for theIr contrIbutIons Just as InformatIon from
each of these colorues will help bUIld a compOSIte broad VIew of the GOA,
InformatIon from several speCIes of seabIrds at each colony will help build a
compOSIte regIonal VIew of ecosystem behaVIor

Therefore, the most popular speCIes should contInue to be the maID focus
These are kIttIwakes and murres, the speCIes m the GOA WIth the hIghest
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combmed score of abundance, dIStnbutIon, and ease of study Elements of theIr
bIOlogy are senSItive to vanabIhty m prey, as seen ill the GOA and numerous
places elsewhere m the North PacIfIc and North Atlantic

KItnwakes 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
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, Aleutian Islands, and
BntIsh ColumbIa (Hatch 1984, Vermeer and WestrheIm1984, Hatch and Sanger
1992, Hatch unpubhshed data, Platt unpubhshed data) DIets of the three speCIes of
puffms overlap extensIvely, but each samples the enVIronment somewhat
dIfferently vanablhty m dIets among the puffms, locations, and tIrne reveals
geographIc patterns of forage fIsh commumty structure and fluctuations m the
abundances of mdlvldual speCIes PuffIns return whole, fresh prey to theIr chIcks,
a behaVIOr that provIdes an economIcal, effiCIent means of measurmg varIOUS
attnbutes of forage fIsh populations, such as mdlvldual growth rates WIthm and
between years and relative year-class strength

ThIrd-tier speCIes, the cormorants, gmllemots, and storm-petrels, also have
attrIbutes that can provIde addItional useful mformatIon Cormorant and
guillemot dIets overlap extensIvely WIth those of kItnwakes, murres, and puffms,
but the cormorants and guillemots sample prey much nearer to colomes and
sample addItional speCIes not used by the others Storm-petrels, ill contrast, range
Widely and sample oceamc prey not commonly consumed by any other speCIes In
combmatIon, the dIets, abundance, and productivIty of the vanous speCIes of
seabIrds provIde mformatIon on prey at multiple spatIal scales around colomes In
SItuations when thIs Information can be easily obtamed, It should not be
overlooked

A successful strategy for seabIrd momtormg WIll balance breadth (geographIc
and ecolOgical) WIth mtenslty (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 condItions ill mesoscale and rnacroscale dImensIOns On the other
hand, studIes must be thorough at each colony SImply comparmg population
trends of one or two speCIes may give uncertam, posSIbly mIsleadmg Information
on underlymg condItIOns of the enVIronment WIthOUt addItional mformatIon on
such thmgs as survIval, emIgration, reCruItment, dIet, and physIOlogical condItion
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 momtormg plan IS knowledge about when
relIable 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) InapproprIate
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compansons could result m erroneous conclusIOns about populahon changes that
nught further lead to unsupported speculahon concernmg broader trends m
ecosystem change The consequences of mappropnate compansons are rucely
Illustrated by census data from the western Alaska Perunsula If taken at face
value, the mformahon mdIcates that declmes m the abundance of murres have been
parhcularly severe at colorues from the Shumagm Islands westward to Urumak
Pass However, the trend data for two of the colomes, BIrd Island and Unga Island,
COnsISt of smgle counts made m each of 2 years at both colorues The fIrst counts m
1973 were made m nud-June, whIch IS early m the neshng season when murre
numbers are unstable at colomes and often much hIgher than later dunng the
census penod (Hatch and Hatch 1989) At another of the colorues, AIktak 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% confIdence mterval about the mean of mulhple counts m 1998
was less than zero, and the upper boundary was nearly as great as the fIrst count m
1980 One must therefore ask If the murre populahon has mdeed changed at all
over the long term at AIktak Island, or at the other colorues m the region where
sInular uncertamty eXISts, and If so how much

In spIte of such caveats, mformahon gamed from seabIrds m the past 3 decades
reveals a great deal about the nature of vanabIhty m the GOA We can be certam
that the perpetuahon and refInement of seabIrd studIes WIll conhnue to prOVIde
InsIghts and hypotheses useful to the broader goal of understandmg the GOA
ecosystem

Cnhtcal Informahon Needs

•

•

•

•

•

Conhnumg mformahon on produchvIty, populahon trends, and dIets of
seabIrds m the GOA,

Informahon on the annual SurVIval of seabIrds at neshng colorues,

Informahon on rates of Imnugrahon and enugrahon between colorues,

Informahon on funchonal relahonshIps between seabIrd abundance,
behaVIor, and produchVIty and prey avaIlability, and

Informahon on funchonal relahonshIps between elements of food web
produchon at all trophIc levels and enVIronmental vanabIhty

3 9 5 General Research Questions

What IS the relahon between abundance of seabIrd populahons and the
avaIlabIhty of forage speCIes, mcludmg fISh?

"-
)

I

• Are alterahons m forage fIsh abundance and commuruty structure brought
on by enVIronmental change capable of controllmg seabIrd populahons?
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• Do local trends m the abundance of murres and kIttIwakes reflect
mesoscale or regIOnal clunatIc and oceanograpluc processes affectmg prey
avmlabIhty?

• How can mfluences of prey availability on seabIrd abundance be separated
from the mfluences of mesoscale or regIOnal propertIes uruque to the
locahon of the colony, such the presence of glacIers?

What IS the relahon between commercIal fIShmg and the abundance of seabIrd
populahons?

3 10 1 Introduction3.10 Fish and
Shellfish The GOA IS well known for ItS fIsh and

shellfIsh because of ItS long-standmg and lughly
valuable commerCIal and recreatIonal fIshenes

(Table 2 1) Less well known are the non-commercIal fIsh and mvertebrate specIes
that compose the bulk of the anImal bIOmass m the GOA As a rule, the
economIcally Important specIes are farrly well known from trawl, trap, and hook
catches made by research and commercIal vessels (Cooney 1986a, Marhn 1997a,
WItherell 1999a, Kruse et al 2000a) By the same rule, the maJonty of fISh and
shellfIsh specIes are less well known, havmg been sampled durmg research
mveshgatIons of hmlted duratIon (Feder and Jewett 1986, Rogers et al 1986,
HIghsmIth et al 1994a, Purcell et al 2000, Rooper and Haldorson) 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, capehn, and lantern fISh, the
fluctuatIons of theIr populatIons are not well documented More detailed
consIderatIon of some of the less economIcally Important, but more ecologrcally
promment forage speCIes IS found m SectIon 3 8, Forage SpecIes, and some of the
less common shellfrsh speCIes are consIdered m SectIon 3 7, Nearshore Bentluc
CommurutIes

The marme fIsh and shellfIsh of the GOA fall mto two major groups (Feder and
Jewett 1986, Rogers et al 1986, Cooney 1986a, Cooney 1986a, MartIn 1997b)

1 FISh-bony fIsh, sharks, skates, and rays,

2 Shellfrsh-the mollusks (bIvalves mcludmg scallops, sqwd and octopus),
and Crustaceans-crabs and shnmp

Note that three other ecologrcally Important groups, the pelagrc JellyfIsh
(Crudana), the bottom dwellmg starfIsh and urcluns (Echmodermata), and the
segmented worms (Annehda) are not mcluded m the category of the fISh and
shellfIsh A hst of all the sCIenhTIc names and many common names of the speCIes
acceSSIble to trawl gear on the conhnental shelf and shelf break of the GOA IS
found m AppendIx B (see survey area map, FIgure 3 10)
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As would be expected WIth lugh manne productIvIty, the fIsh and shellfIsh
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, halIbut, groundfIsh (PacrfIc
cod, pollock, sablefISh, PacIfIc ocean perch and other rockfIsh, flatfIsh such as soles
and flounders), PacIfIc herrmg, multIple specIes of PandalId shrImp and red kmg
crab, fIve specIes of PacIfIc salmon, scallops, and other mvertebrates (Kruse et al
2000a, WItherell and Krrnball2000, Cooney 1986a) The status of major fIshenes
and stocks of mterest are addressed m the subsectIons below

3 10 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 famliy (Cothdae), followed m order of
number of speCIes by the snaI1fISh famIly (Cycloptendae), the rockfIsh famliy
(Scorpaemdae) and the flatfIsh famIly (pleuronectIdae) (Tables 3 6 and 37) The
bony fIsh dommate the number of speCIes m the GOA, WIth less than 10% of
speCIes bemg carhlagmous fIShes (petromyzontIdae to ACIpensendae, Table 3 6)
SpeCIes dIversIty m the fIsh depends on the type of gear used to sample (Table 3 6)
It IS lffipOrtant to keep m mmd that trawl gear surveys are not deSIgned or mtended
to estImate speCIes dIversIty A companson of the known fISh speCIes composItIon
(Table 36, left two columns) to the speCIes composItIon m the predommant types of
trawl gear surveys (Table 3 6, nght two columns) shows that trawl gear samples
underestImate the fIsh speCIes dIversIty of the GOA (Cooney 1986b) The longest
standmg trawl gear surveys for the GOA are 1lTIlIted to the contInental shelf and the
shelf break (to 500 m before 1999 and to 1,000 m thereafter) The NMFS has
measured relatIve abundance and dIStnbutIon of the pnncipal groundfIsh and
commerCially Important mvertebrate speCIes (MartIn 1997b), and before 1980, the
InternatIonal PacIfIC HalIbut COmmlSSIOn (IPHC) collected mformatIon on the
abundance, dIstnbutIon and age structure of halIbut (see FIgure 3 10 m SectIon
341) Hook and lme surveys for PacIfIC halIbut, sablefIsh, rockfIsh, and PacIfIc cod
on the contInental shelf m the GOA have been conducted by the IPHC smce 1962
(Clark et al draft)

On the baSIS of the bIOmass avaIlable to trawl gear on the contInental shelf and
shelf break, flatfIsh and rockfIsh dommate the fIsh fauna m most areas of the GOA
As of 1996, a flatfISh speCIes, arrowtooth flounder, dommated the overall trawl
survey of the fIsh bIOmass m the GOA, followed by PacIfIc ocean perch (rockfIsh),
walleye pollock (gadId), PacIfIc halIbut (flatfIsh), and PacIfIC cod (gadId) (MartIn
1997a) BIOmass of the arrowtooth flounder IS approachmg 2 mIllion mt, and Its
bIOmass has been steadily mcreasmg smce 1977 (WItherell 1999a) Of the next 15
largest bIOmasses of speCIes m the 1996 NMFS survey, 6 were flatfISh and 5 were
rockfIsh

Geograpluc dIStrIbutIons of GOA fISh bIOmass m the NMFS trawl surveys are
dIfferent from the overall total In the western GOA, Atka mackeral
(Hexagrammld) had the lughest bIOmass m the Shumagm Islands, but tlus speCIes
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Table 3 6 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

PetromyzontJdae 2 3

Hexanchldae 1 1

Lammdae 2 2

CarcharhmJdae 1 1

Squahdae 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

OplsthoproctJdae 1 1

Gonostomatldae 2 4

Melanostomlldae 1 1

ChauhodontJdae 1 1

Alepocephahdae 1 1

Anotoptendae 1 1 I
t

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

Scomberesocldae 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

AnoplopomatJdae 2 2 1 1

CottJdae 30 54 15 24

PsychrolutJdae 1 1

Agomdae 8 12 8 9
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,,- " Table 3 6 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

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

Ptlhchthytdae 1 1

Phohdldae 2 4

Scytahmdae 1 1

Zaprondae 1 1

Ammodybdae 1 1

Scombndae 2 2

Centrolophldae 1 1

Bothldae 1 1

Pleuronectldae 15 17 15 16

Cryptacanthodldae3 2 2 2 2

Totals 167 287 84 138

Sources Hood and Zimmerman 1986 (after Ronholt et al 1978)

1After Quast and Hall (1972)

2Gulf of Alaska exploratory BCF IPHC, and NNIFS trawl survey data

3Quast and Hall (1972) Include these genera and species In the family Stlchaeldae while Hart
(1973) recogmzes a separate family
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Table 3 7 Proportion of the Total Species ComposItion of Gulf of Alaska Fish

(Fauna Contributed by the 10 Dommant Fish Families In Two Different Surveys

Famlly1
Percentage of

Famlli
Percentage of

Total Fish Species Total Fish Species

Cothdae 19 Scorpaemdae 10

Cycloptendae 13 Cottldae 8

Scorpaemdae 8 Pleuronectldae 6

Pleuronectldae 6 Agomdae 3

Stlchaeldae 5 Zoarcldae 2

Salmomdae 4 Cycloptendae 2

Agomdae 4 Stlchaeldae 2

Zoancldae 4 Osmendae 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
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was not among the 20 largest bIOmasses of speCIes m the four other INPFC areas of
the GOA Arrowtooth flounder dommate the trawl survey bIOmass throughout the
GOA They are the most or second most abundant m all fIve areas FlatfISh and
especIally soles compnse a large number of hIgh-bIomass speCIes m the western
and northwestern GOA (Shumagm Islands, Chmkof, and KodIak), and rockfIsh
have a large number of hIgh-bIOmass speCIes m the northeastern and eastern GOA
(Yakutat and Southeast) Pollock and cod are a dommant part of the bIOmass m the
western GOA, but less so m the east PacIfIc sleeper sharks are among the 20
largest bIOmasses of speCIes m the north (ChInkof, KodIak, and Yakutat), but not m
the south (Shumagm Islands and Southeast) The only anadromous speCIes, the
eulachon, occurs among the 20 largest bIOmasses m the north, but not m the south

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 al (1986)
provIded a detaIled Image of the dIstnbutIon of fISh speCIes and bIOmass WIth
depth and by regIOn As was the case for the 1996 NMFS trawl surveys, speCIes
composItIon and relatIve bIOmass of fIsh speCIes m multI-gear surveys change
substantIally m movmg from the nearshore toward offshore areas m the GOA, as
well as from one regIOn to the next The fIndmgs of the multIple gear surveys were
consIstent WIth the trawl survey observatIons 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 38m comparIson to Table 3 6)

Other trends m dIStnbutIon correspond to reproductIon and seasonal changes
m shallow waters m some speCIes of nearshore fIShes Estuanne bays m the KodIak
archIpelago are nursery areas, WIth larvae and Juvemles bemg found m nearshore
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f Table 3 8 Comparison of the Number of Fish Families and Species Found
at less than 100 m In Different Regions of the GOA

Location

Kodiak

Lower Cook Inlet

Pnnce Wilham Sound

Southeast Alaska

Number of Families

22

25

18

NA

Number of SpecIes

101

105

72

51

Information summanzed from Rogers et al (1986)

NA = not available

and pelagIc habItats WIthIn bays (Rogers et al 1986) Blackburn (1979 m [Rogers et
al 1986]) found a trend of larger fIsh WIth mcreasmg 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, Juverules
and other smaller SIZe classes of the speCIes of local fIsh assemblages are found
close to shore, water temperatures permIttmg, and larger SIZe classes are found
farther offshore at depths greater than 30 m at all tImes of the year

Nearshore areas of the GOA provIde rearmg envIronments for the Juverules of
many fIsh speCIes Important nursery grounds for Juverule flatfIshes, such as soles
and PaCIfIc hahbut, are found m waters of Kachemak Bay and other waters of
Lower Cook Inlet, as well as m ChmIak Bay on KodIak Island (Norcross 1998) In
Kachemak Bay, summer habItats of some Juverule flatfIshes are shallower than
wmter habItats Juverule flatfIsh dIstnbuhons 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 ChmIak Bay, by temperature Deep-water and shallow-water
assemblages were IdenhfIed for the groundfIsh commuruhes m both Kachemak
and ChmIak bays, however, the hmIhng depths were dIfferent for the se two
locahhes (Norcross 1998, Mueter and Norcross 1999)

Both salmon and groundfIsh populahons m the northeastern PacIfIc appear to
vary annually m concert WIth features of chmate, 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 20 to 25 years m
concert WIth the PD~ (Brodeur et al 1996) The ENSO and the PD~were shown to
be mdependent of one another (Mantua et al 1997) The OppOSIte responses of
grOundfISh and salmon (posIhve) and crab (negahve) reCruItment to mtensuled
Aleuhan lows may be because dIfferent specIes-specIfIc mecharusms are mvoked
by the same weather pattern Because the groundfIsh speCIes descrIbed by
Hollowed and Wooster (1992, 1995) were mostly wmter spawners, Zheng and
Kruse (2000b) hypotheSIZe that strengthened Aleuhan lows mcrease advechon of
eggs and larvae of groundfIsh toward onshore nursery areas, rrnprovrng SurvIval
Salmon, on the other hand, benefIt from mcreased produchon of prey Items under
mtense lows The pOSSIble hnks between Aleuhan lows, PDOs, and ENSO and
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populatIOns of fIsh and other arumals are chscussed further below and m a recent
reVIew paper (FrancIS et al 1998)

3.102.1 Salmon
The GOA IS the crossroads of the world for PacIfIc salmon Salmon from Japan,

RussIa, all of Alaska, BrItish ColumbIa, and the PacIfIc Northwest spend part of
each lIfe cycle m the GOA (Myers et al 2000) FIve specIes of salmon-pmk, chum,
sockeye, coho and ChInook-are very common m the GOA These specIes appear m
the GOA as early as the fIrst year of lIfe (all pmk, chum, and ocean type chmook
and some sockeye), however, others may appear durmg the second (all coho and
stream-type Chmook and most sockeye) and rarely durmg the thrrd or later years
(some sockeye) (see Groot and Margohs 1991) EcologIcally, the salmon speCIes
may be dIVIded mto two broad groups, marme planktIvores (pmk, chum, and
sockeye) and marIne piscivores (coho and chmook) Further 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 feathery gill rakers as fIlters

DIstrIbutIOn Withm the GOA changes WIth hIDe after marme entry (Nagasawa
2000), as salmon chsperse among coastal feedmg grounds accordmg to speCIes and
stock, age, SIZe, feedmg behaVIor, food preferences, and other factors (Myers et al
2000) Durmg the fIrst year of marme lIfe, salmon are located m estuanes, bays,
and coastal areas Withm the ACC and conhnental shelf (Myers et al 2000) WIth
hIDe and growth, fIrst-year salmon move farther away from theIr rIver of OrIgIn
and father offshore FIrst-year salmon move out of the ACC mto colder waters m
fall and wmter of theIr fIrst year at sea

Salmon of all ages are thought to exhIbIt seasonal mIgrations m spnng and fall
between onshore and offshore marme areas In the fall, salmon of all ages move
offshore to spend the wmter m waters between 4°C and 8° C that are relatively
poor m food, perhaps as an energy conservation strategy for survIvmg the wmter
(Nagasawa 2000) In the spnng, salmon move onshore mto waters that may reach
15° C where food sources are relatively abundant

Salmon populatiOns overall are at very hIgh levels m Alaska, WIth the notable
exceptions of western Alaska chum and chInook populatiOns orIgInahng m
dramages between Norton Sound m the north and the KuskokwIm River, west of
BrIstol Bay (ADF&G 1998) On Norton Sound, the chum salmon populations of the
Penny and CrIpple rIvers have exhIbIted very low to zero spawnmg stocks m the
past 5 years Another notable exception to the record hIgh levels of Alaska salmon
production are the KVIchak River sockeye populations of BrIStol Bay, whIch have
faltered Some "off-peak cycle" brood years have recently failed to produce as
expected (Kruse et al 2000b)

The SItuation m Western Alaska notwithstandmg, the 1999 commerCIal harvest
of 404,000 mt of salmon m Alaska was the second largest m recorded hIstory
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behInd 1995 (451,000 mt) (Kruse et al 2000b) A large portIon of the record
harvests In 1999 was pmk salmon from areas adjacent to the GOA, PWS, and
Southeast Alaska The status of salmon populations and fIsherIes In the follOWIng
areas were recently evaluated In terms of levels of harvest and spawnmg
escapements areas comcident WIth habItats m the north central GOA of the Stellar
sea hon, whIch IS hsted as an endangered speCIes under the Endangered SpecIes
Act of 1973 (ESA), KodIak, the Alaska Penmsula, and BrIstol Bay All major
commerCIal salmon stocks were Judged to be healthy, WIth the exception of the
KVIchak RIver off-eycle brood years (Kruse et al 2000b)

GIVen that marme mIgration patterns of each stock are thought to be
characterIstic 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 questions about the role of marme processes In salmon
production (Cooney 1984) Understandmg the processes that connect salmon
productIOn to chmate, marme food production, and fIshIng reqUIres understandmg
of the marme pathways of the salmon through tIme (BeamIsh et al 1999b)
Therefore, research approaches to understandmg changes m salmon abundance on
annual and decadal scales need to encompass locahtIes that are representative of
the full hie cycle of the salmon and, m partIcular, m estuarme and marme
enVIronments SCIentIfIc Information on freshwater locahtIes IS far more common
than that available for estuarIne and marme areas GIven the current state of
Information on both hatchery and wild salmon, It IS hIghly deSIrable to focus
current and future efforts on estuarIes and marme areas for understandmg
mIgratory pathways and other habItats, phYSIOlOgical mdicators of mdiVIdual
health, trophIc dynamICS, and the forcmg effects of weather and oceanographIc
processes (Brodeur et al 2000)

3.10.2.2 PaCific He"ing
Pacmc herrmg (herrmg) populations (Funk 2000) occur m the northeast GOA,

With commerCIal concentrations m Southeast Alaska (SItka), PWS, western Lower
Cook Inlet, and occaSIOnally around KodIak Most of the hIstOrIcal Information on
herrmg m the GOA comes from coastal marme fIsherIes that started In Alaska m
1878 (Kruse et al 2000b), however, mtensive ecolOgical mvestIgatIons at the end of
the 20th century have added Information on early hfe hIstory (Norcross et al 1999)
Herrmg depOSIt eggs onto vegetation m the IntertIdal and near subtidal waters m
late SprIng, undergo a perIod of larval drIft, and spend the fIrst summer and wmter
nearshore m sheltered embayments Transport of larvae by currents m relation to
SItes that are SUItable summer feedmg and overwmterIng grounds IS hkely an
Important factor affectIng SurVIval In the frrst year of hie m PWS (Norcross et al
1999), as IS the nutrItional status of these age-O herrmg m the fall of the year (Foy
and Paul 1999) Some portIon of the mature herrmg must mIgrate annually
between onshore spawnmg grounds and offshore feedmg grounds, however, the
geography of the hie cycle between spawnmg and maturation IS less certaIn
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Although the geograpluc scope of the herrrng Me cycle rn the Berrng Sea IS

farrly well understood, rnferences from the Berrng Sea to the GOA are not drrect
because of apparent dIfferences rn Me lustory strategIes between the herrrng of the
two regIons (Funk 2000) Adult herrrng rn the GOA are smaller and have shorter
Me spans than those rn the Benng Sea Perhaps GOA herrrng nugrate shorter
chstances to food sources that are not as rIch as those available to Berrng Sea
herrrng, wluch nugrate long chstances from spawnmg to feed among the rIch food
sources of the contInental shelf break (Funk 2000) GenetIc analyses rndicate that
Berrng Sea and GOA herrrng populatIons are reproductIvely Isolated (Funk 2000)

Another ecolOgIcally sigrufIcant characterIstIc of PacIfIC herrrng IS the temporal
change rn SIZe at age over hrne (Brown 2000) Annual deVIatIons from long-term
(1927 to 1998) mean length at age for SItka Sound herrrng rndicate a decadal-scale
oscillatIOn between pOSItIve and negatIve deVIatIons ThIs fIndrng IS consIstent
WIth the reported corncidence of sIZe-at-age data for PacIfIc herrrng With the PDO
(Ware 1991) Herrrng may be affected by ENSO events Decreased catches,
recruItments, and weight-at-age of herrrng are at hrnes assocIated WIth ENSO
events Seabrrds rn the GOA that depend on herrrng and other pelagIC forage
speCIes showed WIdespread mortalItIes and breedrng failures durrng the ENSO
events of 1983 and 1993 (Bmley et al 1995b) The slIDllantIes between the annual
patterns of abundance and the locatIon of weather systems (annual geographIcally
averaged sea-level atmospherIc pressure) are not as clear WIth herrrng as for other
fIsh speCIes, such as salmon The dIfference may result because herrrng
populatIons tend to be dornrnated by the occasIOnal strong year class and show
consIderable vanability rn landrngs through the years

The current status of herrrng populatIons may be closely related to hIstOrIcal
fIshIng patterns Long-term changes assocIated WIth commercIal fIshIng have
occurred rn the apparent geograpluc dIstrIbutIon and abundance of GOA herrrng
Herrrng-reductIon fIsherIes (011 and meal) from 1878 to 1967 reached a peak harvest
of 142,000 mt rn 1934 That explOItatIon rates were lugh may be rnferred from the
fact that some locatIons of maJor herrrng-reductIon fIsherIes, such as SeldOVIa Bay
(Kenm Penrnsula and Lower Cook Wet) are now deVOId of herrrng It IS speculated
that reductIon fISherIes at geograpluc bottlenecks between herrrng spawnrng and
feedrng grounds, such as the entrance to SeldOVIa Bay and the passes of
southwestern PWS, were able to apply very hIgh explOItatIon rates to the adult
populatIon Harvest management applIed by the State of Alaska relIes on bIOmass
eshrnates, and harvests are held to a small fractIon of the eshrnated bIOmass
Harvest IS not allowed until the populatIon estunate rISes above a nununurn or
1/threshold" bIOmass level

Recent stateWIde herrrng harvests have averaged less than a thIrd of the 1934
peak Drrect comparIson of past and present catch statIstIcs IS problematIc,
however, because current rates of harvest are thought to be substantIally below
those applIed rn 1934 (Kruse et al 2000b) Also note that recent stateWIde fIgures
for herrrng harvests rnclude substantIal harvests from outsIde the GOA, and
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hernng-reductIon fIshenes were located m the GOA Populations of hemng were
targeted for sac roe startmg m the 1970s and for sac roe and roe on kelp m the
1980s RegIonal herrmg population status 18 variable PopulatIOn levels of herrmg
m PWS remamed at low levels m 2000, and commercIal harvests were not allowed
m 1994,1995, and 1996, nor smce 1998 In 1999, f18hmg operations were halted
because of low bIOmass and poor reCruItment DIsease IS strongly suspected as a
factor m keepmg the population levels low The herrmg fIshery of Lower Cook
Inlet m Kamlshak Bay closed m 1999 after a very small catch m 1998 and remaIns
closed because of low bIOmass levels Catches m the KodIak fIshery for herrmg sac
roe are declmmg The bait fIshery m Shellkof Strait was closed m 1999 because of
Its pOSSIble relation to depressed KamIshak Bay herrmg populations

SIgmfIcant questions remam about the geographIc extent of the stocks to whIch
the bIOmass estImates and fIshIng explOItation rates may apply m PWS (Norcross et
al 1999) The geomorphology of PWS m relation to currents plays an Important
role m determInillg the retention of larvae m nearshore areas conducIve to growth
and survIval The degree to whIch spawmng aggregatIOns of herrmg may
represent mdlvldual stocks IS a sIgmfIcant question, because the actual explOItation
rate of herrmg m PWS depends on how many stocks are defIned Although It 18
not clear how many stocks of herrmg occupy PWS, condItIons appear to favor more
than one spawmng stock (Norcross et al 1999)

Water temperatures appear to play Important roles m growth and SurvlVal 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 sprmg and wmter Increased metabohc demands Imposed by
warm water on yolk-sac larvae and overwmtenng age-O herrmg could decrease
survlval (Norcross et al 1999) AVailabIlIty of food before wmter, and perhaps
durmg wmter may be key to SurvIVal of age-O herrmg Input of food from the GOA
may be an Important key to SurvIVal for age-O herrmg at some locahtIes
DIfferential survlval among nursery areas because of mterarmual vanatIon m
chmate and accesslbIhty of GOA food sources could be a key determInant of year
class strength m PWS The sources of vanability mean that geographIc locahty 18
no guarantee of any particular level of survIval from year to year Samplmg whole
body energy content of age-O herrmg at the end of the fIrst wmter among bays
could proVide an mdlcator of year class strength (Norcross et al 1999)

Questions relating to the ability of dIsease outbreaks to control herrmg
populatiOns have recently been explored Work has Idenbfled the dIseases, VITal
HemorrhagiC SepticemIa and a fungus as factors potentially hmItIng the abundance
of herrmg m PWS (Hostettler et al 2000, Crane and Galasso 1999)

3.102.3 Pollock
Pollock are an ecolOgically dommant and economIcally Important cod-hke fIsh

m the GOA They appear to spawn at the same locations Wlthm the same marme
areas each year, With location of spawmng and mIgrations of adults lmked to
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patterns of larval dnft and locahons of feedillg grounds (Bailey et al 1999)
Spawnmg occurs at depths of 100 to 400 m, and as a result, the dlstnbuhons of eggs
and larvae ill some areas may have been well below the depths of hIstoncal
Ichthyoplankton surveys Pollock larvae feed on early developmental stages of
copepods and, as Juveniles, move on to feed on larger zooplankton such as
euphausllds and small fIshes, illcludmg pollock Although canrubalIsm IS regarded
as sIgruhcant ill the Berillg Sea, It IS not thought to be a sigruficant factor ill the
GOA Pollock eggs and larvae are Important sources of food for other
zooplankters, and year class strength ill pollock IS thought to be related abundances
of marille mammals and seabIrds, at least ill the Berillg Sea

Pollock mature at about age 4 and may lIve as long as 20 years (Balley et al
1999) Adult walleye pollock are dlstnbuted throughout the GOA at depths above
500 m A substanhal pornon (45%) of the total pollock bIOmass as well as the
hIghest catches per urut effort (CPUEs) of the 1996 NMFS survey were found at less
than 200 m ill the area between KodIak and ChInkof Islands (Marhn 1997a) In the
western GOA, the hIghest pollock catches and CPUEs of the 1996 NMFS trawl
survey were found at less than 200 m, whereas ill 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 ill the eastern GOA ill 1996 (Yakutat and
Southeast), although pollock of all SIZes (about 10 to 70 cm) were found at all
depths down to 500 m ill the western GOA (Martm 1997a) Although pollock are
commonly found ill the outer conhnental shelf and slope, they may also be found
ill nearshore areas where they may be Important predators and prey, for example,
ill PWS (Willette et al ill press)

Populahons of pollock ill the GOA are consIdered to be separate from those ill
the Benng Sea (Bailey et al 1999) Among the most commercIally Important of the
GOA groundfIsh speCIes, explOItable bIOmasses of pollock populahons ill 1999
were eshmated at 738,000 mt, down from a peak of about 3 millIon mt ill 1982
(WItherell 1999b) Annual numbers of 2-year-old pollock enterillg the fIshable
populahon (reCruItment) from 198 to 1987 were errahc and usually lower than
recrUItments eshmated ill 1977 to 1980

Followillg the chmahc regIme shIft ill 1978, pollock and other cod-lIke fIsh have
dramahcally illcreased, replacillg shrImp ill nearshore waters as the dommant
group of orgarusms caught ill mId-water trawls on the shelf (platt and Anderson
1996) ReCruItment ill pollock IS heavily illfluenced by oceanographIc condlhons
expenenced by the eggs and larvae Good condlhons for Juveniles of the 1976 and
1978 year class contrIbuted to the 1982 peak ill pollock bIOmass ill the GOA (Bailey
et al 1999) PopulatIOns have gradually declIned Sillce then (WItherell 1999b)
Increasillg mortalIty schedules ill 1986 to 1991 may illdlcate illcreasillg predahon
and detenorahng phySIcal condIhons for both Juveniles and adults ill the GOA
(Bailey et al 1999) The larger-than-average year class for GOA pollock ill 1988
may be related to hIgh rates of Juverule growth cOillcldent WIth warm water
temperatures, lack of willds, low predator abundance, and low larval mortalIty
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rates (BaIley et al 1996) As has been shown to be the case WIth other groundfIsh
specIes, GOA pollock recrmtments are poslhvely correlated WIth ENSO events
(BaIley et al 1995b)

Issues m the management of pollock that currently remam unresolved mclude
the geographIc boundarIes of stocks, theIr extent of ffilgrahon, the effects of bshmg
m one geographIc locale on the populahons of pollock and predators mother
geographIc locales, and what controls the annual recrUItment of young pollock to
the fIshable populahons (BaIley et al 1999) In relahon to stock structure, spawnmg
aggregahons m PWS, the Shumagm Islands (southwest KodIak), and ShelIkof StraIt
(separahng KodIak from the Alaska Pemnsula) may represent separate stocks
CondIhons of weather and changmg ocean currents and eddIes m the Shehkof
StraIt have the capacIty to alter survIval of pollock larvae from year to year (BaIley
et al 1995a) In pamcular, the effects of shIfts m the strength of the ACC on larval
transport pose Iffiportant queshons for how year class strength 18 determmed In
1996, anomalous relaxahon of wmds resulted m a dramahc mcrease m larval
retenhon m the ShelIkof basm Increased larval retenhon may be favorable to
SurvIVal of pollock larvae m thIs area, WIth some excephons (BaIley et al 1999)

3.10.2.4 Pacific Cod
PacIfIC cod IS a grOundf18h WIth demersal eggs and larvae found throughout the

GOA on the conhnental shelf and shelf break PacIfIc cod of the GOA are also an
econoffilcally and ecolOgIcally Iffiportant speCIes PacIfIc cod had an estlIDated
fIshable populahon of 648,000 mt m 1999, whIch IS on the low end of the range of
600,000 to 950,000 mt eshffiated for 1978 to 1999 Annual recruItments of GOA
PacIfIc cod have been relahvely stable smce 1978, WIth excephonally large numbers
of 3-year-old recrUIts appearmg m 1980 and 1998 BIOmass of the dommant flatfIsh
m the GOA, the arrowtooth flounder, 18 approachmg 2 millIon mt Arrowtooth
flounder IS not heavuy harvested, and theIr bIOmass has been steadIly mcreasmg
smce1977

PacIfIc cod are found throughout the GOA at depths less than 500 m They are
most abundant m the western GOA (KOdIak, ChInkof and Shumagm Islands)
where PacIfIc cod larger than 30 cm are found at all depths above 300 m, but
smaller mdIvlduals are rarely found at depths less than 100 m (Marhn 1997a)

3.10.2.5 Halibut
PacIfIc hahbut are common throughout the GOA at depths less than 400 m, and

hahbut are avauable to trawl gear at depths of 500 m (Marhn 1997a) In the 1996
NMFS trawl survey, the largest catches and the hIghest CPUE were found at depths
of less than 100 m east southeast of KodIak on the Albatross Banks (FIgure 3 10) In
most areas of the GOA, the average weIght and length of hahbut caught m trawl
gear mcreases WIth depth, even though the CPUE declmes WIth depth, partIcularly
m the western GOA (Shumagm Islands, ChInkof, and KodIak) (Marhn 1997a)

The explOItable bIOmass of another flatfIsh, the hIghly prIZed PacIfIc hahbut, m
1999 was eshmated at 258,000 mt, whIch IS above average for 1974 to 1999
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(WIthereIl1999b) ExplOItable bIomass of PacIfIC halIbut was also mcreasmg from
1974 to 1988, after whIch It declmed shghtly

Pacmc hahbut appear to undergo decadal-scale changes m recruItment, whIch
have been correlated WIth both the 18 6-year cycle for lunar nodal hde (parker et al
1995) and the PDO

3 10 3 Overview of Shellfish and BenthiC Invertebrates

ShellfIsh are commonly found on or near the surface of the sea floor, they are
epIbenthIc, as adults, and m the water column, pelagrc, for varymg lengths of tIme
as pre-adults Excephons to thIs rule abound, parhcu1arly among mollusks such as
sqwd, whIch hve free of the bottom as adults Beyond the nearshore enVIronment
(at depths greater than 25 m), the shellfIsh and other mvertebrates dOmInate the
number of speCIes and the bIOmass of the bottom, Just as other assemblages of
mvertebrates dommate the nearshore (see Sechon 3 7) Among the shellfIsh, the
arthropods and mollusks often have the largest number of speCIes For example, of
287 speCIes of bottom fauna IdentllIed m waters deeper than 25 m m Lower Cook
Inlet, more than 67% were arthropods and mollusks (Feder and Jewett 1986) Many
of the commercIally Important speCIes of the GOA are dependent for food to a
greater or lesser extent on benthIc mvertebrates dIScussed here (CommercIally
Important crabs and shrImp are dIscussed below) CommercIal crabs and shrImpS,
and scallops, Jom the fISh speCIes of Pacmc cod, walleye pollock, hahbut, and
Pacmc Ocean perch as members of the subhdal benthIc food web for part of each
lIfe cycle DetrItus, bactena, and mIcroalgae form the base for the benthIc
mvertebrates of the GOA conhnental shelf, whIch are predommantly fIlter feeders
(60%), and detrItus eaters (33%) (Semenov 1965 m Feder and Jewett 1986) Small
mollusks, small crustaceans, polychaete annehds, and other worm-hke
mvertebrates make up the fIlter-feedmg and detrIvore component of thIs food web

Regronal dJ££erences are pronounced m the benthIc food webs of the GOA The
eastern GOA has few fIlter feeders and lower average bIOmass relahve to the
northern and western GOA, m large part because of the nature of substrates and
currents In parhcular the benthIc speCIes composIhon and produchvIty m the
GOA IS determmed m part by the ACC, parncularly ill the embayments and fjords
(Feder and Jewett 1986) The ACC brmgs freshwater to the enVIronments
contammg the pelagrc shellfIsh larvae and heavy sedIment loads that defIne the
bottom habItatS of the later stages of the lIfe cycle BIOmass of fIlter feeders on the
conhnental shelf m the western Gulf (138 grams per square meter [gjm2]) IS far
hIgher than that found m the northeastern or eastern GOA combmed (33 2 gjm2)

BIOmasses of detrItus feeders m the western (31 gjm2) and eastern (12 gjm2) GOA
are lower than those found ill the northeastern GOA (43 gjm2) Blomasses of all
trophIc groups on the shelf break are lower than those of the adjacent shelf The
dIStnbuhon of benthIc mvertebrates m the GOA attests to the VahdIty of the
hypothesIS that the type of bottom sedIment, as mfluenced by proXlffilty to allUVIal
illpUtS and currents, determmes the speCIes composIhon, prodUchon, and

130 VOLUME II, CHAPTER 3



,
\

GULF ECOSYSTEM MONITORING AND RESEARCH PROGRAM

producbVlhes of bentluc commumhes (Semenov 1965 m Feder and Jewett 1986)
Sedlffient SlZe IS dommant among the factors controllmg the dIstrIbuhon of bentluc
specIes (Feder and Jewett 1986)

3.10.3.1 Crab
The prmcIpal commercIal crab specIes m the GOA are the kmg crabs

(Parallthodes spp), the tanner crab (ChlOnoecetes baIrdl), and the Dungeness crab
(Cancer magzster) All specIes have bentluc adults and pelagIC larvae, although the
lIfe lustory strategIes vary substanhally WIthIn and among specIes For example,
the pelagIC stages of the red kIng crab are herbIvorous, those of the tanner crab are
carmvorous, and those of the golden kIng crab do not feed untIl they
metamorphose mto 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 1980a, Jewett and Feder 1983, Feder and Jewett 1986) dIscussed
bnefly above under the shellfIsh overvIew

The status of crab populahons IS relahvely poor m comparIson to the
groundfISh populahons (Kruse et al 2000a) Crab catches m the GOA have shown
sharp changes wIth hIDe, perhaps mdIcahve of sensIhVlty to c1lID.ahc forcmg m
some specIes, to fIshIng, or a to combmahon of factors (Zheng and Kruse 2000b)
The red kIng crab stock of the GOA collapsed m the early 1980s and currently
shows no SIgns of recovery The tanner crab populahons m PWS, Cook Inlet,
KodIak, and the Alaska Perunsula have declmed to low levels m the early 1990s,
and harvest levels have been sharply reduced (Kruse et al 2000b)

In a study of hIDe-senes data on reCruItment for 15 crab stocks m the Benng
Sea, Aleuhan Islands, and GOA, hIDe trends m 7 of 15 crab stocks are sIgmfIcantly
correlated WIth t1ID.e serIes of the strength of Aleuhan Low c1lID.ate regImes (Zheng
and Kruse 2000a) Tlffie trends m recrUItments among some kIng crab stocks were
correlated over broad geograpluc regIOns, suggestmg a sIgmfIcant role of
enVIronmental forcmg m regulahon of populahon numbers for these specIes The
mcreased ocean produchVlty assocIated WIth the mtense Aleuhan Low and warmer
temperatures was mversely related to recruItment for 7 of the 15 crab stocks The
seven sIgmfIcantly negahve correlahons between ocean producbVlty and crab
recrUItment were from BrIStol Bay, Cook Inlet ,and the GOA Crab stocks declmed
as the Aleuhan Low mtensIfIed A SIgnIfIcant mverse relahon between the brood
strength of red kIng crab and Aleuhan Low mtensIty was reported earher for one of
the stocks m tlus study, red kIng crab from Bnstol Bay (Tyler and Kruse 1996)

Tyler and Kruse (1996, 1997) and (Zheng and Kruse 2000a) have artIculated an
exphat senes of hypotheses lmkmg features of phYSICal and geolOgIcal
oceanography to the reproducbve and developmental bIOlogy of red kIng and
tanner crab The hypotheses explam observed relahons between c1lID.ate and
recrUItment Tanner and red kIng crab m the Benng Sea are thought to respond
dIfferently to the phYSICal factors assocIated WIth the Aleuhan Low because of the
dIstnbuhon of the dIfferent types of sea bottom reqUIred by the post-planktomc
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stage of each specIes SUItable bottom habItat for red kIng crabs ill the Berillg Sea IS
more generally nearshore, whereas sUItable bottom habItat for tanner crab IS
offshore Intense Aleutian Low condItions favor surface currents that carry or hold
planktoruc crab larvae onshore, whereas weak Aleutian Low condItions favor
surface currents that move larvae offshore The process may not be specIes specIfIc,
but stock specIfIC, dependillg on the location of SUItable settlrng habItat ill relation
to the prevaIlrng currents In the case of red kIng crab, Zheng and Kruse (2000b)
explaill the apparent paradox of lowered recruItment for red kIng crab dunng
penods of illcreased pnmary productiVIty Red kIng crab eat dIatoms, but show a
preference for dIatoms s1ffi11ar to ThalasslOslra spp , whIch domrnate ill years of
weak lows and stable water columns Strong lows contnbute to well-mIXed water
columns and a dIverse assemblage of prImary producers, whIch may be
unfavorable for red killg crab larvae, but favorable for tanner crab larvae Tanner
crab larvae eat copepods, whIch are favored by the hIgher temperatures assoCIated
WIth illtense lows

Recently completed modelrng studIes (Rosenkranz 1999) support chmatIc
vanables as determrnants of recruItment success ill tanner crab Predomrnant willd
dIrection and temperature of bottom water were strongly related to strength of
tanner crab year classes ill the Berillg Sea Northeast willds are thought to set up
ocean transport processes that promote year-class strength by Carryillg the larvae
toward SUItable habItat Elevated bottom-water temperatures were expected to
augment the effect of northeast willd by illcreasillg survIval of newly hatched
larvae (Rosenkranz 1999)

3 10.3.2 Shrimp
The shnmp were once among the domrnant benthIc epIfauna ill Lower Cook

Inlet and KodIak and along the Alaska Perunsula (Anderson and Platt 1999, Feder
and Jewett 1986) and of substantial commercial Importance ill the GOA FIve
speCIes of Pandahd shnmp domrnated the commercIal catches, whIch occurred
west of 144° W longitude ill PWS, Cook Inlet, KodIak and along the Alaska
Perunsula (Kruse et al 2000b) ShrImp fIshenes ill the GOA peaked at 67,000 mt ill
1973, reached 59,000 mt ill 1977, and declrned thereafter to the POillt where shrImp
fIShrng IS vIrtually noneXIStent ill the GOA today

Regional fIShenes follow the pattern seen for the GOA as a whole The trawl
fIshery for northern shrImp (Pandalus barealls) 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 sidestriped shnmp (P dlspar) along the outer KenaI Perunsula peaked at 888 mt
ill 1984 to 1985 and closed ill 1997 to 1998 The pot fIShery for spot (P platyceras)
and coonstrlped shnmp (P hypsmatus) ill PWS illcreased rapIdly after 1978 to Its
peak harvest of 132 mt ill 1986 ThIs pot fIshery then declrned to ItS low of 8 mt ill
1991 and has been closed Sillce 1992 The trawl shnmp fIshery for northern shrImp
ill PWS peaked at 586 mt ill 1984 and SWItched to sidestnped shnmp ill 1987 The
PWS trawl fIshery for sidestnped shnmp peaked at 89 mt ill 1992, and the northern
shnmp catch was VIrtually zero at thIs tIme The PWS catch of sidestriped shrImp
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m 1999 was 29 mt and fallmg The KodIak trawl fIshery for northern shnmp
peaked at 37,265 mt m 1971, and catch thereafter declmed to 3 mt m 1997 to 1998
In the AleutIan Islands, shrImp catches after the 1978 season declmed preCIpItously,
and the fIshery has not rebounded smce

3 10 4 General Research Questions

The followmg general research questIons summarIze the SCIentIfIc questIons
posed or suggested by SectIon 3 10

How can trends m abundance of fIsh and shellfIsh speCIes be explamed?

• What IS the role of large-scale atmosphenc forcmg m controllmg the
structure and abundance of marme fIsh and shellfIsh commurutIes m the
western central GOA ecosystem?

• Does large-scale atmosphenc forcmg control the qualIty of food
avaIlable to larval fIsh and shellbsh through ItS mfluence on the speCIes
compOSItIon and SIZe dIstrIbutIon of prImary producers?

• How do the rates of recrUItment of benthIc anImals WIth planktomc
larvae respond to mechamsms of transport that may control the
dIStnbutIon of larvae relatIve to SUItable bottom habItat?

• How do the rates of recruItment of fIsh speCIes WIth planktomc larvae
respond to mechamsms of transport that may control the dIStrIbutIon of
larvae relatIve to SUItable JuvenIle rearmg habItat?

• Are fIsh specIes that spawn m the wmter favored by penods of early peak
productIon, and speCIes that spawn m the sprmg and summer favored by
penods of delayed productIon?

• What lIfe hIStory strategies permIt the arrowtooth flounder to be so
WIdespread and abundant?

How well are the speCIes compOSItIon, relatIve abundances and trophIc
structure of fIsh and shellbsh commurutIes understood, based on current samplmg
methods?

What are the underlymg mechamsms whereby clImate mduces changes m
productIVIty, and whereby fIshIng mduces vanatIons m the ocean productIon of
salmon?

• How can salmon stocks be IdentIfIed?

• What are the ecolOgical processes m the ocean that control prodUCtIVIty of
salmon?

• What are the mterannual variatIons m ocean growth, dIStrIbutIon, and
mIgratory tlmIng of salmon stocks?
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• What are the annual levels of ocean producnon of salmon m the North
Pacmc and by regIon of ongIn?

3 11 Marme Mammals 3 111 General Characteristics
of the GOA Marme Mammal Fauna

The GOA has a mostly temperate marme
mammal fauna Calkms (1986) provIded the only prevIOusly pubhshed reVIew of
GOA marme mammals, and hsted 26 specIes as OCCurrIng m the regIon FIve of
those (pilot whale, Risso's dolphm, nght whale dolphm, whIte sIded dolphIn, and
CalIforrua sea hon) are pnrnanly southern specIes that occur occasIOnally m
Southeast Alaska but rarely, If at all, m the EVOS regIon He also hsted the Pacmc
walrus, whIch IS a subarcnc speCIes that occurs m the GOA only as occasIOnal
wanderers

Table 3 9 provIdes a summary of the general charactensncs of 20 marme
mammal specIes that occur regularly m the GEM regIon, mcludmg 7 baleen whales,
8 toothed whales and porpOIses, 4 pmrupeds, and the sea otter Useful reVIews of
InformatIOn on these specIes can be found m Lentfer (1988), Calkms (1986), Perry et
al (1999), Forney et al (2000), and Ferrero et al (2000) VarIOUS aspects of marme
mammal bIOlogy are descrIbed m detail m Reynolds and Rommel (1999)

Most of the marme mammal speCIes shown m Table 3 9 are WIdely dIStrIbuted
m the North PacIfIC Ocean, and the anImals that mhabit the GEM regIon represent
only part of the total populanon Apphcanon of modem molecular genencs
technIques, however, has provIded much new mformanon on populanon
structures (DIZon et al 1997) Researchers have found that for speCIes such as killer
whales (Hoelzel et al 1998), beluga whales (OICorry-Crowe and Lowry 1997),
(BIckham et al 1996), harbor seals (Westlake and OICorry-Crowe 1997), and sea
otters (Scnbner et al 1997), genenc exchange among adjacent and somehmes
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

•

•

•

•

Mysncete cetaceans-baleen whales,

Odontocete cetaceans - toothed whales,

Pmrupeds - seals, sea hons, and fur seals, and

Mustehds - sea otters

The baleen whales are pnrnarIly summer seasonal VISItors to the GOA that
come to the conhnental shelf and offshore waters to feed on zooplankton and small
schoolIng fIShes (Calkms 1986, Perry et al 1999) Breedmg and calvmg occur m
more southerly, warmer, regIons The GOA IS pnmanly a mIgranon route for the
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Table 3 9 Summary of Charactenstlcs of Manne Mammal Species That Occur Regularly In the GOA EVOS Area

Species shown In bold are those that have been selected as focal species for GEM

Use of Gulf of Alaska by Species Population Status Management Classification

Species Residence Habltats1 Actlvltles2 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? SO F large? unknown depleted endangered

Killer whale resident C,S,O F,C,B small unknown damaged

Beluga whale resident C,S F,C,B small dechmng? 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

Pmntpeds

Steller sea hon resident T,C,S,O F,C,B large dechnmg depleted endangered

Northern fur seal seasonal S,D M F large stable depleted

Harbor seal resident T,C,S F,e,B large dechmng damaged

Elephant seal seasonal S D F large Increasing

Muste/lds

Sea otter resident T,C,S F,C,B large unknown damaged

1 T =terrestnal, C =coastal S =continental shelf, D =deep water
2 F =feeding, M =migrating C =calVing/pupping, B =breeding
3 small =<1000 medium =1 000-10000 large =>10 000
4 Probably Includes at least 3 species Baird's beaked whale Cuvler's beaked whale and Bering Sea beaked whale
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gray whale, wluch breeds and calves m Baja CalIforma, MexIco, and has Its prlll1ary
feedmg grounds m the northern Bermg and Chukclu seas (Jones 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 hnuted, and, partly because of therr broad dIstrIbutions,
accurately assessmg current abundance and population trend IS generally dIffi.cult
(Ferrero et al 2000) Humpback whales and gray whales are exceptions to that
generahzatIon For humpbacks, eshffiates of population SIZe based on mdlvldual
IdentIfIcations from fluke photos (CalambokIdis et al 1997) suggest that the central
North PacIfIc stock IS mcreasmg (Ferrero et al 2000) For many years, systematic
counts have been made of gray whales nugrahng along the Cahforrua coast, and
results mdlcate that smce the 1960s the population has been mcreasmg by 2 5% per
year (Brelwlck 1999)

The SItuation WIth sperm whales IS much hke that of the large baleen whales
Many features of therr baSIC bIOlogy, such as stock structure, dIstrIbution,
nugratory patterns, and feedmg ecology, are poorly known They occur
throughout the North PacIfIc, mostly m deep water south of 500 N latitude, but
some are seen m the northern GOA at least m summer (Calkms 1986, Perry et al
1999) From what IS known of therr dIet, sperm whales eat mostly deep-water
fIshes and sqUIds North PacIfIc sperm whales were mtensely harvested, WIth more
than 250,000 killed durmg 1947 to 1987 (perry et al 1999) Current abundance and
population trends are complete unknowns

In contrast to the baleen whales and sperm whale, the smaller toothed whales
are prlll1arily reSIdent m the GOA Very httle IS known about the bIOlogy of
beaked whales, but the other specIes have been relatively well studIed Two
speCIes, killer whales and beluga whales, have been selected as focal speCIes for
GEM and are dIscussed m detail m later sections Harbor porpOIses and Dall's
porpOIses both have relatively large populations, and WIth the exception of
mCIdental take m commerCIal fIshenes, they are unlikely to have been sigrufIcantly
lll1pacted by human actiVIties (Ferrero et al 2000) Both speCIes feed on small fIshes
and sqUIds, WIth DalYs porpOISes usmg mostly conhnental shelf and slope areas
and harbor porpOIses most common m coastal and conhnental shelf waters
(CalkIns 1986)

The two reSIdent pmruped speCIes, Steller sea hons and harbor seals, are both
focal speCIes for GEM and will be dIscussed later m tlus section Northern fur seals
pup and breed on ISlands m the Benng Sea (pnbilof Islands and Bogoslof Island)
A portIOn of the population nugrates through the GEM region on ItS way to and
from theIr rookerIes Adult fur seals may feed m the GOA durmg nugratIon and
wmter months, and non-breedmg anllllals may feed m the area year-round Small
fIshes and sqUIds are the pnmary foods of fur seals (CalkIns 1986) HIstOrIcally,
northern fur seals were depleted by commerCIal harvests, but the population IS
now large, numbermg about 1 mllhon anllllals, and currently stable (Ferrero et al
2000) Northern elephant seals pup and breed at rookenes m CalIforma and
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MeXICO After breedmg, adult males go to the GOA to feed on deep-water fIshes
and cephalopods (Stewart 1997) The northern elephant seal populatIon was
greatly depleted by harvesbng, but It IS currently large and growmg (Forney et al
2000)

The sea otter IS a focal speCIes for GEM and IS dIscussed later m thIs sectIon

As a group marme mammals are managed and protected by domestIc
legIslatIon and mternatIonal treatIes that generally do not apply to other marme
speCIes (Baur et al 1999) (see Table 3 9) Early protectIve efforts were m response to
the need to lImIt commerCIal harvests and to reduce theIr Impacts on declmmg and
depleted populatIons The North Pacmc Fur Seal ConventIon, agreed to m 1911,
prOVIded protectIon to both fur seals and sea otters In 1946, the InternatIonal
ConventIon for the RegulatIon of Whalmg began to manage harvests of large
whales, and It prOVIded progreSSIve protecbon to stocks as they became over
explOIted The ESA prOVIdes protectIon to marme mammals (and other speCIes)
that may be m danger of exbnctIon because of human actIVItIes The SEA also
allows protecbon of "cntIcal habItat" needed by those speCIes All speCIes of
marme mammals are covered by the Marme Mammal ProtectIon Act (MMPA),
whIch became federal law m 1972 PrImary objectIves of the MMPA are to
"mamtam the health and stabilIty of the marme ecosystem," and for each marme
mammal speCIes to "obtam an optImum sustamable populatIon keepmg m mmd
the carrymg capaCIty of the habItat" PrOVISIOns of the MMPA put a moratonum
on all"takmg" of marme mammals, WIth exceptIons allowed for SubSIstence
hunbng by Alaska NatIves, SCIentIfIC research, publIc dIsplay, commerCIal fIshIng,
and certam other human actIVItIes, subject to restncbons and perffilttmg SpeCIes
determlned to be below theIr"opbmum sustamable populatIon" level, and those
lIsted as threatened or endangered under prOVISIons of the ESA, are lIsted as
depleted under the MMPA and may be gIven addItIonal protectIon CertaIn
speCIes of marme mammals were determlned to have been damaged by the EVOS,
and therefore have been subjects of EVOS restoratIon actIVItIes

Another umque aspect of marme mammal management IS the strong
mvolvement of Alaska NatIves m the process Alaska NatIves have formed a
number of groups that represent theIr mterests m research, management,
conservatIon, and tradItIonal SubSIstence uses of marme mammals Groups
espeCIally relevant to the EVOS GOA regIon mc1ude the Alaska NatIve Harbor Seal
COffiffilSsIOn (ANHSC), the Alaska Sea Otter and Steller Sea LIOn COffiffilssIOn, and
the Cook Inlet Marme Mammal Council The ANHSC has been partIcularly actIve
m the EVOS regIon, and has receIved funds from the Trustee Council to conduct a
bIOsamplmg program m PWS and the GOA, and to contrIbute mformatIon about
the dIstnbutIon, abundance, and health of seals Congress has recogmzed the
benefIts of mvolvmg Alaska NatIves m marme mammal management, and has
mc1uded prOVISIOns for co-management programs (Alaska NatIve orgamzatIons
workmg as partners WIth federal management agenCIes) m the 1994 amendments to
theMMPA
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As will be dIscussed m detail m the followmg sectIons, some manne mammal
populatIOns 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 speculatIon
that they may be m some way related to the clImactIc regtme shIft that occurred m
the regIOn The eVidence supporhng such a connectIon IS the temporal comcidence
of the shIft to a warmer regtme, willch happened m the mld-1970s, and the declme
of harbor seals and Steller sea lIons that has occurred m the 1970s through the
1990s

The NatIonal Research Council (NRC) reVIewed eVidence for a lmkage between
clImate and manne mammal declInes as part of theIr effort to explam changes that
have occurred m recent years ill the Bermg Sea (NRC 1996) They found data that
showed some lIkely negatIve effects of cold weather on northern fur seal pups
(Tntes 1990) and a strong mfluence of warm EI NIno condItIons on CalIforrua sea
lIons (Tnllmlch and Ono 1991) Because most GOA manne mammals have broad
ranges that mclude waters much warmer than the GOA, It IS unlIkely that a
warmer regtme has had any dIrect negatIve effect on theIr reproduchon or sllrVlval
The warmer condItIons, however, have resulted ill changes ill fISh and mvertebrate
populatIons (Anderson et al 1997) that may m turn have affected the nutrItIon of
harbor seals and Steller sea lIons (Alaska Sea Grant College Program 1993) The
NRC concluded that food lImItatIon was lIkely a factor m Bermg Sea pmrnped
populatIon declmes, but that tills was due to a complex SUIte of bIOlOgical and
phYSICal mteractIons and not SImply the regtme shIft (NRC 1996)

3 11 2 Focal marme mammal species for the GEM program

3.11 21 Killer Whale
Killer whales are medIum- SIZed, toothed whales They are a cosmopolItan

speCIes generally found throughout the world's oceans, but most common m colder
nearshore waters (Heynmg and DahlheIm 1988) SIghhngs ill Alaska show a WIde
dIStrIbutIOn, mostly on the conhnental shelf, but also offshore (Braham and
DahlheIm 1982) Because there has been no real effort to track illdiVIdual killer
whales, the understandmg of movements IS based pnmarily on sIghhngs of
arumals that can be IdenhfIed by marks and pIgmentatIon patterns (Bigg et al
1987) The general pattern seems to be that some killer whales may stay ill areas for
several months whIle feedIng on seasonally abundant prey, but long-dIstance
movements are not uncommon (Ferrero et al 2000)

In the GOA, killer whales are seen frequently ill Southeast Alaska and the area
between PWS and KodIak (Matkm and SauhtIs 1994) Withm the EVOS GOA
region, whales are seen most commonly m southwestern PWS, KenaI FIOrds, and
southern ResurrectIon 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)
Sightmgs from the area around KodIak suggest that killer whales are common, but
there has been lIttle study effort devoted to that region (Matkm and SaulItls 1994)
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Killer whales have been studIed m detail m easIly accessIble areas such as
Washmgton state, BntIsh ColumbIa, Southeast Alaska, and PWS Researchers have
found that killer whales have a very complex socIal system and populatIon
structure StudIes of aSSOCiatIon patterns (Matkm et al 1998), vocalIzatIons (Ford
1991, SaulItIs 1993), feedmg behaVIOr (Ford et al 1998), and molecular genetics
(Hoelzel et al 1998, Barrett-Lennard et al m press) have shown that there are two
pnmary types of killer whales The types are termed"transIent" and"resIdent" A
prImary ecolOgical dIfference between the two types IS that reSIdents eat fIsh, whIle
transIents mostly prey on other marme mammals (Ford et al 1998) Withm each of
these general types, kIller whales are dIVIded mto pods that may be composed of
one or more matnlmeal groups In reSIdent whales, the pods are very stable
through tIme, WIth vIrtually no permanent exchange of mdividuals between pods,
but new pods may be formed by sphtlmg off of a maternal group A thIrd 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
compiled m Matkm and SaulIhs (1994) Both females and males are thought to
become sexually mature at about 15 years of age Females may produce calves
until they are about 40, at mtervals of 2 to 12 years Matmg occurs mostly durmg
May through October, and most bIrths happen between fall and sprmg MaxImum
longeVIty has been estImated to be 80 to 90 years for females and 50 to 60 years for
males KIller whales have no natural enemIes, but m some areas, local abundance
and pod structure have been affected by human actiVItIes, mcludmg hve captures
for pubhc dISplay, mteractIons WIth commerCIal fishenes, and the EVOS (Olesmk et
al 1990, DahlheIm and Matkm 1994, Matkm et al 1994, Ferrero et al 2000, Forney
et al 2000) Normal bIrth and death rates for reSIdent killer whales are about 2%
per year (Olesmk et al 1990)

Surface observations and exammatIon of stomach contents from stranded
anImals have shown that as a group kIller whales can and do eat a WIde array of
prey, mcludmg fIshes, bIrds, and mammals (Matkm and SaulItIS 1994) More
detailed studIes have documented consIderable prey speCIahzatIon m certam pods
and mdIVIduals ReSIdent kIller whales m the PWS feed mostly on coho salmon
durmg the summer (Matkm et al 1997) and on chmook salmon m wmter and
spnng (Matkm 2000) TransIent whales m the same area eat mostly harbor seals,
Dall's porpOIse, and harbor porpOIse (SaulItIS 1993, Matkm and SaulItIS 1994)
Some GOA transIent killer whales occasIOnally eat Steller sea hons (Barrett
Lennard et al 1995)

It IS dIffIcult 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 mInlffium
estImate of 717 whales m the northern reSIdent stock of the eastern North PacIfIc,
and Forney et al (2000) gave a mInlffium number of 376 for the transIent stock of
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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 deterrnmed to have
been damaged by the EVOS, killer whale studIes were mtensIfIed dunng 1989 to
2000 (MatkIn et al 1994, 2000) Those long-term studIes allow accurate
determmatIOn of numbers, because all mdividuals m each pod are photOldentIfIed
nearly every year BIrths and deaths of mdividual anImals are momtored, whIch
allows the calculation of reproductive and SurvIVal rates for each pod (MatkIn and
SauhtIs 1994, Matkm et al 2000)

MatkIn 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 perIod from 1984 to 2000 are shown m
Table 3 10 All reSIdent pods With the exception of AB pod have eIther mcreased or
stayed the same smce 1984 The number of whales m AB pod decreased by 36%
from 1988 to 1990 and has stayed about the same smce Smce 1990, the recruItment
rate for AB pod has been SImIlar to other reSIdent pods, but the mortahty rate has
been more than twIce as hIgh (Matkin et al 2000)

Less 18 known about transIent killer whales, and theIr stock structure Withm the
eastern North PacIfIc IS 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 AT1 transIents and GOA transIents, are genetIcally and
acoustically dIStInct from one another and from other west coast transIents (SauhtIs
1993, Barrett-Lennard et al m press) GOA transIents range WIdely, but are seen
only occaSIOnally m the PW5-Kenal FIOrds area The AT1 pod occurs m the PW5
Kenai FIOrds area year-round (SauhtIs 1993, MatkIn et al 2000) The number of
whales m the AT1 pod has dechned by more than 50% smce 1988, WIth only 10
mdIVIduals remaInIng m 2000 (Table 310)

The declmes m the AB and AT1 killer whale pods are Issues of major
conservation concern ThIrteen whales, mostly Juvemles and adult females,
dISappeared from AB pod from March 1989 to June 1990, the hIghest mortahty rate
ever seen m a reSIdent killer whale pod Although 12 calves have been born m AB
pod smce then, there IS no clear trend toward recovery because an addItional
10 anImals have dIed For the ATl transIents, 12 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 entIrely clear
KIller whales are only rarely caught mCIdental to commerCIal fIShmg operations
(Ferrero et al 2000) In the mId-1980s, however, the AB pod was mvolved m a
dIfferent type of mteractIon WIth the longhne fIsherIes for sablefIsh and halIbut
(Matkm and SauhtIs 1994) Whales removed hooked fIsh from the lmes, and
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r Table 3 10 Number of Whales Photographically Identified In Killer Whale Pods In

the GOA EVOS 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 personal communication

1 The entire AN20 pod has not been photographed since 1991

( )
"'-.~

fIshermen attempted to deter them by shootIng at them and detonatIng explOSIves
A number of whales were seen WIth gunshot wounds, and some of those later
dISappeared In spIte of eIght mortalIties dunng the preVIous 4 years, the pod
numbered 36 anImals m 1988, one more than m 1984 (MatkIn et al 1994) In March
to September 1989, members of the AB pod were several hmes seen swmmung m
oil from the EVOS Although a dIrect cause-effect relationshIp cannot be shown,
there IS reason to belIeve that the population declIne IS m some way due to the spill
(Dahlhelffi and MatkIn 1994, MatkIn et al 1994) Members of the ATl transIent
group were also seen m oil 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 addItional concern related to the potential effects of contact WIth OllIS the
consumption of harbor seals, whIch ATl transIents feed on to a large extent
(SaulItIs 1993) Because many harbor seals were coated WIth oil by the spill (Lowry
et al 1994), the whales may have mgested contamInated prey In addItion, the
harbor seal population has decreased Harbor seal numbers were declmmg m parts
of PWS before 1989, an estImated 300 seals were killed by the spill, and the seal
population has contInued to declme at least through 1997 (Frost et al 1994, Frost et
al 1999) Therefore, the lack of recruItment mto the ATl pod may be at least partly
caused by the severe reduction of harbor seal numbers m the EVOS GOA region
(MatkIn et al 2000)

Other than theIr general status under the MMPA, Alaskan killer whales have
not been afforded any speaallegal protection Although the AB pod IS part of a
larger resIdent population, the AT1 group IS a dIStInct population that IS
demographIcally and genetically Isolated from other killer whales For that reason,
protectIve lIstIng under the ESA may be warranted for the ATl group
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311 22 Beluga Whale
Belugas, also called wlute whales or belukhas, are medIUm-sIzed, toothed

whales They have a dISJunct cIrcumpolar dIstnbuhon and occur prmClpally m
archc and subarchc waters (OICorry-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
(0ICorry-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 (OICorry-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 mam Cook Inlet concentrahon

Because summer surveys of belugas ill Cook Inlet have been conducted at
Irregular mtervals smce the 1960s and annually smce 1993, beluga dIstnbuhon ill
that regIOn IS faIrly well known (Klmkhart 1966, Calkms 1984, Rugh et al m press)
Belugas may be found throughout Cook Inlet, and ill mId-summer they are always
most common near the mouths of large nvers ill Upper Cook Inlet, especIally the
Beluga River, the Susitna River, and Cluckaloon Bay Other areas where they have
been commonly seen mclude Turnagam Arm, Kmk Arm, Kachemak Bay, Redoubt
Bay, and Tradmg Bay Rugh et al (m press) compared the dIstnbuhon of June and
July sIghhngs made m the 1990s WIth earher years They found that the propornon
of sIghhngs m Upper Cook Inlet has illcreased greatly m the last decade, and they
conclude that the number of SIghhngS ill Lower Cook Inlet and ill offshore waters
has declmed durmg the years

In February-March 1997, aenal surveys were conducted WIth the speCIfIc goal
of gathenng mformahon on wmter dIstnbuhon of the Cook Inlet beluga stock
(Hansen and Hubbard 1999) The area surveyed mcluded Cook Inlet and parts of
the GOA between KodIak Island and Yakutat Bay Almost all beluga SIghhngS (150
out of 160) were ill the mIddle part of Cook Inlet, and the remaInillg SIghhngS were
ill Yakutat Bay

Smce 1999, the NMFS Nahonal Marme Mammal Laboratory (NMML) has
gathered data on Cook Inlet beluga dIstnbuhon 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 m press)
To try to obtaIn mformatIOn on wmter dIstnbuhon, two tags were attached to
whales on September 13, 2000 The whales were tracked unhl mId-January
Durmg that hIDe, they moved around qUIte a bIt m Upper Cook Inlet, but dId not
go south of Kalgm Island (NMML unpubhshed data avaIlable at
http j jnmml afsc noaa govjCetaceanAssessmentjFolderj2000_beluga_whale_tag
gmghtm)
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In many parts of Alaska, mcludmg Cook Inlet, belugas are most common m
nearshore waters durmg the summer (Calkms 1986, Frost and Lowry 1990)
Proposed reasons for the use of nearshore habItats mclude the possIble advantage
of warm protected waters for newborn calves (Sergeant and BrodIe 1969),
facIhtahon of the epIdermal molt by fresh water and rubbmg on gravel (St Aubm
et al 1990, SmIth et al 1992), and feedmg 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 theIr congregahng nearshore and near nver mouths must be to feed
on abundant fIshes such as salmon and eulachon (Calkms 1984, Moore et al m
press)

There has been no lIfe hIstory mformahon collected from Cook Inlet belugas
BIOlOgical charactenshcs of belugas m other areas were reported by Hazard (1988)
Females become sexually mahrre at 4 to 7 years of age and males at 7 to 9 years
Mahrre females give bIrth to calves every 2 to 3 years, mostly m late spnng or
summer The maxImum lIfe span has not been well defmed, but IS lIkely to be
about 40 years In the southern part of theIr range, belugas are preyed upon by
kIller whales, and m more northern areas by polar bears

Beluga whales are dIffIcult to enumerate for a number of reasons Prmcipal
problems are that whales are easy to mISS m muddy water or when whItecaps are
present, and m all condihons 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 durmg 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 enhre Cook
Inlet and a sophIshcated set of methods to correct for whales that were mIssed by
observers (Hobbs et al m press, Rugh et al m press, Hobbs 2000) For each survey,
they reported the number of whales counted and an eshmate of the total
populahon SIZe (Table 311) Unfortunately because of problems mherent m
counhng whales from the arr, the annual eshmates are ImpreCISe and have a
relahvely large coeffICIent of variahon Nonetheless, regreSSIOn analYSIS shows a
stahshcally SIgnIfIcant populahon declIne durmg the 7-year perIod The 2000
populahon IS most lIkely at least one-thIrd smaller than It was m 1994 The 95%
confIdence hmIts for the 2000 survey were 279 to 679 whales, meanmg It IS very
lIkely that the true current populahon SIze IS somewhere m that range

AvaIlable data suggest that beluga whales m Cook Inlet rarely become
entangled m fIshmg gear (Ferrero et al 2000) The largest source of mortalIty m
recent years has been hunhng by Alaska Nahves Although harvest data are
ImpreCISe, eshmates of the annual number of whales killed durmg 1993 to 1998
ranged from 21 to 123 anImals (Ferrero et al 2000, Mahoney and Shelden m press)
ThIs compares to a lIkely sustamable harvest of about 20 whales from a populahon
of 500
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Table 3 11 Counts and Population Estimates for Cook Inlet Beluga Whales,
1993 to 2000

(

Year

1994

1995

1996

1997

1998

1999

2000

Whale Count

281

324

307

264

193

217

184

Abundance Estimate

653

491

594

440

347

357

435

CoeffiCient of Variation

043

044

028

014

029

020

023

Sources Hobbs et al In press and Hobbs 2000

Because of the populabon dechne and the potenbal for conbnued overharvest,
several enVIronmental groups and one mdIVIdual subnutted a pebbon to NMFS m
March 1999 requesbng that the Cook Inlet beluga whale be lIsted as an endangered
specIes under the ESA Respondmg to the same problems, Senator Ted Stevens
Inserted language mto federallegIslabon passed m May 1999 that prohIbIted any
hunbng of beluga whales by Alaska Nabves, unless they had entered mto a co
management agreement WIth NMFS to regulate the hunt In May 2000, NMFS
fmahzed a deSIgnatIOn of deplebon under proVIsIOns of the MMPA for the Cook
Inlet beluga populabon, and m June 2000, the agency deternuned that a hsbng
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 sabsfy the
cultural needs of Alaska Nabves

Although overharvest by Alaska Nabves m the 1990s appears to be su£fJ.crent to
explam the populabon dechne, concerns that thIs small ISolated populabon may be
vulnerable to other threats remam Areas of concern that have been IdenbfIed
mclude commerCIal fIshmg, oil and gas development, murucIpal dIscharges, nOIse
from arrcraft and shIps, shIppmg traffIc, and tOurISm (Moore et al m press)

3.11.2.3 Stellersea Lion
Steller sea hons are the largest SpecIes of otarnd (eared seal) They are dIstnbuted

around the North PaafIc nm from northern Japan, the Kunl Islands and Okhotsk Sea,
through the Aleuban Islands and Bermg Sea, along the southern coast of Alaska, and
south to CalIforrua (Kenyon and RIce 1961, Loughhn et al 1984, Loughhn et al 1992)
Most large rookenes are m the GOA and Aleuban 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 lIsted as two dISbnct populabon segments under the ESA an
eastern populabon that mcludes all anImals east of Cape Suckhng, Alaska, and a
western populabon that mcludes all anImals at and west of Cape Suckhng ThIs
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dIsbnchon IS based mostly on results from rrutochondnal DNA genetIc studIes that
found a dIsbnct break m the dIstnbutIon of haplotypes between locatIons sampled m
the western part of the range and eastern locatIons, mdIcabng restncted gene flow
between two populatIons (BIckham et al 1996, BICkham et al 1998a) InformatIon on
dIstnbutIon, populatIon response, and phenotypIC characterIStIcs, 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, GISmer
1985) Some Juverules and non-breedmg adults may summer at or near the rookenes,
but most use other locatIons as haul-outs Durmg fall and wmter, sea hons may be at
rookery and haul-out SItes that are used durmg the summer, and they are also seen at
other locatIons They do not make regular rrugratIons, but do move consIderable
dIstances When they reach adulthood, females generally return to the rookenes of
theIr bIrth to pup and breed (Kenyon and RIce 1961, Calkms 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 tImes 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, floabng docks, and sea Ice WIth the exceptIon of sea Ice, SItes used for rookenes
and haul-outs are tradItIonal and the specIfIc locatIons used vary httle from year to
year Factors that mfluence the SUItability of a partIcular area are poorly understood
(Gentry 1970, Sandegren 1970, Calkms and PItcher 1982)

When not on land, Steller sea hons are seen near shore and out to the edge of the
conbnental shelf, m the GOA, they commonly occur near the 2OQ.-m depth contour
(KaJImura and Loughhn 1988) StudIes With usmg satelhte-hnked telemetry have
prOVIded detaIled mformatIon on at-sea movements (Memck and Loughhn 1997)
Adult females tagged at rookerIes m the central GOA and AleutIan Islands m summer
made short tnps to sea and generally stayed on the conbnental 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 Pnbilof Islands

Female Steller sea hons reach sexual maturIty at 3 to 6 years of age and most breed
annually durmg June and July (pItcher and Calkms 1981) Males reach sexual
maturIty at 3 to 7 years of age and phYSICal maturIty by age 10, they estabhsh
temtones on rookenes durmg the breedmg season, and one male may breed With
several females (ThorsteInson and Lensmk 1962, Gentry 1970, Sandegren 1970, GISmer
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 2
weeks, then spend an mcreasmg amount of tIme m mtertIdal areas and SWImmmg
near shore After gIvmg bIrth, sea hon mothers attend pups constantly for about 10
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days, then alternate trIps to sea for feedmg WIth returns to the rookery to suckle theIr
pup Unllke most pmrupeds, for wluch wearung IS predIctable and abrupt, Steller sea
hons may contmue to nurse untll they are at least three years old (Gentry 1970,
Sandegren 1970, Calkms and PItcher 1982)

Steller sea hons dIe from a number of causes, mcludIng dIsease, predahon,
shootmg by humans, and entanglement m fIshmg nets or debns (Mernck et al 1987)
In addIhon, pups may dIe from drownmg, starvahon caused by separahon from the
mother, crushmg by larger anImals, and bltmg by females other than the mother (Orr
and Poulter 1967, Effie 1977)

Steller sea hons are generahst predators that mostly eat a vanety of fIshes and
mvertebrates (pItcher 1981, NMFS 2000b) Seals, sea otters, and bIrds are also
occasIOnally eaten (Gentry and Johnson 1981, PItcher and Fay 1982, Damel and
Schneewe18 1992) Much effort has been devoted to descnbmg the dIet of sea hons ill
the GOA In the ffild 1970s and ffild 1980s, the pnmary food found m sea hon
stomachs was walleye pollock Octopus, sqmd, hernng, Pacrfi.c cod, flatfIshes, capehn,
and sand lance also were consumed frequently (pItcher 1981, Calkms and Goodwm
1988) In the 1970s, walleye pollock was the most lffiportant prey m all seasons, except
summer, when small forage fIshes (capehn, hernng, and sand lance) were eaten more
frequently (Mernck and Calkms 1996) Results from eXamlnahon of scats collected on
rookenes and haul-outs m the GOA m the 1990s confumed that pollock has been
overall the dOmlnant prey, WIth Pacmc cod and salmon also lffiportant ill some
months (Mernck et al 1997, NMFS 2000b) The dIet of Juvemle Steller sea hons has
not been studIed m detml, but It 18 known that they eat somewhat smaller pollock than
do adults (Frost and Lowry 1986, Calkms 1998) Available data suggest that the
average daily food reqUIrement for sea hons IS on the order of 5% to 8% of theIr body
weIght per day (Kastelem et al 1990, Rosen and Tntes 2000)

Satelhte-hnked tags attached to sea hons have proVIded mformahon on the
amount of hme spent dIvmg and dIvmg depths (Mernck and Loughhn 1997) Adult
females m wmter spent the most hme feedIng and dove the deepest, and young of the
year spent relahvely httle hme dlvmg to shallow depths As young of the year
matured, foragmg effort mcreased from November to May

The abundance of Steller sea hons ill the western populahon has decreased greatly
smce the 196Os, to the extent that the speaes has been hsted as endangered under the
ESA From the ffild-Iate 1970s through 2000, illdex counts of adults and Juvemles for
the western populahon as a whole deehned by 83% from 109,880 to 18,193 (NMFS
2000b) Deehnes m the eastern GOA (Seal Rocks to Outer Island) and central GOA
(Sugarloaf Island to ChOWlet Island) have been of a generally slmllar magmtude (73%
and 87%), but It appears that the dechne ill the eastern GOA began later than ill the
western GOA and other regIOns (Sease and Loughhn 1999, NMFS 2000a) (Table 3 12)
Counts of pups on rookerIes have shown slmllar dechnes Modehng and taggmg
stuffies have suggested that the prOXImate cause of the populahon dechne IS
probably a reduchon ill SurvIVal of Juverule ammals (York 1994, Chumbley et al
1997) BIrth rates are also comparahvely low (Calkms and GoodWill 1988), wluch
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Table 312 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 27286

1994 3369 4520 24119

1996 2133 3915 22 223

1997 3352

1998 3,346 20,201

1999 1952

2000 1894 3177 18193

Sources Sease and Loughlin 1999 and NMFS 2000

Dashes Indicate no count In that year

1 Use counts In the Aleutian Islands made In 1977 and 1979

could be a contnbubng factor PopulatIon vIability analysIs suggests that If the
declme conbnues at ItS current rate some rookenes will go exbnct m the next 40 to
50 years, and the entIre western populatIon could be exbnct Withm 100 to 120 years
(York et al 1996)

A number of factors have been suggested that may have affected the western
Steller sea hon populatIon ID the past 3 to 4 decades (Memck et al 1987, N1v1FS 1992,
N1v1FS 2000b) There IS no eVIdence that patterns of predatIon, dISease, or
enVIronmental contammants have changed suffICIently to have caused such a major
decrease ID abundance (Loughhn 1998) In the past, many sea hons were killed m
commercral harvests, by IDCIdental entanglement ID nets, and by shoohng to reduce
damage to fIShmg gear and fISh depredatIon (Alverson 1992) That mortalIty may
have played some part m the early stages of the dechne, but such killmg has been
ehmmated or greatly reduced and cannot explam the WIdespread, conhnumg dechne
SubSIStence hunhng by Alaska NatIves occurs at low levels and IS not Judged to be an
Important factor overall (Ferrero et al 2000) Currently the most hkely explanatIon IS
that sea hons, especrallY Juvemles, are expenencmg higher than normal mortalIty
because they are nutrItIonally hmIted (Loughhn 1998, N1v1FS 2000b) The nutrItIonal
hmItatIon could be caused by enVIronmental changes that have affected sea hon prey
SpecIes, competItIon for prey With commerCIal fIShenes, or some combInatIon of the
two

The dechne of the western populatIon of Steller sea hons, and the need to recover
the populatIon and protect cntIcal habItat as reqUITed by the ESA, have been a major
conservatIon ISsue m recent years (Lowry et al 1989, Fntz et al 1995) ActIons
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proposed to facilitate recovery may have substantIal effects on commercIal fIshenes
and coastal commumtIes m the GOA and elsewhere (NMFS 2000b)

3 11 24 Pacific HarborSeal
Harbor seals are medIUm-sIZed, "earless" seals that are wIdespread rn

temperate waters of both the North AtlantIc and the North PacIfIc In the North
PacIfIc, theIr dIstrIbutIon IS nearly contmuous from Baja CalIforrua, MeXICO, to the
GOA and Benng Sea, through the AleutIan Islands, and to eastern RussIa and
northern Japan (Shaughnessy and Fay 1977, Hoover-Miller 1994)

Harbor seals are found prImarIly m the coastal zone where they feed and haul
out to rest, give bIrth, care for theIr young, and molt Haul-out sItes mclude
mtertIdal reefs, rocky shores, mud and sand bars, gravel and sand beaches, and
floatIng 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,
theIr dIstrIbutIon and movements at sea are not as well understood Durmg 1992 to
1997, as part of EVOS restoratIon studIes, satellIte-lInked depth recorders (SDRs)
were attached to seals m PWS to study theIr at-sea behaVIor AnalysIS of the
trackmg data from 49 subadult and adult harbor seals mdlcated 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 contInental shelf m water less than 200 m deep Most feedIng trIpS for
adults went 10 km or less from haul-outs, and Juvemles fed mostly Wlthrn 25 km
Patterns of dlvmg (effort and depth) vaned geographIcally and seasonally Dunng
1997 to 1999, SDRs were attached to 27 recently weaned harbor seal pups m PWS
PrelImrnary analysIs of those data (Frost et al 1998, Lowry and Frost unpublIshed)
dId not show any extraordInary 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
publIcatIon (Small 2001)

Overall, harbor seals are relatively sedentary and they show consIderable
fIdelIty to haul-out SItes (pItcher and McAlhster 1981, Frost et al 1996, Frost et al
1997) For management purposes, NMFS has delIneated three harbor seal stocks m
Alaska

1 The southeast Alaska stock, mcludmg anImals east and south of Cape
Sucklmg,

2 The GOA stock, mcludIng anImals from Cape Sucklmg to Ummak Pass and
westward through the AleutIan Islands, and
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3 The Bermg Sea stock mcludmg arnmals m Bnstol Bay and the Pnbilof
Islands (Ferrero et al 2000)

Durmg the past several years, an m-depth study of Alaska harbor seal genehcs
has been conducted by the NMFS Southwest Fishenes SCIence Center Prelmunary
analySIS of those data mdIcate a number of relahvely small populahon umts wIth
very lImIted dIspersal among them (OICorry-Crowe et al m press), m (Small et al
1999) Results suggest that Withm the EVOS area, there are mulhple harbor seal
stocks that may requrre mdividual management attenhon NMFS sCIenhsts are
currently analyZing the molecular genehcs data and preparmg It for publIcahon
NMFS managers are evaluahng those results wIth the mtenhon of refmmg stock
boundarIes for Alaska harbor seals

Hoover-MIller (1994) summarIZed available mformahon on Alaska harbor seal
bIOlogy and lIfe hIstory Both male and female harbor seals reach sexual maturIty
at 3 to 7 years old Adult females gIVe bIrth to smgle pups once a year, on land or
on glacIal Ice In PWS and the GOA, most puppmg occurs from mId-May through
June Newborn harbor seals pups are born WIth therr eyes open, WIth an adult-lIke
coat, and are ImmedIately able to SWIm Pups are weaned when they are 3 to 6
weeks old Once each year m July to September, harbor seals shed therr 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 eshmate populahon SIZes and trends

Most mformahon about the dIet of harbor seals m PWS and the GOA was
collected m the mId-1970s by eXamInahon 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 hernng also are eaten frequently Stomachs of
young seals contamed mostly pollock, capehn, eulachon, and herrmg As part of
EVOS restorahon studIes, blubber samples from PWS harbor seals have been
analyzed for theIr fatty aCId composihon to examme therr recent dIets (Iverson et al
1997), and (Lowry and Frost unpublIShed) Imhal results showed that herrmg,
pollock, other fIshes, and cephalopods (a class of sqUId and OCtOpI) had been eaten
Seals sampled at the same haul-out had sImIlar fatty aCId composihons, suggeshng
that they had fed locally on SImIlar prey In contrast, seals sampled from areas as
lIttle as 80 km apart had dIfferent fatty aCId composihons, mdicahng substanhally
dIfferent dIets Small et al (1999) have exammed scats from harbor seals collected
near KodIak and found mostly remams of sculpms, greenlmg, sand lance, and
pollock

Known predators of harbor seals mclude killer whales, Steller sea lIons, and
sharks The Impact of these predators on harbor seal populahons IS unknown, but
may be sIgmfIcant In PWS alone, killer whales may eat as many as 400 harbor
seals per year (Matkm 2000) The mCldence of sharks caught on halIbut longlmes m
the GOA has mcreased greatly m the last decade (Lowry and Frost unpublIshed
data) The degree to whIch these sharks prey on harbor seals IS unknown, but seal
remams have been observed m theIr stomachs (Matkm 2000)
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Before the MMPA, harbor seals were hunted commercIally m Alaska, and they
were also kllled to reduce therr predatIon on commercIally rrnportant fIshes
(Hoover-MIller 1994) Such kills, wmch exceeded 10,000 anunals m many years,
were largely stopped m 1972 The MMPA allowed fIshermen to shoot seals If they
were damagmg therr gear or catch and could not be deterred by other means A
few hundred anunals probably were killed annually for that reason durmg 1973 to
1993 In 1994, the MMPA was amended to reqUITe that fIshermen use only non
lethal means to keep marme mammals away from therr gear

Harbor seals have been and contmue to be an rrnportant food and hanwcraft
resource for Alaska NatIve SubSIstence hunters m PWS and the GOA The ADF&G
DIVISlOn of SubSIstence estImated the SIZe of the harbor seal harvest annually
durmg 1992 to 1998 The average annual kill durmg that penod was approxunately
380 seals m PWS and 360 for KodIak, Cook Inlet-KenaI, and the south Alaska
Penmsula combmed (Wolfe and Hutcmnson-Scarbrough 1999) About 88% of the
seals shot were retrIeved, and 12%were struck and lost Although harvests at
mdIvIdual vIllages have vaned from year to year, reglOnal harvest levels have
shown no clear trend

Harbor seals are sometImes entangled and kllled m the gear set by several
commerCIal fIshenes that operate m the EVOS GOA reglOn Ferrero et al (2000)
estrrnated an average mmunum annual mortalIty of 36 anunals for the GOA stock
ThIs fIgure was an underestImate, because there have not been observer programs
for several of the fIshenes that are lIkely to mteract wIth harbor seals

Some harbor seals were killed by the EVOS, at least m PWS (Frost et al 1994) In
August and September 1989, ADF&G flew aenal surveys of harbor seals m oIled and
unolled areas of central and eastern PWS Results of those surveys were compared to
earlIer surveys of the same haul-outs conducted m 1983, 1984, and 1988 Before the
EVOS, counts m oued and unoued areas of PWS were dechnmg at a slffillar rate, about
12% per year From 1988 to 1989, however, there was a 43% dechne m counts of seals
at oIled SItes compared to 11%at unoued SItes Other studIes conducted as part of
the EVOS damage assessment program showed that seals m oued areas became
coated wIth 011 (Lowry et al 1994) Many oued seals acted SICk and lethargIc for the
frrst few months after the spill Tests of bIle and tIssues showed that oIled seals
were metabollZIDg petroleum compounds (Frost et al 1994) MIcroscOpIC
exammatIon mwcated that some oIled seals had braID damage that would lIkely
have mterfered wIth Important £uncbons such as breathmg, swunmmg, dIvmg, and
feedmg (Spraker et al 1994) Itwas estImated that approxunately 300 seals wed
because of the EVOS (Frost et al 1994) Hoover-Miller et al (2000) dIsputed the
mortalIty estImate of Frost et al (1994), but they admIt that the spill had effects on
harbor seals and do not proVIde an alternatIve estImate of mortalIty

Harbor seals are one of the most common manne mammals m the EVOS GOA
regIon In 1973, ADF&G estImated there were about 125,000 m tills regIon based on
harvest data, observed densItIes of seals, and the amount of available habItat
(pItcher 1984) The most recent populatIon estImate for the GOA harbor seal stock,
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denved from IntensIve aenal surveys conducted by NMFS, IS 29,175 (Ferrero et al
2000) Although the methods used to denve the two estImates were very dIfferent
and they are not dIrectly comparable, the dIfference does suggest that a large
declrne In harbor seal numbers has occurred In the GOA

Counts at IndIVIdual haul-outs and along surveys routes establIshed to momtor
trends confrrm the declrne and provIde some Informahon on the temporal pattern
of changes (Table 313) At TUgIdak Island (south of KodIak Island), average molt
penod counts declIned by 85% from 1976 to 1988 (pItcher 1990), followed by a
penod of stabIlIzahon before a populahon Increase of about 5% per year durIng
1994 to 1999 (Small et al 1999) In eastern and central PWS, the number of seals at
25 trend Index SItes declIned by 42% between 1984 and 1988 (pItcher 1989) Trend
counts at Index SItes have shown that the declIne In that part of PWS conhnued at
least through 1997, by whIch tIme there were 63% fewer seals than there were In
1984 (Frost et al 1999) Counts on the PWS trend route were farrly slffil1ar In 1994
to 1998 (Table 3 13), suggeshng that the declIne In that area may have stopped In
the KodIak trend area, harbor seal counts Increased by 5 6% per year durIng 1993 to
1999 (Small et al 1999)

Table 313 Counts of Harbor Seals at Index Sites In the EVOS GOA Area

Year Tugldak Island PWS Kodiak

1976 5,708

1977 4618

1978 3781

1979 3133

1982 1 918

1984 1469 2488

1986 1 181

1988 966 1 875

1989 1,423

1990 882 1,282

1991 1200

1992 820 1,133

1993 805 1 126 3129

1994 800 981 3478

1995 804 1,126 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 Small 2001

Counts have been adjusted to account tor Important covanates (Frost, Lowry, and ver Hoet
1999)
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MortalIty of harbor seals caused by people because of ftshery mterachons, the
EVOS, and huntmg has been farrly well documented Each of these causes may be a
contnbutmg factor, but It seems un.1Jkely that they could have caused such a
WIdespread and major populatIon declme Other factors that could be mvolved m the
declme mclude dISease, food hmItatIon, predatIon, contammants, and changes m
habItat availability No strong screntllc 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 SurVIval) must have occurred to cause the dec1mes
m abundance seen m PWS durmg 1984 to 1989, and that changes m Juvemle SurVIVal
are hkely to have the greatest effect on populatIon growth (Frost et al 1996)

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 Councrl fLmded restoratIon studIes to
learn about the bIology and ecology of harbor seals m the spill area, and to mvestIgate
possIble causes for the declme (Frost and Lowry 1994, Frost et al 1995, Frost et al
1996, Frost et al 1997, Frost et al 1998, Frost et al 1999) At about the same tIme,
Congress began proVIdmg fLmds to ADF&G to be used to mvestIgate causes of the
Alaskan harbor seal declme Those fLmds were used to lllitIate 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 al 1999, Small
and Pendleton 2001) A major part of all those studIes has been hve-captunng 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
pubhshed, some are m the analYSIS and reportmg stage, and others are ongomg As
dIScussed above, the results have added greatly to the understandmg of harbor seals
m thIS area and will contmue to do so as more of the work IS completed

Any tIme a wIldhfe populatIon declmes, It IS a cause for concern For harbor
seals m PWS and the GOA, however, the concern IS magmfIed because the causes
for the declme are unknown and because these seals are an lIDpOrtant food and
cultural resource of Alaska Natives In addItIon, the results of genetIcs studIes are
showmg very hmIted dIspersal between seals m adjacent areas, suggestmg that
harbor seals should be managed as a number of relatively small umts So far GOA
harbor seals have not been hsted as depleted under the MMPA or as threatened or
endangered under the ESA The hshng status could change If recovery doesn1t
happen m some genetIcally dIScrete populatIon umts

Harbor seals may have great value as an rndIcator speCIes of enVIronmental
condItIons rn the GEM region They are lIDportant rn the food web, both as upper
level predators on commercIally explOIted fIshes and other fIshes and rnvertebrates,
and also as a food resource for killer whales and Alaska NatIve hunters Because
they are non-IDlgratory and have low dIspersal rates, changes rn theIr abundance
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~ and behavIOr should be re£1ecbve of changes m local envIronmental condlbons m
the areas they mhablt Further, they are relabvely easy to study, and durmg the
past 30 years a consIderable amount of baselme data has been collected on theIr
abundance, dlstnbuhon, and other aspects of theIr bIOlogy and ecology

3.11.2.5 Sea Otter
Sea otters are the only completely marme speCies of the aquahc lutrmae, or

otter subfamIly of the faml1y Mustehdae They occur only m coastal waters around
the North PacIfIC rIm, from central Baja CalIforma, MeXICO, to the northern Islands
of Japan The northern dIstnbubon of sea otters IS hmIted by the southern extent of
wmter sea Ice that hmIts access to foragmg habItat (Kenyon 1969, RJ.edman and
Estes 1990) Southern range hmIts are less well understood, but are hkely related to
reduced produchvlty at lower lahtudes, mcreasmg water temperatures, and
thermoregulatory constramts lffiposed by the sea otter's dense fur

Three subspeCIes of sea otters are recogrnzed Enhydra lutns lutns from ASia to
the Commander Islands of RussIa, E I kenyom from the western Aleuhans to
northern CalIforma, and E I nerezs, south of the Oregon (WIlson et al 1991) The
sUbspecilic taxonomy suggested by morphological analyses IS largely supported by
subsequent molecular genehc data (Cronm et al 1996, ScrIbner et al 1997) The
dlstnbuhon of ffiltochondnal DNA haplotypes suggests httle or no recent female
mediated gene flow among populahons Populahons separated by large
geograpmc distances, however, share some haplotypes (for example, m the Kuru
and Kodiak ISlands), suggeshve of common ancestry and some level of mstoncal
gene flow The dIfferences m genehc markers among contemporary sea otter
populahons hkely reflect the followmg

• Penods of habItat fragmentabon and consohdahon durmg PleIstocene
glacIal advance and retreat,

• Some effect of reproduchve Isolahon over large spabal scale, and

• The recent mstory of harvest-related reduchons and subsequent
recoloruzabon (Cronm et al 1996, ScrIbner et al 1997)

Sea otters occupy and use only coastal marme habItats The seaward hmlt of
theIr feedmg habItat, wmch IS about the 100-m depth contour, IS de£med by theIr
ablhty to dIve to the sea floor Although sea otters may be found at the surface m
deeper water, eIther reshng or SWlffiffilllg, they must mamtam relahvely frequent
access to shallower depths where they can feed In PWS, 98% of the sea otters are
found m water WIth depths less than 200 m and sea otter abundance IS mversely
correlated WIth water depth, WIth about 80% of the alllffials 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 suprabdal shores, no aspect of theIr lIfe hIStory reqUIres leavmg the
ocean Where present, surface-canopy-forffilllg kelps prOVide preferred restmg
habItat In areas lackmg kelp canopIes, sea otters rest m groups or alone m open
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water, but may select areas protected from large waves where available Sea otters (-
generally feed alone and often rest m groups of 10 or fewer, but also occur m
groups numbermg m the hundreds (RIedman and Estes 1990)

RelatIvely few data are available to descnbe relatIons between sea otter
denSItIes and habItat characterIStIcs MaxImum sea otter densItIes of about 12 per
square kilometer (km2) have been reported from the AleutIan and Commander
Islands (Kenyon 1969, Bodkm et al 2000) where habItats are largely rocky
MaXImum densItIes m Orca Inlet of PWS, a shallow soft-sedIment habItat, are
about 16 per km2 Equilibnum, or sustamable densItIes ,lIkely vary among habItats,
WIth reported values of about 5 to 8 per km2 In PWS, sea otter densItIes vary
among areas, averagIng about 1 5 per km2 and rangmg from fewer than 1 to about
6 per km2 (Bodkm and UdeVltz 1999, USGS unpublIshed data)

The sea otter IS the largest mustelId, wIth males consIderably larger than
females Adult males attam weIghts of 45 kg and total lengths of 148 cm Adult
females attam 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 em m total length

Adult male sea otters gam access to estrous females by establIshrng and
mamtammg terntones from whIch other males are excluded (Kenyon 1969,
GarshelIs et al 1984, Jameson 1989) Male terntones vary m SIZe from about 20 to
80 hectares Temtones may be located m or adjacent to female reshng or feedIng
areas or along travel corrIdors between those areas, and are occupIed conhnuously
or mterffilttently through hme (LoughlIn 1981, GarshelIs et al 1984, Jameson 1989)
Female sea otters attam sexual maturIty as early as age 2, and by age 3 most
females are sexually mature Where food resources may be hffilhng populatIon
growth, sexual maturatIon may be delayed to 4 to 5 years of age

Adult female reproductIve rates range from 0 80 to 0 94 (Smll£ and Ralls 1991,
Bodkm et al 1993, Jameson and Johnson 1993, RIedman et al 1994, Monson and
DeGange 1995, Monson et al 2000b) Among areas where sea otter reproductIon
has been studIed, reproductIve rates appear to be slffillar despIte dIfferences m
resource availability Although copulatIon and subsequent puppmg can take place
at any hme of year, there appears to be a pOSItIve relatIon between mcreasmg
latItude and reproductIve synchrony (occurrmg SImultaneously) In CalIforma,
puppmg IS weakly synchronous to nearly unIform across months, m PWS, a
dIShnCt peak m puppmg occurs m late spnng

ReproductIve output remams relatIvely constant across a broad range of
ecolOgIcal condItIons, and pup survIval appears to be mfluenced by resource
availabIlIty, pnmanly food At AmchItka Island, a populatIon at or near
equilibnum densIty, dependent pup survIval ranged from 22% to 40%, compared
to nearly 85% at KodIak Island, where food was not IlffiltIng and the populatIon
was mcreasmg (Monson et al 2000b) Post-weamng annual SurvlValIS varIable
among populatIons and years, rangmg from 18% to nearly 60% (Monson et al
2000b) Factors affectmg survIval of young sea otters, rather than reproductIve
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rates, may be nnportant m ultunately regulatmg sea otter populatIon SIze SurvIVal
of sea otters more than 2 years of age IS generally mgh, approachmg 90%, but
gradually declmes through tune (Bodkm and Jameson 1991, Monson et al 2000b)
Most mortalIty, other than human related, occurs durmg late wmter and sprmg
(Kenyon 1969, Bodkm and Jameson 1991, Bodkm et al 2000) Maxnnum ages,
based on tooth annulI, are about 22 years for females and 15 years for males

Although the sex rano before bIrth (fetal sex ratIo) IS one to one (Kenyon 1982,
Bodkm et al 1993), sea otter populatIons generally COnsISt of more females than
males Age-specmc SUrvIVal of sea otters IS generally lower among males (Kenyon
1969, Kenyon 1982, SllUff and Ralls 1991, Monson and DeGange 1995, Bodkm et al
2000), resultIng m a female-bIased adult populanon

The sea otter rehes on aIr trapped m the fur for Insulation and an elevated
metabohc rate to generate mternal body heat To mamtam the elevated metabohc
rate, energy mtake must be mgh, requrrmg consumpnon of prey equal to about
20% to 33 % of theIr body weIght per day (Kenyon 1969, Costa 1982)

The sea otter IS a generahst predator, known to consume more than 150
dIfferent prey speCIes (Kenyon 1969, RIedman and Estes 1990, Estes and Bodkm m
press) WIth few exceptIons, theIr prey generally conSIst of sessile or slow movmg
bentmc mvertebrates such as mollusks, crustaceans, and echmoderms Preferred
foragmg habItat IS generally m depths less than 40 m (R1edman and Estes 1990),
although studIes m southeast Alaska have found that some annnals forage mostly
at depths from 40 to 80 m A sea otter may forage several tunes dally, WIth feedmg
bouts averagmg about 3 hours, separated by penods of rest that also average about
3 hours Generally, the amount of tnne a sea otter allocates toward foragmg IS
posItIvely related to sea otter densIty and mversely related to prey aval1ablhty
Tnne spent foragmg may be a meanmgful measure of sea otter populatIon 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 locanon, habItat type, season,
and length of occupatIon The predommately soft-sednnent habItats of Southeast
Alaska, PWS, and KodIak Island support populatIons of clams that are the pnmary
prey of sea otters Throughout most of Southeast Alaska, burrowmg bIvalve clams
(speCIes of 5axldomus, Protothaca, Macoma, and Mya) predommate m the sea otter's
dIet (Kvltek et al 1993) They account for more than 50% of the IdentIfled prey,
although urcmns (5 droebachlensls) and mussels (ModlOlzs modlOlzs, Musculus spp)
can also be nnportant In PWS and at KodIak Island, clams account for 34% to
100% of the otter's prey (Calkms 1978, Doroff and Bodkm 1994, Doroff and
DeGange 1994) Mussels (Myhlus trossulus) apparently become more nnportant as
the length of occupatIon by sea otters mcreases, rangmg from 0% at newly
occupIed SItes at KodIak to 22% m long-occupIed areas (Doroff and DeGange 1994)
Crabs (C magzster) were once nnportant sea otter prey m eastern PWS, but
apparently have been depleted by otter foragmg and are no longer eaten m large
numbers (Garshehs et al 1986) Sea urchms are mmor components of the sea otter
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dIet m PWS and the KodIak archIpelago In contrast, the sea otter dIet m the (\
Aleuhan, Commander, and KurilIslands IS dorrunated by sea urchms and a vanety
of fm fIsh (mcludmg hexagramnuds, gadIds, cOthds, percIformes, eycloptends, and
scorpaemds) (Kenyon 1969, Estes et al 1982) Sea urchIns tend to dorrunate the dIet
of low-densIty sea otter populahons, whereas fIshes are consumed m populahons
near equilibnum densIty (Estes et al 1982) For unknown reasons, sea otters m
regIOns east of the Aleuhan Islands rarely consume fISh

Sea otters also explOIt epISodIcally abundant prey such as sqUId (Lolzgo spp )
and pelagIc red crabs (Pleuroncodes planzpes) m CalIforma and smooth lumpsuckers
(Aptocyclus ventncosus) m the Aleuhan Islands On occaSIOn, sea otters attack and
consume sea bIrds, mcludmg teal (Anas crecca), scoters (Melanzta persplclllata), loons
(Gavla lmmer), gulls (Larus spp), grebes (Aechmophoru socCldentalzs), and cormorants
(Phalacrocorax spp) (Kenyon 1969, RIedman and Estes 1990)

Sea otters are known for the effects theIr foragmg has on the structure and
funchon of nearshore marme commumhes They prOVIde an Important example of
the ecolOgIcal "keystone speCIes" concept (power et al 1996) In the absence of sea
otter foragmg durmg the 20th century, populahons of several speCIes of urchIns
(Strongylocentrotus spp) became extremely abundant Grazmg achVIhes of urchIns
effechvely llffilted kelp populahons, resulhng m deforested areas known as "urchm
barrens" (Lawrence 1975, Estes and Harrold 1988) Because sea urchIns are a
preferred prey Item, as otters recovered, they dramahcally reduced the SIzes and
densIhes of urchms, as well as other prey such as mussels, Mytzlus spp Released ( I

from the effects of urchm-related herbIVOry, populahons of macroalgae responded,
resulhng m dIverse and abundant populahons of under-story and canopy-forrrung
kelp forests Although other factors, both non-hvmg (abIOhc) and hvmg (bIOhc),
can also hmIt sea urchm populahons (Foster and Sch1el1988, Foster 1990), the
generahty of the sea otter effect m reducmg urchIns and mcreasmg kelp forests IS
WIdely recogmzed (reVIewed m Estes and DuggIns 1995) Further cascadIng effects
of sea otters m coastal rocky subhdal commuruhes may stem from the prolIferahon
of kelp forests Followmg sea otter recovery, kelp forests provIde food and habItat
for other speCIes, mcludmg fm fIsh (SImenstad et al 1978, Ebehng and Laur 1998),
whIch provIde forage for other fIshes, bIrds, and mammals Furthermore, where
present, kelps prOVIde the prImary source of orgamc carbon to the nearshore
marme commuruty (DuggIns et al 1989)

Effects of sea otter foragmg are also documented m rocky mterhdal and soft
sedIment marme commuruhes The SIZe-class dIstnbuhon of mussels was strongly
skewed toward ammals WIth shell lengths smaller than 40 mm where otters were
present, however, mussels WIth shell lengths larger than 40 mm compnsed a large
component of the populahon where sea otters were absent (VanBlarIcom 1988) In
soft-sedIment coastal commuruhes, sea otters forage on epIfauna (crustaceans,
echmoderms, and mollusks) and mfauna (pnmarily clams) They generally select
the largest mdIvIduals These foragmg charactenshcs cause dechnes m prey
abundance and reduchons m SIZe-class dIStrIbuhons, although the deepest
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burroWIng clams (such as, Tresus nuttallll and Panopea generosa) may attarn refuge
from some sea otter predahon (KvItek and Ohver 1988, KVItek et al 1992)
Commumty level responses to reoccupahon by sea otters are much less well
stuilled In soft-sed1ment habItats that domrnate much of the North Pacmc, and
addihonal research IS needed In thIs area

A century ago, sea otters were nearly exhnct, haVIng been reduced from several
hundred thousand IndiViduals, by a muIh-nahonal commercIal fur harvest They
persIsted largely because they became so rare that, despIte exhaushve efforts, they
were only seldom found (Lensrnk 1962) Probably less than a few dozen
IndiViduals remarned In each of 13 remote populahons scattered between
Callforma and RUSSia (Kenyon 1969, Bodkrn and UdeVItz 1999) By about 1950, It
was clear that several of those ISolated popuIahons were recovenng Today, more
than 100,000 sea otters occur throughout much of thel! hIstone range (Table 314),
although swtable unoccupIed habItat remains In ASIa and North Amenca (Bodkrn
and Kenyon In press)

Table 314 Recent Counts or Estimates of Sea Otter (Enhydra lutTls) Abundance
In the North PaCific

SubspeCies Area Year Number Status

E 1 lutns RUSSia 1995-97 21500 Stable In Kunls and Commander
Islands, Increasing In Kamchatka

(
EI kenyom Alaska USA 1994-99 100000 Declining In Aleutians uncertam In

GOA and Increasing In Southeast
....-......../

Bntlsh 1997 1,500 IncreaSing
Columbia
Canada

Washington 1997 500 IncreaSing
USA

E 1 nerels Callfomla 1997 2200 Uncertain
USA

Total 125700

Source Bodkm and Kenyon In press

Trends In sea otter popuIahons today vary WIdely from rapIdly IncreasIng In
Canada, Washrngton, and Southeast Alaska, to stable or changrng shghtly In PWS,
the Commander Islands and Cahforma, to dechnrng rapIdly throughout the enhre
Aleuhan archIpelago (Estes et al 1998, Estes and Bodkrn In press) RapIdly
IncreasIng populahons SIZes are easily explaIned by abundant food and space
resources, and Increases are anhcIpated until those resources become hmIhng
Relahvely stable populahons can be generally characterIZed by food hmItahon and
bIrth rates that approXlIDate death rates The recent large-scale dechnes In the
Aleuhan archIpelago are unprecedented In recent hIDes and demonstrate complex
relahons between coastal and oceamc marrne ecosystems (Estes et al 1998) The
magmtude and geograpmc extent of the Aleuhan dechne Into the GOA are
unknown, but the PWS popuIahon appears relahvely stable The View of sea otter
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populatIOns has been largely rnfluenced by events m the past century when food
and space where generally unlmuted As food and space become hmItmg,
however, It IS hkely that other mechamsms, such as predation, contammatIon,
human take, or dIsease will play IncreasIngly Important roles In structurIng sea
otter populations

A number of predators Include sea otters In theIr dIet, most notably the whIte
shark (Carcharadon charchanas) and the killer whale (Orca orcmus) Bald eagles
(Halzaeetus leucocephalus) may be a sIgru£Icant source of very young pup mortahty
TerrestrIal predators, IncludIng wolves (Cams lupus), bears (Ursus arctos), and
wolverrne (Gulo gulo) may kill sea otters when they come ashore, although such
Instances are hkely rare Before the work of Estes et al (1998) predation was
thought to playa millor role In regulatmg sea otters (Kenyon 1969)

Pathological dIsorders related to enterIhs and pneumoma are common among
beach-cast carcasses and may be related to Inadequate food resources, although
such mortahtIes generally COInCIde WIth late WInter perIods of Inclement weather
(Kenyon 1969, Bodkrn and Jameson 1991, Bodkrn et al 2000) Non-lethal
gastroIntestmal parasItes are common, and lethal Infestations are occasIOnally
observed Among older anImals, tooth wear can lead to abscesses and systemIc
Infection, eventually contrIbuting to death

Contamrnants are of IncreasIng concern In the conservation and management of
sea otter populations throughout the North PacIfIC Concentrations of
organochlorInes, slillliar to levels causIng reproductive failure In captive mInk
(Mustela vlson), occurred In the Aleutian Islands and Cahforma, whereas otters
from Southeast Alaska were relatively uncontamrnated (Estes et al 1997, Bacon et
al 1998) Elevated levels of butyltm reSIdues and organochlorrne compounds have
been assocIated WIth sea otter mortahty caused by Infectious disease m Cahforrua
(Kannan et al 1998, Nakata et al 1998) Changes In stable lead Isotope
composItIOns from pre-IndustrIal and modem sea otters In the Aleutians reflect
changes In the sources of lead In coastal marrne food webs In pre-IndustrIal
samples, lead was from natural depOSIts, In contemporary sea otters, lead IS
pnmanly from ASIan and North AmerIcan IndUStrIal sources (SmIth et al 1990)

Susceptibility of sea otters to oil spills, largely because of the rehance on theIr
fur for thermoregulation, has long been recogruzed (Kenyon 1969, SrnIff et al 1982)
and thIs was comrrmed by the EVOS Accurate estImates of acute mortahty
resultIng from the EVOS are not available, but nearly 1,000 sea otter carcasses were
recovered In the months follOWIng the spill (Ballachey et al 1994) EstImates of
carcass recovery rates ranged from 20% to 59% (DeGange et al 1994, Garshehs
1997), IndIcatmg mortalIty of up to several thousand anImals (Ballachey et al 1994)
Sea otter mortahty In areas where oil depOSItion was heaVIest and perSIstent was
nearly complete, and through at least 1997, sea otter numbers had not completely
recovered In those heavily oiled areas (Bodkrn and Udevitz 1994, Dean et al 2000)
Long-term effects Include reduced sea otter survIval for at least a decade followrng
the spill (Monson et al 2000a), hkely a result of sublethal oilmg In 1989, chromc ~)
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exposure to resIdual 011 m the years followmg the spill, and spIll-related effects on
mvertebrate prey populations (Ballachey et al 1994, Fukuyama et al 2000, Peterson
2000) As human populations mcrease, exposure to acute and chromc
enVironmental contammants will lIkely 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 activIties contnbute to sea otter mortalIty throughout the PacIfIc Run
IncIdental mortalIty occurs m the course of several commerCIal nshenes In
CalIforrua, an estImated annual take of 80 sea otters m grll and trammel nets, out of
a population numbenng about 2,000, lIkely contrIbuted to a lack of population
growth durmg the 1980s (Wendell et al 1986) Developmg fishenes and changrng
nshmg techruques contInue to present potential problems to recovenng sea otter
populations In Alaska, sea otters are taken mCIdentally m grllnet, seme, and crab
trap nshenes throughout the state, but total mortalIty has not been estlillated
(Rotterman and Slillon-Jackson 1988) Alaska Natives are permItted to harvest sea
otters for subSIStence and hanmcraft purposes The harvest IS largely unregulated
and exceeded 1,200 m 1993, WIth most of that from a few, relatively small areas In
addItion, an illegal harvest of unknown magrutude contInues throughout much of
the geographIc range of sea otters

Sea otters occupy an lillportant, and well documented, pOSItion as an upper
level predator m nearshore commurutIes of the North Pacll1c In contrast to most
marme 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

Relatively lIttle work has been conducted m mvestIgatIng relations between
those phYSICal and bIOlogrcal attrIbutes that contrIbute to variation m productIVIty
of nearshore marme mvertebrates, such as the clams, mussels, and crabs that sea
otters consume, and how that varIabIlIty m productiVIty translates mto varIation m
annual sea otter survIval GIven the observed vanahon m sea otter survIval, and
the recogruzed role of food m regulatmg sea otter populations, understandmg these
relations would prOVide some empmcal measure of the relative contnbutIons of
predation and prlillary production as controlimg factors m structunng nearshore
marme commurutIes Due to the SIZe of therr horne ranges, sea otters are relatively
sedentary They mtegrate phySIcal and biologrcal attnbutes of the ecosystem over
small spatial scales Further, both sea otters and theIr prey occur nearshore,
allowmg accurate and effICIent momtonng of sea otters, therr prey, and phYSICal
and biologrcal ecosystem attrIbutes ThIS smte of factors offers a strong foundation
for understandmg mechamsms, and mteractIons among factors that regulate long
lIved mammalIan populations GIven that many populations of large carmvorous
mammals are severely depleted worldWide, such an understandmg would lIkely be
broadly applIcable to conservation and management of natural
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3 11 3 General Research Questions

What are the factors responsible for the declme of marme mammal populations?

• What is the role of manne mammal predation (consumption) m structurmg
theIr prey populations (plankton, fish, and mammals)?

• What is the relation between abundance of manne mammal populations to
the availabihty and qUality of prey speCies?

• What is the relation between abundance of manne mammal populations
and the removals of prey speCies by bshmg?

• What is the relation between reproduction and abundance of marme
mammal populations and contammant burdens?

• How does vanation m the amount of food produced affect the geographic
distributions, fecunmties and survivals of marme mammal populations?

What are the factors responsible for regulation of population SiZe m sea otters?

• Can availability of food become hmiting?

• Can predation, contammatiOn, human take, or msease play lffiportant roles
m structurmg sea otter populations?

3 12 1 Introduction3 12 General Research
Questions OrganIZmg the research questions posed by

the mdividual msciplines represented m this
chapter is the fIrst step m buildmg the

mterdisciplinary team approach that GEM hopes to foster, as explamed m
Chapter 6, Volume I Accordmgly, the general research questions have been
organIZed to emphaSize the need for sCientists from d1fferent diSciplmes to work
together to understand how the GOA works As explamed more fully m the
conceptual foundation diSCUSSiOn (Chapter 4, Volume II), the GEM program is to
be built around the questions of how mterannual and longer-penod trends m the
production and mstribution of valued manne resources m the northern GOA
reflect cycles m the meteorology, the underlymg oceanography of the regiOn, and
the mfluences of man on the dynamICS and structure of the ecosystem

3 12 2 General Research Questions

The followmg general research questions are organIZed under three major
lessons from the SCientIfic background Aspects lffiportant to detectmg and
understandmg changes m all plant and anlillal speCies are covered here, although
not all speCies are mentioned by name

3.1.2.2.1. The Importance of Weather
Patterns m current structure, upwellmgs and convergences, temperature,

sallmty, and density m the waters of the northern GOA are establiShed m response
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to strong external meteorologIcal condItIons affeCbng the subarcbc regIon of the
North PacIfIc Ocean and through mteractIons 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 rnner coastal regIOns?

b Under what oceanographIc condItIons 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 condItIons of strong or weak AleutIan Low pressure systems?

d How frequently are deep bottom waters m coastal ~ords renewed, and how
IS thIs process related to clImate forcmg on seasonal, annual and longer
tIme scales?

e Under what condItIons, where, and durmg whIch seasons are
oceanographIc frontal regIons formed m the northern GOA? How are these
regIons affected by swmgs m the strength of the AleutIan Low Pressure
system?

3.12.2.2 The Importance ofNutnent Transport
Pnmary productIVIty m the euphotIc zone IS controlled by amounts and supply

rates of morgamc nutrIents The deep waters of the GOA contam some of the
hIghest nutrIent concentratIons found anywhere However, the seasonally
permanent pycnoclme between 110 and 150 m generally restrIcts deep mlXmg 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 morgamc nutrIents to the upper
layers under dIfferent condItIons of ocean clImate m the GOA?

b What are the processes by whIch deep and shallow coastal waters become
ennched WIth nutrIents each year? How are nutrIent renewal processes
mfluenced by the broader clImate-forced oceanography of the GOA?

c What role does the mput of fresh water along the northern coastlme play m
supplymg nutrIents and mfluencmg recyc1mg from deeper waters? How IS
thIs role affected by varymg ocean clImate on seasonal, annual, and longer
tIme scales?

d How Important and under what oceanographIc and meteorolOgIcal
condItIons are marme-denved nutrIents brought mto coastal watersheds
and mcorporated m the coastal ecology?

e What are the condItIons that prOVIde suffICIent nutrIent resupply to the
surface waters m the fall to promote a fall plankton bloom?
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f How does wmter/early sprmg physicalllpreconditIorungll of the upper
layers promote or constram plankton productIon through control of
nutrIent supply rates and photosynthesIs m ocearuc, shelf, and coastal
waters?

g How IS the energy of the dIurnal tIdes used to promote nutrIent resupply m
the surface waters at selected locatIons m the northern GOA?

3 12.2 3 The Importance ofPlankton DynamiCS
In the northern GOA, open ocean and shelf/coastal plankton commumtIes

dIffer m theIr specIes composItIon and annual productIon By deflnltIon, deep and
shallow currents dIstrIbute the plankton, and standmg stocks occurrmg at specIfIc
tImes and places are the result of local productIvIty and the addItIon or dIlutIon of
stocks by advectIon

a Under what phYSICal condItIons and to what extent does the ocearuc
plankton commumty mvade the shelf envIronment, mcludmg 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 ocearuc and shelf
pelagiC ecosystems, and how IS the prImary and secondary productIvIty m
these regions phased through tIme and mfluenced by the state of the
AleutIan Low?

c How IS the effICIency of food-web transfer from plankton to fIshes, bIrds,
and mammals mfluenced by varymg levels of the dornmant
macrozooplankton, mcludIng large calanOlds, euphausllds, and
arnphIpods?

d How IS the tIme-varymg spatIal chstributIon of the dornmant zooplankton
reflected m seasonal, annual, and longer-perIod patterns m eddy
formatIon, frontal regions, convergences/dIvergences, and cross-shelf and
along-shore flows?

e What are the mteractIng phYSIcal and bIolOgical processes that estabhsh
levels of recruItment m plankton and nearshore benthIc commumtIes? How
do these processes vary under dIfferent condItIons of the AleutIan Low
pressure system?

f How can the effects of human mfluences on the near-shore benthos be
dIstIngUIshed from natural perturbatIons?

31224 The Importance ofTrophiC DynamiCS
The transfer of energy m food webs (trophIc dynamICS) supportIng fIshes,

bIrds, and mammals IS mfluenced by the compOSItIon of the forage and ItS quahty
and availability The behaVIOrs of forage speCIes that result m seasonal
swarrnmg/schoohng or layermg prOVIde enhanced opportunItIes for food web
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transfers External factors lIke fIslung, hunbng, and contammant levels may
sIgmfIcantly affect populatIon structure and SIZe, thereby alterIng food webs

a How does the speCIes composItIon and quantIty of small schoolIng fIshes In
shelf and coastal habItats reflect the state of the cyclIng ocean clImate In the
northern GOA?

b In what way do the condItIOns that favor the concentratIon of forage speCIes
also favor theIr levels of productIvIty?

c How do fluctuatIons In abundance and speCIes compOSItIon of forage stocks
and lugher level consumers reflect theIr uruque lIfe lustory strategies under
dIfferent condItIons of ocean clImate-wInter, sprIng, andsurnrner
spawners?

d How does InterspecIfIc competItIon for food resources among forage fIshes
affect theIr dIStrIbutIons and rates of productIon?

e How does the dIstrIbutIon and abundance of forage speCIes reflect losses to
predators?

f How do clImate-forced slufts In the speCIes compOSItIon and abundance of
forage speCIes control seabIrd populatIons?

g How can the rnfluences of prey availabIlIty on seabIrd abundance be
separated from the effects of regional scale propertIes uruque to colony
locatIons, lIke glaCIers?

h What IS the relatIonslup between commerCIal fIshrng and the abundance of
seabIrd populatIOns?

Do local trends In the abundance of murres and kittIwakes reflect
mesoscale or regional scale clImate and oceanograpluc processes affecbng
prey availability?

To what extent are fISh, seabIrd, and mammal stocks affected by top down
rnfluences, Includrng fIShrng and other harvest practIces?

k How IS the recruItment to fISh and shellfIsh stocks WIth pelagiC eggs and
larvae rnfluenced by vanable transport processes connecbng WIth nursery
areas?

How do clImate-rnfluenced transport mecharusms mfluence the
dIstnbutIons of the drIftIng larvae of bentluc populatIOns relatIve to
SUItable settlement substrates?

m What lIfe lustory strategies or other populatIon characterIStIcs of
arrowtooth flounder cause tlus speCIes to be so abundant and WIdespread?
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n How well are the speCIes composIhon, relahve abundance and trophIc
structure of fIsh and shellfIsh communIhes understood based on current
samplmg and analYSIS procedures?

o How can long-term trends m salmon produchon be explamed by clImate
mduced changes m ocean produchvIty and vanahons m fIshmg?

p How IS salmon produchon controlled by ecologIcal processes m the ocean?
How can mdIvIdual stocks be IdentIfIed?

q How varIable IS the ocean growth, mIgratory hmIng and dIstrIbuhon of
salmon, and how IS thIs related to aspects of ocean clImate?

r What are the annual levels of ocean produchon of salmon by regIon of
ongm?

s How IS the abundance and dIstnbutIOn of marme mammals related to the
availabIlIty of forage stocks?

t How IS he abundance of marme mammal populahons related to the
removals of prey by fIshmg?

u How IS the abundance of manne mammal populatIOns related to the body
burden of marme contamInants?

v WhIch lIfe hIstory stages of fIshes, seabIrds and marme mammals are most
at nsk to clImate change and whIch to human mfluences?
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4. CONCEPTUAL FOUNDATION

In TIns Chapter

~ ExplanatIon and role of the conceptual foundatIon

~ DescnptIon of leadrng GOA hypotheses

~ IdentIfIcatIon and mteractIon of prmClpal marme ecologIcal concepts

~ DescnptIon of the central hypothesIs and questIon

The conceptual foundation
focuses on how the marine

ecosystem In the GOA works
1 The role of the conceptual foundatIon m the GEM

program,

The conceptual foundatIon encapsulates the
4.1 Introduction understandrng, m the form of a hypothesIS and

questIon, of how GOA ecosystems produce
bIOlOgIcal resources The conceptual foundatIon does not provIde a specIfIc model
(testable hypotheSIS) for ecosystem change because of the tremendous uncertamty
about sources of long-term changes Instead, thIs chapter reVIews some baSIC
assumptIons about productIon m the oceans, presents a number of hypotheses
about how VarIOUS natural and human forces mteract to cause change, dIscusses
the changes m forcmg and ecosystem components m VarIOUS habItat types and
regIons m the northern GOA and then presents an overarchmg hypothesIs about
sources of change - the central hypothesIS and questIons Through synthesIS and
further InsIght from ongomg programs, a conceptual model for the program may
eventually be specIfIed ThIs model should be broad and robust enough to be
tested by the momtormg and research program and then accepted, modIfIed, or
eventually rejected WIthout makIng the underlymg data streams Irrelevant to
constructIng a clearer pIcture of ecosystem change

ThIs chapter addresses the followmg tOpICS

)

2 Current hypotheses about how multI-annual and multI-decadal changes m
natural factors and human actlVItIes may produce long-term changes m
valued populatIons,

3 Some basIC concepts of how natural forces and human actIVItIes affect
bIOlOgIcal productIon and bIodIversIty m marme ecosystems,

4 PartIcular condItIons m the GOA that appear to affect ecosystem
productlon patterns across habItats-from the coastal watersheds to the
central GOA (such as large mputs of nutnent-poor fresh water, strong
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atmospheric low pressure in winter, persistent coastal downwelling, and
the presence of gyres and eddies);

5. Regional ecological differences, such as those between PWS and lower
Cook Inlet, which may arise as a result of local differences in the interaction
between physical forces (tides, winds, and currents), geography, and
human activities; and

•
6. The central hypothesis and question, applied across four habitat types.

4.2 Role of the
Conceptual Foundation
in GEM

The conceptual foundation carries the information
in the mission, goals, and historical record
forward into the other GEM program elements
and activities (Figure 4.1). Building on the
mission and goals established by the Trustee

Council, the foundation 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. Therefore, the
conceptual foundation is at the philosophical and scientific center of the GEM
program.

(

MISSION & GOALS

CONCEPTUAL FOUNDATION

.J
CENTRAL HYPOTHESIS &

QUESTION BY HABITAT TYPE

F1"'t GAP ANALYSIS/SYNTHESIS/MODELING

CORE & PARTNERSHIP MONITORING EFFORTS

TRUSTEE COUNCIL

..

Advice: ....
• Public ~.....",._••tp
• Scientific
• Administrative
• Financial

• State Agencies
• Federal Agencies
• Universities
• Other Marine

Science
Programs

Figure 4.1 The process of selecting GEM monitoring efforts is a logical progression from the mission
and goals, through the conceptual foundation, central hypothesis and question, gap analysis, synthesis
and modeling, as influenced by input from various sources.
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1'- The conceptual foundauon IS the product of ongomg synthesIs and modelmg,
the latest sClent1flc mformauon, and an assessment of leadmg ecologIcal
hypotheses The central hypothesIs and quesuon summarIze the current
understandmg of what controls changes m producuvlues of bIOlogIcal resources
The conceptual foundauon IS not mtended to be stauc, It will change as the
understandmg of the GOA marme ecosystem changes and will better reflect the
reallues of nature and the role humans play m the ecosystem Therefore, the
conceptual foundauon IS an mtegral element m the adapuve management of the
GEM program and m marme SCIence

In summarlZmg these Ideas, the conceptual foundauon prOVIdes a parual
model of realIty Tesnng thIs model reqUITes frammg the hypotheses and quesuons
that are the foundauon for any momtormg and research program The mtellectual
framework of the GEM program IS a hterarchy composed of a central hypotheSIS
and quesuon related to habItat types, spectftc quesuons for each habItat type, and
ulbmately, testable hypotheses based on the specIfIC quesuons

In thIs secuon, a number of spectftc
hypotheses about how natural forces and human
aCUVIues control bIOlOgIcal producuvlty are
descnbed Most of these have been advanced m

the sClenbfIc hterature (see Chapter 3, Volume IT)

431 Match-Mismatch HypotheSIS

The essence of the match-mIsmatch hypotheSIS IS

• Populauons of orgamsms are adapted to certam enVIronmental condluons

• When those condIuons change rapIdly, predator and prey populauons may
not track m the same way

• As a result, transfer of energy mto the htgher levels of the food web IS
comprOmISed

Thts hypotheSIs has been proposed by Mackas to explam changes m producuon
WIth the slow shtft to earlIer emergence of Neocalanus copepods at Ocean Stauon P
m the last several decades (Mackas et al 1998) The match-mIsmatch hypotheSIS
was also mvoked by Anderson and Platt to explam ecolOgIcal changes observed m
a long bme senes of small-mesh trawl samplmg around KodIak Island and the
Alaska Pemnsula (Anderson and Platt 1999)

4 3 2 Pelagic-Benthic Split

EslInger et al (2001) suggested that strong mshore blooms of spnng
phytoplankton that occur m condIuons of strong strabfIcauon put more bIOlOgIcal
producUon mto the benthIc ecosystem, m contrast to weaker, but more prolonged
blooms, that occur m cool and wmdy growmg seasons Under the latter condIuons,
It has been proposed that bIOlOgIcal producUon IS more effiCIently used by the
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pelagIc ecosystem and that relatIvely less of the productIOn reaches the benthos It
IS conceIvable that dunng a senes of years m wmch one condItIon IS much more
prevalent than the other, food nught be reallocated between pelagIc-feedmg and
bentmc-feedmg speCIes and be reflected m changes m these populatIOns Strong
year classes of partIcular long-hved speCIes also nught result from condItIons of
strong stratIfIcatIon causmg more bIOlOgIcal productIon or weaker blooms, leadmg
to donunance of the system by certaIn SUItes of speCIes

4 3 3 Optimum Stability Window HypotheSIS

Gargett (1997) proposed that there IS a pomt m the range of water stability
below wmch water IS too easily nuxed downward, resultIng m less than maxlIDum
productIvIty, and above wmch the water IS stratIfIed to the extent that It resIsts
wmd nuxmg Gargett proposed that the fluctuatIng dIfferences m salmon
productIon between the CalIforma Current and subarctIc gyre domaIns are
ultImately the result of these two systems bemg on dIfferent parts of tills response
curve at dIfferent tlIDes

434 PhySiological Performance and Limits HypotheSIS

A number of explanatIons for long-term change more slIDply propose that the
abundance of certam specIes, mamly fIsh, IS a dIrect response to theIr phySIolOgIcal
performance at dIfferent temperatures Under tills hypotheSIS, the changes m
dommance of cod-hke fIshes and crustaceans that were seen m eastern Canada
around 1990 and m the northern GOA around 1978 were 1llitIally a response to
warm (ascendancy of gaillds) or cold (ascendancy of crustaceans) water
temperatures In other words, the maIn agents of change are the drrect effects of
water temperatures actIng on phySIOlOgIcal functIons of mdlvlduals, m addItIon to
the combmed effects of freshwater mput, wmds, and temperature on ecolOgIcal
processes

4 3 5 Food Quality HypotheSIS

The food quahty hypotheSIS IS also referred to as the Junk food hypotheSIS It
attnbutes dechnes of many mgher tropmc-Ievel orgarusms observed m the last
several decades (harbor seals, sea hons, and many seabIrds) to the predommance of
SUItes of forage speCIes that have low energy content (less hpld) than prevIOUS food
sources (for example, gaillds and flatfIshes) ConsIStent WIth tills hypotheSIS IS
eVIdence from the Trustee Council's APEX program, wmch showed that It takes
about twIce as much pollock as hernng to raISe a kittIwake cmck to fledgIng durmg
the nestIng season (platt and Van Pelt 1998, Platt 2000, Romano et al 2000) WIth
the relatIve rarIty of capelm and sand lance m the dIets of seabIrds m PWS durmg
the last several decades, It seems that many of the populatIOn dechnes nught be at
least partIally attnbutable to the role of these fatty fIsh m seabrrd dIets The change
m food sources has been advanced for marme mammal populatIons that have been
mdeclme
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4 3 6 Fluctuatmg Inshore and Offshore Production Regimes
HypothesIs

The GEM plan proVIdes the mst presentation of the model COnsIShng of
fluctuahng rnshore and offshore production regunes Although tills model IS
closely related to the Gargett hypothesIs of an ophmum stability wrndow, It
proposes that under the same set of atmosphenc forcrng condItions OpposIte
production effects are seen Inshore and offshore FIgure 4 2 Illustrates some
features of thIS model

The model was developed from observations dunng the last several decades
that populations of many seabIrds, harbor seals, and sea hons, willch forage mamly
rn Inshore waters, have been declrnmg willIe manne survIval of salmon and lugh
levels of offshore plankton and nekton suggested that offshore productiVIty was
very illgh It IS proposed that the varIOUS marufestatIons of clImate forcrng have
combrned srnce about 1978 (posItive PacIfIc Decadal OSCIllation [PDO]) to make the
ocean more produchve offshore CharactenstIcs of the offshore ocean rnclude more
upwellrng of deep nutnents and a mIxed surface layer that IS shallower and more
productive These same clImatic condItions are proposed to have made the Inshore
areas of the GOA less produchve Dunng the posItive PDO, greater freshwater
supply (preCIpItation on the ocean and terrestnal runoff) results m greater-than
ophmal nearshore strahfIcatIon Also, durrng the posItive PDO, greater wrnds
cannot overcome the strahfIcatIon dunng the growrng season, but do mlubit the
relaxation of downwelhng Therefore, fewer nutrIents are supphed to the Inshore
regune from the annual run up of deep water onto the shelf Durrng a negative
PDO, the OpposIte pattern rn bIOlOgical response results from a colder, less wrndy,
and drIer marIhme chmate

4 3 7 Incremental Degradation HypotheSIS

Marrne enVIronments around urbarnzed areas (such as Los Angeles, Puget
Sound, Boston Harbor, San FranCISCO Bay, and New York BIght) and watershed
systems (ColumbIa RIver Basrn and San JoaqUIn RIver) have illghly altered
ecosystems that contarn rnvasive exotic speCIes, mdIviduals Imparred by
contamInation, and fIsh populations that have been illghly altered by the combrned
effects of vanous human alterations Although much of tills degradation took
place before pohcres for a sustarnable natural enVIronment were rn place, It appears
that tills degradation occurred through a long perIod of hme and as a result of the
combrned Impacts of many dIfferent human actiVIties To thIS day, no regional
programs track the combmed Impacts of all human actiVIties

Production at the base of the food web, prImarY
produchvlty,IS strongly mfluenced by phySIcal
forces, and ulhmately determInes ecosystem
produchVlty However, the abundance of any

partIcular population Wlthm the food web depends on three thmgs ImmedIate
food supply (prey), removals (mortahty), and habItat
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Figure 4.2a Schematic of proposed fluctuating inshore and offshore production regimes in the GOA showing relative changes: (a) in the
physical processes during a positive PDO (strong wintertime low pressure), (b) the biological consequences of conditions in "a," (c) the physical
changes in a negative PDO (weak wintertime low pressure) and (d) the biological consequences of conditions in "c."
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Figure 4.2b Schematic of proposed fluctuating inshore and offshore production regimes in the GOA showing relative changes: (a) in the
physical processes during a positive PDO (strong wintertime low pressure), (b) the biological consequences of conditions in "a," (c) the physical
changes in a negative PDO (weak wintertime low pressure) and (d) the biological consequences of conditions in "c."



Figure 4.2c Schematic of proposed fluctuating inshore and offshore production regimes in the GOA showing relative changes: (a) in the
physical processes during a positive PD~ (strong wintertime low pressure), (b) the biological consequences of conditions in "a," (c) the physical
changes in a negative PD~ (weak wintertime low pressure) and (d) the biological consequences of conditions in "c."



Figure 4.2d Schematic of proposed fluctuating inshore and offshore production regimes in the GOA showing relative changes: (a) in the
physical processes during a positive PDO (strong wintertime low pressure), (b) the biological consequences of conditions in "a," (c) the physical
changes in a negative PDO (weak wintertime low pressure) and (d) the biological consequences of conditions in "c."
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All arumals and plants m the oceans ultImately rely on energy from the sun or,
m some specIal cases, on cheffilcal energy from Wlthm the earth The amount of
solar energy converted to hvmg matenal determlnes the level of ecosystem
produchon (total amount of hvmg matenal and at what rate It IS produced) As a
rule of thumb, populatlOns of mdlvldual specIes (such as salmon, hernng and
harbor seals) cannot exceed about 10% of the blOmass of then prey populahons
(about the average converSlOn of prey to predator blOmass) Therefore, the amount
of energy that gets mcorporated mto hvmg matenal and the processes that dehver
tills matenal 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 merease through
growth and reproduct1on of mdlvldual members At the same tIme, there are
factors that lead to decreases m populahons, loss of smtable habItat, decreases m
growth, reproduchon and lffiffilgrahon, and mcreases m the rate of removal (death
and effilgratlOn) of mmvlduals from the populahon As a result, the combmed
effects of natural forces and human achVlhes that determlne food supply (bottom
up forces), habItat (bottom-up and top-down forces), and removals (top-down
forces) determlne the SIZe of arumal populahons by controllmg reproduchon,
growth, and death

4 4 1 PhySical Forcmg and Primary Production

The vast maJonty of the energy that supports ecosystems m the GOA comes
from capture, or flxahon, of solar energy m the surface waters How much of tms
energy IS captured by plants m the ocean's surface layer and watersheds and
passed on ultImately determlnes how much blOmass and productlOn occur at all
levels m the ecosystem Capture of solar energy by plants m the oceans and
watersheds and the converSlOn of solar energy to hvmg hssue (pnmary
produchon) depends on several mterachng forces and condlhons 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 lffiportant aspects of ecolOgIcal change m
the GOA The process of captunng solar energy IS explamed below

FIrst, m the ocean, prlffiary produchon occurs only m the relahvely shallow ht
phohc zone (a few hundred feet) In watersheds, cloud cover and shadmg playa
larger role m vanablhty of produchvlty Second, plants that flx tills energy, by
usmg It to make slffiple sugars out of carbon dlOXlde and water, depend on
nutrIents wmch 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, wmch causes layenng
of the water masses A conhnuous supply of nutnents to the surface waters IS
necessary to mamtam plant product1on LIkeWIse, terrestnal plants depend on
nutrIents carrIed from the ocean by anadromous ush Because the deep water of
the GOA IS the mam reservon of nutrIents for shallow waters, and apparently also
an lffiportant source for watersheds, the processes that bnng nutnents to the
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surface and mto the Iwatersheds are key to understandmg prImary, and, therefore,
ecosystem productIvIty Changes m nutrIent supply on tIme scales of days to
decades and spatIal scales from kIlometers to hundreds of kilometers have
Important Impacts on prImary productIon, generatmg perhaps as much as a
thousand-fold dIfference m the amount of solar energy that IS captured by the
hvmg ecosystem NutrIent supply from the deep water IS mfluenced by the
propertIes of the shallower water above (mamly because of the decreasmg densIty
of the water toward the surface) NutrIent supply IS also mfluenced by phYSICal
forces that can overcome the densIty dIfferences between deep and shallow water
namely, wmd actIng on the water surface and tIdal mIXmg For watersheds,
nutrIent supply apparently depends strongly on bIOlOgical transport of marIne
rntrogen by salmon, whIch dIe and release theIr nutrIents m freshwater, as well as
other sources (such as rntrogen fIXers)

As demonstrated m the SCIentIfIc background m Chapter 3 (Volume II), the
knowledge of nutrIent supply m the GOA, both how It occurs and how It may be
changed on multI-year and multI-decadal scales, IS very rudImentary As the
energy of the wmd and tIdes mIXes surface and deeper water, It not only brIngs
nutrIents to the surface layers, but also mIxes algae that fIX the solar energy down
and out of the photIc zone, whIch tends to decrease pnmary productIon
Therefore, other factors bemg equal, contInuous hIgh prImary productIon m the
SprIng-summer growmg season IS a balance between enough wmd and tIdal
mIXIDg to brIng new nutrIents to the surface, but not so much wmd or tIdal mIxmg
that would send algal populatIons to deep water The seasonal changes m
downwelling, solar energy, and water stratIfIcatIon that set up the annual plankton
bloom are descrIbed m SectIon 3 6, Volume II, of the SCIentIfIc background As
noted m that sectIon, however, It IS not well understood how dIfferences m
phYSICal forces from year to year and decade to decade change prImary productIon
many-fold m any partIcular place

4 4 2 Food, Habitat, and Removals

Increases m llIUIledIate food supply (prey) will translate to populatIon mcrease,
all other factors bemg equal The allocatIon of energy m each mdiVIdualIS key to
growth of the populatIon It belongs to Food supply IS converted mto populatIon
bIOmass through growth and reproductIon of mdIviduals m specIfIc favorable
habItats Therefore, factors m the habItat such as water temperature, dIstrIbutIon of
prey, and contamInants that can mfluence the allocatIon of food energy to the
follOWIng actIVItIes will mfluence the populatIon SIZe chasmg and captunng prey,
mamtammg body temperature (for homeotherms and other physIOlogical
processes), growth, and reproductIon

Removals are all the processes that result m loss of mdividuals from the
populatIon, or mortahty These processes mclude death from contamInatIon,
human harvest, predatIOn, dISease, and competItIon For example, harvest of a
large proportIon of the largest and most fecund fISh m a populatIon will soon
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decrease the populanon, as WIll a vrrulent VlIUS or the appearance of a voraCIOUS
predator m large numbers

Also mcluded under the category of removals IS any factor that neganvely
affects growth or reproducnve rate of mdividuals, because such factors can
decrease populanon SIZe Contammants are consIdered potennal removals because
of the followmg possIble effects

• Causmg damage that makes energy unlIZanon less effICIent and reqUITes
energy for reparrs,

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

•

•

Damagmg lillillune systems that make dIsease more lIkely, and

OutrIght killmg of orgarusms at hIgh concentratIOns

HabItats m marme and freshwater enVIronments are ulnmately controlled by
temperature and sahruty, as modIfIed by many other bIOlOgical, phYSICal and
cheilllcal factors BaSIC phySIOlOgical functIons such as respIranon and ass1ill11anon
of nutrIents from food occur only Withm certaIn boundarIes of temperature and
salmIty As stated m Secnon 4 3, a number of hypotheses on the OrIgtns of long
term change relate the abundance of certam aquanc speCIes to theIr phySIOlOgical
performance m dIfferent temperatures For example, changes m dommance of cod
hke fIshes and crustaceans m eastern Canada around 1990 and m the northern
GOA around 1978 were explamed as posinve responses of gadids to mcreasmgly
warm temperatures Usmg the same reasorung, the ascendancy of crustaceans such
as shrImp m the GOA m the 1950s and 1960s, and m eastern Canada durmg the
1990s, have been attrIbuted to coolmg water temperatures

On the basIS of the fIrst prmcipies of phySICS, cheilllStry, and bIOlogy,
temperature and sahruty must be agents of change m bIOlOgical resources through
effects relanng to phYSIOlOgical £unct1ons m mdividual plants and anImals Effects
on mdIviduals add to the combmed effects of freshwater mput, wmds, and
temperature on ecolOgical processes

The precedmg ecolOgical concepts can be
apphed drrectly to the GOA ecosystem to show

how the system and Its plant and anImal populanons are controlled Takmg the
watersheds and marme areas of the GOA at a smgle glance, the Importance of key
geolOgical features m shapmg the natural phySIcal and bIOlOgical forces that control
productIvIty IS apparent (FIgure 4 3) Note that features Illustrated m FIgure 4 3 are
pnnted m bold m the followmg text Natural forces are shaped by the surface
topography of the Gulf Storm tracks movmg across the North Pacmc from west to
east can drIve Aleuhan Low Pressure (ALP) systems deep mto the GOA untll the

4 5 Prmclpal Ecological 4 5 1 From Watersheds to
the central Gulf

Concepts by Habitat
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mteracbons, natural phYSICal forces that cause changes m pnmary productIvity do
not necessarily cause proportIonal changes m populatIons of buds, fIsh, mammals,
and benthIc amrnals For example, the effects of physIcal forces on the amount of
food available from prImary productiVIty are modIfIed through other natural
forces, such as predatIon and competItIon among mdividuals, collectively known
as the tropluc lInkages PopulatIons that respond strongly to phYSICal forcmg of
pnmary productIVIty on approxImately the same tIme scales are termed"strongly
coupled," and those that exhIbIt varIable responses are termed "weakly coupled"
WIth respect to those phySIcal vanables Note that phySIcal forcmg changes not
only the food available from prImary productIVIty, but also the extent of habItats
avaIlable for reproductIon and feedmg (FIgure 4 3)

Human actIons also serve to change the ways m whIch populatIOns of plants
and amrnals respond to the natural phYSICal forces that affect the responses of
reproductIon, growth, and survIval through lImItIng food and habItat Human
actIons such as water WIthdrawals, sewage dIscharge, and development of coastal
commumtIes change productIVIty by altenng habItat avaIlabIlIty and trophIc
lInkages FlShmg and other harvestIng actIvItIes (SubsIstence, sport, commerCIal)
affect death rates through removals Other forms of human action are more subtle,
but no less effectIve, controls on productIVIty RecreatIon and tOUrism may alter
growth and reproductIon by disturbmg rookenes and mtroducmg pollutants
CommerCIal manne transport may alter productiVIty by mtroducmg pollutants 011
spIlls) and nOXIOUS specIes as competItors and predators (FIgure 4 3)

In summary, the GOA and ItS watersheds are part of a larger oceamc ecosystem
m whIch natural phYSICal forces such as currents, upwellmg, downwellmg,
preCIpItation and runoff, actIng over large and small dIstances, play Important roles
m deternunmg basIC bIOlOgical productIVIty Natural phYSIcal forces respond
pnmarily to seasonal shIfts m the weather, and m partIcular to long-term changes
m the mtensity and locatIon of the ALP system m wmter Increased upwellmg
offshore appears to mcrease mputs of nutnents to surface waters, whIch mcreases
productIVIty 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 predation, mIgratIon, currents and
structure of the fronts, formation and stabIlIty of eddIes, degree and extent of
turbulence, and responses of plankton to short and long-term changes m
temperature and sahmty

A WIde range of human Impacts mteracts WIth natural bIOlOgical and phYSICal
forces to change productiVIty and cornmumty structure m the GOA Human
actIVItIes have the most drrect and ObVIOUS Impacts at those SItes m watersheds and
mterhdal areas where human populatIons are hIgh Nonetheless, some human
actiVItIes affect populatIons of buds, fIsh, shellfJ.sh, and mammals far offshore, and
also have Impacts far from the SItes of the acbons In short, human actiVItIes and
natural forces together act over global to local scales to dnve and shape marme and
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terrestrialltfe m the GOA and Its trIbutary watersheds Natural forces and human
illlpacts, as exemplIfIed by heat and salt dIstnbubon, msolatlOn, bIOlogIcal energy
flow, bIOgeochemIcal cyclmg and food web structure, fIshery removals, pollutant
mputs, and the relahonshIps among them over bIDe defme the state of the manne
ecosystem Natural forces and human illlpacts brmg about changes m populabons
of bIrds, fIsh, shellfIsh, and mammals by altenng the relahonshIps among these
state varIables that defIne the marme ecosystem

4 5 2 TrophiC Structure

The prmClpal trophIc groups of the northern GOA are represented by the
analysIS of Okey and Pauly for PWS (Okey and Pauly 1998b) The upper trophIc
levels (35+) are dommated by large vertebrates, mcludmg toothed whales, harbor
seals and sea hons, seabIrds, sharks, and fIsh speCIes that are large as adults
(Table 41) Prilllary consumers on trophIc levels between 1 (pnmary producers)
and 3 (ternary) mclude JellyfIsh, zooplankters (mcludmg 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
produchon per bIOmass (P/B), the dommant speCIes groups are clearly the
phytoplankton, followed by the herbIvorous zooplankton In tenns of food
consumphon per bIOmass (Q/B), mvertebrate-eabng bIrds top the hst, 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 «3 5)
are extremely illlportant to detecbng and understandmg change m valued marme-
related resources

Table 4 1 Representative TrophiC Groups of the Northern GOA 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 4 000 0220 3030

Adult salmon 417 1034 6476 13 000

Pacific cod 414 0300 1200 4000

Arrowtooth flounder Juvenile 4 01 0855 0220 3 030

AVian predators 389 0002 5000 36500

Seabirds 378 0011 7800 150 60
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( Table 4 1 Representative Trophic Groups of the Northern GOA Arranged In

~) Descending Order by Trophic Level

Group name Trophic Biomass P/B Q/B
Level (t km 2 year 1) (yr 1) (yr 1)

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 10 900

Salmon fry 0-12 cm 351 0072 7154 62800

Nearshore demersal fish (greenling
335 4200 1 000 4240

and sculpin)

SqUid 326 3 000 3 000 15 000

Eulachon 325 0371 2 000 18 000

Sea otters 323 0045 0130 117 000

Deep eplbenthos 316 30 000 3 000 10 000

Capelln 311 0367 3500 18 000

Adult hemng 310 2810 0540 18 000

Pollock age a 307 0110 2340 16180

Shallow large eplbenthos 307 3100 2100 10 000

Invertebrate eating bird 3 07 0005 0200 450 500

Sandlance 3 06 0595 2 000 18 000
) Juvenile hemng 3 03 13406 0729 18 000

,

Jellies 296 6390 8820 29410

Deep small Infauna 225 49400 3 000 23 000

Near omnl-zooplankton 225 0103 7900 26333

Omnl-zooplankton 225 24635 11060 22130

Shallow small Infauna 218 51500 3800 23 000

Melofauna 211 4475 4500 22500

Deep large Infauna 210 28350 0600 23 000

Shallow small eplbenthos 2 05 26100 2300 10 000

Shallow large Infauna (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 100 5326 190 000 0000

Offshore phytoplankton 100 10672 190 000 0000

Macroalgae/eelgras 100 125250 5 000 0000

Inshore detntus 100 3 000

Offshore detntus 100 4500

Notes Bold values were calculated by the Ecopath software

P/B IS production per biomass Q/B IS food consumption per biomass

) Source Table 74 (Okey and Pauly 1998a)
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4 5 2 Watersheds

Watersheds are lmked by geocherrucal cycles and cornmon clImatIc forcmg to
the marme ecosystem Input of terrestrIal carbon contrIbutes to the carbon budget
of the oceans LIkeWISe, marme contnbutIons of nutrIents appear to be lIDportant
to growth of aquatIc and terrestrIal plants m watersheds

4.52.1 PhYSical Forcmg and Primary Production
Pnmary natural forces are preCIpItatIon and InsolatIon Watersheds depend on

lIDpOrt of marme nutrIents by anadromous fIsh and other anlIDals Therefore,
mamtenance of healthy salmon runs and populatIons of terrestrIal anlIDals that
feed m the nearshore marme enVITonment IS key to healthy watershed ecosystems
Woody debns and vegetatlon from land are also lIDported to the marme
envrronment, provIdmg a carbon source and habItat for some speCIes The
cornmon effects of clImate also lmk these two systems Fresh water from coastal
watersheds contrIbutes huge amounts of fresh water to the GOA and makes
pOSSIble the ACC-the smgle most dommant and mtegratlng feature of the phYSICal
envrronment on the contlnental shelf

4.52.2 Food, Habitat and Removals of Valued Species
Human actIvItles m the watersheds that remove natural vegetatIon can result m

SOll erOSIOn and ItS attendant effects on stream and coastal marme lIfe Fresh water
can carry contammants to the marme enVITonment Sources of these contammants
can be of local ongm-sewage and septIc wastes, mdustrIal and military wastes,
motor vehIcles, and Oll from spills-or lIDported from dIstant sources and carrIed
across the PacIfIc Ocean by atmosphenc processes

4 5 3 Intertidal and Subtidal

The mtemdal and subtIdal-or nearshore-area IS techrucally a part of the ACC
reglIDe m most places (the next habItat to be conSIdered), except arguably m some
embayments, such as the fjord systems m northern PWS But, because of the
lIDportance and vulnerabIlIty of the mtemdal and shallow subtldal areas and the
dependence of so many valued speCIes on nearshore habItat, It IS treated here
separately from the ACC

453.1 PhYSical Forcmg and Primary Production
The productlvIty of mterhdal and subtIdal marme cornmurutles depends on

both fIxed algae and some other vascular plants m shallow water, as well as free
floatlng phytoplankton NutrIent supply to fIxed plants IS not well characterIZed,
but presumably IS controlled by oceanographIc processes and seasonal cycles of
water turnover on the mner shelf as well as some contrIbutIons from stream runoff
ThIs process of nutrIent supply IS essentlally the same as for nearshore
phytoplankton Ultlmately, as mentloned m Sectlon 3 5, Volume II, the run up of
deepwater from the central GOA onto the shelf and some poorly characterIZed
processes for cross-shelf transport of the nutrIents are cntIcal to growth of both
fIxed and floatlng nearshore algae The nearshore waters can be depleted of

•
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nutrIents durmg the growmg season If the warm surface layers where pnrnary
productivIty IS drawmg down nutrIents IS not mIxed wIth deeper waters by wmd
and tidal action Wlthm-season varIabilIty m prImary production, therefore,
appears to depend on the prevIOUS late summer run up of deepwater onto the

\shelf, some poorly descrIbed cross-shelf transport processes, and Wlthm-growmg
season wmd and tIdalmIxmg

Cloud cover also IS lIkely to be very lIDportant m regulatmg the amount of solar
energy reachmg the ocean surface Nearshore turbulence, whIch IS the result of the
prevaIlmg clImate and tidal action, promotes the growth of algae and
phytoplankton These plants are the food supplIes for fIlter-feedmg molluscs, such
as clams and mussels, that are lIDportant sources of food for a vanety of nearshore
anIIDals, such as sea otters and sea ducks ClImate also dIrectly affects mterhdal
and subtidal anIIDals through changes of temperature, water salmIty, and Ice
formation Ice formation IS an lIDportant source of mortalIty and reduced growth
of mterhdal algae and some anIIDal populations m some SItuations It IS suspected
that bottom-up forcmg through varIability of prlIDary production IS an lIDpOrtant
mfluence on mterhdal mvertebrate commurutIes on the scale of decades, but there
are no long-term data sets to examme thIs SuppOSItion If wave action IS too
mtense, It can lImIt population growth, for example, waves durmg storms often
throw large amounts of hemng eggs (embryos) onto the beach where they dIe

In addItion to these natural factors, human actiVIties m the mterhdal and
subtidal area, and human aCCIdental releases of tOXIC materIals have the potential to
affect nearshore prImary productIon At the present tIme, It appears that the
mfluences of natural forces on basm and regIOnal scales m nearshore ecosystem
productiVIty are overwhelmIng and that human mfluences are neglIgible, except m
local areas (such as harbor contamInation)

4.5.3.2 Food, Habitat and Removals of ValuedSpecies
A large number of mtertIdal and subtidal anIIDal populatIons respond to both

bottom-up and top-down natural forcmg as well as to human actiVIties Bottom-up
forcmg appears to have more documented effects on such populatiOns as hemng,
pollock, shnrnp, crab, salmon, and seabIrds than have been documented for
mfaunal and attached mterhdal arumals There are good examples of population
controls by removals (top-down mfluences) and many of these relationshIps, such
as that between sea urchIns and sea otters, are CIted m Section 3 7, Volume II
DISease pOSSIbly mfluences some populations, such as VIral Hemorrhagzc SeptIcemza
VIrUS effects on PacIfIc hemng m PWS

The mterhdal and subtidal benthos IS partIcularly vulnerable to human use
through harvestmg of vanous mvertebrates, tramplIng, dIscharge of contamInants,
road and home construction, and soil erOSIOn At the present tIme, lIDpacts of such
actIVIties appear to be localIZed because of the dIspersed nature of human actIVIties
along the vast coastlme of the northern GOA The nearshore sentmel populations
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may need to be momtored more closely, however, as Alaska's populahon and use
of the nearshore zone expands m the future

454 Alaska Coastal Current

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 kIlometers onto the conhnental
shelf The mshore boundary of tlus current system 18 not precIsely defmed m thIs
subsectIOn because the nearshore aspects of the ecosystem have been covered
above

45.4 1 PhySical Forcmg and Primary Production
Because the ACC IS a buoyant,low-sallllity, eastern, boundary current fed

essenhaliy by a lme-source of fresh water along the length of the Alaska coastlme, It
offers a umque opportunIty to study basm-scale phySIcal forcmg of bIOlOgIcal
produchon Although one charactenshc 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 the aforemenhoned wmd mlXmg, and IS very
sIgmf1cant A promIsmg model developed by Eslmger et al (2001) IS capable of
trackmg the m-season vanability of plankton produchon based on the phYSICal
charactenshcs of the water column and the wmd fIeld The extent to whIch
patterns of seasonal wmd mIXIng are the major contrIbutors to longer-term
varlablhty m pnmary produchvlty IS not clear TIdal ffilXmg hkely contrIbutes to
vanablhty, as do other potenhal mechamsms that transport deep-water nutrIents
mto shallow waters, for example, late-summer relaxahon of onshore Ekman
transport and up-canyon currents

Annual varIability of nutrIent supply hkely has a great mfluence on long-term
varrablhty m pnrnary produchon For example, tlus mfluence would be consIstent
WIth the relatIOnshIp between the Bakun upwellmg mdex and pmk salmon marme
SurVIval rates up to 1990 (see Semon 36, Volume II) and the dIfferences observed
between the volumes of settled plankton m the 1980s and m the 1990s (Brown
unpubhshed)

Another phySIcal phenomenon that apparently affects bIOlOgIcal produchon m
the water column IS eddIes EddIes have been documented m Shehkof StraIt, for
example, and greatly mfluence retenhon of larval pollock m a favorable
enVIronment (Bogard et al 1994, BaIley et al 1997) Beyond theIr study m the Foa
program, not much IS known generally about eddIes m the ACC and theIr
bIOlOgIcal mfluences There are also eddIes m Kachemak Bay, some of whIch are
strahfIed at the surface by freshwater mputs that may slITlllarly benefIt pelagIC
speCIes there and off Kayak Island, southeast of PWS The southerly and easterly
wmds that predommate durmg most of the year dnve offshore water Inshore (VIa
Ekman transport), carrymg offshore planktomc orgamsrns close to shore and
provldmg potenhal sources of food for nearshore orgamsrns, such as Juvemle pmk
salmon
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Fmally, the outer edge of the ACC often forms a front WIth the water masses
seaward of It TIns front IS characterIZed by strong convergence of offshore and
InShore water masses and sIgruhcant downward water velocItIes It appears at
tImes to concentrate plankton, nekton, fISh, and bIrds, and IS probably an Important
sIte for trophIc mteractIOns

45.4.2 Food, Habitat and Removals of Valued Species
Many of the types of natural and human actIVItIes that affect the nearshore

speCIes apply also to the ACC TIns sImIlarIty IS due m part to the fact that many
speCIes cross between the nearshore enVIronment and deeper waters Bottom-up
forcmg appears to be of great Importance, because areas of the ACC wIth hIgh
levels of chlorophyll a durmg the growmg season and VIgorous vertIcal nuxmg,
such as Lower Cook Inlet, also support large populatIons of fISh, seabIrds and
marme mammals The ACC IS the mam domam of the GOA for the productIve
fIshenes for both pelagiC and benthIc speCIes Consequently, human actIVItIes are
potentIally a qUIte large aspect of removals Other pOSSIble human Impacts mclude
contammants and long-term global warmmg

4 5 5 Offshore Alaska Current and the SubarctiC Gyre

4.5.5.1 PhySical Forcing and PrImary Production
In the offshore areas of the Alaska Current and the subarctIc gyre, forcmg by

wmds assocIated With the ALP system has a profound effect on productIon and
shoreward transport of plankton ProductIon and shoreward transport of plankton
are determmed by the followmg

• Upwellmg at the center of the subarctIc gyre,

• Depth of the nuxed layer (freshwater and solar energy mput set up the
nuxed surface layer where prImary productIon 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

• FormatIon of eddIes along the shelf break that may mcubate plankton m a
favorable enVIronment for productIon and be mechanIsms of exchange
between offshore and shelf water masses IndIVIdual eddIes may perSISt for
months and are therefore potentIally Important m anyone growmg season

The contrasts m bIOlOgical productIon and shoreward transport of plankton
between mtense and relaxed ALP condItIons m the Alaska Current region and the
subarctIc gyre are profound In penods WIth more negatIve atmosphenc pressure
that IS keyed by the northeastern movement of the ALP mto the GOA m wmter, the
followmg mterrelated phySIcal changes are observed

• AcceleratIon of the cyclomc motIon of the Alaska Current and subarctIc
gyre,
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•

•

•

Increased upwellmg m the mIddle of the subarctIc gyre (and possIbly along
the conhnental shelf),

Entrainment of more of the west wmd drIft (southerly porhon of the
subarctIc gyre) northward mto the GOA, rather than mto the Cahforrua
Current system,

Warmer surface-water temperatures and mcreased preCIpItatIon and fresh
water runoff from land,

•

•

•

Freshemng of the surface layer,

Increased wmds and Ekman transport, and

Increased onshore downwellmg

These phenomena are thought to cause the followmg bIolOgical changes

•

•

•

•

The result of the shallower mIXed surface layer IS that the sprmg plankton
productIon IS 1Jkely hIgher (remember that nutrIents may not be 11lTI1hng m
the subarctIc gyre),

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

More food IS available for the fIsh that feed on plankton and nekton, such
as salmon, and

Salmon populatIons track mean atmospheflc pressure for the wmterhme
sea surface on scales of decades

238

In addItIon to the multI-decadal OSCIllatIons of atmosphenc pressure, chmate
changes mamfested m the northern GOA also mclude peflodic EI Nmos and the
long-term WarmIng of the oceans EI Nmos have been associated WIth successful
recrmtment of a senes of groundfIsh speCIes, such as pollock, as well as some dIe
off of seabIrds Because the EI Nmo phenomenon appears to be mamfested solely
m warmmg of the upper 200 m of the ocean, Its bIolOgical effects are probably
mediated through water strahfIcatIon and Its relatIonshIp to pnmary productIon
and growth of larval fIsh

4.5.52 Food, Habitat and Removals of Valued Species
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 OflgInahng further offshore, m SItu
productIon, or both, prOVIde a flch resource for a vanety of orgamsms and theIr
predators It IS not clear that Juvemle salmon feed m thIs regnne, but adults of all
speCIes certamly do Other promment orgamsms mclude sablef1sh, myctophIds
(lantern fIsh), sea hons, some seabIrds, and whales Well-developed benthIc
commumtIes eXIst on the outer shelf, shelf break, and conhnental slope, mc1udmg
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commercIally exploIted populahons of shrImp, crab, cod, halIbut, and pollock
Some fIshIng achVlhes, such as bottom trawlIng, have the potenhal to do habItat
damage and possIbly hmIt populahons of anImals assocIated WIth the sea bottom
Issues assocIated WIth the balance between produchon and removals of
commerCIally Important specIes are of the utmost SOCIetal Importance m Alaska
and further ecolOgical mformahon, modelIng, and synthesIs centered on the Alaska
Current regIme IS necessary

In general, regional dIfferences m populahons
of fIshes, bIrds, and marme mammals m the
northern GOA are well known, but the underlymg
mterachng ecolOgical factors that give rIse to these
dIfferences are not as well understood In thIs
sechon, some of the observed regional dIfferences
and some potenhal reasons underlymg them are

advanced These explanahons of regional dIfferences are based on mcomplete or
pIecemeal eVIdence, but thIs speculahon IS Important because It may lead to further
study and analYSIS and to new understandmg Comparahve analysIS of mterachng
factors m several regions may better clarIfy the role of VarIOUS geographIc features,
phySIcal forcmg, and bIolOgical consequences m the northern GOA, as was
emphasIZed m relahon to seabIrds (Sechon 39, Volume II) Because there IS so
much homogeneIty m the ACC m partIcular, what happens m PWS, along the
Kenai Penmsula, m outer and mIddle Cook Inlet, and m the Shehkof Strait may
well represent four dIfferent fIeld experIments m the same body of water

One of the most promment regional contrasts IS the dIfferent levels of
ecosystem produchvity apparent m lower Cook Inlet and PWS It IS relahvely clear
from satellite measurements of surface-water chlorophyll a and the large
populahons of forage fIShes, seabIrds, and marme mammals that occur there that
the Lower Cook Inlet area IS extremely produchve m the summer growmg season
relahve to PWS SatellIte data for the sea surface temperatures mdicate that cold
deep water, whIch IS presumably also rIch m plant nutrIents, IS on the surface
whenever Images are avaIlable, m satellite Images taken at the same hIDes, PWS
appears to have warmer surface water The strong ffi1Xillg that brmgs deeper water
to the surface m thIs area IS probably largely hdal m nature VIgorous ffilXmg IS
encouraged by

• The local geography and oceanography, such as the large hde range,

• The large volume of water that IS exchanged WIth each hdal cycle, and

• The narrow entrances to outer Cook Inlet relahve to the area of Cook Inlet

Another regional dIfference on a somewhat smaller scale occurs WIthIn Cook
Inlet Itself In Cook Inlet, studIes of forage fIsh abundance and seabIrd populahons
at Gull Island on the eastern SIde and ChIsIk Island on the western SIde prOVIde an

1 mtereshng contrast that strongly suggests phYSIcal forcmg on seabIrd populahons
J

J'
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At Gull Island, populations of all major seabIrds have been IncreasIng durIng the
last 20 years, and at ChISIk Island the OpposIte trend has occurred Tlus dIfference
appears to be caused by marrne-rnfluenced conditions near Gull Island where the
food web probably has much greater access to deep-water nutrient sources At
ClusIk Island, however, the system IS strongly rnfluenced by nutrIent-poor, silty
freshwater runoff from the major glaCIal nvers of northern Cook Inlet, and only
meager populations of forage fIsh eXIst WIthrn the range of most speCIes It appears
that WIth a warmer c1lffiate and more runoff, the dynamIC balance between fresher
water comrng down the western SIde of Cook Inlet and salner offshore water
enterIng Stevenson and Kennedy entrances has been slufted to make ClusIk Island
less productive and Gull Island more produchve EddIes, whIch have been known
to eXISt for some time near Gull Island In Kachemak Bay, have recently been shown
to provIde a less-dense surface lens In whIch forage fIsh favorable to seabIrds
reSIde

Another example of regIOnal dIfferences In geography and phYSIcal forCIng
shapIng lffiportant dIfferences In ecolOgical production IS the eddy system In
ShelIkof Strait As mentioned above, tlus system has been extensIvely explored and
modeled durrng the FOCI program Tlus eddy system retaInS larval pollock In
relatively favorable condItiOns for growth and allows them to eventually contrIbute
to the lffiportant pollock fIShery In the northern Gulf

The Trustee Council's SEA program, hatchery production records, and other
studIes, such as those carned out on kittIwake reproduction, have demonstrated
lffiportant subregional ecolOgical dIfferences between northern and southern PWS
as well as eastern and western PWS

The pattern of some dIfferences may have changed on a decadal scale The
follOWIng regional dIfferences are apparent In PWS

• ReSIdence hme of water In dIfferent portions of PWS, WIth longer reSIdence
tlffie In the northern porhons of the sound that have more restrIcted water
CIrculation,

• Degree of IncurSIon of the ACC Into the sound, whIch appears to vary
annually,

• GlaCIal runoff, whIch IS greater In the north and east, and

• Extent of subtidal habItat, whIch IS greater In the eastern porhons of PWS

4 7 Central Hypothesis
and Questions by 4 7 1 Central HypotheSIS
Habitat Type

Natural forces and human acttvtttes worktng over global to local
scales bnng about short term and long lasttng changes tn the

(

\
)

~I
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btologtcal communtttes that support btrds, fish, shellftsh and
mammals Natural forces and human acttvtttes brtng about change
by altertng relattonshtps among defintng charactertsttcs ofhabttats
and ecosystems such as heat and salt dtstrtbutton, msolatton,
btologtcal energy flow, freshwater flow, btogeochemtcal cycles,
food web structure, fishery tmpacts, and pollutant levels

The central hypothesIs states WIdely held behefs about what dnves changes m
hvmg manne-related resources m tlme and space SpecrfIc mechamsms that cause
change are largely untested However, current speculabons, supported by hmIted
observabons, are that forcmg by wmds, preClpItabon, predabon, currents, natural
compebtors for food and habItat, fIsherIes, and pollutants change hvrng marme
related resources over dIfferent scales of tlme and space through alterabon of
crIbcal propertIes of habItats and ecosystems (FIgures 4 4 and 4 5)

Natural
forCing
factors

Human
uses &

Impacts

The manne ecosystem In the northern Gulf of Alaska depends on the nature of
connections between heat and salt dlstnbutlon insolation energy flow
biogeochemical cycling and food web structure Natural and human activIties
bring about changes In the populations of birds shellfish and mammals by
altenng these connections

Figure 4 4 Relations among major parts of the GEM conceptual foundation

•
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nrtrate sIlicate
phosphorous Iron

other nutnents

Figure 4 5 Possible connecbons among specific mechanisms and agents of change In liVing
manne-related resources

Havmg an appreciation for the scales of tIme and space over wluch the
processes responsIble for bIological production occur IS essential for desIgmng
momtormg and research mtended to detect and understand changes m the
ecosystem (FIgure 4 6) 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 m the bIOlOgical and phySIcal phenomena .As stated eloquently
by RIcklefs (1990) (p 169), "Every phenomenon, regardless of Its scale m space and
tIme, mcludes £mer scale processes and patterns and IS embedded m a matrIx of
processes and patterns havmg larger dImensIOns" Indeed, spatial and temporal
scales are part of the deflllitIons of phYSICal and bIOlOgical processes such as
advection and growth Takmg account of spatial and temporal scales IS cntIcal to
studymg lmkages between natural forces and bIOlOgical responses (FranCIS et al
1998)

The central hypotheSIS IS easily converted mto a central question deSIgned to
explore the means by wluch natural forces and human actiVIties drIve bIOlOgical
responses over dIfferent scales of tIme and space

What are the relahve roles ofnatural forces and human achvthes,
as dtstant and local factors, tn caustng short-term and long-Iashng
changes tn the btOlogtcal commumhes that support btrds, ftsh,
shellfish, and mammals tn the four key habttats of the GOA?

~,.------------
The followmg four habItat types, as formally defmed m Chapter 3, Volume I,

prOVIde pomts of reference for studymg the relations among speCIes m spatially
and ecolOgically separated habItats The mtent IS to Implement momtormg that
can, m the long term, help understand the relatIonslups between prodUctIVIty or
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Figure 4 6 Scales of time and space corresponding to key elements and processes In ecosystems
of the GOA illustration proVided by John Platt

commuruty structure of a habItat and the other three habItats Thus, the central
questIon can be specIfIcally targeted to each of the habItats

Watershed (see SectIon 3 2, Volume I)

What are the relattve roles ofnatural forces (such as cltmate) and
human acttvtttes (such as habttat degradatton and ftshtng) as
dtstant and local factors, tn caustng short-term and long-Iasttng
changes tn manne-related btologtcal productton tn watersheds?

IntertIdal and Subhdal (see SectIon 33, Volume I)

What are the relattve roles ofnatural forces (such as currents and
predatton) and human acttvtttes (such as small-scale development
and tncreased urbamzatton) as dtstant and local factors, tn caustng
short-term and long-Iasttng changes tn commumty structure and
dynamtcs of the tnterttdal and subttdal habttats?

Alaska Coastal Current (see SectIon 3 4, Volume I)

What are the relattve roles ofnatural forces (such as the vanabtltty
tn the strength, structure and dynamtcs of the ACC) and human
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acttvtttes (such as ftshtng and pollutton) tn caustng local and
dtstant changes tn productton ofphytoplankton, zooplankton,
btrds, fish, and mammals?

Offshore (Outer Conhnental Shelf and Alaska Gyre) (see SectIon 35, Volume I)

What are the relattve roles ofnatural forces (such as changes tn the
strength of the Alaska Current and Alaskan Stream, mtxed layer
depth of the gyre, wtnd stress and downwelltng) and human
acttvtttes (such as pollutton) tn determtntng productton ofcarbon
and tts shoreward transport?
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5. MODELING

In Tlus Chapter

~ A survey of North PacIfIc models relevant to GEM

~ Goals and purposes of gathermg and analyzmg data wIth models

~ Use of a hIerarchIcal strategy m decision-makmg

~ Modelmg strategies and methods

Modelmg and observmg systems deSIgned to
5.1 Introduction support modelmg efforts have been estabhshed m

the GOA and North PacIfIc As a regional
morutormg 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 IdentIfIcatIon of core vanables used m these eXIstIng efforts prOVIdes an
Important contrIbutIon to developmg the GEM morutormg program

Followmg the reVIew of modelmg efforts, the background necessary to
Implement a modelmg program for GEM IS developed ThIs background mcludes
presentatIon of explanatIons and dISCUSSIon of the purposes of modelmg, a
hIerarchIcal framework for organIZIDg dIfferent types of models, optIons avaIlable
m modelmg strategies and methods, and the means of evaluatmg modelmg
proposals

5.2 Survey of Modeling 5 2 1 Modeling Strategies of
Established Programs

Tlus subsectIon prOVIdes statements
summarIZmg modelmg strategies The InformatIon IS extracted from Web SItes as
noted

GOOS (Global Ocean Observmg System)

Lmkmg user needs to measurements requIres a managed,
mteractIve flow of data and InformatIon among three essentIal
subsystems of the 1005 [Integrated Coastal Ocean Observmg
System] (1) the observmg subsystem (measurement of core
varIables and the transmISSIon of data), (2) the commurucatIons
network and data management subsystem (orgaruzmg, catalogmg,
and dlSsemmatmg data), and (3) the modelmg and applIcatIons
subsystem (translatmg data mto products m response to user
needs) Thus, the observmg system COnsIStS of the mfrastructure
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and expertIse reqUIred for each of these subsystems as well as that
needed to msure the contmued and roubne flow of data and
mformatIon among them

From "Toward a NatIonal, Cost-Effecbve Approach to PredIcbng the Future of
our Coastal EnvIronment, " a PosItIon Paper of the U S GOOS Steermg COmmIttee,
September 2000, PROLOGUE (http Ilwww-
ocean tamu edu/GOOS/publIcatIons/positIon htrnl)

PICES (North Pacuic Manne SCIence Orgamzabon)/NEMURO (North Pacuic
Ecosystem Model for UnderstandIng RegIOnal Oceanography)

Models serve to extrapolate retrospectIve and new observatIons
through space and brne, aSSISt WIth the deSIgn of observatIonal
programs, and test our understandmg of the mtegratIOn and
functIonmg of ecosystem components Clear dIfferences were
IdentIfIed m the level of advancement of the VarIOUS dISCIplInary
models Atmosphere-ocean and phySIcal CIrculatIon models are the
most advanced, to the extent that eXlstmg models are generally
useful now for CCCC [clImate change and carrymg capacIty]
obJectIves, at least on the Basm scale CIrculatIon models m
terntonal and regIOnal seas are presently more vaned m theIr level
of development, and may need some co-ordmatIon from PlCES
Lower trophIc level models are advancmg, and examples of theIr
applIcatIon coupled WIth large-scale CIrculatIon models are
begmnmg to appear There IS a need for comparIsons of specIfIc
physIOlogical models, and for grafbng of detailed IlllXed layer
models mto the general CIrculatIon models WIth upper trophIc
level models, there are several well-developed models for specIfIc
applIcatIons, but workshop partICIpants felt there were as yet no
leadmg models available for general use Wlthm the CCCC program
ThIs IS an area that needs partIcular attentIon and encouragement
fromPlCES

From http I I plces lOS bc calcccciccccitaskteamlmodelws96 htm (Perry et al
1997)

GLOBEC (GLOBal Ocean ECosystems DynamIcs)

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

1

the phySIcal model Four types of bIOlogical or bIOphYSIcal models
are recommended Lmkmg outputs from each of these models
will allow the exarnmatIon of ecosystem level questIons regardmg
top down or bottom up controls m deterrnmmg pelagic productIon
m the Bermg Sea

248 VOLUME II, CHAPTER 5



5.3 Purposes of
Modeling

(

/'

GULF ECOSYSTEM MONITORING AND RESEARCH PROGRAM

From http / / globec oce orst edu/groups/nep/reports/rep16/
rep16 bs model html)

5 2 2 Core Variables for Modeling

Table 5 1 shows spahal domams, currenCIes, mputs, and outputs for several of
the most relevant North PacIfIc models

The u1hmate goal of both gathermg data and
developmg models IS to mcrease understandmg
PIckett et al (1994) ([pace 2001] p 69) defIne thIs
goal, m the realm of SCIence, as "an obJechvely

determmed, empmcal match between some set of confrrmable, observable
phenomena m the natural world and a conceptual construct "

A model-PIckett's"conceptual construct" -IS useful If It helps people
represent, examme, and use hypothehcal relahonshIps Data - PIckett's
"confrrmable, observable phenomena m the natural world" - can be analyzed WIth
stahshcal tools such as the followmg Analyses of the VarIance (ANOVAs),
regressIOns, and classIfIcahon and regreSSIon trees (CARTs)

• Mathemahcal tools such as FourIer transforms or dIfferenhal equahons,
and

• QualItahve models such as engmeermg "free body" dIagrams, network
dIagrams, or loop models

Fundamental goals of stahshcal or mathemahcal analyses are to develop
correlahve, and perhaps even causal, relahonshIps and an understandmg of
patterns and trends In partIcu1ar, there IS a need to dIshngmsh between random
varIability, 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 Improve our
conceptual and analyhcal models of the world, and the goal of developmg models
18 to represent and examme hypothehcal relahonshIps that can be tested wIth data

One of the most useful apphcahons of even relahvely sImple stahshcal and
conceptual models IS m experImental deSIgn that permIts mveshgatmg the possIble
roles of varIOUS parameters and therr mterachons, rankmg the relahve Importance
of uncertamhes that may need to be resolved (Fahng 1991, Oosterhout 1998), and
eshmahng Impacts of sample SIZe and observahonal error (Botkm et al 2000,
Carpenter et al 1994, LudWIg 1999, Merr and Fagan 2000) Stahshcal models assess
how the VarIabIhty m one or more kmds of data relates to VarIability of others To
answer the "why" and "how" questIOns, however, mechanIShc models can be used
to develop and test hypotheses about causes and effects (Gargett et al 2001)
(Mechamshc m thIs use IS mtended to descrIbe the phIlosophy of mechanISm,
especIally explammg phenomena through reference to phySIcal or bIOlOgical

) causes) For momtormg and modehng to be useful for solvmg problems, they must
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Table 5 1 Model Spatial Domains, 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)

Bering 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 dlstnbutlon of
Eastern 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
Alternative 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 Western GOA from Just From phySical model Individual larval
southwest of Kodiak Water velOCIties Wind charactenstlcs such as
Island to the Shumagin field mixed layer depth age size weight location
Islands shelf water water temperature and life stage hatch date
column to 100 m sallmty consumption respiration

Pseudocalanus field (from
NPZ model)

GLOBEC NPZ 1-D Water column (0-100 m) Irradlance MLD DlffuslVlty ammomum
and 3-D Models Coastal GOA from Dixon Temperature dlffuslvlty mtrate detntus small and

Entrance to Ummak Pass bottom depths water large phytoplankton
100 m of water column velOCIties (u v w) dinoflagellates tlntlnmds
over depths < 2000 m small coastal copepods,

5-m depth bins x 20 km neocalanus and

honzontal gnd euphausllds

nitrate and ammomum
mmollm3

all else mg carbon/m3

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 5 1 Model Spatial Domains, Currencies, Inputs, and Outputs

Model Name/

Model Region Model Spatial Domam Inputs Outputs/Currency

Shehkof NPZ Model Water column (0-100 m) Irradlance MLO Nitrogen phytoplankton
1-0 and 3-D GOA from southwest of temperature bottom Neocalanus denslbes
Versions Kodiak Island to depths, water velocities Pseudocalanus

Shumagin Islands 1-m (u v w) numbers/m 3 for each of
depth bins for 1-0 version the 13 stages {egg 6
1 m depth x 20 km for 3-D nauphar 6 copepodlte)s
version

GOA Pollock Shehkof Strait Gulf of Number of eggs to seed Number of 90-day old
Stochasbc SWitch Alaska the model Base pollock larvae through bme
Model mortahty additive and

mulbphcatlve mort
Adjustment parameters
for each mort Factor

NEMURO Ocean Station P (SOON 15 state vanables and Ecosystem fluxes are
145°W) Benng Sea parameters including tracked In Units of nitrogen
(57 SON 175OW), and 2 phytoplankton, and slhcon
Station A7 off the east of 3 zooplankton and
Hokkaldo Island, Japan mulbple nutnent groups
(41 3°N 145 3°W)

Eastern Benng Sea 500 000 km2
In EBS south Biomass, productron, Balance between produced

Shelf Model 1 of61°N consumption, and diet and consumed per area
Ecopath composltron for all major biomass (tIkm

2
) Future

species In each work Will explore energy

(
ecosystem (kcaVkm2

) and nutnent
dynamics

Eastern Benng Sea 500 000 km
2

In eastern
Shelf Model 2 Benng Sea south of 61 ON
Ecopath

Western Benng Sea 300 000 km2 on western
Shelf Ecopath Benng Sea shelf

Gulf of Alaska Shelf NPFMC management
Ecopath areas 610 620,630 and

part of 640

Aleutian Islands, Not determined
Pnbllof Islands
Ecopath

Pnnce Wilham Whole Pnnce Wilham
Sound Ecopath Sound

r
\ J
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Table 5 1 Model Spatial Domains, Currencies, Inputs, and Outputs

Model Name/
('

Model Region Model Spatial Domam Inputs Outputs/Currency

Source Table 2 m Appendix C prepared by Kerlm Aydm

Notes
BORMICON = Boreal Mlgrabon and Consumption Model
EBS = Eastern Bering Sea
GLOBEC = Global Ocean Ecosystem Dynamics
GOA = Gulf of Alaska
km = kilometer
kcal = kilo calorie
m = meter
MLD=
mmol = millimolar
MSVPA = Multlspecles Virtual Population AnalySIS
NEMURO = North PaCific Ecosystem Model for Understandmg Regional Oceanography
NPFMC = North PaCific Fisheries Management Council
NPZ = nutrient phytoplankton-zooplankton
OSCURS = Ocean Surface Current Simulations
t = metric ton
YD = days of year

contrIbute to rrnprovmg declsIOn-makmg (Botkm et al 2000, Hlibom 1997, Hollmg
1978, Hollmg and Clark 1975, Ralls and Taylor 2000)

Toward tlus end, one goal of the GEM program IS to use models premctIvely to
asSISt managers m solvmg problems It IS rrnportant that expectatIons be reahstIc,
however The mecharusms that dnve ecolOgIcal systems, parhcularly those related
to clunate and human actIVItIes, are not currently well enough understood for
predIctIons about natural systems to be rehably successful It IS not unreasonable
to expect that predIctIve 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 COmmItment to advancmg
understandmg on wmch those deCISIOn-support models will ulhmately have to be
based

PremctIon IS, however, an rrnportant goal of a modelmg program even m the
short run, because SCIence advances WIth the development and teshng of predIctIve
hypotheses MecharustIc studIes are essentIal to advanCIng understandmg, but
carrymg out these stumes reqUITes defmmg cause-effect or premcnve hypotheses,
and then testIng those predIctIons agamst subsequent data or events WIth analytIcal
models

The fundamental goal of the GEM program IS to IdentIfy and better understand
the natural and human forces that cause changes m GEM speCIes Tills research
goal has a pragInanc purpose that can only be served, m the end, by lmkmg
correlatIve and mecharustIc studIes WIth the premctIve needs of deCISIOn makers
DecISIOn-makmg, premchon, and understandmg are meVltably hnked, and r
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mamtammg that lmk can help keep a research program focused on Its ultImate
obJectIves, and help It to aVOId narrow mqurry and the dIstractIons of small
temporary problems (pace 2001)

An often-overlooked benefIt provIded by the process of developmg a model IS
that It can, and probably should, facilitate commurucatIOn among researchers,
managers, and the publIc

To summarIZe, m the GEM program, the specIfIc purposes of modelIng are as
follows

•

•

•

•

•

Inform, commurucate, and provIde common problem defImtIon,

IdentIfy key varIables and relatIonshIps,

Set pnontIes,

Improve and develop expenmental (momtonng) deSIgns, and

Improve decISIon-makIng and nsk assessment

5.4 Hierarchical
Framework

It IS cntIcal that the GEM program develop a
hIerarchIcal modelIng strategy to ensure that
short-term, smaller-scale deCISIons about
momtormg and modelIng studIes will be

consIstent WIth the conceptual foundatIon and GEM program goals Smaller-scope
research studIes to test partIcular hypotheses and develop correlatIve relatIonshIps
must fIt WIthm a larger synthesIs framework connectIng the more narrowly focused
research dISCIplInes DeductIve studIes to relate empmcal data to synthetIc
constructs are Just as Important as mductIve studIes to elucIdate general prmcIples,
and It IS Important that researchers keep straIght whether they are mvestIgatIng the
meamng of the data, gIVen the theory, or the valIdIty of the theory, gIVen the data
NeIther can be done unless modelIng, momtormg, and data management strategIes
are developed together

As descnbed m Chapter 4, Volume I, models for the purposes of the GEM
program may be verbal, VISUal, statIstIcal, or numencal StatIstIcal models are also
known as "correlatIve" and "stochastIc," and numencal models are also known as
"determIDlstIc" and "mechamstIc" Note that "predIctIon," "analysIs," and
"sImulatIon" are terms that descnbe the use of models, and not necessanly theIr
type The modelIng hIerarchy of the GEM program will prOVIde lmks between
observatIons and explanatIons, development of theory and deSIgn of expenments,
and advancement of SCIence and the practIce of management The "top" of thIs
hIerarchy, the conceptual foundatIon, IS the source of questIons and hypotheses to
be explored StatIStIcal, analytIcal, and SImulatIon models will be developed
explICItly to lmk the "confIrmable, observable phenomena m the natural world" to
the"conceptual construct," as PIckett put It ([pace 2001], P 69)
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For example, a vIsual model of the conceptual foundatIon IS shown m an
mfluence dIagram m FIgure 5 1, wmch shows the forces of change on the left and
the objects of ulhmate mterest that are subject to change on the nght In between
the two are the mtervenmg elements and relatIonsmps on wmch the human and
natural forces act It IS the nature of the connectIons among these phYSICal and
ecolOgIcal elements that IS hypothesIZed to brmg about the changes that the GEM
program seeks to understand Therefore, these connectIons should prOVIde the
overall modelmg structure

ThIs conceptual model IS lmked to the momtormg plan through the varIables
defmed as "essentIal to momtor" m the conceptual foundatIon, illustrated m a
network dIagram m FIgure 5 2 The analytIcal relatIonsmps between the momtored
varIables of FIgure 5 2 and the conceptual foundatIon represented by FIgure 5 1, are
developed and mvestIgated WIth statIstIcal and analytIcal tools, called models

The marine ecosystem In the northern Gulf of Alaska depends on the nature of
connections between heat and salt distribution insolation energy flow
biogeochemical cycling and food web structure Natural and human actiVities
bring about changes In the populations of birds shellfish and mammals by
altering these connections

Figure 5 1 Influence diagram Illustratrng GEM draft conceptual foundation

254 VOLUME II, CHAPTER 5



)

l

GULF ECOSYSTEM MONITORING AND RESEARCH PROGRAM

The ultImate goal of GLOBEC's Northeast Pacmc modelmg appears to be a
smte of computer models that represents an entrre conceptual foundatIOn The way
tills IS framed m programs hke GLOBEC, the North Pacmc Marme SCIence
OrgaruzatIon (called PICES), and Global Ocean Observmg System (GOOS) (see
SectIon 5 2 of tills chapter) IS as lmked phYSIcal and bIOlOgical models representIng
the physIcal and bIOlOgical worlds over tIme and space (marme as well as
terrestnal) The NRC descrIbes tills IdealIZed goal as follows (NRC 2000 P 16)

Develop a whole-ecosystem fIshery model as a gwde to thInk about
what needs to be morutored Such a model would use current and
illstoncal data to relate yIelds to clImate data and contammant
levels and IDlght stress bIOlOgical and phYSICal endpomts
(zooplankton/phytoplankton blooms, macrofauna populatIons)
and clImate and phYSIcal oceanography endpomts, m conjunctIon
With modelmg

Such a conceptual framework can stImulate heated arguments, creatIve debate,
and perhaps synthesIs among researchers who have tended to work m somewhat
mdependent fIelds With dIfferent theoretical foundatIons and languages (ZacharIas
and Roff 2000) On a pragmatic level, however, It IS too general to help deCISIon
makers choose to fund one proposal over another

A feaSIble way to proceed from what can be done now IS through an IteratIve
process framed by the conceptual foundatIon (FIgure 5 3) The conceptual
foundatIon should be the exphcIt source of hypothetical correlative and cause-and
effect relatIonsillps Those relatIonsillps should be stated as hypotheses, and
should be used to determme what needs to be measured and when, where, and
how If the morutormg and modehng plans are developed WIthm tills framework,
the measurements can be compared to model predIctIons, the results can be used to
update the SCientIfIc background and the morutormg plan, and the IteratIon can
contInue Tills evolutIonary process or adaptive feedback loop IS illustrated m
FIgure 5 3
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5 5 Defmmg and
Evaluatmg Modeling
Strategies

Modelmg efforts of the GEM program for the
short term will be developed as part of a long
term strategy defIned by goals of the GEM
program

To begm wIth, the modelmg strategy must be
consIstent WIth GEM ImplementatIon goals (Chapter 1, Volume I) They can be
summanzed to mdicate that GEM modelmg should accomplIsh the followmg

• Focus onfillmg gaps, thus aVOIdmg duplIcatIon of efforts or "remventIng
the wheel",

•

•

•

• EmphasIZe synthesIs,

Depend as much as possIble on already eXIstIng programs,

Mamtam focus on the key questIons, and

EmphasIZe effiCIency

In developmg a specIfIc management strategy, It IS often useful to thmk of It as
a deCISIOn framework (Keeney 1992), and to start by defmmg an Ideal For
example, to satIsfy GEM program goals effIcIently, an Ideal model would arguably
reqUIre mput data that are relatIvely easy to measure, readily available, and relIable
mdIcators of change The cause-effect theory that drIves the modeled system or
speCIes behaVIOr would be based not only on statIstIcally valId correlatIve studIes,
but also on plausIble and well-developed mechamstIc studIes and theIr resultIng
theoretIcal constructs The model would produce credIble predIctIons under
plausIble scenarIOS, and would help answer questIons 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
crItIque The overarchmg conceptual model would be modularIzed so that
components of It could be developed and tested relatIvely qUIckly by experts from
multIple discIplmes Ideally, data already available could be used to test and
valIdate the components and theIr mteractIons, and could allow qUIck learmng that
could be used to redIrect the modelIng and momtormg strategies SensItIVIty
analysIs of the components, and the mteractIons between the components, would
be a hIghly productIve source for subsequent model and momtormg plan
development Model structure would be fleXIble and have robust mechanIsms for
assImIlatIng new data and reVIsmg 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 achIevmg the
ultImate modelmg goals An IdealIZed model lIke the one descrIbed above IS a
useful step toward defmmg the attrIbutes of an effICIent, workable strategy
Development of such an IdealIzed model can produce a useful commumcatIon tool
Table 5 2 IdentIfIes prehmmary objectIves and attrIbutes derIved from thIs
IdealIZed model that could be used to evaluate modelmg strategies
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Table 5 2 Potential Objectives and Attnbutes
for Use In Evaluation of Modeling Strategies

Objective or Attnbute

Relevance to key questions and
hypotheses of the GEM
program

Contnbutlon to future model
development

Efficiency of approach

Maintenance and development
of program support

Supported by models that help

Identify key vanables and relationships

Charactenze uncertainty and nOise Impacts of process and
observation error

Elucidate general pnnclples rather than narrow unique
focus dnven by short-term perceived cnsls

Inform communicate develop common problem definitions

Set pnontles clanfy relative Impacts of vanables and
relationships

Improve and develop expenmental (monltonng) designs

Pnontlze and elucidate Impacts of uncertainties In data and
In model structure and assumptions

Increase utility of uSing simpler models to Identify key
vanables and relationships to use In future models

Advance the state of the art for example Increase
available methodologies by borroWing from other fields
particularly englneenng and mediCine tools such as neural
nets genetic algonthms CARTs, other kinds of regression
(Jackson et al 2001)

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)

Accessibility of models to end users, other modelers

Contnbutlon to data management data aSSimilation effort

Contnbutlon to solVing problems for resource managers
and regulators

258

The modelmg "ruche" of the GEM program will
5.6 Modeling Methods be defIned m part by a gap analysIS, parncularly

focused on where It nts WIth estabhshed major
regional programs, especIally those of GLOBEC, GOOS, and PlCES A very bnef
summary of the modelmg approaches for these programs IS provIded m SectIon 5 2
of thIS chapter

The relanonsmp between morutormg, models, and deCISIon-makIng descnbed
here IS consIStent WIth the relanonsmps of these programs The purpose of tills
secnon IS not to denne all the other modelmg efforts that ffilght be related to the
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GEM program A useful context IS provIded by a table compiled for GLOBEC by
AydIn of NOAA (Seattle), wluch summarIZes North PacIfIc models of the Alaska
FIsherIes ScIence Center and others (see SectIon 52, Table 5 I, and North PacIfIc
models rn AppendIx C) Correctly defrnmg the GEM program ruche IS Important to
aVOId duphcatIon of effort and to make best use of work already berng done by
others

Developrng a model should be perfectly analogous to desIgmng a controlled
experIment A useful model structure will be drIven by the questIons It needs to
help people answer, not by the computer technology and programmrng experhse
of model developers (although technology and expertIse may Impose constrarnts)
As a general rule, useful models do not tend to be complex, rn part because they
must be comprehensIble to be beheved and used by deCISIOn makers That SaId,
models based on laws of phySICS, wluch can be vahdated agarnst those laws and
eIther data or scale phYSICal models, have advanced farther than ecolOgical models
rn theIr abIhty to prOVIde useful output from lughly complex models

5 6 1 Linkages Among Models and Among Modelers

One of the most Important challenges confronhng GEM modelers will be to
develop common languages and modehng frameworks that will allow them to
resolve the temporal, mathematIcal, ecolOgical, phySIcal, and spatIal sources of
dIsconnects among the VarIOUS acadelllic paradIgms Tlus challenge WIll reqUITe
sIgmfIcant cOffilllitment to Improvrng commurucatIon skills, developrng qualItatIve
verbal or VIsual models, and usrng rntUItIve problem-structurrng tools that combrne
dIfferent modehng techmques, such as network, systems, or loop models An
addItIonal benefIt of tlus krnd of approach IS that these types of VISUal, quahtatIve
models should be comprehensIble to researchers from any SCIentIfIc dISciphne,
managers, and the pubhc The attrIbute of berng WIdely comprehensIble WIll help
facilItate the support of stakeholders

The feaSIbilIty of managrng GEM as a realIzatIon of the conceptual foundatIon
WIll depend rn large part on the commumcatIon skills of experts rn the components
and hnkages that make up the conceptual foundatIon Estabhshrng effectIve
commumcatIon among experts from dIfferent orgamzatIons IS a WIdespread
problem facrng systems modelers (Caddy 1995), and the GEM program may be rn a
good pOSItIon to help advance the cause by makrng It pOSSIble for dIverse experts to
work together Experts rn these fIelds should brrng substantIal background
capabIhtIes to theIr work from theIr common language of mathematIcs and SCIence
learned rn 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

5 6 2 Deterministic Versus StochastiC Models

Detechng and understandrng change reqUITes that uncertarnty and varIability
playa central role rn the analyses (Ralls and Taylor 2000)
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Two key questIons that must be addressed by anyone trymg to detect and
understand change are the problems of Type I and Type IT error Type I error IS
"seemg" somethmg that IS not really there, and Type IT error IS condudmg
somethmg IS not there, when It really IS Dealmg WIth these types of error m
decIsIOn-makmg requIres weIghmg the eVIdence that suspected change IS caused
by a (theoretIcally) defmable pattern or trend or IS "normal" process error,
observatIon error, or some combmatIon Equally Important, and often overlooked,
IS how real mdIcators of change may be hIdden by process or observatIon error or
by mcorrect assumptIons about how thmgs work

Dealmg WIth uncertamty and varIability m models reqUITes at a mmIffium
carrymg out sensItIVIty analysIs on sImple deterffiill1stIc models, WIth partIcular
emphasIs on model structure (HIlborn and Mangel 1997) But It IS often more
effIcIent and more useful to mcorporate stochastIcIty mto sImple models
StochastIc models need not necessarily be more data mtensIve than deterffiill1stIc
models Overlookmg the assumptIons reqUITed m choosmg a mean (or medIan) or
geometnc mean, as a representatIve value for a determmIstIc parameter IS one of
the most wIdespread, but overlooked, sources of modelmg error (Vose 2000) At
least stochastIc modelmg requIres that probability dIStnbutIons be explICItly
defmed

SImplIStIc determmIstIc models can be every bIt as mIsleadIng and Improper as
stochastIc models (Schnute and RIchards 2001), but because they are more famIlIar,
and theIr smgle-number mputs and outputs are eaSIer to thmk about than
uncertamtIes and ranges, they may lead to false confIdence on the part of deCISIOn
makers RIsk assessment m most fIelds reqUITes analyzmg probability dIstnbutIOns
and uncertamtIes, not mean traJectones (Burgman et al 1993, GlIckman and Gough
1990, Vose 2000)

One fundamental Issue of mterest to deCISIon makers IS often how best to
pnontIze research efforts A key part of such an Issue IS rankmg the relatIve
Impacts of uncertamtIes on a deCISIOn In thIs case, It IS possIble that thoughtful
sensItIvIty analysIs carned out on a SImple, determmIstIc model (or multIple
models) may be adequate for the Job, partIcularly as a fIrst step m "weedmg out"
vanables that are lIkely to be extraneous But developmg a stochastIc verSIOn of
relatIvely SImple models may be more effIcIent (Vose 2000) If care IS taken to
dlStmguISh between envIronmental or process vanatIon and observatIOnal or
functIonal uncertamty, then statIStIcal tools such as analYSIS of vanance or
regressIon can be used to mvestIgate the relatIve Impacts of uncertamtIes (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 m developmg analytIcal structures as well as
modelmg plans It also lends Itself well to deCISIOn analysIS and nsk assessment
because It IS sImI1ar to the "value of Imperfect mformatIon" analyses wIdely used m
rISk assessment and deCISIOn analysIs (HIlborn 1997, Keeney 1992, Punt and
HIlborn 1997, von Wmterfeldt and Edwards 1986)
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5 6 3 Correlative Versus Mechamstlc Models

The use of statIstIcs-based tools such as regreSSIOns to make deternurustIc or
probabIlIStIc predIctIons will generally be eaSIer than developmg deterrrurustIc or
stochastIc bIOlOgIcal models, because of a dearth of predIctIve "laws" of bIOlogy, let
alone ecology Because statIstIcs-based models are correlatIve, cause-and-effect
explanatIons WIll eventually be needed If change IS to be understood and predIcted
relIably Because some thIngs are eaSIer and more relIable to measure than others,
SImple models that can help develop correlatIve relatIonshIps between hard-to
measure parameters and easy-to-measure parameters may be of partIcular mterest

5 6 4 Modeling and Momtormg Interaction

Models should be developed to use and syntheSIZe readIly avaIlable data
whenever pOSSIble ThIs approach wIll also help IdentIfy data needs S1ID1larly,
whenever pOSSIble, morutormg plans should be developed to fit the models that
will be used to analyze and mterpret them Data management, aSSImIlatIOn, and
syntheSIS should be key consIderatIons for both morutormg and modelmg

One useful way to mcorporate data mto Improvmg an eXIstIng StatIStICal or
SImulatIOn model IS WIth the BayeSIan reVISIon methods (punt and HIlborn 1997,
HIlborn 1997, Marmorek et al 1996) BayeSIan methods nught be useful to consIder
WIth respect to the questIon about how much emphasIS should be put on annual
forecasts, because BayeSIan methods lend themselves well to mcorporatIng
mcommg data mto preVIOUS forecasts ThIs entIre approach also lends Itself well to
deCISIOn-analysIs technIques

The GEM program shares the share the VIew of models as tools for asslIDllatIng
data and optInuzmg data collectIon as expressed for the GOGS program
([Intergovernmental OceanographIc ComnussIOn 2000], p 36)

A valIdated ass1ID1latIon model can be most useful m
optInuzmg the deSIgn of the observmg subsystem upon whIch It
depends ThIs underscores the mutual dependence of observmg
and modelIng the ocean, Ie, observatIons should not be conducted
mdependently of modelmg and VIce versa For example the so
called"adJomt method" of asslIDllatIon can be used to gauge the
sensItIVIty of model controls (e g, open boundary and IrutIal
condItIons, IDlXmg parameters) to the addItIon or deletIon of
observatIons at arbItrary locatIons WithIn the model domam In thIs
regard, ObservatIon System SImulatIon ExperIments (assEs) are
becommg mcreasmgly popular m oceanography as way of
assessmg varIOUS samplIng strategIes The model IS fIrst run WIth
realIstIc forcmg and model parameters The output IS then
subsampled at tImes and locatIons at whIch the observatIons were
sampled These SImulated observatIons are then asslIDllated mto
the model and the Inferred fIeld compared agamst the ongxnal field
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from wluch the "observahons" were taken ThIs allows the effIcacy
of the asslffi1lahon scheme and samplmg strategy to be evaluated
(at least to the extent that the model IS beheved to be a reasonable
representatIOn of realIty)

(

5 7 Evaluatmg Model
Proposals

Model proposals should, of course, be evaluated
Withm a deCISIOn-structured framework such as
that outhned above and detailed m Table 5 2
Proposals must also demonstrate a lugh

probability of actually producmg what they propose to produce-meeting the
obJechves of the GEM modehng strategy A set of gmdehnes for evaluating model
proposals will be developed for the GEM program m conJunchon WIth
development of the modehng obJechves As a startmg pomt, successful proposals
wIll provIde the followmg

• Defme who wIll use the model and for what If the proposal IS to continue
or expand an eXIsting model, It should descrIbe who IS currently usmg It
and for what If relevant, the proposal should also IdentIfy who could be
usmg It, for what, and why they are not able to use It now

• DefIne the queshons the model IS supposed to answer, and dIrectly hnk
those queshons to the key queshons and hypotheses of the GEM program

• Argue convmcmgly that the model structure IS adequate for the purpose,
and that there IS not a better (cheaper, faster, more comprehensIble, more
drrect) way to answer these queshons

• Show some kmd of schemahc (flowchart) that IS clear, complete, and
conCISe

(

•

•

•

•

•

Explam how uncertamty and VarIabIhty will be represented and analyzed

DescrIbe the system characterIshcs that will be left out or sImphfIed and
how the analYSIS will evaluate the Impacts

DefIne data needs and show how the modehng effort will be coordmated
With data assImI1ahon and data management efforts

DefIne vahdahon approach

DefIne how the modehng efforts will be commurucated to other sCIenhsts,
managers, and the pubhc, and how mput from model stakeholders will be
mcorporated mto the effort, If approprIate

FeasIbility and pragmahsm m a new program hke
5.8 ConclUSion the GEM program dIctate that walkmg will have

to come before runnmg and that focused, SImpler
models WIll have to come before large-scale, mulh-dIsciphnary models Walkmg
fIrst means developmg verbal and stahshcal models where numerIcal models (- -)
cannot be developed because of a lack of data and understandmg Learnmg to run
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reqUITes developrng coupled numencal bIOphysIcal models that accurately portray
the ecosystem Runrnng means usrng the bIOphYSICal models rn a predIctIve sense
The models must adapt to changes rn the conceptual foundatIon (Chapter 4,
Volume II), because the conceptual foundatIon IS desIgned to change as new
InformatIon IS rncorporated Nonetheless, no matter how many Improvements are
made, It IS probably not reasonable to expect consensus on how that conceptual
foundation should be used to develop a strategic modelrng pohcy

In a constrarned world, "consensus" rn practIce usually means acceptIng a
strategy that enough decISIOn makers frnd no more offensIve than they can accept,
optmuzatIon, on the other hand, means figurrng out the tradeoffs necessary to
achIeve as many of the deSIred objectIves as reasonably pOSSIble AdoptIng a
deCISIOn-structured approach for the modelrng strategy WIll help ensure that It IS
dnven by the fundamental objectIves of the GEM program, that the modelrng
questions are defrned by the conceptual foundatIon, and the tradeoffs can be
defrned, weIghed, and JustIfIed
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) 6. DATA MANAGEMENT AND
INFORMATION TRANSFER

In 'flus Chapter

~ The role of data management

~ The kInds of data to be used m GEM

~ A descnptIon of GEM users and adnumstratIve support

6.1 The Role of
Data Management

)

The data management and mformatIon transfer
component of GEM mcludes the followmg
functIOns data receIpt, qualIty control (QC),
storage and mamtenance, archIvmg and retrIeval,

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
mforrnatIon products that WIll be provIded to the modelmg and applIcahons
components, and to the users of thIs mforrnahon Therefore, the data management
system for GEM nts well mto the defImhon establIshed by C-GOOS (GODS 2000)

Data

<.---------'
Feedback

Figure 6 1 GOOS model of data management

Data
Management
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The GOOS model IS a general descnptIOn of an end-to-end system that IS based
on the tnpod of observatIon, data management, and models and apphcatIons, wIth
the data management component achng as the mtermedIary between the
observatIonal component and the applIcatIons Data flows from observatIon
through the management system to the modelmg and apphcatIOns component In
turn, the apphcatIons component Informs and refmes both the desIgn of the
observatIonal component and the desIgn of the data management system The
morutormg plan may be altered to mclude new data, regIons, or both that are
IdentIfIed durmg the modelIng phase as key to understandIng the natural system
The mterfaces and data products dIstrIbuted by the data management system WIll
also be refmed wIth feedback from the apphcatIOns

SCIentIfIc data management systems have grown rapIdly smce the advent of the
World WIde Web InItIally, projects or groups that collected or archIved data made
those available over the Web through slffiple mterfaces based on the naVIgatIon of
lInks These supply-onented systems reflect the structure of the data that was
made available by prOVIdIng lInks to hsts of data sets by years, data set name, or
vanable name Many of these systems are stIll m WIde use, although newer
systems mclude more sophIstIcated search optIons such as spatIal and temporal
selectIon However, these systems make few assumptIons about the mtended user
commuruty, and It becomes the users' responsIbility to locate, evaluate, mtegrate,
and pre-process the data mto a form that IS SUItable for the target apphcatIOn

As the apphcatIons that use SCIentIfIc data become more sophIstIcated, and the
commuruty 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 apphcatIons
will be bUIlt The output of these systems will be hIgher-order products such as
maps, graphs, VIsuahzatIons, and data m mteroperable formats NASA has funded
some projects WIth a demand-onented focus (ESIP NRA), and m the future, more
user commurutIes will fmd ways to build these types of targeted systems

The landscape of data product dehvery will hkely mclude large archIves that
supply data m a raw or partIally pre-processed form ApphcatIon-onented SItes
WIll access data from these archIve SItes through a hIgh bandWIdth connectIon and
may use mtermedIate SItes, whIch prOVIde value-added serVIces that are not
aVaIlable from the ongmahng archIve Common data servIces available at the
archIve or through mtermedIate SItes will mclude subsettIng, reformattIng,
reproJectIon, regrIddmg, and aggregatIon

Although predIchng the evolutIon and the lffipact of the Web on SCIentIfIc data
dehvery IS speculatIve at best, the landscape of future data systems needs to be
evaluated to understand the role of the data management component durmg the
extended lIfespan of GEM InItIally, GEM will act as both a data archIve and a
user-focused dehvery system, accephng and archIvmg data from the observatIonal
component and creahng products that are custoffilZed to meet the needs of the
habItat-specIfIc apphcatIons Durmg thIs phase, GEM will estabhsh the procedures
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for assurIng the qualIty of the data that are submItted to the archIve as well as the
operahonal detaIls of Ingestrng data and makrng It avaIlable As the archIve grows,
older data sets wIll be moved to an archIve such as the Nahonal Ocean Data Center
(NODq for permanent storage The GEM program wIll contrnue to marntarn a
meta-database that provIdes a data search Interface to locate and access GEM data
that IS marntarned by the ongrnatrng project, the GEM archIve, or the data archIve
at NODC

In the long term, however, the GEM program may turn over the enhre
archIVIng task to a center such as NODC that IS better eqUIpped to marntarn the
data for extended penods of hme ThIs transihon will only possIble after the data
flow between the observahonal component and the apphcahons component has
been establIshed and the tools and structures are In place to buIld the custom data
products from a dIstrIbuted set of data archIves The GEM program would retaIn
the meta-database and contrnue to provIde custom data products and servIces to a
set of targeted users

WIthrn the data management component, data are
classIfIed by the operahons that must be apphed
to them dunng the archIve and retneval cycle
ThIs c1assmcahon often cuts across the content

based classmcahons used dunng data analYSIS Although bIOlogic data are more
often collected by observahon or laboratory work and phYSICal data are frequently
measured by Instrument, there are sigrufIcant excephons A satellite Image of
ocean color that contaIns bIOlogic varIables will have more In common, In a data
management context, WIth the phYSIcal variables In a Synthehc Aperture Radar
Image than to the phytoplankton results collected from the settled volume of a
bottle sample The settled volume could Include both phYSICal and bIOlogic results,
but be retaIned by the data management system as a SIngle data holdrng The
meta-data and processIng that are associated WIth the chemIcal and bIolOgiC data
from the bottle sample will be nearly Idenhcal, as will the processIng and meta-data
assoCIated WIth both types of satellite Imagery

GEM WIll be collectrng and processIng a wIde range of data from dIfferent
collechon and recordIng technIques that present dIfferent qualIty control and
assurance challenges To classIfy these dIfferences for the data management
component, data can be separated Into broad categones that reflect the handlIng
and storage reqUIrements

•

•

•

•

Observahonal data collected or recorded by an IndIVIdual,

Measured data collected by an Instrument and stored In formatted fIles,

Modeled data generated by a runnrng computer model,

Geograpluc or reference data used by a GeographIc Informahon System,
and
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• Remotely sensed Image data taken from a satellIte or aenal platform

The followmg cntena are used to charactenze these data types

•

•

•

•

•

•

•

•

InteroperabIhty how easIly the data can be used m alternate applIcatIons,

ConsIstency the degree of sImIlarIty between the data for dIfferent pomts,

SIZe of flle the SIZe of the data for a smgle Instance,

Number of flles the number of Instances that make up the data set

RepeatabIhty whether or not the same data can be re-sampled,

Lag bme the length of tIme needed between collectIon and SUbmISSIOn,

Altemabve sources whether the data IS mamtamed at multIple sItes, and

Meta-data The content, format, or both of the meta-data

6 2 1 Observational Data

ObservatIonal data are collected by human observatIon, laboratory results, and
manual data entry These data mclude specIes counts and locatIons and can
mclude a large number of ad hoc observatIons of condItIons or unrelated sighnngs
These data are manually entered and capture a person's observatIons or
calculatIons, whIch makes them less consIstent, often complex, generally low
volume, and occaSIOnally error prone The observatIons are not repeatable and the
formats are not customarily mteroperable The lag tIme between collectIOn and
submISSIOn can be long If extensIve lab or manual work IS mvolved The meta-data
descnbe the collecbon and or processmg locatIon and sometImes the condItIons
These data are often m a database management system (DBMS) or a spreadsheet,
whIch forces a level of consIstency that allows automated processmg upon
retrIeval Examples of observatIonal data sets from the GEM habItat themes (see
Chapter 5, Volume 1) mc1ude

Wetlands

•

•

•

Lab results for stream chemIStry

Plant and anImal observatIons from fIeld study

Isotopes of mtrogen and levels of phosphorus, sillcon, and Iron from a lab

IntertIdal and SubtIdal

• SpeCIes counts for substrate classIfIcabon

• Lab results for chemIcal and bIOlOgical oceanography

Alaska Coastal Current

• Lab results for chemIcal and bIOlOgical oceanography
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•

•

SpeCIes counts for zooplankton

DIet composItIOn for nekton

Nekton measurements from net tows

Bud surveys

GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

OCSjAlaska Gyre

•

•

•

Lab results for chemIcal and bIOlogical oceanography

SpeCIes counts for zooplankton

Bud and mammal surveys

6 2 2 Measured Data

These data are mostly measurements of phYSIcal vanables such as au
temperature or Sallillty, but they may also mclude bIOlOgiC varIables as m the case
of the acousnc measurements of the bIOmass of nekton or zooplankton These data
are usually stored m flies wIth formats that are set by the collecnon mstrument
The data fIles are consIStent across the data set, but have a low level of
mteroperabliity With other systems Because data collecnon IS automated, the SIZe
of the flies and the number of the flies can be large Usually, lIttle speCIal
processmg IS mvolved, therefore, the lag bme between collecnon and SUbmISSIOn
does not need to be long The meta-data mclude mstrument details and condInons,
and the data formats are standard enough to allow customIZed processmg durmg
retrIeval Examples from the GEM habItat themes mclude

Interndal and Subndal

• PhYSICal oceanograpmc vanables

Alaska Coastal Current

•

•

•

Lidar measurements

Hydroacousnc plankton or nekton surveys

Fluorescence measurements

OCSjAlaska Gyre

• PhYSICal oceanography

• Hydro-acousnc plankton or nekton surveys

• Fluorescence measurements

6 2 3 Modeled Data

Numenc models, and to some degree statlSncal models, can generate a
sIgmfJ.cant amount of data As an example, the crrculanon model can provIde a
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snapshot of ocean current vectors across the GEM regIon, at many depths, for tune
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, unlIke most 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 hIgh volume of data, and are not
generally mteroperable The lag tune between data generahon and data
subrrussIOn (and even use) can be very short The meta-data need to descrIbe the
classmcahon and verSIOn of the model and may need to mclude relevant mput
parameters The meta-data may be used to track the lmeage of the output data,
mcludmg 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

6 2 4 Geographic Data

These data are the reference data used by GeographIc Informahon Systems
(GISs) and mclude base layers such as elevahon (bathymetry) and shorelmes, but
can also mclude soIl types or habItat characterIzahon These data formats are
rarely used to store data collected by a proJect, but are frequently used to dIsplay
the mformahon m the spahal context of a map These data are usually
mteroperable across dIfferent systems and may be stored at several dIfferent
locahons The meta-data are focused on the spahal denmtIOn and may mclude
mformahon about the resoluhon or preCISIon of the data GEM will not generally
be mgeshng these data from proJects, but the program may store reference
mformahon m thIs format, whIch IS also a prIme format for custom data products
created by the data management component

6 2 5 Remotely Sensed Data

Remotely sensed Iffiagery can corne from satellite or aerIal platforms These are
generally large fIles and may be used on a regular baSIS by the analYSIS bemg
conducted by GEM However, Iffiages from NASA or NOAA may not need to be
archIved If they can be retrIeved agam from the source AerIal photography has
also been used by EVOS projects to capture the spahal dIStrIbuhon of nekton m
PWS These Iffiages, along WIth satellite Iffiages, may m some cases be archIved by
the GEM program and prOVIded to the applIcahon component These data will
requITe a large amount of storage and are qUIte mteroperable WIth GIS and IIDage
analySIS tools The meta-data deSCrIbe the Instrument and platform and often
mclude detaIls of the Iffiage qualIty and the spahal reference system Examples m
the GEM habItat themes could mclude

Wetlands

•

•

•

LandSat Iffiages of watersheds

Moderate Resoluhon Imagmg SpectroradIOmeter (MODIS) Iffiagery

AerIal photography
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Interhdal and Subtidal
I ')
\
'-- ' • Ocean color Imagery from SeaWIFS

• Aenal photography

Alaska Coastal Current

•

•

Ocean color Imagery from SeaWIFS

MODIS ocean products

6.3 Characterlzmg the
GEM User Commumty

)

)

OCS/Alaska Gyre

• Ocean color Imagery from SeaWIFS

• MODIS ocean products

6 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 actIve,
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 outlIne what needs to be m place before a new data
set can be added to the GEM archIve

As each collection effort IS funded and orgarnzed, a plan that outhnes the data
mventory and Its SUbmISSIOn schedule will be establIshed In addItion, the plan
will mc1ude the procedures for perfOrmIng the QC process and how dIscrepanCIes
wIll be resolved

Durmg Its lIfetIme, the GEM program WIll serve a
large and dIverse user commuruty WIth needs that
WIll vary from SImple data download to the
creatIOn of tailored data and mformatIon

products In most cases meeting the reqUIrements of parncular user groups will
reqUIre detailed analySIS and the creation of tailored products, but generalIzations
can be made about the types of applIcations for whIch GEM will prOVIde data

The user groups mterested m each applIcation will have dIfferent levels of data
analYSIS and reduction capabilities, and each will need to search for GEM data WIth
dIfferent cntena Some applIcatiOns reqUIre regular or penodIc access to GEM
data, and others are Irregular or sporadIc The largest dIscrlmInator between the
applIcations, however, IS the type of data products that GEM WIll create for them
and the level of processmg that will go mto creating those products The followmg
applIcations are relevant for all four of the mam GEM habItat themes watersheds,
mterhdal and subtidal, ACC, and the Alaska gyre

VOLUME II, CHAPTER 6 273



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

GULF ECOSYSTEM MONITORING AND RESEARCH PROGRAM

1 BasIc research and analysIs IS perhaps the most fundamental applIcatIon of
GEM data ThIs actIvIty will be done by researchers who are collectIng data
for GEM and by other researchers that are mvestIgatIng the GEM regIOn In
general, thIs commuruty WIll have a good understandmg of GEM data and
will be searchIng for specIfIC varIables Withm a regIOn of mterest Access IS
less lIkely to be Irregular, but research applIcations expect access to data as
soon as It can be made available, therefore, fllet transfer protocol (ftp) or
file-download of the ongmal data WIll generally be suffIcIent

2 Modehng IS also a cntIcal applIcatIon of GEM data Verbal and vISUal
models will be drawn from research applIcatIons, but statistical 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 reformattIng, spatIal or temporal
aggregation, regrIddmg, and reproJectIon

3 Resource management apphcahons will mcrease m number through tIme
and may become a common use of GEM data These applIcations will
reqUITe a set of products separate from the modelmg applIcatIons
Management applIcations WIll be both penodic and sporadIC, and the
products may mclude reports, graphs, or maps Examples mclude regular
stock analySIS reports that are used by ftshenes managers to set catch hmtts
and or Irregular access to watershed data that would be relevant to permIt
requests

4 Pubhc outreach encompasses several dIfferent applIcations that GEM WIll
be supportmg to varymg degrees These mclude provIdmg publIc
Information about the state of the ecosystems that are bemg studIed by
GEM, as well as the general admmIstratIon of the GEM program Other
outreach actiVIties WIll mclude supportIng educational programs and
pOSSIbly emergency response These applIcatIons 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 accomplIshed through the
creatIon of a few standard maps and graphs on a regular basIS

6 3 1 Supportmg GEM Applications With User Interfaces

To support these applIcatIons, GEM will illltIally proVIde three dtfferent modes
of access The illltIal deSIgn will mclude baSIC search and download, tailored
product creatIon and dIsplay, and open map access For the most part, basIC search
and download will support research applIcations, tailored products WIll be used by
both modelIng and management applIcatIons, and open map access will support
publIc outreach applIcatiOns Together these three modes of access characterIZe
many of the sCIent1£Ic data delIvery systems available on the Web

I
, ;'
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BaSIC search and download IS currently the most common method of accessmg
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 £tp sIte
or a Web page contammg data hnks Examples melude the followmg

• CIIMMS (http Ilmfo dec state ak us/cllmms/), whIch has been used
successfully to prOVIde basIc access to meta-data and data relatmg to Cook
Inlet,

• Systems such as GLIMPSE (http Illtemet eduldatal), EMAP
(http Ilwww epa govI emap/mdex html), and BeIJa-flor (http IlbeIJa
flor omI govIlba/), whIch proVIde basIc access for the NSF Long Term
EcolOgical Research program, the EPA EnVIronmental Morutormg and
Assessment Program, and the Large Scale BIOsphere-Atmosphere
Expenment m Amazorua sponsored m part by NASA, and

• The GLOBEC program, whIch prOVIdes baSIC data download through ItS
own database (http I I globec WhOl edulglobec-drrl data-access html)

Although these systems prOVIde dIfferent types of search cntena, and each has
a ch££erent onentahon, they all prOVIde access to meta-data and, m most cases, the
actual data collected by the program The GEM program can use one of these
systems or somethmg very sImIlar to prOVIde access to data soon after It IS
submItted to GEM Research apphcahons are often focused on specIfIc variables
and regions, and these baSIC systems meet the maJonty of those needs In addIhon,
a baSIC search-and-download tool will prOVIde the rnmnnum access to GEM data
and may support the other apphcahons, meludmg modehng, resource
management, and pubhc outreach Although budgetary constramts may requrre
that the creahon of custom map and data products be hmIted, the baSIC search-and
download funchons will be supported as long as data IS collected and archIved by
the GEM program

The meta-database mamtamed to support the baSIC search-and-download
funchons would also support access to remote database servIces that are funded by
or relevant to GEM Remote databases hke the EVOS hydrocarbon database and
other databases mamtamed by the group that IS conductmg the data collechon
effort Will be mcluded m the GEM meta-database for searchmg purposes The data
will then be available through the remote Web SIte set up to support those data

Map creabon systems such as the Open GIS Consomum's Web Mappmg
Server (WMS) (http Ilwww opengIs org/techno/specs/0l-047r2 pdf) and the
ArcIMS system (http Ilwww esn com/software/arcIms/mdex html) from the
EnvIronmental Systems Research Inshtute (ESRI) make preprocessed maps
available to users on the Web Both of these systems prOVIde maps to Web
browsers and to freely available VIewers Because the WMS protocol IS not hed to
any parncu1ar vendor, It has been enJoymg rapId acceptance and use m a WIde
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range of apphcatIons In the future, the use of WMS m educational and outreach
apphcatIons 18 hkely to be very large

Once GEM has Idenhbed a set of standard map products that would be useful
to the pubhc or to particular educatIOnal programs, they will be available through
one of these Internet map protocols These products will lIkely mclude base maps
and general Information maps, but mIght also mclude regular maps of the Alaska
gyre or currents that affect the GEM habItats Web SItes desIgned to support the
educational program or the publIc mterests WIll dIsplay these maps and may, m
tIme, support more comphcated map VIewers that can access and overlay maps
from other SItes that are relevant to the goal of the Web SIte

Data products tailored to specIfIc modelmg and resource management
apphcatIons WIll be the most useful facet of the GEM data dIstrIbution and also the
most expensIve to create It IS not possIble to create a smgle data dIstrIbution
system that meets the WIde range of user needs m modelmg and resource
management Therefore, GEM WIll need to pnorItIze the products that are needed
by particular groups and create them m sequence These products WIll be deSIgned
WIth the close mvolvement of the specIfIc user commuruty to wmch they are
targeted and, lilltIally, they may need to be created wIth a sigruficant amount of
manual effort However, once automated, a separate Web-based mterface that WIll
be used by the target user group to create and download these products on a
regular (or Irregular) basIs can be created In the future, after many of these
products have been deSIgned and the dlStnbutIon of them automated, certain •
common functions will emerge and GEM will begm to build a hbrary of data-
processmg utilities

Examples of modelmg products mclude the reformattIng and regrIddmg of
data to match the execution gnd and tIme steps of the model Non-GEM data may
be pulled from another SIte and mtegrated mto data products Several dIfferent
products may be generated at a tIme to meet the needs of a smgle modehng
apphcatIon The creation of a SUIte of products may be done by hand and may
reqUIre that GEM start With algonthms that were wrItten by the modehng group
Itself However, after the modelmg group has used the products successfully
several tImes, the process of creatmg the products could be automated and a sImple
mterface bUIlt to allow the group to create and download the product If the
requrrements for the product are clear enough, the manual step may be bypassed
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For resource management apphcatIons, a report or spreadsheet used to manage
fIsh stocks may requITe access to several dIfferent data sets and the extraction and
mtegratIon of dIfferent vanables Unless the report IS already m eXIstence, It may
requrre several attempts before a truly useful product can be created Once thIs 18

accomplIshed, the process could be automated The resource management office
could tngger the report through a sImple mterface created for that product In thIs
way, the apphcatIon component of GEM will feedback Information and tailor the
desIgn of the data management component
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the GEM Data System
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In hme, GEM will create a wIde range of products to meet the specIfIc needs of
the GEM modelmg and resource management commumtIes The creatIon of each
product wIll mvolve GEM staff and mteractIon WIth the target user group
Dependmg on the scope of the effort for each product, several tailored products
could be created for the modelmg and resource management commumty each year
These products, coupled WIth the basIc search and download and the Web-based
map delIvery servIces, will support a WIde range of both specIfIc and general data
dIstrIbutIon needs

The GEM data management system WIll address
the Issues related to the data types supplIed by the
observatIonal component and the demand placed
by the applIcatIons component As such, the data

management system IS posItIoned between the other two components and must
develop and mamtam an mterface to both In addItIon, modelmg and map creatIon
applIcatIons will generate new data that wIll also be archIved and delIvered by the
GEM data system

General
Access

(j
ObservatIon

Figure 6 2 The GEM data system

Product
Creation

ApplicatIons

6 4 1 Supply Side Support

To support the mgestIon of data from the observatIonal component of the GEM
program, the data management system must proVIde QC of the meta-data (and to
some degree the data) and qualIty assurance of the data and the meta-data QualIty
control will ensure that the meta-data comply WIth GEM standards and that valId
values are supphed m formats that can be used to store that data m the GEM
archIve Values such as statIon IdentIfIer, date, and latItude and longitude need to
be vahd or fall Withm a reasonable range In general, each data type will have
uruque Issues, and the GEM program will create new QC procedures and
programs Through hme 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 IdentIfIcatIon, but the submItter WIll do most of the QC for
the data Itself The vahdatIon prOVided by the data management component IS
done to ensure that data can be found and retrIeved WIth the use of an accepted set
of search critena
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QUalIty assurance mc1udes the desIgn of the QC processes and documentation
of the QC actiVIty The data management component of GEM WIll not be able to
proVIde QC over most of the data, but It can ensure that the documentation of the
submItters' QC IS avaIlable along WIth the data The data management system WIll
also provide qualIty assurance of the meta-data

6 4 2 Demand Side Support

On the applIcations sIde of the data management system, software modules
WIll create the custom data products and standard maps These routines WIll not
be developed all at once when the system IS deployed, but through tIme, as the
archIve IS populated wIth data and the user demands become clear Custom
routines WIll mtegrate thIrd-party software where possIble These external routines
may be commercIal off the shelf (COTS) software or they may come from the
growmg lIbrary of free software avaIlable on the Web These custom routines will
pull data sets from the GEM archIve and other relevant data sources and provIde
preprocessmg Examples of the types of operations mclude

• Reformathng Often, raw data may need to be reorgaruzed to be usable by
an applIcation For example, an applIcation may need multiple
observations pulled mto a smgle output fIle contammg only those vanables
of mterest from a subset of stations ThIs fIle may also need to be ordered
by date or speCIes and wntten out m a comma-separated fIle that can be
marupulated by a spreadsheet Other output formats may mclude GIS,
Image analysIS formats or speCIal bmary formats for VIsualIzation
applIcations

• Aggregahon or subsethng ModelIng applIcations often need summary or
averaged data These data sets may need to be merged or clIpped to
capture the temporal or spatial region of mterest completely Some fIle
formats support clIppmg, but many of these routmes will be taIlored to the
mput data Aggregation routines may come from the applIcation space or
they may sImple average or sum calculations

• ProJechon Data are usually collected WIth latitude and longitude
coordmates Some regIOnal models use a map projection that preserves
spatial relationshIps more accurately for the region Satellite data and other
data may need to be projected or reproJected mto a specIfIc map projection
for the applIcation Software IS avaIlable to perform some of these
reproJectIon operations from both commercIal and freeware sources

• Map creahon and Vlsuahzahon Some data products may be best
represented m the spatial context of a map or a graph The generation of
these maps or the creation of a multidImensIonal or graph-OrIented
VisualIzation reqUIres data-extractIon reduction and rendermg Many
software uhhhes are avaIlable to aSSIst m thIs process
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Most custom data products wIll reqUITe a user rnterface to allow the entry of
parameters and trIgger the creation of the product ill most cases, these rnterfaces
will be slffiple Web pages that support vanous pull-down menus to select rnput or
dIsplay parameters Slffiple rnterfaces that are deSIgned to support one or two data
products are eaSIer to use and marntarn Through hIDe, however, GEM will
support a large number of custom products, and rnterfaces may need to be merged
to reduce the overall marntenance load

6 4 3 Meta-Database Support

The core of the data system WIll be the meta-database and a data-storage
component The meta-database contarns the descrIptive rnformatIon and IS used to
rntegrate access to the data by supportrng cross-data set searchrng The ability to
search for all data sets WIthrn a gIven spatial or temporal range, or all data sets
contarnrng partlcular vanables, reqUITes a srngle meta-database The QC rouhnes
will ensure that the meta-data subffiltted 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 meta-database

The meta-database marntarned by the GEM program WIll also support access to
remote GEM archIves that are marntarned by rndiVIdual researchers The GEM
program will also evaluate whether to rngest meta-data about data sets that are
relevant to the GEM system, but are not drrectly supported by GEM The ongorng
gap analySIS conducted by the GEM program will conhnue to reveal data sets and
data-eollectIon achvitIes that complement the GEM ffilSSlOn One of the GEM goals
IS to rntegrate With those projects The data management system WIll reflect thIs
rntegratIon by allowrng users to locate relevant data that may not be archIved by
the GEM program

Most search and download systems rnclude some level of meta-database
support The GEM program will evaluate the use of these eXlShng systems,
rncludrng the structure of the meta-database Because the population and use of
the meta-database will be the central actiVIty of the GEM data system, any eXlshng
system will need to be modIfIed before It IS used by GEM

6 4 4 Data Storage

The storage of the data rn flies or rn another storage mechanIsm IS a separate
function of the data system that rn hIDe WIll reqUITe a signillcant amount of storage
space The meta-database will contarn pornters to the data Itself, whIch may
phYSIcally be rn a separate storage facility The evolution of large archIve
technology has been rapId rn the last few years, but GEM will be able to postpone
the use of tape or optical medIa for several years until the space reqUITements
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
meta-database that places a heavy computational burden on resources whIle
returnrng a small amount of data, accessrng the data Itself reqUITes no signillcant
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computation, but can return a large amount of data Therefore, the network
connectivIty IS also an evaluation cntenon for the data storage subsystem

The format of the data fIles wIll be defrned and standardIZed m the GEM data
management plan Although the QC procedures wIll not valIdate the sCIentIfIc
qualIty of the data, these programs will need to valIdate the format of the data
RoutInes for creatIng data product reqUITe that mput data fIles are m a recognIZable
format and contam data m a format that can be processed automatically

6 4 5 GEM Administrative Support

Managmg the projects funded by and assocIated WIth GEM requIres a proJect
onented database (see Chapter 6, Volume I) The admmIstratIve mformatIon
mcludes the ongmal proposal, comments submItted by the reVIew panel, status
reports and notes, and the fmal report ThIs mformatIon 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 durmg data collection Future researchers will use thIs
project hIstory to understand the ongmal goals of the project and Issues that mIght
affect data qualIty

Much of these admmIstratIve data are m the publIc record and will be made
avaIlable over the Web The GEM meta-database wIll mclude the project
specIfIcations so that the data submItted by the project can be dIsplayed along WIth (
the admmIstratIve detaIls ThIs lInk between the admmIstratIon of the project and
the data submItted would also allow the GEM program to evaluate whether all the
data for a given project have been submItted

6.5 Reference List

GOOS 2000 Strategic desIgn plan for the coastal component of the Global Ocean
Observrng System UNESCO GOOS Report No 90
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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 BIOlogIcal Catch
ABWC Alaska Beluga Whale Committee
ABSC (USGS) Alaska BIOlogIcal Science Center (BIOlogIcal Resources DIVIsIOn,

US GeologIcal Survey)
http / /www absc usgs gov/research/seabrrd&forage.6.sh/rndex htrnl

AC Alaska Current
ACC Alaska Coastal Current
ACCE Atlanhc ClImate and Crrculahon ExperIment
ACIA Archc ClImate Impact Assessment

http / /www aCIa uaf edu
http / /www Iarc uaf edu/struchrre_oCIARC htrnl

ACDP Acoushc Doppler Current Profllers
ACT AllIance for Coastal TechnolOgIes
ADCED Alaska Department of Commumty and EconoIDlc Development
ADEC Alaska Department of Envrronmental Conservahon
ADE05-II Advanced Earth Observmg Satellite-II
ADFG Alaska Department of Fish and Game

DIVISIOn of CommerCIal FisherIes http / /www cf adfg state ak us/cf_home htm
DIVISIOn of Habitat http / /www state ak us/adfg/habltatjhab_home htm

DIVISIOn of SubSIStence
http / /www state ak us/local/akpages/FISH GAME/SUbSIStjsubhome htm

DIVISIOn of SubSistence WhISkers Database
http / /www state ak us/localfakpages/FISH GAME/SUbSISt/subhome htm
DIVISIOn of Sport FISh

http / /www state ak us/local/akpages/FISH GAME/sportf/sChome htm
ADHSS Alaska Department of Health & Socral Services
ADNR Alaska Department of Nahrral Resources http / /www dnr state ak us/
DIVISIOn of Parks and Outdoor Recreahon http / /www dnr state ak us/parks
DIVISIOn of Mmmg, Land and Water http / /www dnr state ak us/mlw
ADOT Alaska Department of Transportahon
AEPS Archc EnVironmental Protechon Strategy

http / / archccrrc1e uconn edu/NatResources/aeps htrnl
AEWC Alaska Eskimo WhalIng COIDIDlSsion
AFSC Alaska FisherIes SCience Center (NOAA/NMFS)

http / /www afsc noaa gov/ generalmfo htm
AIS Arcmval Informahon System
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AMAP ArctIc Morutormg and Assessment Programme
http / / www amap no

AMHS Alaska Marme HIghway System
AMMC Aleut Manne Mammal COmmISSIOn
AMMTAP Alaska Marme Mammals TIssue ArchIval Project
AMNWR Alaska Manhme NatIonal WIldlIfe Refuge
AMOS Advanced Modellmg and Observmg System
AMSR Advance MIcrowave Scanrung RadIOmeter
ANHSC Alaska NatIve Harbor Seal COmmISSIOn
APEX Alaska Predator Ecosystem ExperIment
ARC AtlantIc Reference Center
ARCUS ArctIc Research Consorhum of the Uruted States

http / / www arcus org
ARGO Array for Real-hme GeostrophIc Oceanography
ARGO OPN ARGO Ocean ProfIlmg Network

http / /wwwargoucsdedu
ARIES AustralIan Resource InformatIon and EnVIronment Satellite
ARUS Alaska Resources LIbrary and InformatIon ServIce
ARMRB Alaska RegIonal Marme Research Board
ARMRP Alaska RegIonal Marme Research Plan
ARPA ArctIc Research and Pohey Act (1984)
ASLC Alaska SeaLIfe Center

http / / www alaskasealIfe org/
ASP AmnesIac ShellfIsh POISOrung
ASTF Alaska SCIence and Technology FoundatIon

http / /www astf org
ATSDR Ageney for TOXIC Substances and DIsease RegIStry
ATV All Terram VehIcle
AUV Autonomous Underwater VehIcle
AVHRR Advanced Very HIgh ResolutIon RadIOmeter
AVSP Alaska VISItor StatIstIcs Program
AWC Anchorage Waterway CouncIl

http / /wwwanchwaterwayscouncIlorg
AWQ DIVISIOn of Au and Water QualIty, ADEC
BAHC BIOsphenc Aspects of the HydrolOgIcal Cycle (IGBP)
BASS Task Team Basm Scale StudIes Task Team (PlCES)
BBMMC Bnstol Bay Marme Mammal CouncIl
BBNA Bnstol Bay NatIve ASSOCIatIon
BCIS BIOdIversIty ConservatIon InformatIon System
BDY Beach DynamICS
BIO BIOlOgIcal Oceanography COmmIttee (PlCES)
BOOS BaltIc OperatIonal OceanographIc System
BRD BIOlOgIcal Resources DIVISIOn
CAAB Codes for AustralIan AquatIc BIOta
CACGP COmmISSIOn on Atmosphenc ChemIStry and Global PollutIon

}
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CalCOFI Cahforrna Co-operative Fishenes Investigation program
CAOS Co-ordmated AdnatIc Observmg System
CARIACO Carbon Retention m a Colored Ocean Program
CARICOMP Canbbean Coastal Marme ProductiVity
CBMP Chesapeake Bay Morutonng Program
CCAMLR CommIssIOn for the ConservatIon of Antarctic Marme LIvmg Resources

http / /www ccamlr org
CCC Cod and ClImate Change (ICES/GLOBEC)
CCCC Olffiate Change and Carrymg CapacIty (PICES/GLOBEC)
CCF One hundred CUbIC feet
CCS CalIforrna Current System

http / / globec oce orst edu/groups/nep/ mdex html
CDFO CanadIan Department of Fishenes and Oceans
CDOM Coloured DIssolved Orgaruc Matter
CDQ Commuruty Development Quota
CEMP CCAMLR Ecosystem Morutonng Program

http / /www ccamlr org/EnglIsh/e_scIenbfIc_commIttee/e_ecosystem_morutormg/e_ec
osys_morutorm~mtro htm

CENR COmmIttee on EnVIronment and Natural Resources
CEOS COmmIttee on Earth Observation Satellites
CGOA Coastal Gulf of Alaska

http / /globec oce orst edu/groups/nep/mdex html
C-GOOS Coastal Panel of GOOS
GIL Chlorophyll
CHM Clearmg-House Mecharusm of the Convention on BIOlogical DIversIty
CIFAR Cooperative Institute for Arctic Research

http / /www cuar uaf edu
http / /wwwcuaruafedu/fIsheneshtml

CIIMMS Cook Inlet Information Management and Morutonng System
http / /www dnr state ak us/ssd/CllffiffiS/cllffiffiS_sum2 html

CIK Cook Inlet Keepers
CIMI Computer Interchange of Museum InformatIon
CIRCAC Cook Inlet Regional CItIzens AdvIsory Council
CISNet Coastal IntensIve SIte Network
CLEMAN Check List of European Marme Mollusca
CUC OImate and Cryosphere
CLIVAR ClImate VariabilIty and PredictabIhty Program
C-MAN Coastal Marme Automated Network
CMED/GMNET ConsortIum for Marme and Estuarme DIsease/Gulf of MeXICO Network
CMI (MMS) Coastal Marme Institute
CMM COmmISSIOn for Marme Meteorology (of WMO)
CNES Centre National d'Etudes SpatIales (France)
COADS ComprehensIve Ocean-Atmosphere Data Set

http / /wwwcdcnoaagov/coads
CODAR Coastal Radar
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COLORS COastal regIOn LOng-term measurements for colour Remote Sensmg development
and valIdatIOn

COMBINE COoperatIve Momtormg m the BaltIc Marme EnvIronment
CoML Census of Marme LIfe

http / / core ssc erc msstate edu/censhome html
CONNS Coastal Observmg Network for the Near Shore
COOP Coastal Ocean ObservatIOn Panel
CoOP (NSF) Coastal Ocean Processes
COP Coastal Ocean Program
CORE ConsortIum for OceanographIc Research and EducatIon

http / / core ssc erc msstate edu/corehmpgl html
COSESPO Coastal Observmg System for the Eastern South Pacmc Ocean
COTS CommerCIal off the shelf software
CPR AdVISOry Panel on Contmuous Plankton Recorder Survey m the North PacIfIc (FICES)
CPTEC Center for Weather Forecasts and ClImate StudIes (BraSIl)
CRIS Court RegIStry Investment System
CRP ComprehensIve RatIonalIzatIon Program
CSCOR Center for Sponsored Coastal Ocean Research
CSIRO Commonwealth SCIentIfIc and IndustrIal Research OrgarnzatIon
CID ConductIvIty temperature versus depth
CTW Coastal Trapped Waves
CVOA Catcher Vessel OperatIonal Area
CZCS Coastal Zone Colour Scanner
DARPA Defense Advanced Research Projects Agency
DBCP Data Buoy CooperatIon Panel
DBMS Database Management System
DDE DIchlorodIphenyldIchloroethylene
DDT DIchlorodIphenyltnchloroethane
DEOS Deep Earth Observatones on the Seafloor
DFO Department of FIshenes and Oceans, Canada
DMS DlffiethylsulphIde
DNMI NorwegIan MeteorologIcal InstItute (Det norske meteorologIske InstItutt)
DO DIssolved Oxygen
DOC U S Department of Commerce
DoD US Department of Defense
DODS DIStrIbuted OceanographIc Data System

http / /wwwurudata ucar edu/packages/dods/
http / / dods gso un edu/

DOE U S Department of Energy
DOl U S Department of the InterIor
DON QUijOTE Data Observmg Network for the QuIJOTe
EA/RIR EnVIronmental Assessment/Regulatory Impact ReVIew
EASy EnVIronmental AnalySIS System
EC European Commuruty
ECDIS Electromc Chart and DIsplay InformatIon Systems

,

,
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EC/IP Execuhve Comnuttee / Implementahon Panel for CCCC (PICES)
ECMWF European Center for MedIUm Range Weather Forecashng
ECOHAB (NSF) Ecology of Harmful Algal Blooms
EDY Estuarme Dynanucs
EEZ ExclusIve EconomIc Zone
EEZ(A) European EconomIc Zone (Area)
EFH Essenhal FIsh HabItat
EGB (NSF) EnvIronmental GeochemIStry and BIOgeochemIstry
EIOA European OceanographIc Industry AsSOCIahon
ELOISE European Land-Ocean Interachon StudIes
EMAP EnVIronmental Morutormg and Assessment Program

http //www epa gov emap/
http //yosemlte epa gov/rl O/oea nsf/1887fc8bOc8t2aee8825648fO0528583/f7a660b35e
5d96df882568790053fc1O?OpenDocument

ENSO El Nlfio Southern Oscillabon
EOSDIS EOS Data and Informabon System

http / /spsosun gsfc nasa gov/NewEOSDIS_Over html
EPA US EnvIronmental Protecbon Agency
ERMS European RegIster of Marme SpecIes
ERS-l European Remote Sensmg satellite-l
ERS-2 European Remote Sensmg satallite-2
ESH (NSF) Marme Aspects of Earth System HIstory
ESIP Earth ScIence Informahon Partners Federabon
ESP Eastern South Pactftc
ESRI EnVIronmental Systems Research Inshtute

ArcIMS system http / / www esn com/software/ arclffiS/ mdex html
ETL tools Extrachon, Transformabon, and Loadmg tools
EU European Uruon
EUMETSAT European Orgaruzabon for the ExplOltabon of MeteorologIcal Satellites
EuroGOOS European GOOS
EuroHAB European Harmful Algae Bloom
EVOS Exxon Valdez Oll Spill http / /www ollsplll state ak us/

BIbhography http / /www Ollspill state ak US/BIbho/bIbho htm
Fmal and Annual Reports http / /www ollspill state ak us/reports/clusters htm

F & A Fmance and AdffillliStrahon Comnuttee (PICES)
FCCC Framework Convenbon on Chmate Change

Federal GeographIc Data Comnuttee metadata requrrements
http / /www fgdc gov/metadata/metadata html

Federal SubSIstence FIShery Morutormg Program, Federal SubSIStence Management Program
http / /www r7 fws gov/ asm/home html

FGDC Federal GeographIc Data Comnuttee
Frs FIshery ScIence Comnuttee (PICES)
FIShbase, FIShGopher, FIshNet searchable fIsh databases managed by mulbple orgaruzabons
FMP FIshery Management Plan
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FOCI FIshenes Oceanography InvestIgatIons
http 11rho pmel noaa gov1card1longlhome_page html

F-R FundraIsmg COmmIttee (PlCES)
FY FIscal Year
GAIM Global AnalysIs, InterpretatIOn and Modellmg (lGBP)
GAK Gulf of Alaska
GAP Gap AnalysIs Program
GARP GenetIc Algonthm for Rule-set ProductIon
GBIF Global BIOdIversIty InformatIon FacIlIty
GC Governmg Council (PlCES)
GCM Global ClImate Model
GCN Global Core Network
GCOS Global ClImate Observmg System

http 11193135216 2/web/gcos/pub/dIm_v1_1 html
GCRMN Global Coral Reef Momtormg Network
GCTE Global Change and TerrestrIal Ecosystems (lGBP)
GEF Global EnVIronmental FaCIlIty
GEM Gulf Ecosystem Momtormg
GEO Global Eulenan ObservatIons
GEOHAB Global Ecology of Harmful Algal Blooms
GHL GUIdelIne Harvest Level
GIPME Global InvestIgatIon of PollutIon m the Marme EnVIronment
GIS GeographIc InformatIon System
GIWA Global InternatIonal Water Assessment
Gil Global Imager
GLOBE Global Learmng and ObservatIons to BenefIt the EnvIronment

http Ilwww globe gov
GLOBEC Global Ocean Ecosystem DynamICS

http Ilcbl umces edu/fogarty/usglobecl
GLOBEC NEP GLOBEC Northeast PacIfIC

http IIglobec oce orst edulgroups/nep/mdex html
GLORIA GeolOgIcal Long-Range lnclmed AsdIc
GLOSS Global Sea-Level Observmg System
GMBlS Gulf of Marme BIOgeographIc InformatIon System
GNP Gross NatIonal Product
GOA Gulf of Alaska
GODAE Global Ocean Data AssIIDIlatIon Expenment
GOES GeostatIonary OperatIonal EnVIronmental Satellite
GOOS Global Ocean Observmg System

http 1Iwww gos udel edu
GPA/LBA Global Programme of ActIon for the ProtectIon of the Marme EnVIronment from

Land-Based ActIVItIes
GPO GOOS Project Office
GPS Global PosItIonmg System
GSC GOOS Steenng COmmIttee

f

(
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GTOS Global Terrestrial Observmg System
GTS Global TelecommurucatIons System
Gill Graplucal User Interface
HAB harmful algal bloom

http Ilwww redtIde whO! edu/hab
HABSOS Harmful Algal Bloom Observmg System

http Ilwww habhrca noaa gOY
HAPC Habitat Areas of PartIcular Concern
HELCOM HelsmkI COmmISSIOn-BaltIc Marme EnVIronment ProtectIon COmmISSIOn
HMAP HIstory of Marme Arumal PopulatIons
HMS HydrometeorologIcal Service
HNLC lugh mtrate, low chlorophyll waters
HOTO Health of the Oceans
HPLC HIgh Performance LIqUId Chromatography
IABIN Inter-AmerIcan BIOdIversity InformatIon Network
IAI Inter-AmerIcan InstItute
rARC InternatIonal ArctIc Research Center, Umverslty of Alaska

http Ilwww Iarc uaf edul
IARPC Interagency ArctIc Research Pohcy COmmIttee

http Ilwww nsf govlodlopplarctIcI tarpclstart htm
IBOY InternatIonal BIOdiversity ObservatIon Year
IBQ IndiVidual Bycatch Quota
lCAM Integrated Coastal Area Management! Integrated Coastal Area Management Programme
ICES InternatIonal COunCll for the ExploratIon of the Sea
ICLARM InternatIonal Center for Llvmg AquatIc Resources Management
ICM Integrated Coastal Management
ICSU InternatIonal CouncI1 for Science
ICZN InternatIonal Code of ZoolOgical Nomenclature
IFEP Iron FertilizatIon Expenment Panel (FICES)
IFQ IndIVidual Flshmg Quota
IGAC InternatIonal Global AtmospherIC ChemIStry Project (IGBPICACGP)
IGBP InternatIonal Geosphere-Blosphere Programme

http I Iwww Igbp kva sel
IGBP-DIS Data and InformatIon System (IGBP)
I-GOOS IOC-WMO-UNEP COmmIttee for the Global Ocean Observrng System
IGOS (NASA) Integrated Global Observrng System
IGOSS Integrated Global Ocean SerVIces System
IGS InternatIonal GPS SerVIce for GeodynamICS
IGU InternatIonal Geograpluc Umon
IHDP InternatIonal Human DImensIOns Programme on Global EnVIronmental Change
IIP InternatIonal Ice Patrol
I-LTER InternatIonal LTER
IMS InstItute of Manne Science, Umverslty of Alaska
InfoBOOS BOOS InformatIon System
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INPFC International North PaCIfIC Fishenes Co:rnrruSSIOn
http / /wwwnpafc org/mpfc/mpfc html

IOC Intergoverrunental OceanographIc Co:rnrruSSIOn (of UNESCO)
http / / IOC unesco org/IyO/

IOCCG International Ocean-Color Coordmahng Group
lODE InternatIOnal OceanographIc Data and Information Exchange

http / /IOC unesco org/wde/mdex htm
IOOS Integrated Ocean Observrng System

http / / core ssc erc msstate edu/oceanobs html
IPCC Intergoverrunental Panel on ClImate Change
IPHAB Intergoverrunental Panel on HABs
IPHC International PacIfIc HalIbut Co:rnrruSSIOn

http / /wwwIphcwashmgtonedu/)
IPSFC International PacIfIC Salmon FIShmg COmmISSIOn
IRFA IrutIal Regulatory FleXIbIlIty AnalySIS
IRIU Improved RetentIOn/Improved UtilIzation
ITAC IrutIal Total Allowable Catch
!TIS Integrated TaxonomIc Information System
ITSU IOC TsunamI Wammg System m the PacIfIC
IUCN The World Conservation Uruon
Japanese ADEOS-2 satellIte http / /seawmds Jpl nasa gov
JCOMM Jomt Techrucal Co:rnrrussIOn for Oceanography and Marme Meteorology
JDBC Java Database ConnectIvIty
JDIMP Jomt Data and Information Management Panel
JGOFS (NSF) Jomt Global Ocean Flux Study

http / lads smr lib nO/Jgofs/jgofs htm
KBRR Kachemak Bay Research Reserve

Kachemak Bay EcolOgical CharactenzatIon study
http / /www state ak us/adfg/habitat/gerunfo/nerr/kbec/mdex htm

KRSA Kenai River SportfIShmg ASSOCIatIon
LAMP Local Area Management Plan
LATEX LOliSIana-Texas shelf study
LEO Long-term Ecosystem Observatory
LEO-15 Long-term Ecosystem Observatory at 15-m depth
LExEn (NSF) We m Extreme EnVIronments
LIDAR LIght DetectIon and Rangmg
LISt of oceanographIc data servers http / / gcmd gsfc nasa gov/ pomters/ ocean html
LLP LIcense LlffiltatIon Program
LMR LIVIng Marme Resources
LOICZ Land-Ocean Interactions m Coastal Zone
LTER Long-term EcolOgical Research (NSF) http / /lternet edu/
LTOP Long-Term Observation Program

http / / globec oce orst edu/groups/nep/mdex html
LUCC Land Use/Cover Change (IGBP/IHDP)
MABNET Man and the BIOsphere Network

-----------

I
/
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MARBID Manne BIOdIVersIty Database
MARGINS (NSF) ContInental Margms
MarLIN Manne LaboratorIes Information Network
MAROB Marme Observation
MAST Marme ScIence and Technology
MBARI Monterey Bay AquarIUm Research Institute

http / /www mban org/about!
MBF One thousand board feet
MBMAP AdVISOry Panel on Marme BIrds and Mammals (PICES)
MBNMS Monterey Bay National Marme Sanctuary

http / /boruta mbnms nos noaa gov/research/mb_workshop/mdex html
MEHRL Marme EnVIronmental Health Research Laboratory

http//wwwcofcedu/-gnce/mehrl
MEL Master EnvIronmental LIbrary

http / /www-mel nrlmry navy ffil1/
MEQ Marme EnVIronmental QualIty COffiffilttee (PICES)
MERIS MedIum Resolution Imagmg Spectrometer
MetOp MeteorolOgical Operational
MFS MedIterranean Forecastmg System
MMPA Marme Mammal Protection Act
MMRC The North PacIfIC UruversitIes Marme Mammal Research Consortium

consortIum@zoology ubc ca
MMS Mmerals Management ServIce
MMS OCSES Outer ContInental Shelf EnVIronmental StudIes
MODEL Conceptual / Theoretical and Modelmg StudIes Task Team (PICES)
MODIS Moderate Resolution Imagmg SpectroradIometer
MONITOR Morutor Task Team (PICES)
MOOS Ocean Observmg System of the Monterey Bay Aquanum Research Institute

http / /www mban org/default htm
MOS Modular Optoelectroruc Scanner
MPA Marme Protected Areas (DOC/DOl)

http / /www mpa gov
MRB Maxlffium Retamable Bycatch
MSFCMA Magnuson-Stevens FIShery Conservation and Management Act
MSY Maxlffium Sustamable YIeld
mt MetrIC tons
NA Northern AdrIatic
NABIN North AmerIcan BIOdIverSIty Information Network
NABIS National Aquatic BIOdIverSIty Information Strategy
NAML National AssocIation of Marme LaboratOrIes
NAO North Atlantic Oscillation
NASA National Aeronautics and Space AdmnustratIon
NASA/AMSR Advance Microwave Scanrung RadIometer

http / /wwwghcc msfc nasa gov/ AMSR/
Earth ScIence EnterprIse http / / www earth nasa gov
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NASAlGRACE GraVIty Recovery and Onnate Expenment
http 11essp gsfc nasa gOY1essprrussIOns html

NASA/NASDA TropIcal Rarnfall Measurement MIssIOn
http Illtpwww gsfc nasa gOYIMODISIMODIS html

NASA/SalIruty and Sea Ice WorkIng Group
http Ilwww esr org/lagerloef/ssIwg/ssIwgrep1 v2 html
NASAlSeaWIFS http 11seawIfs gsfc nasa gOY
Naval OceanographIc OffIce

http 1112816023 51/noframe/select products htm
NAWQA NatIonal Water QualIty Assessment Program
NCAR NatIonal Center for Atmosphenc Research
NCDC NatIonal ClImate Data Center

http 1Iwww ncdc noaa gOY1
NCEP NatIonal Centers for EnvIronmental ProtectIon
NDBC NatIOnal Data Buoy Center
NDVI NormalIzed DIfference VegetatIon Index
NEAR-GOOS North East ASIan GOOS
NEMO Naval Earth Map Observer
NEODAT Inter-InstItutIonal Database ofFIsh BIOdIversIty m the NeotrophIcs
NEP NatIonal Estuarary Program
NERR NatIonal Estuarme Research Reserve
NESDIS NatIonal EnvIronmental Satellite, Data, and InformatIon SerVIce
NGO Non-governmental orgaruzatIon
NGOA Northern Gulf of Alaska
NIST NatIonal InstItute of Standards and Technology

http 11www rust gOY1
NIWA NatIonal InstItute of Water and Atmosphere Research
NMFS NatIonal Marme Fishenes SerVIce

http 1Iwww nmfs gOY1
NMlvIHSRP NatIonal Marme Mammal Health and Strandmg Response Program

http 1Iwww nmfs gOY1proCreslovervIew1mmhealth html
NMML NatIonal Marme Mammal Laboratory

http 11nmml afsc noaa gOY1AlaskaEcosystemslsslhome/FILEINFO htm
NOAA NatIonal Ocearuc and Atmosphenc AdrrurustratIon
NOAA HAZMAT Hazardous Matenals Program
NOAA NOS NatIonal Ocean ServIce
NODC NatIonal OceanographIc Data Center

http 1Iwww nodc noaa gOY
NOLS NatIonal Outdoor LeadershIp School
NOPP (NASA) NatIonal Ocean PartnershIp Program

http 11core ssc erc msstate edu/NOPPpg1 html
NOPPO NatIonal OceanographIc PartnershIp Program OffIce
NORLC NatIonal Ocean Research LeadershIp Council
NORPAC North PaCIfIc, an mformally orgaruzed group of sCIentIsts responsIble for collatIng

and publIshmg much of the oceanographIc data collected m the North PacIfIc Ocean durmg
I

J
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the penod of approxnnately 1930 to 1965 These data were publIshed m several volumes by
the Umverslty of Cahforma Press ThIs data set IS collectively known as the NORPAC data

NOS NatIOnal Ocean ServIce
http I Iwww nos noaa govI

NPAFC North PacIfIc Anadromous FIsh COmmISSIOn
http I Iwww npafc org
http I Iwww pac dfa-mpo gc cal sCIIpbslpages/NPAFC htm

NPDES National Pollution DIscharge ElImmatIon System
NPFMC North PacIfIc FIshery Management Council
NPO North PacIfIc OscIllatIon
NPOESS National Polar-OrbItIng EnvIronmental Satellite System
NPS National Park ServIce
NRC National Research CouncIl
NRT Near Real TIme
NS&T NatIonal Status and Trends Program

http I Iccmaserver nos noaa govINSandTINew_NSandT html
NSF National ScIence Foundation
NSIPP (NASA) Seasonal-to-Interannual PredIction Program
NURP (NOAA) NatIonal Undersea Research Program
NVODS National VIrtual Ocean Data System http Iinvods orgl
NVP Nearshore Vertebrate Predator project
NWP numencal weather predIction
NWS NatIonal Weather ServIce

http I Iwww nws noaa govI
OAR Office of Oceamc and Atmosphenc Research (NOAA)

http I I oar noaa govI
OBIS Ocean BIOgeographIcal InformatIon System

wwwcomlorg
OCC Ocean Carrymg CapacIty
OCSEAP Outer ContInental Shelf EnVIronmental Assessment Program
OCTS Ocean Color and Temperature Scanner
OE (NOAA OAR) OffIce of Ocean ExploratIon

http I loceanpanel nos noaa govI
OECD OrganIZatIon for EconOmIC Co-operatIon and Development
OFP Ocean Flux Program
OMB Office of Management and Budget
OOPC Ocean ObservatIons Panel for ClImate
OOSDP Ocean Observmg System Development Panel
OPA 90 Oil Pollution Act of 1990

http I Iwww pwssc-osn orgldocsl opa90 html
OPR Office of Protected Resources

http Ilwww nmfs gov/proCres/proCres html
ORAP Ocean Research AdVISOry Panel
ORNL Oak Ridge NatIonal Laboratory

Mercury http IlbeIJa-flor omI gov Thai
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OSNLR Ocean SCIence m Relahon to Non-LIvmg Resources
aspARCOM Convenhon for the Protechon of the Marme EnvIronment of the North-east

Atlanhc
OSRI Prmce WIlham Sound 011 Spill Recovery Inshtute

http / / www pwssc-osn org/lll1SSlOn/lll1SSIOn fr html
OSSE Observahon System SImulahon Expenments
OSTP OffIce of SCIence and Technology Pohcy
OY Ophmum yIeld
PAG Pubhc AdVISOry Group
PAGES Past Global Change (IGBP)
PAH Polyaromahc hydrocarbons
PAR Phosynthehcally AvaIlable Radlahon
PC Pubhcahon COIDllllttee (PlCES)
PCAST PresIdent's COIDllllttee of AdVIsors on SCIence and Technology
PCB Polychlormated bIphenyls
PCC Pollock Conservahon Cooperahve
PDO PacIbc Decadal Oscillabon
PICES Data Bases http / / plces lOS bc caldata/webhstjwebhst htm
PICES North PacIbc Marme SCIence Orgamzahon (not an acronym)

http / / plces lOS bc cal
PICES Techrucal CommIttee on Data Exchange http / /plces lOS bc caldataldataf htm
PIRATA PIlot Research Array m the TropIcal Atlanhc
PISCO PartnershIp for the InterdIscIplInary Study of Coastal Oceans

http / /www plscoweb org/
PMEL PacIbc Marme EnVIronmental Laboratory

http / /www pmel noaa gov/
PMEL Bermg Sea and North PacIfIc Ocean Theme Page www pmel noaa gov/bermg
POC PhYSIcal Oceanography and ClImate COIDllllttee (PlCES)
POLDER Polarlzahon and DIrechonality of the Earth's Reflectances
POM Prmceton Ocean Model
PORTS PhySIcal OceanographIc Real-TIme System
PORTS/VTS PORTS/Vessel TraffIC ServIces
POST PacIbc Ocean Salmon Trackmg Project
PRODAS Prototype Ocean Data AnalySIS System
PROFC Programa RegIOnal de OceanografIa FISIca y ClIma
PSC PacIbc Salmon COIDllllSSlOn

http / /wwwpscorg/Indexhtm
PSMFC PacIfIc States Marme Fishenes COIDllllSSIOn

http / /www psmfc org/
PSMFC RegIOnal Mark Processmg Center

http / /WWWrlll1S org/mdex html
PSP Paralyhc ShellfIsh POlsonmg
PST PacIfIC Salmon Treaty
PWS Prmce WIlham Sound
PWSAC PWS Aquaculture Corporahon http / / www ctcak netjt'wsac/

,
I )
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PWSRCAC PWS RegIonal CIhzens AdvIsory Council
PWSSC Prmce WillIam Sound SCIence Center

http j j www pwssc-osn orgj
QAQC QualIty Assurance and QualIty Control
QC qualIty control
QUIJOTE QuIckly Integrated Jomt Observmg Team
R&D Research and Development
RACE Resource Assessment and Commumty Ecology
RAMS RegIonal Atmosphenc Modelmg System
RCAC RegIonal CItIzens AdVISOry Council
RCRA Resource ConservatIon and Recovery Act
RDP RIbosomal Database Project
REX RegIonal Expenments Task Team (PlCES)
RIDGE (NSF) RIdge InterdIscIplInary Global Expenments
RLDC ResponsIble Local Data Center
RLDC ResponsIble Local Data Center
RMI Remote Method InvocatIon
RNODC ResponsIble NatIonal OceanographIc Data Center
RSN RedSur Network
S1 SeSSIOn 1 - SCIence Board SymposIUm on SubarctIc gyre processes and theIr mteractIon With

coastal and transItIon zones phYSIcal and bIOlOgIcal relatIonshIps and ecosystem Impacts
(PICES)

S2 SeSSIOn 2 - BIO TOpIC SeSSIOn on Prey consumptIon by hIgher trophIc level predators m
PlCES regIons ImplIcatIons for ecosystem studIes (PICES)

53 SeSSIOn 3 - Jomt BIO j CCCC TOpIC SeSSIOn on Recent progress m zooplankton ecology study
m PlCES regIons (PICES)

54 SeSSIOn 4 - FIS TOpIC SeSSIOn on Short lIfe-span qUId and fIsh as keystone specIes m North
Pacmc manne ecosystems (PICBS)

S5 SeSSIOn 5 - POC TOpIC SeSSIOn on Large-scale CIrculatIon m the North Pacmc (PICES)
S6 SeSSIOn 6 - Jomt POC j BIO TOpIC SeSSIOn on North Pacmc carbon cyclIng and ecosystem

dynamICS (PlCES)
S7 SeSSIOn 7 - CCCC TOpIC SeSSIOn on Recent fmdmgs and compansons of GLOBEC and

GLOBEC-lIke programs m the North Pacmc (PlCES)
S8 SeSSIOn 8 - MEQ TOpIC SeSSIOn on EnVIronmental assessment of Vancouver Harbour results

of an mternatIonal workshop (PICBS)
S9 SeSSIOn 9 - MEQ TOpIC SeSSIOn on ScIence and technology for envIronmentally sustamable

mariculture m coastal areas (PICBS)
SAFE Stock Assessment and FIshery EvaluatIon Document
SAR SynthetIc Aperture Radar
SB SCIence Board (PICBS)
SBIA (NSF) Shel£-basm InteractIons m the ArctIc
SCAMIT Southern Ca1I£orma AsSOCIatIon of Marme Invertebrate TaxonOmIsts
SC(-IGBP) ScIentIfIc COIDIDlttee for the IGBP
SCICEX (NSF) ScIence Ice ExerCIse
SCOPE ScIentIfIc COIDIDlttee on Problems of the EnVIronment
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SCOR SCIentIfIc Comrruttee on Ocearuc Research
SCS South Chma Sea
SEA Sound Ecosystem Assessment
SEARCH Study of EnvIronmental Archc Change
SEAS ShIpboard EnvIronmental Data AcqUlslhon System
SeaWIFS Sea-vlewrng WIde Fleld-of-vlew Sensor
SEI SpecIal Events Imager
SEPOA Southeast PacIfIc Ocean Array
SFOS School of Flshenes and Ocean ScIences
SG Sea Grant

http / /www nsgo seagrant org/
SGI State of the Gulf Index
SHEBA (NSF) Surface Heat Budget of the Archc Ocean
SIMBIOS Sensor Intercomparlson and Merger for BIOlOgIcal and Interdlsclplrnary Ocearuc
StudIes
SIMoN Sanctuary Integrated Momtorrng Network

http / /www mbnms nos noaa gov/Research/slIDon/SImon htm
SLFMR Scanmng Low Frequency MIcrowave RadIOmeters
SO-GLOBEC Southern Ocean Programme (GLOBEC)
SOIREE Southern Ocean Iron release experlIDent

http / /kahpo mwa cn nz/~hadfIeld/gust/Iron
SOLAS InternatIOnal Convenbon for Safety of LIfe at Sea
SPACC Small PelagIC FIsh and CllIDate Change (GLOBEC)

SpeclIDen Bankrng Project
http / /wwwnwfscnoaagov/pubs/tm/tm16/tm16htm

SQuID Structured Query and InformatIOn DelIvery
SSC SCIentIfIc and Stahshcal Comrruttee
SSE (NOAA) Sustarnable Seas Expedlhon
SSF Storm Surge Forecast System
SSH Sea Surface HeIght
SSM/I SpecIal Sensor MIcrowave/Imager
SSS Sea Surface Sa1rnIty
SST Sea Surface Temperature
STAMP SeabIrd TIssue ArchIval Momtorrng Project
START Global Change System for AnalYSIS, Research and Trarnmg (IGBP)
SID Sahruty Temperature Depth recorder
STORET System (EPA)

http / /www epa gov/ owow/STORET
SWAO South Western Atlanhc Ocean
TAC Total Allowable Catch
TAO TropIcal Atmosphere Ocean (buoy array)

http / / www pmel noaa gov/ togaOtao/ revlew98/ data html
TASC Transatlanhc Study of Calanus frnmarchIcus (ED)
TCODE Techmcal Comrruttee on Data Exchange (PICES)
TCP TropICal Cyclone Programme )
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TEMA Trammg, EducatIon and Mutural AssIStance (IOC)
TOGA TropIcal Ocean and Global Atmosphere
TOPEX/PoseIden http I I topex-www 1pl nasa gov
TIP TOPEX/PoseIdon
UAA UmversIty of Alaska, Anchorage
UAF UmversIty of Alaska, Farrbanks
UN Umted NatIons
UNCED The Umted NatIons Conference on EnVIronment and Development
UNCLOS Umted NatIonal ConventIon on the Law of the Sea (Montego Bay, 1982)
UNEP Umted NatIons EnVIronmental Programme
UNESCO Umted NatIons EducatIonal, SCIenhhc and Cultural OrgamzatIon

http I I IOC unesco orgl IOcwebI
UNFCCC Umted NatIons Framework ConventIon on ClImate Change
USARC U S ArctIc Research COmmISSIOn
USCG U S Coast Guard
USDA U S Department of AgrIculture
USDHHS U S Department of Health and Human ServIces

http I Iwww os dhhs govI
USFS U S Forest ServIce
USGCRP (NASA) U S Global ClImate Research Program
US GLOBEC (NSF) U S Global Ocean Ecosystem DynamICS

http Ilcbl umces edu/fogarty/usglobecl
USGS US GeologIcal Survey

http I Iwww usgs govI
USNO US Naval Observatory

http / Iwww usno navy mIll
VBA Vessel Bycatch Accounhng
VENTS (NOAA) Vents Program
VIP Vessel IncentIve Program
VOS Volunteer Observmg ShIps
W1 Workshop 1 - MONITOR Workshop on Progress m momtormg the North PacIfIc (PICES)
W2 Workshop 2 - REX Workshop on Trends m herrmg populatIons and trophodynamICS

(PlCES)
W3 Workshop 3 - MODEL Workshop on StrategIes for couplIng 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 Planmng Workshop on DesIgmng the Iron ferhlIzatIon experIment m

the SubarctIc PacIfIC (PICES)
W6 Workshop 6 - (BIO I MBMAP) - The baSIS for eshmatmg the abundance of marme bIrds

and mammals, and the Impact of theIr predatIon on other orgamsms (PlCES)
W7 Workshop 7 - C02 Data SynthesIS SympOSIum (PlCES)
WAM Wave Model
WCRP World ClImate Research Program (ICSUIIOC/WMO)
WES Waterways ExperImental StatIon
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WESTPAC lOC Sub-CormmsslOn for the Western PacIfJ.c
WG WorkIng Group (PlCES)
WHOl Woods Hole Oceanograpluc Inshtuhon
WMO World MeteorologIcal Orgaruzahon
WMS Open GIS Consornum's Web Mappmg Server

http / / www opengIs org/techno/specs/ 0l-047r2 pdf
WOCE (NSF) World Ocean CIrculahon ExperIment (WCRP)

http / /www soc soton ac uk/OTHERS/woceipo/ipO html
http / /wwwcmsudeledu woce/

WODC World Oceanograpluc Data Center
WOOD World-wide Oceans Ophcs Database
WWW World Weather Watch
XBT expendable bathythermograph
XCDT expendable condUCTIVIty, depth and salmIty deVices

j
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APPENDIX B. I FISH AND INVERTEBRATE SPECIES FROM
I

1996 NMFS TRAWL SURVEY OF THE GULF OF ALASKA

The tables below provIde the cornman and sCIentIfIc names of fIsh and mvertebrate specIes
encountered dunng the 1996 Gulf of Alaska bottom trawl survey The maxImum depth of
samplmg was 500 meters

Fish Species

\

)

Family

Lammdae

Squalldae

RaJldae

Chlmaendae

Bothldae

Pleuronectldae

Species Name Common Name

Lamna ditropis salmon shark

Squa/us acanthlas spiny dogfish

Sommosus pactficus Pacific sleeper shark

Raja bmocu/ata big skate

Bathyraja mterrupta Benng skate

Raja rhma longnose skate

Bathyraja trachura black skate

Bathyraja parrmfera Alaska skate

Bathyraja a/eutlca Aleutian skate

Hydro/agus coll,el spotted raffish

Clthanchthys sordldus PaCific sanddab

Atheresthes stom/as arrowtooth flounder

Atheresthes evermanm Kamchatka flounder

Hlppog/ossus steno/epis Pacific halibut

Hlppog/ossoldes e/assodon flathead sole

Lyopsetta eXI/ls slender sole

Eopsetta jordam petrale sale

Parophrys vetu/us English sole

Microstomus pactficus Dover sole

G/yptocepha/us zachlrus rex sole

Llmanda asper yellowfin sole

P/atlchthys stellatus starry flounder

Psettlchthys me/anostlctus sand sole

Lepldopsetta cf sp bl/meata northern rock sale

Lepldopsetta bJImeata southern rock sole

/sopsetta Iso/epis butter sole
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Fish Species ,--

Family Species Name Common Name

Pleuronecbdae (continued) Pleuronectes quadntuberculatus Alaska plaice

Agomdae Samtor frenatus sawback poacher

Xeneretmus le/ops smootheye poacher

Bathyagonus pentacanthus blgeye poacher

Bathyagonus mgnpmms blackfin poacher

Podothecus ac/pensennus sturgeon poacher

Asp/dophoro/des bartom Aleutian alhgatorfish

Hypsagonus quadncom/s fourhorn poacher

Ammodytldae Ammodytes hexapterus Pacific sand lance

Anarhlchadldae AnarrhlChthys ocel/atus wolf-eel

Anoplopomatldae Anoplopoma fimbna sablefish

Argentlmdae Nansema candida bluethroat argentine

Bathylagldae Leuroglossus schm/dtJ northern smoothtongue

Bathymasterldae Bathymaster caeruleofasc/atus Alaskan ronqUlI

Bathymaster s/gnatus searcher

Chauhodonbdae Chaullodus macoum PaCific vlperfish

Clupeldae Clupea pal/as/ PaCific hernng

Macrouridae Albatross/a pectoralis giant grenadier

Coryphaenoides cmereus popeye grenadier

Cottldae Thynscus anoplus

Icelmus borealis northern sculpin

Icelmus tenUis spotfin sculpin

Gymnocanthus p/stJlliger threaded sculpin

Gymnocanthus galeatus armorhead sculpin

Arted/el/us sp

Malacocotfus zonurus darkfin sculpin

Hem/lep/dotus hem/lep/dotus red Irish lord

Hem/lep/dotus jordam yellow Insh lord

HemJlep/dotus pap/1l0 butterfly sculpin

Tnglops forficata sClssortal1 sculpin

Tnglops scept/cus spectacled sculpin

Tnglops pmgell ribbed sculpin

Tnglops macel/us roughspine sculpin
.-/
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! Fish Species
,,-)

Family Species Name Common Name

Cottldae (continued) Myoxocephalus polyacanthocephalus great sculpm

Myoxocephalusjaok plam sculpm

Dasycottus set/ger spmyhead sculpm

Psychrolutes paradoxus tadpole sculpin

Naut/chthys pnbJlovlUs eyeshade sculpm

Nautlchthys oculofasc/atus sallfin sculpin

Rhamphocottus nchardsom grunt sculpm

HemJtnpterus bolin/ blgmouth sculpin

Eurymen gynnus smoothcheek sculpm

lcelus spln/ger thomy sculpin

Tnchodontldae Tnchodon tnchodon Pacific sandfish

Gadidae M/crogadus prox/mus Pacific tomcod

Gadus macrocephalus Pacific cod

Theragra chalcogramma walleye pollock

Hexagrammldae Oph/odon elongatus lingcod

Pleurogrammus monopteryg/us Atka mackerel

Hexagrammos octogrammus masked greenling

Hexagrammos stel/en whltespotted greenling

Hexagrammos decagrammus kelp greenling

Cycloptendae Aptocyclus ventncasus smooth lumpsucker

Eum/crotremus b/rula/ round lumpsucker

Eum/crotremus orb/s Pacific spiny lumpsucker

Careproctus melanurus blacktall snallfish

Careproctus gJlbert/ smalldlsk snarlfish

Paral/pans sp

Melamphaeldae Porom/tra crass/ceps crested blgscale

Melanostomlldae Tactostoma macropus longfin dragonfish

Merluccldae MerlucclUs productus Pacific hake

Myctophldae StenobrachlUs leucopsarus northem lampfish

D/aphus theta California headllghtfish

Lampanyctus ntten broadfin lanternfish

Lampanyctus jordam brokenllne lampfish

Paralepldae Paralep/s atlantica duckbill barracudma
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Fish Species

Family Species Name Common Name

Osmendae Thalelchthys paclficus eulachon

Hypomesus pretJosus surf smelt

Mallotus villosus capelm

Spmnchus thalelchthys longfin smelt

Salmomdae Oncorhynchus tshawytscha chmook salmon

Oncorhynchus kJsutch coho salmon

Oncorhynchus gorbuscha pink salmon

Oncorhynchus keta chum salmon

Oncorhynchus nerka sockeye salmon

Salvelmus malma Dolly Varden

Cryptacanthodldae Cryptacanthodes glganteus giant wrymouth

Stlchaeldae Lumpenus maculatus daubed shanny

Lumpenus sagitta snake pnckleback

Lumpenella longlrostns longsnout pnckleback

Chlrolophls decoratus decorated warbonnet

Poroclmus rothrockl whltebarred pnckleback

Zaprondae Zaprora sllenus prowfish

Zoarcldae Bothrocara pusillum Alaska eelpout

Lycodes paleans wattled eelpout

Lycodes dlapterus black eelpout

Lycodes breVipes shortfin eelpout

Lycodes paclficus blackbelly eelpout

Lycodapus sp

Scorpaemdae Sebastolobus alascanus shortsplne thomyhead

Sebastes aleubanus rougheye rockfish

Sebastes alutus Pacific ocean perch

Sebastes breVlspmls sllvergray rockfish

Sebastes cillatus dark dusky rockfish

Sebastes cf sp cillatus light dusky rockfish

Sebastes cramen darkblotched rockfish

Sebastes elongatus greenstnped rockfish

Sebastes entomelas Widow rockfish

Sebastes flaVidus yellowtail rockfish
J

~
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Family

Scorpaemdae (contrnued)

Scorpaemdae

Species Name

Sebastes he/vomacu/atus

Sebastes mallger

Sebastes me/anops

Sebastes mgrocmctus

Sebastes pauclspmls

Sebastes pmmger

Sebastes po/yspmls

Sebastes pranger

Sebastes rubemmus

Sebastes babcockl

Sebastes vanegatus

Sebastes wi/som

Sebastes zacentrus

Sebastes borea/Is

Sebastes reedl

Common Name

rosethom rockfish

quJllback rockfish

black rockfish

tiger rockfish

bocacclo

canary rockfish

northem rockfish

redstnpe rockfish

yelloweye rockfish

redbanded rockfish

harleqUin rockfish

pygmy rockfish

sharpchln rockfish

shortraker rockfish

yellowrnouth rockfish

Source Martrn M H Data report 1996 Gulf of Alaska bottom trawl survey 1997 U S Department of
Commerce National Oceamc and Atmosphenc Admlnlstratron

Invertebrate Species

Phylum

Cmdana

SpeclesfTaxon Name

Cyanea capillata

A/cyomumsp

Gersem/a_sp

Anthomastus sp

Anthomastus sp A

Anthomastus sp B

Pnmnoa WllleYJ

Paragorgla arborea

Callogorgla sp

StyJatu/a sp

Pavonana finmarchlca

Pfl/osarcus gumeYJ

Common Name

sea raspberry

slender seawhlp
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Invertebrate Species •Phylum SpecleslTaxon Name Common Name

Cmdana (conbnued) MetndlUm sem/e

Llponemls breVlcornls

Sty/aster brochl

Cyc/ohe/la /ancel/ata

Emnopora sp

P/umarel/a sp

Thouarel/a sp

Fanel/la compressa

Munceldes sp

Amphl/aphls sp

Arthrogorgla sp

Annelida Chel/onerels cye/ums

Eunoe nodosa giant scale worm

Eunoe depressa depressed scale worm

Serpu/a verrmcu/ans

Carcmobdel/a cyc/ostomum stnped sea leech •Arthropoda Ba/anus everrnanm giant barnacle

Ba/anus rostratus beaked barnacle

Panda/us Jordam ocean shnmp

Panda/us borea/Is northern shnmp

Panda/us tndens yellowleg pandalld

Panda/us p/atyceros spot shnmp

Panda/us gonlUms humpyshnmp

Panda/us hypsmotus coonstnpe shnmp

Panda/opsls dlspar sldestnpe shnmp

Eua/us macl/enta

Lebbeus groen/andlcus

Crangon commums twosplne crangon

erangon dal/I ndged crangon

Crangon septemspmosa sevensplne bay shnmp

Argls dentata Arcbc argld

Sc/erocrangon boreas sculptured shnmp

Argls far kuro argld
I

)
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Invertebrate Species

Phylum

Arthropoda (contmued)

SpecleslTaxon Name

Paslphaea paCifica

Paslphaea tarda

Cancer magister

Cancer oregonensls

Cancer gracI/Is

Pmmxa occldenta/Is

Oregoma gracI/Is

ChonlJa /onglpes

Chlonoecetes tannen

ChlOnoecetes balrdl

ChlOnoecetes angu/atus

Hyas /yratus

Pagurus brandtl

Pagurus a/eutlcus

Labldochlrus sp/endescens

Pagurus confragosus

Pagurus da/ll

Pagurus kenner/YI

Pagurus ochotensls

Pagurus rathbum

Pagurus tannen

E/assochlrus tenUlmanus

Pagurus capi/latus

E/assochlrus cavlmanus

E/assochlrus gJlIJ

Lopho/Jthodes forammatus

AcantholJthodes hlspldus

Lithodes aeqUlspma

Hapa/ogaster grebmtzkll

RhmolJthodes wosnessenskJl

ParalJthodes camtschatlcus

ParalJthodes platypus

P/acetron wosnessenskll

GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

Common Name

PaCific glass shnmp

cnmson paslphaeld

Dungeness crab

Oregon rock crab

graceful rock crab

pea crab

graceful decorator crab

longhomed decorator crab

groved tanner crab

balrdl tanner crab

triangle tanner crab

PaCific lyre crab

sponge hermit

Aleutian hermit

splendid hermit

knobbyhand hermit

whlteknee hermit

bluespme hermit

Alaskan hermit

longfinger 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 SpeclesfTaxon Name Common Name

Arthropoda (continued) Pugett/a sp kelp crab

Mumda quadnspma

Mollusca Tochuma tetraquetra giant orange tochul

Tntoma dlOmedea rosy tntoma

Chlamylla sp

Cranops/s major

Nat/ca clausa arctic moonsnall

Nat/ca russa rusty moonsnall

Polimces pallidus pale moonsnaJl

Colus herendeenll thIn-nbbed whelk

Volutops/us harpa left-hand whelk

Volutops/us frag/lis fragile whelk

Benng/us kenmcottll

Benng/us undatus

Neptunea am/anta

Neptunea pnb/loffens/s Pnbllof whelk

Neptunea Iyrata lyre whelk

Plic/fusus kroyen

Volutops/us callorhmus

Afona c/rcmata keeled afona

Fus/tnton oregonens/s Oregon tnton

Bathybemb/x ba/rdll

C/danna c/dans

Buccmum plectrum SinUOUS whelk

Buccmum sca/anforme ladder whelk

Arctomelon steamsll Alaska volute

Mod/olus mod/olus northern horsemussel

Myfllus edul/s blue mussel

Chlamys rub/da reddish scallop

Patmopecten caunnus weathervane scallop

Yold/a sc/ssurata cnsscrossed yoldla

Yold/a thrac/aeform/s broad yoldla

Nuculana sp
)

8 ApPENDIX B



I
/

Invertebrate Species

Phylum

Mollusca (conbnued)

Echinodermata

SpeclesfTaxon Name

Ltmopsis akutamca

Musculus mger

Musculus d,scors

Astarte crenata

Tndonta borealis

Cye/ocardla ventncosa

Cyclocardla crebncostata

ClmocardlUm nuttal/II

Clmocardlum ciliatum

ClmocardlUm cal1fomlense

Mactromens polynyma

Siliqua sp

Sernpes groenlandlcus

Sernpes laperouslI

Pododesmus macroschlsma

Opisthoteuthis califormana

Octopus dofleml

Rossla pacifica

Berryteuthls magister

Evastenas troschelll

Evastenas echmosoma

Orthastenas koehlen

Leptastenas hylodes

Rathbunaster califamicus

Pycnopodla helianthOides

Stylastenas (orren

Lethastenas nammensls

Pedicel/aster magister

Poramopsis mflata

Henncla sangumolenta

Henncla levlUscula

Leptastenas polans

Gephyreaster SWlftJ

GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

Common Name

Akutan IImops

black mussel

discordant mussel

crenulate astarte

boreal tndonta

stout cyclocardla

many nb 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

Hlppastena spmosa

Pseudarchaster parelll

Medlaster aequahs

CeramasterJapomcus

Ceramaster patagomcus

LUJdla folJata

Solaster endeca

Solaster dawsom

Solaster stlmpsom

Solaster paxHlatus

Crossaster boreahs

Crossaster papposus

Lophaster furcllhger

Pteraster tesselatus

Pteraster mllJtans

Pteraster obscurus

Dlplopteraster multlpes

Astenas amurens/s

Ctenodlscus cnspatus

Leptychaster pacJficus

Dlpsacaster boreahs

LUJdlaster dawsom

Strongylocentrotus droebachiensIs

Strongylocentrotus franc/scanus

Strongylocentrotus palIJdus

Allocentrotus fraglIJs

Bnsaster latlfrons

Echmarachmus parma

Gorgonocephalus caryl

Asteronyx lovem

Ophlura sarsl

Amphlophlura ponderosa

Ophlophohs aculeata

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
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Phylum

Echinodermata (continued)

Ponfera

Bryozoa

Brachiopoda

Chordata

SpecleslTaxon Name

Parast/chopus callformcus

Molpad/a mterrned/a

Pentamera IIssoplaca

Bathyplotes sp

Cucumana fal/ax

St/chopusJapomcus

Psolus fabnclI

Subentes ficus

Aphrocaillstes vastus

Mycale lovem

Hal/chondna pamcea

Myx/I/a mcrustans

Hylonema sp

Eucratea loncata

Flustra serrulata

Terebratalia transversa

Terebratulma ungwcula

Laqueus callfoml8nus

Styela rust/ca

Boltema sp

Halocynth/a aurant/um

Aplld/umsp

SynOlcum sp

Molguia retorflforrn/s

Molguia gnftfhsll

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 Martin M H Data report 1996 Gulf of Alaska bottom trawl survey 1997
U S Department of Commerce National Oceanic and Atmosphenc Administration
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) APPENDIX C. NORTH PACIFIC MODELS OF
~....-/

THE ALASKA FISHERIES SCIENCE CENTER AND SELECTED
OTHER ORGANIZATIONS

Descriptions of Model Hypotheses

Descnphons compiled by Kenm AydIn (Kenm Aydm@noaa gov) A lIst of references IS
provIded at the end

)

Single-Species StockAssessmentModels That Include Predation
So far we have developed two of these models one for Eastern Bermg Sea pollock

(LIvmgston and Methot 1998) and one for Gulf of Alaska pollock (Hollowed et al 2000) We
rrught develop one for Aleuhan Islands Atka mackerel m the future The purpose of these
models IS to better understand the sources and hIDe trends of natural mortahty for pollock by
explIcItly mcorporahng predahon mortalIty 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 hIDe, dependIng on
hIDe trends m predator stocks ThIs frndmg about mortahty has given us better Ideas of what
rnfluences predahon has on fIsh recrUItment through hIDe and helps us to separate predahon and
clImate-related effects on recrUItment We can better show the demands of other predators such
as marme mammals for a commercIally fIshed stock and how It rrught rnfluence the dynanucs of
that stock (although we shll need to make progress m understandmg the effects on the manne
mammals)

Bering sea Multispecles Virtual Population AnalYSiS (MSVPA)
We now have a mulhspecies VIrtual populahon analySIS (MSVPA) model for the Benng Sea

(LIvmgston and Jurado-MolIna, 2000) ThIs model mcludes predahon mterachons among several
commerCIally Important groundfIsh stocks and also predahon by arrowtooth flounder and
northern fur seal on these stocks ThIs model can give us a better Idea of the predahon
mterachons among several stocks We can use outputs from thIs type of model to help us
understand what the pOSSIble mulhspeCIes ImplIcahons are of our smgle-species-onented fIshrng
strategies Results from these forecashng exerCIses show that a partIcular fIshrng strategy may
have the OppOSIte of the mtended effect If mulhspecies mterachons are taken mto considerahon
We have also done mulhspeCIes forecashng WIth thIs model by usmg dIfferent hypotheses about
regIme shIfts and assOCIated fIsh reCrUItment patterns

Boreal Migration and Consumption Model (BORMICON)
for the Eastern Bering sea

We have an llllhal verSIOn of a spahally explICIt model of pollock movement and canmbahsm
m the Eastern Benng Sea We hope to better understand the dIfferences m spahal overlap of
predators and prey jilld how that affects the populahon dynanucs of each The model we have
modIfIed for the Bermg Sea, BORMICON (Boreal MIgrahon and Consumphon Model), IS one
bemg used m other boreal ecosystems Migrahons are prescnbed currently WIth the hope that we
can prescnbe movement based on phYSICal factors m the future The rnfluence of spahal overlap

I
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of canrubahshc adult pollock WIth Juvemles on the populahon dynanucs of pollock IS bemg r-

r _)mveshgated Hypotheses about larval dnft posihons and the resulhng overlap and canrubahsm .
are also bemg explored TIns model could be hnked m the future to an mdIV1dual-based larval
pollock model and to a nutrIent-phytoplankton-zooplankton model that could prescrIbe
zooplankton abundance by area as alternate food for adults and as the prImary food for Juvemles

AnalyticalApproach to Evaluating Alternative Fishing Strategies
With Multiple Gear Types

The analyhcal approach for sImulahng current groundfIsh management m the North PacrfIc
U S ExclUSIve Econoffilc Zone mvolves considermg mterachons among a large number of speCIes
(mcludmg target, nontarget, and prohibIted) areas and gear types To evaluate the consequences
of alternahve management regImes, modehng was used to predIct the hkely outcome of
management decISIOns by usmg stahshcs on histOrIcal catch of dIfferent speCIes by gear types and
areas Management of the Alaska groundfIsh fIsherIes IS complex, given the large numbers of
speCIes, areas, and gear types The managers schedule fIsherIes openmgs and closures to
maxmuze catch subject to catch hffilts and other constramts These management achons are
based on expectahons about the array of speCIes hkely to be captured by dIfferent gear types and
the cumulahve effect that each fIShery has on the allowable catch of each mdIV1dual 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 fISherIes based on
histOrIcal catch data by area and gear type The groundfIsh populahon abundance for each
alternahve regIme was forecast for a 5-year perIod begInnIDg from the present TIns approach
provIdes a reasonable representahon of the current fIsherIes management prachce for deahng r \
WIth the mulh-speCIes nature of catch m target fIsherIes

In addihon to the model and Its prOjected results, agency analysts also used the sCIenhhc
hterature, ongomg research, and professIOnal opmIOn of fIshery experts m theIr respechve fIelds
to perform quahtahve assessments

Influence ofAdvection on Larval Pollock Recruitment
TIns model mveshgates the enVIronmental relahonshIp between surface advechon durmg the

post-spawnmg perIod (pollock egg and larval stages) and pollock SurVIval Wespestad et al
(1997) found that durmg years when the surface currents tended north-north westward along the
shelf, class strength was Improved compared to years when currents were more easterly They
used the OSCURS surface advechon model to SImulate dnft Subsequently (Ianelh et al 1998),
theIr analySIS was extended to apply Wlthm a stock assessment model The model uses surface
advechon durmg a 90-day perIod to deterill1ne the IIgoodness" of the advechve fIeld for Juvemle
pollock

ShellkofPollock 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 eXaill1ne, at a
mechanlShc level, hypotheses about recruItment of pollock m Shehkof Strait, especIally as they
refer to transport, growth, and (somewhat) mortalIty of pollock from spawnmg through the fall
of the D-age year

)
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Global Ocean Ecosystem Dynamics (GLOBEC) Nutrient-Phytoplankton-Zooplankton
(NPZ) 1-D and3-D Models

TIns modelmg effort (the 3-D NPZ model coupled wIth a phYSICal model of the cIrculatIon of
the region) IS desIgned to test hypotheses about the effect of clImate change/regIme shIfts on
productIon m the coastal region of the Gulf of Alaska, mcludmg effects on cross-shelf transport,
upstream effects, local productIon, and effect on SUItability of the region as habItat for Juvemle
salmon

Stel1erSea Lion Individual-Based Model (IBM)
ThIs ffiM model WIll be deSIgned to examme how sea hon energy reserves change, through

foragmg and bIOenergetIcs, dependmg on the dIstnbutIon, densIty, patchIness, and speCIes
composItIon of a dynamIC prey fIeld (as mfluenced by factors such as potentIal local depletIon by
fIshmg) It should be apphcable to any domam surroundmg a specIfIc sea hon rookery or haul
out m the Bermg Sea, AleutIan Islands, or Gulf of Alaska Lion charactenstIcs such as age,
locatIon, lIfe stage, and bIrth date are recorded Calonc balance IS the mam vanable followed for
each mdividual

ShellkofNutrient-Phytoplankton-Zooplankton (NPZ) Model, 1-D and3-D Versions
ThIs NPZ model was deSIgned to produce a temporally and spatIally exphCIt food source

(pseudocalanus stages) for larval pollock, deSIgned to be mput to the pollock ffiM model TIns
set of coupled (bIOlOgical and phySIcal) models was desIgned to be used to examme hypotheses
about pollock recrUItment m the Shehkof Strait region

GulfofAlaska Wal1eye Pol1ock Stochastic Switch Model
TIns model was deSIgned as a mathematIcal representatIon of a conceptual model presented

m Megrey et al 1996 It IS a numencal SImulatIon model of the recrUItment process A generalIze
descnptIon of stochastIc mortahty IS formulated as a functIon of three speCIfIc mortahty
components consIdered Important m controllmg SurvIVal (random, caused by wmd ffilXmg
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

North Pacific Ecosystem Model for Understanding Regional Oceanography (NEMURO):
ThIs model was deSIgned to represent the mmImum state vanables 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 sIhcon 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

Mass-Balance Ecosystem Models (Ecopath) for North Pacific Regions ofInterest
(Multiple Models)

Mass-balance food web models prOVIde a way for evaluatIng the Importance of predator
prey relatIonshIps, 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
mortahty WIth respect to predator bIOmass and fIshmg levels, and determme the quahty of data
avaIlable for a given system
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Eastern Benng Sea Shelf Ecopath Modell Although many of these models were done m
the past for the Alaska regIon, the most up-to-date publIshed model IS the effort by Tntes et al
(1999) for the Eastern Bermg Sea These models are hIghly aggregated across age groups and
specIes groups and best hIghlIght 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 ThIs model IS useful for testmg
ecosystem hypotheses about bottom-up and top-down forcmg and to examme system level
propertIes and energy flow among trophIc levels The Eastern Bermg Sea model extent mcludes
the mam shelf and slope areas north to about 61 0 N and excludes near-shore processes and
ecosystem groups

Eastern Benng Sea Shelf Model 2 and Western Benng Sea Shelf Ecopath Model The
second Eastern Bermg Sea Shelf model breaks down the earlIer model mto more detailed speCIes
groupmgs to tease apart the dynamICS of mdIvidual speCIes, especIally m the commerCIally
Important groundfIsh Spahal extensIOns to the model mclude subdiVIdmg mto mner, mIddle,
and outer bIOphYSIcal domams The model WIll be calIbrated 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 hme senes of trawl data, and Mulhspecies VIrtual Populahon AnalySIS (MSVPA)jother
assessment analyses The pnmary purpose of thIs model IS to mveshgate the relahve 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

Gulf of Alaska, ContInental Shelf, and Slope (Excludmg Fjord, Estuarme, and Interhdal
Areas) Ecopath Model Throughout the 1990s there have been extensIve commercial fIShenes m
the Gulf of Alaska (GOA) for groundfIsh, as well as crab, herrmg, halIbut, and salmon Removals
of both target speCIes and bycatch by these (and hIstoncal) fishenes have been suggested as a
pOSSIble cause for the declme of the western stock of Stellar sea hans, whIch are now hsted as
endangered speCIes An EcopathjEcosIm model for the GOA could test the hypotheSIS that
fIShery removals of groundfIsh and bycatch durmg the 1990s has contnbuted to the contmued
declme of Stellar sea hans

In addihon, a commumty restructurmg, m whIch shrImp populahons declmed 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 Department of FIsh and Game An addihonal hypotheSIS, whIch could be tested WIth thIs
model, IS that thIs trophIc reorgarnzahon has had a negahve Impact on marme mammal and bIrd
populahons m the GOA Fmally, the effects of an apparent mcrease m shark populahons on theIr prey
and the relahve lIDportance of these effects m the whole system could be evaluated WIth an Ecopath
model

The Aleuhan Island and Pnbdof Islands Ecopath Models WhIle the Eastern Bermg Sea
and Gulf of Alaska model may capture broad-scale dynamICS of WIdespread fIsh stocks, theIr
scale IS too large to address local deplehon ThIs ISsue may be lIDportant for ISland-based fIsh
such as Atka mackerel, and may be cnhcal for determIIDng the effect that changes m the food
web may have on the endangered Steller sea han ThIs smaller-scale Ecopath model will be used
m conJunchon WIth larger-scale models to examme the pOSSIbility of lmkmg the models across
scales
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PrInce WIlham Sound Ecopath Models An Ecopath model of Prmce WIlliam Sound (PWS)
was constructed by a collaborahon of experts from the reglOn dunng 1998-1999 (Okey and Pauly
1999) The Exxon Valdez Oil Spill Trustee Council funded thIs effort for the purpose of
1/ecosystem synthesIS 1/ The project was coordInated by the Umverslty of Bnhsh ColumbIa
Flshenes Centre and overseen by the Nahonal Manne FIShenes ServIce OffIce of all Spill
Damage Assessment and Restorahon Prmce WillIam Sound IS well defmed geographIcally,
spahal defImhon of the system consIsted of drawmg lmes across Hmchenbrook Entrance,
Montague Strait, and smaller entrances The hIDe penod represented by the model 1994 to 1996 IS
the post-spill penod WIth the broadest and most complete set of ecosystem mformahon ThIs
food web model conSIsts of 48 funchonal groups rangmg from smgle ontogenehc stages of
speCIal-mterest speCIes to hIghly aggregated groupmgs A vanety 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 Penod, Contact Person, and Model Status

Model Name!

Model Region Time Period Contact Status

Single-species stock assessment EBS 1964-95 Patricia LIvingston Working
models that Include predation GOA 1964-97

(Annual)

Benng Sea MSVPA 1979-98 Patncla LIvingston Working

3 Months (quarterly) Jesus Jurado-Molina

BORMICON for the eastem 1979-97 Patncla LIvingston Planmng!
Benng Sea 1 Month construction

Evaluating Alternative Fishing Current Jim lanelll Working
Strategies

Advection on larval pollock 90 Days of Larval Dnft Jim lanelll Working
recruitment 1970s-present

Shellkof 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 Planmng!

Minutes to Days Constructlo
n

Shellkof 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 (replicates) Bem 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 KenmAydln In progress
Ecopath Annual

Western Benng Sea Shelf Early 1980s KenmAydln 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 William Sound Ecopath Pre- and Post 1989 oil spill Tom Okey Completed

Annual

Notes
BORMICON = Boreal Migration and Consumption Model
EBS = Eastem 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
NPZ = nutnent-phytoplankton-zooplankton
YO = days of the year I

J

6 APPENDIX C



GULF ECOSYSTEM MONITORING AND REsEARCH PROGRAM

Table 2 Model Spatial Domains, 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 dlstnbutlon 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
l southwest of Kodiak Water velOCities Wind

charactenstlcs such as
I

" 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 salinity,

consumption respiration

Pseudocalanus field (from
NPZ model)

GLOBEC NPZ 1-D Water column (0-100 m) Irradlance MLD DlffuslVlty, ammonium
and 3-D Models Coastal GOA from Dixon

Temperature dlffuslvlty
nitrate detntus, small and

Entrance to Unlmak Pass
bottom depths water

large phytoplankton
100 m of water column velOCIties (u v w) dinoflagellates tintinnids
over depths < 2000 m small coastal copepods

5-m depth binS x 20 km neocalanus and

hOrizontal gnd
euphausllds

nitrate and ammonium
mmol/m3

all else mg carbon/m3

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 scenarios 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-D and 3-D
Versions

GOA Pollock
Stochastic SWItch
Model

NEMURO

Eastern Benng Sea
Shelf Model 1
Ecopath

Eastern Benng 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
Shumagin Islands 1-m
depth bins for 1-D version,
1 m depth x 20 km for 3-D
version

Shellkof Strait Gulf of
Alaska

Ocean Station P (500N
145OW) Benng Sea
(57 5°N 175°W), and
Station A7 off the east of
Hokkaldo Island Japan
(41 3°N 145 3OW)

500,000 km
2

In EBS south
of61°N

500,000 km
2

In eastern
Benng Sea south of 61 ON

300 000 km
2

on western
Benng Sea shelf

NPFMC management
areas 610, 620, 630 and
part of 640

Not determined

Whole Pnnce William
Sound

Inputs

Irradlance, 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 vanables and
parameters, including
2 phytoplankton
3 zooplankton and
multiple nutnent groups

Biomass production,
consumption and diet
composItion for all major
species In 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 In Units of nrtrogen
and SIlicon

Balance between produced
and consumed per area
biomass (t/km

2
) Future

work Will explore energy
(kcallkm2

) and nutnent
dynamics
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Table 2 Model Sp~t1al Domains, Currencies, Inputs, and Outputs

Model Name/

Model Region

Source Kenm Aydin

Model Spatial Domam Inputs Outputs/Currency

(

'-----)

Notes
BORMICON = Boreal Mlgrabon and Consumpbon Model
EBS = Eastem Benng Sea
GLOBEC = Global Ocean Ecosystem Dynamics
GOA = Gulf of Alaska
km = kilometer
kcal = kilo calone
m = meter
MLD=
mmol = millimolar
MSVPA = Multlspecles Virtual Populabon 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
YD = days of year
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D 1 Current
Information Gathering

APPENDIX D. GULF ECOSYSTEM MONITORING AND
RESEARCH (GEM) DATABASE

D 1 1 The Gap AnalysIs Database Introduction

The conceptual foundatIon m Chapter 4 (Volume II) has been
shaped largely by currently available sCIenh£Ic mformatIon
Much of thIs mformatIon IS derIved from the momtormg and

research actIVItIes conducted m the GOA and adjacent waters durmg the past 100 years
InformatIon from these actIVItIes has been mcluded m a database tItled"Ongomg and HIstOrICal
Momtormg and Research ActIVItIes m the Gulf of Alaska and Adjacent Waters" ThIs database IS
referred to as the "gap analySIS database" because It IS used as a tool to assess past and current
actIVItIes to set prIorItIes and promote collaboratIon m fIllmg Important"gaps" m mformatIon,
whIle aVOIdmg duplIcatIon CompIlIng thIs comprehensIve database IS a challenge m Itself, gIven
multIple fundIng sources and the dynamIC nature of varIOUS approprIatIons processes, as well as
a lack of mformatIon about the relatIonshIps among varIOUS programs and projects

The database mcludes both ongomg and hIstOrIcal projects concerned WIth mformatIon
gathermg, processmg, and applIcatIons m resource management and other areas of marme
SCIence ProJects m the database mclude readily Idenh£Iable research and momtormg actIVItIes,
such as the NMFS bIenmal (trIenmal) trawl survey, the InternatIonal PaCIfIc HalIbut COmmISSIOn
longlme survey, and the NatIonal Weather ServIce data buoy network The record for each
proJect mcludes mformatIon on project purpose, types of data, expected project duratIon, contact
mformatIon, Web SIte, and latItude and longItude for fIeld actIVItIes Not all categorIes of
mformatIon m each record are complete, but a deSCrIptIon of the baSIC functIons of each project IS
available m each record Because the"proJect" was not mtended to be a standard unIt for
de£mmg effort m marme research, the broad analySIS below should be consIdered a qualItatIve
companson of the relatIve 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

D 1 2 The Gap AnalySIS Database Summary

Projects m the gap analYSIS database have been categorIZed as eIther momtormg or syntheSIS and
research For the purposes of the gap analySIS, momtormg IS routIne data gathermg based on
assumptIons about ecosystem behaVIOr or how the measures capture system behaVIor
Momtonng IS not expected to be completed WIthIn a fIxed tIme frame Examples of momtormg
measurements are salmIty, temperature, concentratIon of DDT, and populatIons of speCIes at
seabIrd colomes For the purposes of the gap analysIS, synthesIS and research IS defIned as a
tIme-lImIted actIVIty that mvestIgates relatIonshIps among ecosystem components WIth the use of
data accordmg to a specIfIc experImental deSIgn The syntheSIS and research category mcludes
retrospectIve analySIS, modelmg, ecosystem process studIes, and data management and
mformatIon transfer Each general actIVIty category IS further classIfIed mto SIX areas of study

1 BIrds, fIsh, and she11£Ish,
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2 PhysIcal and bIOlogrcal oceanography,

3 Freshwater water quahty,

4 Contammants,

5 Mulhple tOpICS, and

6 Other

MOnitoring
The maJonty (58 %) of 291 projects rn the gap analYSIS database as of May 2001 are classmed

as morutorrng funcbons Most of the morutorrng funchons address commercIally, culturally, or
socIally Important large ammals, as IdentIfIed below rn percentages of all projects rn the database

• 20%fIsh and shellfIsh,

• 9% mulhple tOpICS,

• 7% mammal, and

• 4% seabrrd

The balance of the morutormg projects are devoted exclUSIvely to the small plants and
anImals and the physIcal and chemIcal measurements, shown below as percentages of all projects
In the database

• 15% phYSICal oceanography WIth some chemIcal and bIOlogrcal,

• 1%freshwater,

• 1%biologrcal oceanography,

• 1%contamInants, and

• < 1%other

Morutorrng projects for fIsh and shellfIsh are largely drrected at smgle speCIes or closely
related aggregates of speCIes such as salmon, hahbut, rockfIsh, and crab MIxed studIes combme
large anImals, smaller fIsh, plankton, and somehmes contamInants, although detechng trends rn
the abundance of large anImal speCIes appears to be the pnmary purpose of the InlXed surveys
PhYSICal oceanography projects are dommated by satellite telemetry

The ADF&G fIelds the largest number of fIsh and shellfIsh projects m the northern GOA,
prImarIly for salmon and crab and, to a lesser extent, rockfIsh and other speCIes Long annual
hme senes data collected by ADF&G are available from ADF&G for salmon and crab catches and
for salmon spawners (escapements) rn most major watersheds Long annual hme senes eXIst for
trawl survey data for shrImp, grOundfISh, and crab Other substanhal salmon data sets are age,
weIght, and length of adult salmon m catches Other ADF&G projects record charactenshcs such
as genehcs, presence of dISease, and other bIOlogrcal data

More detailed rnfonnabon IS avaIlable rn Secbon D 2 of thIs appendIX and the gap analySIS
database

(
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SynthesIs andResearch
About 42% of the projects m the gap analysIs database are synthesIs and research achVlhes

These achVlhes are lIsted below as percentages of all projects m the database

• 22%data management and mformahon transfer,

• 11%retrospechve analysIs,

• 5%modelIng, and

• 3%ecosystem process studIes

The synthesIs and research achVIhes are further defmed below as numbers of proJects,
because the small number of projects m some categones makes companson of percentages
problemahc

Data Management and Transfer

•

•

•

•

•

•

•

•

•

21 phYSICal oceanography and atmosphenc data,

2 benthIc mterhdal,

1 bIOlOgIcal oceanography,

8 bud,

5 contammant,

7 fIsh,

8 mammal,

6 nuxed tIssue archIves for large anImals and bIOlOgIcal and phYSICal data, and

2 freshwater and watershed onented

Retrospechve AnalysIs

• 6 phYSICal oceanography,

• 8 nuxed (phySIcal and bIOlOgIcal),

• 1 mammal,

• 1 human use (subsIstence),

• 9 fIsh,

• 2 contammant,

• 2 bud,

• 1 bIOlOgIcal oceanography, and

• 1 benthIc mterhdal
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Modehng

•

•

•

•

1 bentluc mtertIdal,

3 mammal,

1 nuxed (coupled bIOphYSICal), and

8 physIcal oceanography

Ecosystem Process Stuches RelatIvely few (nme) ecosystem process studIes are currently
ongomg m the GOA Four are bemg conducted m GlacIer Bay m the more southern end of the
GOA Others are more relevant, lookmg at oceanographIc forcmg of prImary productIVity and
productIvitIes of fIsh

D 1 3 PrOjects of Interest to GEM

The federal government IS the prImary fundmg source for the current mformatIon gathenng
programs of mterest to the development of the GEM program, WIth substantIal fundmg also
provIded by state government, foreIgn governments, and non-governmental orgaruzatIons The
work IS conducted Withm programs and projects too numerous to lIst here, however, a reference
on the specIfIc agencIes and programs IS provIded m SectIon D 2 of thIs appendIx Relevant
projects cover three broad categorIes

1 BIrd, fISh, and mammal data and some human Impacts assocIated WIth theIr harvests,
collected by the prImary fIsh and wildlIfe resource management entItIes,

2 BIOlOgical and other oceanographIc observatIons, collected as part of major research
efforts, and

3 PhySIcal and chemIcal characterIstIcs of waters and habItats collected by the prImary state
and federal agencIes prOVidIng envIronmental morutorIng

InformatIon on bIrds, fIsh, and mammals m watersheds and the nearshore marme areas IS
relatIvely abundant Because data were collected through hme for a varIety of purposes and WIth
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-case baSIS Ongomg programs collectIng anImal data of
partIcular mterest to the GEM program are contInuous, annual hme serIes (m excess of 50 years)
on commercIal speCIes such as salmon, fur, seals, and halIbut, and shorter hme serIes (some
dIscontmuous) of around 30 to 50 years on other speCIes of fIsh and shellfIsh, seabIrds, and
marme mammals ObservatIons on marme-related terrestrIal arumals and vegetatIon are
available from gnd surveys m the Chugach NatIonal Forest

The longest contInuous-hme serIes of phYSIcal oceanographIc measurements (temperature
and salllllty) m the GEM region IS located outsIde the mouth of ResurrectIon Bay near Seward
Shorter hme serIes of other vanables have been collected at thIs locatIon, known as Gulf of
Alaska 1 (GAK1), by the InstItute of Manne SCIence (IMS), Uruversity of Alaska Farrbanks (UAF),
durmg the last three decades Other ongomg oceanography programs lllltIated withm the last 20
years proVIde Important data sets The FISherIes and Oceanography CoordInated InvestIgatIons
(FOCI), lllltIated m the 1980s, was the fIrst program m the western GOA to model phYSIcal
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oceanograpluc processes to understand changes m annual abundance of a marme fIsh specIes,
pollock IrutIated m the 1990s, the Ocean Carrymg CapacIty (OCC) program IS collectIng data on
the dIstrIbutIon of Juverule salmon on the contInental shelf m the GOA and Bermg Sea Also
InItIated m the 1990s, the Global Ocean Ecosystem DynamICS (GLOBEC) program combmes
retrospectIve studIes of eXIstIng data WIth observatIons of plankton, physIcal and chemIcal
oceanography, and Juverule salmon abundance m PWS and the adjacent contInental shelf and
shelf break GLOBEC IS of partIcular mterest to the GEM program because It seeks to understand
how natural forces brmg about changes m bIOlOgIcal productIVIty, mcludmg that of salmon

Other longer tIme senes of observatIons of bIOlOgIcal and phYSICal oceanography from
ongomg programs m the marme enVIronment mclude the work of the Japan FIshenes Agency,
wluch has been takmg oceanograpluc observatIons m the GOA smce the 1950s ObservatIons of
the dIstrIbutIons of North Amencan and ASIan stocks of salmon and catches of groundfIsh
speCIes (pollock and cod) m the GOA by the InternatIonal North Pacmc FIshenes COmmISSIOn
and ItS successor, the North PacIfIC Anadromous FISh COmmISSIOn (NPAFC), are extensIve,
however annual tIme senes are not all complete Although located very far to the south m the
GOA, Canada's Ocean StatIon P contInues to provIde a contInuous record of oceanographIc
observatIons now more than fIve decades long

DaIly tIme senes (some dIscontInuous) of oceanograpluc and atmosphenc data relevant to
GEM planrung are avaIlable, WIth most of the observatIons from the past decade An array of
buoys m the northern GOA operated by the NatIonal Weather ServIce (NWS) and the NatIOnal
OceanographIc Data Center (NODC) of NOAA provIdes atmosphenc and phYSICal
oceanograpluc measurements of relevance to GEM planrung In addItIon, the satelhte remote
sensmg projects of both NOAA and the NatIonal AeronautIcs and Space AdIDInIstratIon (NASA)
prOVIde cloud cover and sea surface observatIons throughout the GEM regIon

Of ImmedIate mterest to GEM are ongomg projects to charactenze the phySIcal and chemIcal
charactenstIcs of waters and habItats collected by the prImary enVIronmental morutormg
concerns U S GeolOgIcal Survey (USGS), ADEC, and EPA Long-tIme-senes measurements of
freshwater runoff from stream gauges m major nvers of Southcentral Alaska are avaIlable from
USGS, although the future of tlus program appears to be m doubt ADEC has ongomg tIme
senes of water quahty m the GEM regIon and IS responsIble for ImplementatIon of the EPA
statIons for the marme EnVIronmental Morutormg and Assessment Program (EMAP) m the
northern GOA

D 2 List of PrOject
Titles by Orgamzatlon

Note that projects shared among agenCIes may be hsted
more than once

Alaska Department of EnVIronmental Conservahon (ADEC)
184 Morutormg Programs for ParalytIc ShellfIsh POIson (PSP) m KIng Crab, Dungeness Crab

and Tanner Crab
236 CertIfIed ShellfIsh Beaches
239 ContamInated SItes Database
240 Leakmg Underground Storage Tank (UST) SItes m Alaska
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Alaska Department of FIsh and Game (ADF&G)
153 Sonar Enumerahon of Returmng Adult Salmon
154 Catalog of Waters Important for the Spawmng, Rearmg, or MIgrahon of Anadromous

FIshes
155 Groundhsh Port Samplmg
156 WhIskers (Seals and Sea LIons)
157 Harbor Seal Survey
158 WeIrs and Counhng Towers for Enumerahon of Returrung Adult Salmon, Escapement
159 Aenal / Foot Surveys of Spawmng Streams, Salmon Escapement
160 Fry / 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 Sablef1sh Assessments, Southeast Alaska
166 Catch Samplmg - Southeast Alaska (RockfIsh, SablefIsh, Lmgcod), Prmce WIlham Sound

and Lower Cook Inlet (RockfIsh, SablefIsh, PacIhc Cod, Pollock), KodIak and Aleuhan
Islands (RockfIsh)

167 FISh TIckets for ShoresIde LandIngs
168 LlIDnology - Lower Cook Inlet
169 Hemng DIve Surveys - Prmce WIlham Sound and Southeast Alaska
170 Hernng Aenal Surveys - StatewIde
171 Hernng Catch Samplmg - StateWIde
172 Pot Surveys - Southeast Alaska Kmg Crabs
173 Trawl Surveys - Pnnce WIlham Sound, Lower Cook Inlet, and Alaska Pemnsula for Kmg

and Tanner Crabs
174 DIve Surveys - Southeast Alaska Clams, and Sea Cucumbers
175 ShellfIsh DocksIde Samplmg - StateWIde
176 ShellfIsh Catch Enumerahon - StatewIde
177 TrIdent Basm Water Temperature
178 ShellfISh Onboard Observers
179 KodIak Red Kmg Crab Tags
180 Gulf Pot Surveys - Crabs
181 ShrImp Trawl Surveys
183 SubSIstence Harvest
185 Scallop Dredge Survey - Prmce WIlham Sound and Cook Inlet
186 Tanner Crab (Cook Inlet), KIng Crab (Cook Inlet), Dungeness Crab (prmce WIlham

Sound), and Pot Shnmp (PrInce WIlham Sound) Taggmg - HIstOrIcal Data Sets
187 FIsh Pathology DIsease HIstory Database
188 Coded WIre Tag Database
189 Atlas to the Catalog of Waters Important for the Spawmng, Rearmg, or MIgrahon of

Anadromous FIshes
190 Sport FIsh WeIrs and Sonars
191 Coded WIre Taggmg (CWT) of Hatchery and Selected WIld Salmornd Stocks
192 OIl Spill Health Task Force , )
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193 SocIOpohtIcal Consequences of Offshore Oil Development
194 Commuruty Profile Database
195 PopulatIon Survey of Organochlorme Contammants m Alaskan Steller Sea Lions
196 Steller Sea Lion Surveys
197 Su-Hydro Beluga Whale Survey
235 KIto! 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 NatIonal Manne FISherIes ServIce (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 NatIonal Manne Mammals Lab (NMML)
288 LIfe HIstory/General BIOlogy of Harbor Seals
289 VItal Rates of Harbor Seals

Alaska Depamnent of Health and SOCIal ServIces (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 ServIce CorporatIon
253 Valdez Arm EnVIronmental Momtormg

Center for Alaskan Coastal StudIes
270 Coast Walk program for Kachemak Bay

Cook Inlet Keeper
237 Lower KenaI Pemnsula Watershed Health Project
238 CItIzens EnVIronmental Momtormg Program (CEMP)
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Faculty of FIshenes Hokkatdo Umverslty Gapan)
293 Crmse of the TIS Oshoro Maru rn the Gulf of Alaska

FIshenes and Oceans Canada
225 Lrne P I StatIon P
228 HIgh Seas Salmon Program
229 A contInuous plankton recorder morutorrng program for the eastern North PacIfIc &

southern Berrng Sea (also UAF 257)

Intemahonal Paclllc Hahbut COmmlSSIOn (IPHC)
030 PacIfIc Hallbut Stock Assessment

Moss Landmg Marme laboratones (MLML)
200 DIssolved Iron Data Set for the World Ocean from Moss Landrng MarIne LaboratorIes

(

Nahonal Aeronauhcs and Space Admtmstrahon (NASA)
031 Sea-vlewrng WIde FIeld-of-vIew Sensor (SeaWlFS)
032 Moderate ResolutIon Imagmg Spectrometer (MODIS)
033 Earth Observrng System Data InformatIon System (EODIS)
034 Advanced Earth ObservatIon Satellite - NASA Scatterometer (ADE05-NSCAT)
035 Sensory Intercompanson and Merger for BIOlogIcal and InterdISCIplInary Ocearuc StudIes

(SIMBIOS)
036 Advanced Very HIgh ResolutIon RadIometer (AVHRR) (
037 Advanced Earth Observrng Satellite (ADEOS) IT - Sea Wrnds 1B
038 AIRSIAMSUIMHS
039 EOS-ALT
040 QUIck Scatterometer (QUlkSCAT) - SeaWrnds Instrument
041 TOPEX/PoseIdon
042 Coastal Zone Color Scanner (CZCS)

Nahonal Envrronmental Satelhte, Data and Informahon Servlce (NOAA-NESDIS)
005 General CIrculatIon and TIde Measurements I Model Output for the Coastal U S
007 Advanced Very HIgh ResolutIon RadIometer (AVHRR)
044 Sea Surface Temperature 14.Km. AnalYSIS (Local-Scale) from NOAA Senes AVHRR Data
045 ArctIc and Southern Ocean Sea Ice ConcentratIon
046 Global Temperature Sahruty ProfIle Puot (GTSPP) Program Database
047 NOAA MarIne EnVIronmental Buoy Database
048 Sea Surface Temperatures at Gulf of Alaska LIght StatIons (1959-1967)
049 US Coastal Advanced Very HIgh ResolutIOn RadIometer (AVHRR) Data Products
050 RobInson-Bauer NumerIcal Atlas of Monthly Surface Layer
051 IntertIdal Orgarusms and HabItats (F030) Data (1974-1980)
052 Herrrng Survey PopulatIon DensIty and DIstrIbutIon (F057) Data (1976-1977)
053 MarIne BIrds of Coastal Alaska and Puget Sound (F031, F033, F034, F038, F040, F041)
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054 The 14-km SST Fields from the NOAA TIROS/N Satellite Senes
231 Sea Level Data, Wmd Speed, and SIgrnfIcant Wave Height from Satellite AltImetry

National Institute of Standards and Technology (NOAA-NIST)
111 National BIOmomtormg SpecImen Bank (NBSB)
112 BenthIc Survey and Mussel Watch
279 Marme Momtormg QualIty Assurance Program

National Manne FISherIes SeTVlce (NOAA-NMFS)
008 FIshes of Alaska (book)
009 Wmter Assessment of Shehkof Strait Spawnmg Pollock
010 North PacIfiC Domestic GroundfIsh Observer Database
011 Steller Sea Lion Count Database
012 PacIfIc Salmon Genetic Database Development
018 NMFS Longhne Survey of the Aleutian RegIOn, Benng Sea, and Gulf of Alaska
019 LIfe History Momtonng of Pmk Salmon BIOlogy
020 North PacIfIc Ocean Salmon Ecology
021 Retrospective Studtes
022 Momtonng
055 Long Term Population Momtonng of Natural Populations of Seven SpeCies of Salmomds
056 CompariSOns of Walleye Pollock, Theragra chalcogramma, Harvest to Steller Sea LIOn,

Eumetoplas Jubatus, Abundance m the Bermg Sea and Gulf of Alaska
057 Annual Survey of Cook Inlet Beluga Whales
058 Blenmal Survey of Eastern North Pac1fIc Ocean Gray Whales
059 Abundance of Pelagrc DelphmIds and Harbor PorpOIse off the Coast of Alaska
060 MMPA Harbor Seals mIDlffiUffi population estImates
061 Sableflsh Longlme Survey
062 Ichthyoplankton Database
063 West Gulf of Alaska PacIfiC Cod Survey
064 Gulf of Alaska Blenmal Survey (formerly Gulf of Alaska Tnenmal Survey)
065 Japan-US Cooperative Longhne Survey of the Aleutian Regron, Bermg Sea, and Gulf of

Alaska (also mcludes the data from the ongomg NMFS longlme survey conducted m
same general area)

066 Bycatch, UtilIzation, and Discards m the Commercial Groundftsh Flshenes of the Gulf of
Alaska,m Eastern Bermg Sea, and Aleutian Islands

067 ShellfIsh and GroundfIsh Pathogens
068 Shehkof Strait FOCI
069 Gulf of Alaska Thornyhead RockfIsh Stock Assessment
070 Ocean Surface Current SImulator (OSCURS)
071 North PacIfIc Foreign FIShery Groundftsh Observer Database
072 Marme Mammal Protection/Endangered SpeCies Acts Comphance
073 Cook Inlet Set and DrIft Gillnet Marme Mammal Observer Project
074 Marme Mammal Health and Strandmg Response Program (MMHSRP) Data Base
075 National Marme Mammal Tissue Bank (NMMTB)
077 Alaska Marme Mammal Stock Assessments
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078
079

080
081
082

083
084
085

086
103
137
226

245
246
247
248
249
268
269
277
278
280
284
290

Pacmc Marme Mammal Stock Assessments
Master Oceanograpluc Observational Data Set (MOODS), ExtenSIve Oceanograpluc
ProfIle Data, All Oceans
Genetic Stock IdentifIcation (GSI) of PaCIfIc Salmon m MIxed Stock Flshenes
Marme Invertebrate Pathology
Marme Mammal Health and Strandmg Response Program (MMHSRP) - Morutormg and
QualIty Assurance
FmRot
FIsh Pathology
US CommerCIal and Recreational Flshenes Statistical Data from NOAA National Marme
Flshenes ServIce, Flshenes Statistics and EconOmICS DIvISIOn
West Coast Upwellmg IndIces Data FlIes
Bermg Sea FOCI
ChecklIst for BIrd Observations from the Eastern North Pacmc Ocean, 1955 - 1967
RockfIsh Genetic Database Development
Cluruak Bay Current Meter Moormg
Hatch tImIng of Tanner crabs (Cluonoecetes barrdI) m KodIak
Tndent Basm (KodIak) Extended Water temperature and Secclu Depth
Womens Bay DIve Logs and Crab Observations
Eastern Benng Sea Temperature Morutormg
Pavlof Bay Temperature Recordmg Moormg
Pavlof Bay Annual Shnmp Trawl Survey
BIOmorutonng Component of the MMHSRP
Strandmg Network--Manne Mammal Health and Strandmg Response Program
Marme Mammal Analytical QualIty Assurance
Stock IdentIfIcation of Harbor Seal populatiOns
Human Interactions WIth Harbor Seals

(

(

Nahonal Ocean ServIce (NOAA-NOS)
001 National Status and Trends Data Base
023 GLOBEC Northeast Pacmc Program Retrospective AnalySIS of Growth Rate and

RecruItment for SablefIsh, Anoploma fImbna, from the Gulf of Alaska and the CalIforrua
Current System

024 GLOBEC Northeast Pacmc Program AnalYSIS of Ichthyoplankton Abundance,
DIStrIbution, and SpeCIes AsSOCIations m the Western Gulf of Alaska

025 GLOBEC Northeast PacIfIC Program Long-term Vanability m Salmon Abundance m the
Gulf of Alaska and Cahforrua Current Systems

026 GLOBEC Northeast PacIfIC Program A Retrospective Study of Top Predator Tropluc
POSItiOns, ProductiVIty, and Growth m the Gulf of Alaska for 1960-75 and 1975-90

027 GLOBEC Northeast PacIfIC Program Patterns, Sources and Mecharusms of Decadal-Scale
EnVIronmental VariabilIty m the Northeast Pacmc A Retrospective and ModelIng
AnalYSIS

028 GLOBEC Northeast Pacmc Program Remote Sensmg of the Northeast Pacmc
Retrospective and Concurrent TIme Senes AnalYSIS Usmg Multiple Sensors on Multiple
Scales
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029 GLOBEC Northeast PacIfIc Program Physical-CheIDlcal Structures, Prlmary Production
and DIstrIbution of Zooplankton and PlanktIvorous FIsh on the Gulf of Alaska Shelf

043 Marme Mammals of Coastal Alaska Data (1976-1991) Census (F025), ACtiVIty (F026)
Pathology (F127)

087 FIsh Kills m Coastal Waters 1980-1989
088 Development of an EcolOgIcal CharacterIZation of the Kachemak Bay Watershed
089 Sea-VIewmg WIde Field-of-VIew Sensor (SeaWIFS) - AlgOrIthms
090 NatIOnal BenthIc Surveillance ProJect
091 Mussel Watch Project
092 Speclmen Bankmg Project
093 Usmg Cytochrome P450 to Morutor the Aquatic EnVIronment IrutIal Results from

RegIonal and National Surveys Marme EnVIronmental Research 34 195-
094 Advanced Very HIgh Resolution RadIOmeter (AVHRR) - AlgOrIthms
199 GLOBEC Northeast PacIfIc Program Retrospective AnalySIS of Northeast PacIfIC

Microzooplankton
224 GLOBEC Northeast Pacmc Program Coupled BIO-PhYSIcal Models for the Coastal Gulf

of Alaska
233 GLOBEC Northeast PacIfIc Program Coupled BIO-physical Models for the Coastal Gulf of

Alaska
234 GLOBEC Northeast PacIfIc Program Retrospective AnalYSIS of Northeast PacIfIc

MIcrozooplankton A Wmdow on PhYSICal Forcmg of Food Web Structure
251 Kachemak Bay National Estuarme Research Reserve KBNERR

Nahonal Weather ServIce (NOAA-NWS)
004 Buoy Observations
095 Coastal-Marme Automated Network (C-MAN)
096 Moored Buoys
097 SeaBreeze CD-ROM

Ocean and AtmospherIC Research (NOAA-OAR)
006 The ComprehensIve Ocean-Atmosphere Data Set (COADS)
098 DIStrIbution and Elemental CompOSItion of Suspended Matter m Alaskan Coastal Waters
099 Long-Term VarIations m Alaskan Salmon Abundance DeterIIDlled from Sedlment Core

AnalysIS
100 On Exchange of Water Between the Gulf of Alaska and the Bermg Sea through Ulllmak

Pass
101 Gulf of Alaska CTD Data Collected under the Envrronmental ServIces Data and

Information Management (ESDIM ) Data Rescue
102 Bermg Sea and Gulf of Alaska Wmds (1946-1982)
104 ReVISed AnalYSIS of Allozyme VarIation m ASIan and Alaskan PInk Salmon
105 Intra-and InterspecIfIc Genetic VanatIon of mtDNA m RockfISh (Sebastes)
106 Physical-CheIDlcal Structures, PrImary ProductIVIty and DIstrIbution of Zooplankton and

PlanktIvorous FISh on the Gulf of Alaska Shelf A GLOBEC Morutormg Proposal Project
Energetics ProJect

107 HIstoncal AnalYSIS of Sockeye Scales
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108 Retrospechve AnalYSIS of the Effects of Trawlmg on Bentluc ConunumtIes m the Gulf of
Alaska and AleutIan Island Region

109 Long-Term VanatIons m Alaskan Sockeye Salmon Abundance
110 Momtormg Transport m the Alaska Coastal Current A FeasIbilIty Study

Nahonal SCIence Foundahon
113 Improvement m the CuratIon of the Umverslty of Alaska Frozen TIssue CollectIon
114 Flora of the Bentluc Manne Algae of Alaska Phase 1, An Inventory of the EXIStIng

CollectIOns
115 Flux and Fate of SedIment and Water from Small Mountamous Rivers to the ContInental

MargIn the Gulf of Alaska Example
116 Gulf of Alaska ReCIrculatIon Study (GARS)
117 Upper Ocean CIrculatIon m the Subpolar and Northern SubtropIcal PacIfIc

PacIfIc States Manne FIsherIes ComnussIOn (PSMFC)
232 Salmomd Coded WIre Tag Database

PrInce WillIam Sound Regional CIhzens' AdvIsory Councd (PWSRCAC)
241 Long-Term EnvIronmental Momtonng Program

PrInce WIlham Sound SCIence Center (PWSSC)
201 Long-term KIller Whale Database

U S Department of the InterIor (DOl)
002 Age and Length CharactenstIcs of Rambow Trout m Selected Streams
003 Alaska SeabIrd Inventory and Momtonng Plan
013 Sea Otter BIOmomtormg Program
014 SeabIrd TIssue Arcluval and Momtonng ProJect (STAMP)
015 Bald Eagle Database
016 Coastal StudIes
017 Hydrologic Data Collechon and InvestIgatIons
076 Alaska Marme Manunal TIssue Arcluval ProJect (AMMTAP)
118 Forage FIsh Assessment of the Cook Inlet all and Gas Development-Affected Areas
119 Kachemak Bay Expenmental and Momtonng StudIes
120 The Alaskan Frozen TIssue CollectIon and AsSOCIated Electromc Database A Resource

for Marme BIOtechnology
121 Sprmg Survey of Steller's Elders m the Gulf of Alaska
122 Momtormg and EvaluatIng Effects on SeabIrd Colomes m PotentIal Oil and Gas

Development Areas
123 SedIment Quahty m DepOSItIonal Areas of Shehkof StraIt and Outermost Lower Cook

Inlet
124 Mappmg of Cook Inlet TIde Rips Usmg Local Knowledge and Remote-Sensmg Imagery

Techmques
125 HIstoncal Data Sets for Pnnce WIllIam Sound Ecosystem ImphcatIons of ChangIng

Chmate
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126 EcologIcal Processes Underlymg the Large Spahal and Temporal VarIance m DIstnbuhon
and Abundance of SpecIes m GlacIer Bay Part 1 The Spahal DIstnbuhon of Small
Schoolmg FIsh and AssocIated Predators m GlaCIer Bay, and TheIr Relahonsmp to
Oceanograpmc and BathymetrIc Parameters

127 Seabrrd Populahon DynamIcs and Food Supply Assessmg Long-Term Changes m Alaska
Marme Ecosystem

128 Prmce WIllIam Sound Ecosystem Iruhahve
129 Harbor Seal Morutormg m GlacIer Bay Nahonal Park and Preserve
130 Pac1flc Coho Salmon Study
131 Marme Mammal Markmg, Taggmg and Repornng Program
132 Sea Otter Stock Assessment
133 Alaska Seabrrd Inventory and Morutormg Plan - Annual Morutonng SItes
134 BenngIan Seabrrd Colony Catalog
135 Wmtermg Marme Brrd and Mammal Surveys
136 Nongame MIgratory Brrd 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 Seabrrds Determmed by SatellIte

Telemetry
141 FIshes of Alaska
142 DeSIgn and Implementahon of a Seabrrd Morutonng Database for the North Pac1flc
143 Assessment of Sea Otter Populahon Status m Alaska
144 EcolOgIcal Processes Underlymg the Large Spahal and Temporal VarIance m DIstnbuhon

and Abundance of SpeCIes m GlaCIer Bay Part 1 The Spahal DistrIbuhon of Small
SchoolIng FIsh and AssocIated Predators m GlaCIer Bay, and Therr Relahonsmp to
Oceanograpmc and BathymetrIC Parameters

145 Populahon Status and Ecology of Shorebrrds m Alaska
146 Usmg Genehc Markers to Determme Populahon Status and Management StrategIes of

Mammals
147 PelagIC SeabIrd Atlas of the North Pacuic
149 ll-IN Vrrus Stram Dlfferenhahon and FIeld Epideffilology m Salmoruds
150 Watershed Ecosystem StudIes
151 Marme Geology of Benth1c BlOhabltats m GlaCIer Bay, Alaska
152 Cook Inlet Basm Study Urut
223 Alaska Seabrrd Inventory and Morutormg Plan - PenodIc Morutormg SItes
227 Populahon Ecology of Seabrrds on MIddleton Island, Alaska
230 Process Structurmg Coastal Marme Commuruhes m Alaska DOl Trust Resources
242 Nahonal Wetlands Inventory (NWI)
243 PelagIC DIstnbuhon and Abundance of SeabIrds and Marme Mammals
244 Seabrrd Populahon DynamICS and Food Supply Assessmg Long-Term Changes m Alaska

Marme Ecosystem
252 Management of SubSIstence Resources m Alaska
271 Alaska SeabIrd Colony Catalog Database
272 SubSIstence Harvest of Migratory Brrds
273 DlStnbuhon and Abundance of KIttlItzlS Murrelets and Black Oystercatcher m western

PWS
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274 Harbor seal surveys on the coast of KenaI Fjords NatIonal Park, 1979 to 1998
275 Human Impacts on NestIng ShorebIrds on the Coast of KenaI Fjords NatIonal Park
281 Assessment of Sea Otter PopulatIon Status m Alaska

U S Global Change Research Program (USGCRG)
214 Repeat Hydrography and SpecIal AnalYSIS Centre
215 One-Tlffie Survey Crulse 17N
216 Subsurface Floats
217 Surface DrIftIng Buoys
218 Jomt ArchIve for ShIpboard AcoustIc Doppler Current ProfIlers (ADCP)
219 Upper Ocean Thermal Data
220 Sea Surface SalIruty
221 Surface Meteorological Data and Surface Fluxes
222 TIde Gauges

Umted Nabons (UN)
210 Permanent ServIce for Mean Sea Level (PSMSL) and Global Sea Level Observmg System

(GLOSS)
211 ShIps of Opporturuty Program (SOOP) Low DensIty Expendable Bathythermograph

Network (XBT)
212 Array for Real-Tlffie Geostrophy (ARGO)
213 Pacmc Basmwide Extended Cllffiate Study (P-BECS)

Umverslty of Alaska Farrbanks (UAF)
202 Data set for the NOAA Advanced Very HIgh ResolutIon Rarnometer Satelhte (AVHRR)
203 Advanced Very HIgh ResolutIon Rarnometer (AVHRR) Imagery From UAF HRPT (HIgh

ResolutIon PIcture TransffilssIOn) StatIon
204 MSL-622 SatellIte Oceanography Project
205 InstItute of Marme ScIence, Uruversity of Alaska Farrbanks Database, PhYSIcal, Cheffilcal,

BIOlOgical and GeolOgical Data
206 Isotope RatIo StudIes of Marme Mammals m Prmce WIlliam Sound
207 GAK 1 TIME SERIES
257 A contInuous plankton recorder morutormg program for the eastern North PacIfIC &

southern Bermg Sea
258 A basm-wide retrospectIve analysIS of growth and SurvIVal patterns m pmk and chum

salmon
259 Pliot study on the use of aIrborne hdar and rngItallffiagery for surveys of epipelagIc fISh

and assocIated bIOlOgical features m the southeastern Bermg Sea and North Pacmc Ocean
260 Assessmg the physIOlogical stress of Steller sea hons usmg fecal hormone analySIS
261 Determmmg survIval and long-term foragmg behavIOr of Juvenile Steller sea hons

through lffiplanted, satelhte-hnked mortahty transffiltters
262 Aval1abllity and use of prey by Steller sea hons m the Kornak area
263 Process modehng of the Alaska Coastal Current
264 PhYSICal forcmg of marme productIVIty morutormg moormgs on the Gulf of Alaska shelf

I
/
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265 Eshmahng seabIrd dIets usmg fatty aCIds protocol development and teshng of ReFER
hypotheses as tested m the Bermg Sea

266 A cooperative effort between Alaska Native people & federal agencIes on marme
mammal & bIrd strandmg

267 Harbor seal bIOlOgical samplmg expandmg the scope of the SubSIstence archIval project
Cook Inlet, KodIak, Aleutian Islands

UmverSIty of MIamI
208 UruversIty of MIamI TIR05-N-NOAA AVHRR Levellb

UmversIty of Rhode Island
209 UruversIty of Rhode Island Advanced Very High Resolution RadIOmeter (AVHRR)

Levellb

U S Department of AgrIculture - Forest ServIce (USFS)
250 Gnd Survey System

U S Department of the Navy
292 Rutgers UruversIty and the U S Navy Hyperspectral Coastal Ocean DynamICS

Expenment a prototype ocean observmg system
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APPENDIX E. GLOSSARY OF EXISTING
AGENCY PROGRAMS AND PROJECTS

Glossary of EXisting Agency Programs and Projects

Introduction
Most major mformatIon-gathermg programs of the North PacIfIc area are chvlSlble mto three

major categones large arumals or macrofauna (bIrds, mammals, fIsh, she1lfJ.sh), oceanography
(phySIcal, chemIcal, geolOgical and bIOlogical) and human use (land and water use, water qualIty,
contammants) The Alaska Department of FISh and Game, the U S Department of the Intenor
and the NatIonal Oceamc and Atmosphenc AdmInIStratIon's NatIonal Marme Fishenes ServIce
are the prImary momtormg agenCIes for macrofauna Samplmg efforts for macrofauna are
typICally focused on regional or smaller areas, mc1udmg PWS, Cook Inlet, KodIak and the Alaska
Penmsula The NatIonal AeronautIcs and Space AdmInIStratIon and the NatIonal Oceamc and
Atmosphenc AdmInIstratIon are the pnmary sources of oceanographIc data, mc1udmg data on
zooplankton, phytoplankton and pnmary productIVIty 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 U S
EnVIronmental ProtectIon Agency, U S Forest ServIce, Alaska Department of EnVIronmental
ConservatIon and Alaska Department of Natural Resources all momtor certam human uses of
lands and waters and the Impacts of human use on resources, as do several nongovernmental
organIZatIons

A summary of the major programs conducted by the Umted States, State of Alaska,
transboundary organIZatIons and nongovernmental organIZatIons follows These programs have
been mcorporated mto a database (see AppendIX D), whIch will mc1ude projects that are actIvely
collectIng data as well as projects that are no longer actIve InactIve projects contam consIderable
valuable hIStoncal mformatIon relevant to the productIon of plants and ammals m the North
PaCIfIc region AppendIX A contaIns a reference lISt of commonly used acronyms and web SIte
1mks for these programs and others

State of Alaska

Alaska Department ofCommumty andEconomic Development (ADCED)
Each year, the department's DIVISIon of TourIsm publIShes Alaska VISItor Arnvals and the

Alaska VISItor Industry EconOmIC Impact Study These stuches are based on secondary data No
fIeld surveys have been conducted smce the 1993-1994 Alaska VISItor StatIstIcs Program ill

Alaska Department ofEnvironmental 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 qualIty assessment
descnbes the nature, status and health of Alaska's waters, and IdentIfIes restoratIon and
protectIon needs The AWQ also momtors ambIent water qualIty through the State Water
DIScharge PermIts and CertIfIcatIon program and the Non-Pomt Source Water PollutIon Control
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program DIScharge pernuts, such as that for the Alyeska Marme Termmal m Valdez, requIre
that the pernutee morutor both surface water and ground water for such contarnmants as
petroleum, PCBs and heavy metals Morutonng data from about 3,000 sItes statewIde (1,000 of
whIch are m the oil spIll region) are stored m the Contarnmated SItes Database The Non-Pomt
Source Water PollutIon Control program keeps a lISt of "ImpaIred water bodIes," that IS, water
bodIes whIch do not meet state water qualIty standards ADEC also funds non-pomt source
water pollutIon morutormg projects WIth funds authonzed by Congress under SectIon 319 of the
Oean Water Act and adnurustered by the EnVIronmental ProtectIon Agency (EPA)

ADEC has awarded EPA 319 funds to several clhzen-based morutonng programs, such as the
Cook Inlet Keeper's water morutormg program m lower Cook Inlet, the KenaI Watershed Forum,
and wetlands studIes by the Nature Conservancy In partnershIp WIth other agencIes, ADEC IS
developmg a bwassessment project m the Cook Inlet bIOregIon ThIs project seeks to develop
protocols for water samplmg that are better SUIted to condItIons m Alaska than the current
samplmg protocols

ADEC IS a partner m ImplementIng the EPA's EnVIronmental Morutonng 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 natIonWide and to detect trends m these resources

ADEC and ADNR are partners WIth the EVOSTC m the development of the regional
mfonnatIOn system known as The Cook Inlet InfonnatIon Management and Morutonng System
(CIIMMS) CIIMMS IS a proJect, funded by the Trustee Council, to develop a webSIte for fmdmg,
contrIbutIng, and sharmg mfonnatIon for the Cook Inlet watershed region CIIMMS IS mtended
to support morutonng, management, and restoratIon of natural resources, m addItIon to data sets
and software relevant to understandmg the ecolOgical status of thIS region

The DIVISIOn of EnVIronmental Health routInely tests and certIfIes clams from commerCIally
harvested shelliISh beaches and shelliISh farms for paralytIc shellfIsh pOlsonmg (PSP) The
dIVISIOn also morutors PSP m kmg crab m PWS and m Dungeness crab and Tanner crab m PWS,
Cook Inlet and KodIak Island The Contarnmated SItes program morutors superfund SItes,
abandoned mIlItary SItes and other contarnmated SItes throughout the state

Alaska Department ofFish and Game (ADFG)
The DIVISIOn of CommercIal Flshenes does substantIal morutormg of salmon and other

anadromous fIsh speCIes, herrmg, crabs, shnmp, and several other mvertebrate speCIes, and some
speaes of mammals ADFG IS responsIble for the North PacIfIC region portIon of the Coded
WIre Tag database, whIch contnbutes to understandmg ocean dIStrIbutIons of salmon The
department's pomt of sales (fISh tIcket) mfonnatIon supports understandmg of abundance and
dIstrIbutIon of salmon, crabs, herrmg, and other speCIes ADFG has extensIve hIstoncal
mfonnatIon on the dIStrIbutIon of some specIes of crab and shrImP m the North PacIfIc region
ADFG has archIves of scales and SIze at age from salmon and herrmg that enable understandmg
of hIstOrIcal marme growth regImes

An extensIve archIve of genetIc data on chum, sockeye and other speCIes of salmon IS bemg
assembled by ADFG m cooperatIon With NMFS and agenCIes of natIons partICIpatIng m the

/
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North Pacmc Anadromous FIsh COmmISSIOn (NPAFC) The data enhance understandIng of the
ocearuc dlstnbutIon of salmon, and thereby contnbute to understandIng ocearuc regIme shIfts
ADFG also conducts genetic research on crabs, some rockfIsh, herrIng, and pollock

The ADFG and cooperahng regional aquaculture assocIations also collect some phySIcal and
bIolOgical oceanographIc data, such as KodIak nearshore sea surface temperatures, KIto! Bay
zooplankton bIOmass (KodIak), and PWS zooplankton settled volumes

The ADFG SubSIstence DIvIsIOn's WhIskers database on SubSIstence harvest of marrne
mammals IS part of a larger NOAA sponsored program In addItion, the WildlIfe Conservation
DIVISIOn morutors harbor seals In cooperation WIth NMFS

The Sport FIsh DIVISIon conducts port samplIng of groundfISh for Information about the
recreational effort, catch, and harvest of rockfIsh, lrngcod and halIbut In the northern North
Pacmc region ThIs proJect COnsIStS of catch samplrng and angler IntervIews The SubSIstence
DIVISIOn collects data on SubSIstence fIsh and shellfISh harvest The HabItat DIVISIon morutors
the effect of certaIn actIVIties on anadromous fIsh streams SInce 1990, the dIVISIon has been
morutorIng comphance WIth the Alaska Forest Practices regulations on prIvate land SInce 1998,
the HabItat DIVISIOn has been researchrng the effects of stream crossIng structures on fIsh habItat
and fISh passage on the Kenai Pemnsula Note that most ADFG marrne programs serve to
prOVIde Information to NOAA programs

Alaska Department ofHealth &SOCialServices (ADHSS)
The DIVISIOn of Pubhc Health has conducted several retrospective studIes of contamInation In

SubSIstence foods One study examrned 20 years of data on trace metal analySIS In marrne
mammals and another examIned the occurrence of contamrnants In SubSIstence foods, WIth an
emphasIS on methylmercury, cadllllum, and PCB levels

Alaska SCience and Technology Foundation (ASTF)
The ASTF was establIShed In 1988 by the Governor and the State of Alaska Legislature Its

purpose IS IIto promote and enhance, through baSIC and apphed research and the development
and commerCIalIzation of technology, econOllllC development and technolOgical Innovation In
Alaska, pubhc health, telecommurucatIons, and the sustarned growth and development of
Alaskan SCIentIfIc and engineerIng capabilities II

Alaska Department ofNatural Resources (ADNR)
The ADNR morutors certarn uses of land and resources on state lands and waters The

DIVISIOn of Oil and Gas performs fIeld rnspectIons of actiVIties on state oil and gas leases The
DIVISIOn of Forestry morutors comphance WIth the terms of state hrnber sales The DIVISIon of
Parks and Outdoor Recreation tracks use of state-owned recreation facilIties such as
campgrounds, cabIns, and parkrng faclhtIes PerIodIcally, staff members rnspect these facilities
The DIVISIOn of Mrnrng, Land, and Water Issues aquatic farllllng pe!llllts, shore fIShery leases,
and other pe!llllts and leases for use of state-owned tidelands and uplands The DIVISIon
marntarns statIStics on the number of apphcatIons sublllltted and Issued and morutors
comphance WIth terms and condItions of pe!llllts and leases
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University ofAlaska
The UnIversIty has extensIve programs that are relevant to the North Pacmc regIon Four

federally and state supported programs WIthrn the UnIverSIty system are expected to prOVIde the
InternatIonal ArctIc Research Center substantIal expertIse and InformatIon of mterest the School
of FIShenes and Ocean SCIences, the Sea Grant Program, the NatIonal Underwater Research
Program, and the InstItute of SOCIal and EconOffilC Research

InstItute of Marme SCIence (IMS) School of FIshenes and Ocean SCIences ScIentIsts
assocIated WIth IMS have complied much of the hIstoncal data relevant to the North Pacmc
regIon IMS produced the comprehensIve reVIew (Rosenberg 1972) m preparatIon for the
extensIve and mtensIve enVIronmental studIes sponsored by the Mmerals Management ServIce m
the 1970s (Hood and Zlmmerman 1986) The IMS mamtaIns a hIstonc database of oceanographIc
measurements from the North Pacmc regIon, and It currently operates the R/V Alpha HelIx, a
133-foot research vessel, for the NatIonal SCIence FoundatIon

Pollock ConservatIon CooperatIve Research Center (pCC) School of FIshenes and Ocean
SCIences (SFOS) The SFOS operates the PCC Research Center that was establIshed m February
2000 and seeks to Improve knowledge about the North PacIfIC Ocean and Bermg Sea through
research and educatIon, focusmg on the commerCIal fIShenes of the Benng Sea and AleutIan
Islands For the 2000 fundmg cycle, the PCC Research Center IS espeCIally mterested m trymg to
Improve knowledge through research and educatIon relatIng to clImate regtrne shIfts and
mterannual vanabIlIty m the Bermg Sea ecosystem, the recovery of the Steller sea lIon, mcludmg
the IdentIfIcatIon of factors contrIbutIng to ItS declme, bycatch m the fIshenes (for example,
bycatch of salmon), and the Impact of fIshrng actIVItIes on ecosystem dynaffi1cs 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 fIshrng cooperatIve of compames that operate
catcher/processors m the Benng Sea and AleutIan Islands pollock fIshery

InternatIonal ArctIc Research Center (IARC) IARC promotes mternatIonal collaboratIon m
global change research m the arctIc In the SCIence plan for IARC, the key elements are
understandmg the relatIve contrIbutIons of natural and manmade causes to clImate change,
understandmg what to measure m order to detect changes, and predIctIng the Impacts of change
on humans The IARC Research Framework has eIght themes, four of whIch are relevant to the
North Pacmc regIon 1) detectIon of contemporary changes, 2) arctIc paleoclImatIc and
paleoenVIronmental reconstructIons, 3) Impacts, consequences of change and educatIon, and 4)
mtegratIon of research on a regIonal scale

Umted States Government

Federal Partnership Programs
Marme EnVIronmental Health Research Laboratory (MEHRL) MEHRL IS an

mterdIscIplInary envIronmental laboratory operated by NOAA, NIST, the UmversIty of
Charleston, the MedIcal UmversIty of South Carolma, and the South CarolIna Department of
Natural Resources It IS a model of state-federal cooperatIon m marme enVIronmental research
dedIcated to provIdmg the InformatIon needed to sustam the health, productIVIty, and dIverSIty
of marme resources The mterdIscIplInary program IS deSIgned to proVIde answers to complex
problems surroundmg the health of coastal marme resources /
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National Ice Center (NIC) The National Ice Center IS a multi-agency operational center
partnered by the Department of Defense (Navy--Naval Ice Center), the Department of Commerce
(NOAA-National Weather ServIce and National Envrronmental Satellite Data Information
ServIce), and the Department of Transportation (U S Coast Guard) NIC Ice data are a key part
of the U S contrIbution to mternatIonal global c1lffiate and ocean observmg systems

National OceanographIc PartnershIp Program (NOPP) NOPP IS a legISlatively-mandated
collaboration of 12 U S government agenCIes desIgned to promote cooperative activIties among
government, acadeffila, and mdustry for the advancement of ocean SCIence, technology, and
education The Program IS charred by top-rankmg OffICIals from the U S Navy, NSF, Department
of Energy, US Coast Guard, Defense Advanced Research ProJects Agency, NOAA, NASA, EPA,
USGS, MMS, and the OffIce of Management and Budget NOPP IS preparmg The Ocean
Observations Task Team report "An Integrated Ocean Observmg System A Strategy for
Implementmg the Frrst Steps of a U S Plan" NOPP has agreed to be a partner WIth the Alfred P
Sloan Foundation to help lffiplement 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 oceanographIc
agenCIes

The Kachemak Bay Research Reserve (KBRR) IS a federal-state partnershIp KBRR IS
mandated to do research and education m the local commumty and m the larger NERRS
program (see NOS under NOAA)

Interagency Federal Programs
The Interagency ArctIc Research Pohcy CommIttee (IARPC) IS the coordmatIng body for

federal agenCIes charged WIth lffiplementIng arctIc research and morutormg, some of whIch may
occur m the northern Gulf of Alaska IARPC IS charred and operated by the NatIOnal ScIence
Foundation (NSF), the lead federal agency responsIble for lffiplementIng arctIc research pohcy
The IARPC helps set prIOrIties for future arctic research, and It works WIth the State of Alaska
and the ArctIc Research COmmISSIOn to develop and estabhsh an mtegrated national arctIc
research pohcy to guIde federal agenCIes m developmg and lffiplementIng therr research
programs m the arctic

Marme Protected Areas (MPAs) are an mtergovernmental program deSIgned to strengthen
the protectIOn of U S ocean and coastal resources The Departments of Commerce and the
InterIor, asSIsted by other federal agenCIes, are workmg to strengthen and expand a national
system of MPAs by workmg closely WIth state, terrItorIal, local, trIbal, and other stakeholders
An MPA IS defIned as "any area of the marme envrronment that has been reserved by Federal,
State, terrItorIal, trIbal, or local laws or regulations to prOVIde lastIng protectIOn for part or all of
the natural and cultural resources therem "

NationalAeronautics andSpace Administration (NASA)
NASA's Earth ScIence EnterprIse remote sensmg ffilSSIOns prOVIde a wealth of mformatIon

that support ocean programs at a fundamental level The TOPEXjPoseidon and Jason-1
altImetry ffilssIOns WIll prOVIde hIgh qualIty sea level estImates for mterpretatIon m clImate
studIes Sea surface heIght (SSH) data prOVIde mformatIon about the ocean geostrophIc flow
fIeld near surface and, when asslffillated mto an ocean crrculatIon model, m the mterIor ocean as
well SSH data also prOVIde a measure of upper ocean heat and salIne varlablhty NASA and
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CNES have combmed forces to bUIld and operate altImetnc IIllSSIOns for obtammg lugh accuracy
SSH data smce August 1992 Jason-l wIll be the follow-on IIllSSIOn to TOPEX/Poseidon and IS
slated for launch m May 2000

Seawmds Instruments on the QUlkSCAT and ADEOS-ll satellItes provIde eshmates of vector
wmd over the ocean Wmd stress IS the pnmary mechamcal forcmg 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 provIde
lugh-quahty wmd-stress fIelds NASA launched Its Seawmds scatterometer on the QUIkSCAT
IIllSSIOn m IIlld-1999 to provIde 25-krn resoluhon of vector surface wmds over 90% 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 dehvered operahonally usmg a combmahon of AVHRR data
from NOAA satelhtes and m SItu data for callbrahon NASA's new technology for dehvermg sea
surface temperature mcludes the MODIS mstrument on EOS AM and PM platforms and
IIllcrowave (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 cahbratIOn of such contrast measurements may be
a challenge, easIly observable fast space-tIme vanahons prOVIde valuable mSIght mto the
dynaIIllcS 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 IIllSSIOns and
operahonal programs, mcludmg NASA/SeaWiFS, ESA/ENVISAT, NASDA/ADEOS-2,
NASA/EOS AM-I and PM-I, and eventually NPOESS (begInmng around 2009)

The GravIty Recovery and CI1IIlate Exper1IIlent (GRACE) satellite IS slated for launch m
March 2001 It will prOVIde a lugh accuracy measurement of the tIme varymg graVity fIeld
Knowledge of the manne geOId IS fundamental for usmg altImeter data to study the absolute
ocean currents ThIs IIllSSIon also prOVIdes mformahon about vanable deep ocean currents
whIch IS comphrnentary to that obtamed from altImetry

NASA IS currently developmg the technology to remotely sense the ocean surfac~ salmIty
from low earth orbIt The sClenhfIc Issues are dIScussed m a report of the SalmIty and Sea Ice
WorkmgGroup

Sea-Ice concentrahons (percent aenal coverages) to a resoluhon on the order of 30 krn have
been obtamable from satellItes smce the early 1970's usmg passIve IIllcrowave radIOmeter
technology The record from the early and IIlld 1970's contaIns many large data gaps, but IS
reasonably complete smce Oct 1978 m terms of obtammg a consIstent global sea Ice coverage
dataset every 1-3 days ThIs record demonstrates sIgmfIcant seasonal and mterannual variability
m the sea-Ice cover and Its dynaIIllcs ThIs dataset IS currently bemg conhnued WIth the DMSP
SpeCIal Sensor MIcrowave/Imager (SSM/I) and will be further conhnued WIth the Advance
MIcrowave Scanmng RadIOmeter (AMSR) on both the EOS-PM platform and the Japanese
ADEOS-II platform, both scheduled for launch m the year 2000
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National Oceanic andAtmospherIcAdministration (NOAA)

Nahonal Marme FIsherIes ServIce (NMFS)
The NatIonal Marme FIshenes ServIce conducts programs that support the domestIc and

mternatIonal conservatIon and management of hvmg marme resources and the fishenes that
depend on them NMFS IS orgaruzed around RegIOns that conduct management-operatIonal
actIVItIes, mcludmg 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 Fishenes SCIence Center, the Northwest Fishenes ScIence Center (Seattle), and the
Southwest Flshenes SCIence Center (LaJolla) The research needs of NMFS m the Alaska RegIOn
(Juneau) and the North PacIfIc FIshery Management CouncIl (Anchorage) are served by the
Alaska FIShenes SCIence Center (AFSC) whIch mcludes the Sand Pomt (Seattle) Headquarters, the
Auke Bay Laboratory (Juneau), the KodIak Laboratory, and the HatfIeld Manne SCIence Center
(Newport, OR) Major programs mclude the tnenmal trawl surveys for groundfIsh (scheduled to
become blenmal m 2001), annuallonglme surveys pnmanly for sablefIsh and rockfIsh, and the
Ocean Carrymg CapaCity program WIth three cruIses a year The Auke Bay Laboratory conducts
the salmon and rockfIsh genetIc stock IdentIfIcatIon programs of the Alaska Flshenes SCIence
Center m Juneau, Alaska The AFSC also conducts flshmg vessel observer programs that collect
bIOlogrcal InformatIon are conducted out of

The National Marme Mammal Laboratory (NMML) IS a research orgaruzatIon of the AFSC
that conducts research on marme mammals lIDportant to the IDlSSIon of NMFS and NOAA Its
geographIc focus mcludes areas off the coasts of Oregon, Washmgton and Alaska Its actIVItIes
are InformatIon gathenng and analySIS, mcludmg stock assessments, hfe hIstory deterIDInatIons,
and status and trends NMML provIdes InformatIOn to varIOUS U S governmental and
mternatIonal orgaruzatIons to aSSIst m developmg ratIonal and appropnate management regrmes
for marme resources under NOAA's JUrIsdIctIon NMML also carrIes out research programs
cooperatIvely WIth other federal, state and pnvate sector agenCIes Marme mammal survey
programs mclude the Cook Inlet marme drIft and set glilnet observer program and the Cook Inlet
beluga populatIon survey The Southwest Flshenes SCIence Center conducts offshore kIller
whale surveys m the North PacIfIc regron as part of a coast-wIde program

NMFS, m conjunctIon WIth the states and other federal agenCIes (USGS and NIST), conducts
the National Marme Mammal Health and Strandmg Response Program, which collects and
analyzes tIssue samples from stranded marme mammals for hIstopathology, contaIDInants, and
dISease NMFS also routInely observes fISh sampled m resource surveys for the presence of
tumors or lesIOns that may show hIgh levels of contarmnants m the enVIronment Human uses of
fIshenes are momtored through the FIShenes StatIstIcs and EconoIDlcs DIVISIOn, whIch mamtaIns
US commerCIal and recreatIonal fIshenes statIstIcal data, such as pounds and dollar value of
commerclallandmgs In the southeastern U S coastal states, NMFS cooperates WIth the Food
and Drug AdIDilllstratIon to conduct a Seafood InspectIon Program that mcludes momtormg the
level of tOXIC dmoflagellate, Pfiestena PISClCUla, and related water quahty propertIes that mIght
pose a threat to human health and the ecosystem

NMFS partners With other federal and state agenCIes and acadeIDlc InstItutIOns to support
ecosystem programs Several of the programs collectIng ecosystem InformatIon mcludmg data
on phYSICal and cheIDlcal oceanography, phytoplankton, zooplankton, and forage fIshes are the
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CalIforrua CooperatIve Fishenes InvestIgatIon (CaICoFI) off Southern CalIforrua, the Manne
MorutorIng and Assessment Program (MARMAP) In the Northwest AtlantIc, SEAMAP In the
Southeast US, and the Fishenes Oceanography CoordInated InvestIgatIons (FOO, NOAA's
OAR IS also a partner) In the Gulf of Alaska and BerIng Sea These programs furrush
fundamental InformatIon on abundance and dIstnbutIon of manne fIsh and Invertebrates, and
envIronmental changes whIch affect them

(

OffIce of Oceamc and Atmosphenc Research (OAR)
OAR conSIsts of 12 laboratones natIonwIde The office's actIVItIes Include a complex

program of geophysIcal, oceanographIc, and macrofauna morutorIng and evaluatIon actIVItIes
that Involve NMFS and other NOAA personnel

The PaCIfIc MarIne EnVIronmental Laboratory (PMEL) In Seattle focuses on coastal and open
ocean observatIons and modehng to ImprovIng understandIng of the phYSICal and geochemIcal
processes operatIng In the world oceans PMEL's fishenes oceanography program (FOC!), whIch
IS a collectIon of NOAA research programs attemptIng to understand the rnfluence of
enVIronment on the abundance of varIOUS commerCIally valuable fIsh and shellfIsh stocks In
Alaska waters and theIr role In the ecosystem, has a project In Shehkof StraIt between KodIak and
the Alaska Penrnsula ThIs and other North PacIfIc regIOn morutorIng projects are partnered WIth
NMFS' Alaska Fishenes SCIence Center, under ItS Resource Assessment and ConservatIon
Engrneenng (RACE) program PMEL also conducts retrospectIve fIshenes and oceanographIc
studIes and the rescue and dlSsemrnatIon of older data collected by PMEL SCIentIsts PMEL
operates the EI NIno-Southern OscIllatIon (ENSO) ObservIng System, whIch supports NOAA's (
clImate predIctIon mISSIOn, prImarIly on seasonal to Interannual tIme-scales NOAA's
enVIronmental satellite systems, WIth regIOn and baSIn-wIde observatIons of sea surface
temperature and surface WInd speed, are supplemented by the ENSO ObservIng System
Seventy moonngs In the trOPICal PacIfIc (called the TropIcal Atmosphere-Ocean or TAO array)
prOVIde surface atmosphenc and ocean mIXed-layer observatIons Several hundred global
LagrangIan drIftIng buoys In all the major ocean baSInS, a volunteer observIng shIps (VOS)
expendable bathythermograph (XBT) program of about 40 commerCIal shIps, and a network of
tIde gauges complete the ENSO system The resultIng data are used to IDltIahze clImate models,
verIfy model results, and morutor the evolutIon of the upper ocean

Other observIng systems maIntaIned by NOAA that are stIll In the developmental stage,
Include a shIpboard thermosahnograph effort, the Trans-PacIfIc ProfIler Network, COnsIStIng of
ten profIlers In the equatonal PacIfIC, a PacIfIc upper-aIr soundIng network on Islands and shIps
In the PacIfIc, the Pan Amencan ClImate StudIes SoundIng Network of enhanced atmosphenc
observatIons, an ocean carbon-ocean tracer hydrographIc program to determrne global
dIStrIbutIOns of key chemIcal, bIOlOgIcal, and phYSICal tracers, a submarIne cable prOVIdIng
estImates of Flonda Current transport, a Voluntary ObservIng ShIp C02 program of
semIautomated systems to morutor C02, an AtlantIc Ocean pIlot project (called PlRATA) of 12
buoys In the tropIcal AtlantIc, and an AtlantIc profIlrng float array to study processes Important
In estabhshrng SST vanabIhty

Another of OAR's 12 labs, the Chmate DIagnostIcs Center, holds the ComprehenSIve Ocean
Atmosphere Data Set (COADS) WIth surface marIne data SInce 1854 OAR's ArctIc Research
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OffIce partners With the Uruversity of Alaska FaIrbanks to run the Cooperative Institute for Arctic
Research (CIFAR) m Farrbanks Proposals are bemg solIcIted m FY 2001 for research on (1)
clrrnate varIability and change m the Arctic, and (2) Bermg Sea productiVIty These funds will be
made available from the Department of Commerce/NOAA through the Arctic Research
IrutIatIve, wmch started m FY 97 NOAA's OffIce of Ocean ExploratIOn (OE) was founded m 2001
under the OffIce of Ocearuc and AtmospherIc Research (OAR) to meet four challenges 1)
Mappmg at new scales emphasIzmg regIOns not prevIOusly observed, 2) Explormg ocean
dynamICS and mteractIOns at new scales, 3) Developmg new technologies, and 4) Reacmng out m
new ways to stakeholders

Nahonal Ocean ServIce (NOS)
ThIs branch of NOAA IS the nation's pnncipal advocate for coastal and ocean stewardsmp

through partnersmps, and supports the SCIence and mformatIon needed for the proper balance
between enVIronment and econOmICS In cooperation WIth the National ScIence Foundation,
NOS supports oceanograpmc research m the North Pacmc regIOn, provIdmg about half the
support for the Northeast Pacmc SUbprogram of the US GLOBEC The substantial projects of the
GLOBEC program are retrospective analyses and morutormg studIes NOS oversees the newly
establIshed Kachemak Bay National Estuarme Research Reserve and ItS Kachemak Bay EcolOgical
CharactenzatIon study The system of 25 estuarme reserves nationwIde morutors phYSICal,
chemIcal, and bIOlOgical parameters m order to depIct, track, and forecast long-term changes and
short-term varIabIhty m the resources of these areas

The NOAA NERRS System WIde Morutormg Program mcludes the Kachemak Bay Research
Reserve, KBRR, m Kachemak Bay As part of NERR KBRR has deployed two permanent sensor
arrays (WIth two more commg soon, 8/17/2001) to measure ocean and meteorolOgical
parameters at two SItes m Kachemak Bay and Lower Cook Inlet The parameters mclude sahruty,
ocean temperature, DO, pH, turbIdIty, fluorescence, m water PAR, wmd speed and dIrection, arr
temperature, surface PAR, preCIpItation, and RH In addItion, nutrIents and chlorophyll will be
measured once per month at the permanent SItes As part of that program we have also
establIshed CTD transects along and across the axIS of Kachemak Bay With monthly
measurements

NOS also conducts the National Status and Trends Program wmch measures levels of tOXIC
contammants, mcludmg trace metals, pestiCIdes, petroleum hydrocarbons, and other tOXiC
orgaruc contamInants and theIr effects on fISh and shellfIsh ThIs natIonal program currently
mcludes North Pacmc region samples m the Mussel Watch contammants project and formerly
mcluded the Bentllic Surveillance Project m Alaska SpecImens are held m the SpecImen Bankmg
Project at the National Institute of Standards and Technology (see NIST, below)

NOS conducts a number of projects nationally that do not have a presence m Alaska, but may
be relevant to Alaska condItions or programs, and could be potential sources of fundmg for
future efforts One example IS NOAA's National Water Level Network along the nation's ocean
and Great Lakes shorelmes, wmch mcludes almost 200 continuously operating water level
measurement systems At fIve extremely busy harbor entrances, NOS operates PhYSIcal
Oceanograpmc Real-TIme Systems (PORTS) These systems mclude acoustic Doppler current
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profIlers wIth anemometers, packet radIO tranSmISSIOn eqmpment, a data acqmsltIon system and
an mformatIon dISSemInatIon system

The Alliance for Coastal Technologres (ACT) IS cOmmItted to developmg an actIve
partnershIp WIth state and regronal managers and prIvate mdustry who deal WIth the need for
effectIve use of sensor technologres m momtormg coastal envIronmental natural resources

NatIonal EnVIronmental SatellIte, Data, and Informahon Sel'Vlce (NESDIS)
NESDIS holds most of the hIstOrIcal mformatIon gathered by NOAA agenCIes and current

satellIte, oceanographIc, and buoy data, global clImatologrcal data, and sea Ice mformatIon
Much of the InformatIon IS stored at the NatIonal OceanographIc Data Center (NODC), the
NatIonal ClImate Data Center (NCDC), and the NatIonal GeophysIcal Data Center (NGDC)
These three data centers cooperate WIth NASA, the NatIonal Weather ServIce, and many
mternatIonal agenCIes to prOVIde global mformatIon such as sea surface temperature, wmd
speeds and vectors, blologrcal productIVIty, salmIty, absolute sea heIght, and other types of
observatIOns NODC IS a major partner m the Global Ocean Observmg System (GOOS)

NESDIS has a role m ensurmg natIonal securIty, smce It serves as the operatIonal and
command authorIty for the Defense Department's Defense Meteorologrcal Satellite Program
NOAA's envIronmental satellIte data are shared m near real-bme through an agreement WIth the
Department of Defense m support of the Au Force and the Navy's global and regIOnal weather
and ocean forecastIng model predIctIon servIces Durmg natIonal emergenCIes (both mIlItary and
natural hazards response), NOAA enhances local envIronmental satellIte coverage through ItS
polar orbItIng satellItes worldWIde For emergenCIes affectIng the western hemIsphere, Images
from NOAA's geostatIonary satellItes are enhanced

Nahonal Weather ServIce (NWS)
NWS collects weather, hydrologrc, and clImate data for coastal and ocean areas The

NatIonal Data Buoy Center has over 100 buoys and several Coastal Marme Automated Network
(C-MAN) shore-based statIons, some of whIch are based m Alaska The center has real-tIme
weather and oceanographIc data and cooperates WIth NODC to prOVIde hIstOrIcal momtormg
data

Nahonal Inshtute of Standards and Technology (NIST)
The NIST cooperates WIth USGS, NMFS, and NOAA's OffIce of Protected Resources m

mamtammg and operatmg the NatIonal Blomomtonng SpeCImen Bank ArchIvmg of bIOlogrcal
samples for future analysIS, and creatIon and mamtenance of databases on speCImen samples are
NIST speCIaltIes

National SCience Foundation (NSF)
The NatIonal ScIence FoundatIon IS a quasI-mdependent U S government agency supportIng

SCIence and engmeermg programs worth over $3 3 bIlhon per year Program areas of potentIal
mterest to North Pacmc are polar research, geOSCIences, and bIOlogy NSF also contrIbutes
fundmg for GLOBEC, FOCI and other projects of mterest to the North Pacmc regron

NSF has funded technology, Instrument development, and mfrastructure over the last several
years The ALYIN submerSIble, the best known of many ocean observmg Instruments sponsored )
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by NSF, IS contInually upgraded to provIde state-of-the-art, long hIDes-senes, deep ocean
observatIons

Three observatorIes the HawaII Undersea Geo-Observatory (HUGO)-automated submanne
volcano observatory, the Hawau-2 Observatory (H20)-broad-band seISmometer, and the Long
term Ecosystem Observatory (LEO-15)-broad array of sensmg systems are currently mvolved m
technolOgIcal developments

NSF IS pursumg the desIgn concept of a fIber optIc cable connectIng a serIes of sea floor nodes
capable of suppomng real-hIDe transffilSsIOn of data and Images from hundreds of Instruments
WIth the NatIonal Ocean PartnershIp Program (NOPP) In 1996, NSF lllitIated another program,
Deep Earth ObservatOrIes on the Seafloor (DEOS), for observatIons beyond the reach of fIber
optIc cables

The World Ocean CIrculatIon Expenment (WOCE) produced a fIve-year look at the global
densIty and property fIeld of the ocean Numerous hydrographIc sectIons were repeated durmg
the experIment at regular mtervals to address overall structure, merIdIOnal overturnmg, and
transport through parhcularly Important"choke pomts" The AtlantIc ClImate and CIrculatIon
Expenment (ACCE), a study conducted durrng WOCE between Greenland and latItudes below
the equator usmg mdependent subsurface profiling floats, IS the model for the Array for Real
hIDe GeostrophIc Oceanography (ARGO)

The Argo Ocean Profiling Network IS an mtematIonal effort to collect and share mformatIon
on the temperature, currents, and sallllity of the world's oceans Such mformatIon may be used
to Improve predIctIons of the effects of weather events such as EI NIfio and La NIna on our
seasonal clImate Each float IS programmed to smk a ffille mto the ocean, drIft at that depth for
about 10 days, then slowly rIse, measurmg temperature and salInlty through the layers as It
makes ItS way to the surface At the surface, data IS transffiltted to a commurucatIons satellite
and the probe begIns another cycle Each float IS deSIgned to last 4-5 years Argo floats can be
deployed from shIps or by aIrcraft NOAA and the Office of Naval Research through the
NatIonal OceanographIc PartnershIp Program fund the U S contrIbutIon to ARGO NOAA,
ScrIppS InstItutIon of Oceanography, Uruverslty of Washmgton, and Woods Hole OceanographIc
InstItutIon are Implementmg ARGO ScIentIsts have deterIDlned that 3,000 floats are needed for
the full global observmg array The goal IS to have the entIre array of floats drIftmg and bobbmg
throughout the world's Ice-free oceans by 2003

Early m the next decade ARGO will furrush a major pomon of the database for the Global
Ocean Data AsslffillatIon Expenment (GODAE) The large number of mdependent floats
released under ARGO, supported by NSF, IS planned as a part of the long-term clImate research
program In addItIon to ARGO, Global EulerIan ObservatIons (GEO) WIll provIde dIagnostIc
support and verIfIcatIon of the LagrangIan measurements, greatly decreasmg theIr uncertamtIes,
and lead to more accurate portraIt of global heat fluxes

In 1977, the Ocearuc Flux Program (OFP), the fIrst contInuous hIDe-serIes partIcle flux m the
deep ocean, was maugurated at HydrostatIon S The observatIon that the parhculate flux to
depth was not constant but seasonally dependent on the plankton productIon cycle amazed the
oceanographIccommuruty
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In 1988, as a part of U S JGOFS, several statIons m the North PacIfIc, North AtlantIc and near (
Bermuda, were funded by NSF to collect ocearuc tune-serIes to prOVIde a greater understandmg
of the oceans' role m global and clImate change The statIons m the North PacIfIc and near
Bermuda have become prototypes for other natIOnal and mternatIonal ocearuc tune-serIes
observatorIes

The prmcIple goal of the Carbon RetentIon In A Colored Ocean Program (CARIACO),
mstItuted m 1995, was to study the relatIonshIp between surface bIOgeocheffilcal processes and
the fluxes of carbon and nutrIents m a conhnental margm sethng mfluenced by seasonal
upwelling

The U S GLOBEC Northwest AtlantIc-Georges Bank Program IS mtended to asslffillate the
populatIon dynamlcS of major speCIes on the Bank m terms of theIr relatIonshIp to the phYSICal
envIronment, predators and prey The ultunate goal IS to be able to forecast changes m the
dIstrIbutIon and abundance of these speCIes as a result of changes m theIr phySIcal and bIOtIC
envIronment, as well as to predIct how theIr populatIons ffilght respond to chmate change
ContInumg observatIons WIll be essentIal m the foreseeable future A slffillar U S GLOBEC
Northeast PacIfIC Program (NEP) has IrutIated a study of the effects of past and present chmate
varIabilIty on the populatIon ecology and populatIon dynamlcs of marme bIOta and lIvmg marme
resources

NSF has funded studIes of eXIstIng ocean and coastal data sets, mcludmg the Conhnuous
Plankton Recorder Surveys and the CalIforrua CooperatIve FISherIes InvestIgatIons (CaICoFI)
NSF has also helped to sponsor a serIes of workshops to gather all the hIstOrIcal data surroundmg
major fIsh stock explosIOns and crashes, subJectmg them to extensIve modelIng exerCIses m an
effort to prove or dIsprove the many speculatIve 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 relatIon to EI Nlfio 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 tIdal forcmgs and geomorphology, watershed
land-use types, and aquatIc and terrestrIal bIOgeographIc provmces and chmatIc regIons These
programs have been useful m measurmg coastal ecolOgIcal system responses to ENSO and other
long-term chmachc varIabilIty

Comprehendmg the causal lInkages and covanatIons among the phYSICal, cheffilcal, and
bIOlOgIcal components of ffild-ocean rIdge volcaruc and hydrothermal systems, and the long-term
temporal evolutIon of these systems, IS an lffiportant 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-AtlantIc RIse south of the Azores The programs
mvolve long-term temporal observatIons through repeat VISItS, and could evolve mto permanent,
real-tune observatOrIes m the future

The Earth's cllmate system vanes on tune scales greater than the Instrumental record, from
the major changes of glacIalfmterglacIal cycles to the recently-Idenbfled millenrual cycles of the

(

j
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North AtlantIc and the decadal oscrllatIons of the North PacIfIc Capturmg the full natural
varIability of the system requIres hIghly-resolved records spanrnng hundreds or even thousands
of years Preservation of these"paleo" hme-serIes are recorded m oceanIC sedIments and other
geo-archIves such as maSSIve corals

U.S Arctic Research Commission (USARC)
The U S Arctic Research COmmISSIOn was establIshed by Congress under the Arctic Research

and PolIcy Act of 1984 to promote arctic research, develop national research plans, and facilitate
mteragency coordmatIon Withm the federal government and state and local governments m
Arctic research An Important resource for the USARC establIshed by ARPA (P L 98-373 [1984],
amended P L 101-609 [1990]) IS the Interagency Arctic Research PolIcy COmmIttee (IARPC)
operated by NSF, descnbed separately m thIs section The COmmISsIon IS composed of seven
members appomted by the PreSIdent plus the drrector of the National ScIence Foundation
USARC has produced Its set of research prIorIties for FY 2001 that mcludes a renewed emphasIs
on the Benng Sea and a call for mcreased efforts dealmg WIth clImate change m the arctic Under
the Arctic CouncIl, the U S has taken the lead role m the preparation of an Arctic ClImate Impact
Assessment (ACIA), to be prepared by experts from all of the arctic countrIes and other countrIes
WIth arctic mterests

US EnVironmental Protection Agency (USEPA)
The mISSIOn of the EnvIronmental ProtectIon Agency IS to protect human health and to

safeguard the aIr, water, and land of the nation Of particular mterest to the North PacIfIC regIOn
IS the EPA's EnVIronmental Momtormg and Assessment Program (EMAP), whIch seeks to fulfill
a national mISSIon that may be very s1ffi11ar 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
ecologrcal resources nationwIde and to detect trends m these resources In addItion to havmg
common concerns, the reView of the deSIgn phase of EMAP by the National Research CouncIl
(NRC 1995) 15 also relevant EMAP IS a partnershIp between EPA and NOAA for long-term,
mtegrated momtormg, research, and assessment to ascertam the status of our natIon's ecologrcal
resources EMAPs purpose IS to develop the sCIentlbc understandmg for translating
envIronmental momtormg data from multiple spatial and temporal scales mto assessments of
ecologrcal condItion and forecasts of the future rISks to the sustamability of our natural resources
ThIs data supports the National EnVIronmental Momtormg InItiative of the COmmIttee on
EnVIronment and Natural Resources EMAP Implements momtonng programs that operate on
regronal scales, hIghlIghting dIfferent ecologrcal resource categorIes, over perIods of several
years, mcludmg fIve momtonng actiVIties (1) completion of the Mid-Atlantic Integrated
Assessment GeographIc InItiative, (2) lilltIatIon of the Western PIlot GeographIc InItiative, (3)
planmng for a National Coastal Survey, (4) developmg probabIlIstic coastal momtormg m all
coastal states, and (5) establIshment of an mteragency (EPA, NOAA and NASA) effort to develop
an mtensive coastal SIte network of momtonng and research locations throughout the Umted
States

EPA also Issues National Pollution DIscharge EhmmatIon System (NPDES) permIts, whIch
typIcally requIre that the permIttee momtor dIscharges PermIttees mclude the Alyeska Marme
Termmal m Valdez, seafood processors, hatcherIes, and loggmg compames EPA also mamtams
a lIst of hazardous waste handlers under the Resource Conservation and Recovery Act (RCRA)

--------
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and may requrre that the handlers morutor certam aspects of therr activIties The RCRA lIst IS
based on those who report the handhng of hazardous wastes through, for example, storage or
transport EPA also morutors Superfund sItes

EPA research laboratones and program offIces support several coastal ocean observation
studies AddItionally some federal, state and local governments, and pnvate entities' projects fall
under EPA's JunsdIctIon

EPA mamtams observations to ensure complIance WIth legislative mandates and regulatory
reqUIrements Concern about protection 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
eutroprucatIon, pathogens, and tOXICS that result m adverse effect on human health and bIOlOgical
mtegrity of the coastal waters, as well as habItat moduicatIon and loss Data mcludes the qualIty
of dredged matenals or treated wastewater, and the phySIcal, cheIDlcal, and bIOlOgical
crrcumstances of the marme envrronment surroundmg the dISpOSal or discharge area

•

States are reqUIred by the National Water QualIty Inventory to report water quahty
condItiOns to EPA for mclUSIOn m the National Water QualIty Inventory Reports to Congress
The water qUalIty mcludes phYSIcal, cheIDlcal, and bIOlOgical conditions, and IS processed
accordmg to morutormg results of the qualIty of waters, mcludmg estuarme and coastal waters

The National Estuary Program (NEP) was founded by Congress to restore and preserve
estuanes, the program currently mcludes 28 estuanes that represent 42% of the shorelIne of the •
contInental U S These programs are m varIOUS stages of development Each mdIV1dual estuary
program mventones eXIstIng federal, state, local and volunteer morutormg programs m therr area
and combmes pertment detaus from these on-gomg actiVIties mto therr 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 Executive Councu,
IS a Bay-WIde EPA/state Jomt effort The program IS made up of over 165 StatIOns below the fall
lIne, and combmes the efforts of Maryland, Pennsylvarua, Vugtrua, the DIStrICt of ColumbIa,
several federal agenCIes, 10 mstItutIons, and over 30 SCIentists Nmeteen phySIcal, cheIDlcal, and
bIOlOgical charactenstIcs are morutored 20 hIDes a year m the mam stem of the bay and ItS many
trIbutarIes A volunteer CItizen morutonng program was started m 1985

The Great Lakes National 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
data, manages and prOVIdes publIc access to Great Lakes data, and helps commurutIes address
contaIDlnated sedlIDents m therr harbors

The Gulf of MeXICO Program IS made up of many state and local morutonng projects An
mtegrated coastal morutormg and assessment program for the Gulf of MeXICO IS currently bemg
deSIgned, WIth four mam focus areas exceSSIve nutnent ennchment, publIc health assocIated
WIth seafood consumption and recreational use, habItat loss, and non-mdIgenous speCIes
mtroductIon
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The Clean Water ActIon Plan, a new illltIatIve,Is an ambItIous multI-agency proposal to
speed the restoratIon of our natIon's waterways One Important component IS development of a
Coastal Research Strategy mvolvmg mtegrated studIes of coastal waters and a publIc report on
the condItIon of the natIon's coastal waters m 2000

U.S. Department ofHealth and Human Services (USDHHS)

Agency for TOXIC Substances and DIsease RegiStry (ATSDR)
ATSDR IS the prmclpal federal publIc 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
surroundmg human health as they may be affected by contammants assocIated WIth exposure to
hazardous substances from waste SItes, unplanned releases, and other sources of pollutIon
present m the enVIronment

ASTDR IS dIrected by congreSSIOnal mandate to perform specmc functIOns concernmg the
effect on publIc health of hazardous substances m the enVIronment These functIons mclude
publIc health assessments of waste SItes, health consultatIons concerrung SpecIfIC hazardous
substances, health surveIllance and regIStrIes, response to emergency releases of hazardous
substances, applIed research m support of publIc health assessments, mformatIon development
and dissemmatIon, and educatIon and trammg concernmg hazardous substances

US. Department ofthe InterIor (USDOI)

FISh and Wddhfe ServIce (USFWS)
The Alaska MarItIme NatIOnal WIldlIfe Refuge (AMNWR) momtors ten seabIrd colomes

annually, four of whIch are m the North Pacmc 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 admmIstered by the FIshery InformatIon
ServIces DIVISIOn, whIch conSIsts of staff WIth expertIse m both fIshenes and socral SCIences, and
whIch funds studIes that gather, analyze and report mformatIon needed for SubSIstence fIshenes
management on federal lands m Alaska Funded studIes focus on three mformatIon types
TradItIonal EcolOgical Knowledge, SubSIstence FIshery Harvests, and FIshery Stock
Status/Trends Most studIes contrIbute to developmg the capabIlIty and expertIse of agenCIes,
local commurutIes, and rural reSIdents to partICIpate m SubSIstence fIshery resource management
For purposes of management and research, Alaska federal SubSIstence fIshenes have been
grouped mto 10 regions Each region has an AdVISOry CounCIl COnsIStIng of local reSIdents who
represent the geographIc and cultural dIverSIty of that region In addItIon to proVIdmg
recommendatIons on polICIes, AdVISOry CounCIls also IdentIfy study needs and make
recommendatIons on project proposals for theIr region

Mmerals Management ServIce (MMS)
The MMS prOVIdes substantIal support for projects related to the potentIal effects of 011 and

gas exploratIon and recovery that are largely conducted by other agenCIes and contractors
StudIes envelop a WIde range of resources such as sedIment qualIty, seabIrd momtormg,
mappmg of nptIdes, Cook Inlet forage fIsh, and others MMS has funded a vaned range of
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prOject types for many years The Uruversity of Alaska Farrbanks and the MMS have Jomed to
form the Alaskan Coastal Marme Institute (CMI) The purpose of the CMI IS to provIde matchmg
MMS fundmg for research m Alaska on coastal, marme and human envrronmentaiissues
pertallling to offshore mmeral exploratIOn and extrachon Researchers must secure at least one
dollar of non-federal matchmg funds for every dollar from the CMI Projects should address the
Beaufort Sea and secondarIly Cook InletjShelIkof Strmt

U S Geological Survey (USGS)
The BIOlogical Research DIvIsIOn's (BRD) Alaska BIOlogical SCIence Center mamtams a

seabrrd database and a pelagic seabrrd atlas The Alaska BIOlogical SCIence Center (BIOlogical
Resources DIvIsIOn, U S Geological Survey) IS the lead bIOlogical SCIence agency for the
Department of the Intenor (DOl) m Alaska, where It conducts research on wildlIfe and therr
habItats on Federal publIc lands and waters Federal publIc lands m Alaska cover a geographIc
area eqUIvalent to the all of the Eastern seaboard from Marne through Flonda and mclude nearly
all of the country1s National WIldlIfe Refuges (88%) and most of Its National Park lands (65%)
ClIents of ABS mclude the National Park ServIce, FIsh and WildlIfe ServIce, Bureau of Land
Management, and Mmerals Management ServIce The responsibIlIties of ABS also mclude
prOVIdIng sCIenhbc mformatIon essential for resource management decIsIOns for DOl trust
speCIes such as mIgratory brrds, manne mammals, and anadromous fIsh speCIes

BRD cooperates WIth many other projects from several agenCIes to obtaIn the contents of thIs
database In addItion, smce the 1970s BRD has had an extensIve seabrrd-morutonng project at
Middleton Island, the Marme BIOlogical Station BRD also IS m the process of assemblIng the (
Pacmc Seabrrd Morutormg Database The Alaska Marme Mammals TISsue ArchIval Project
(AMMTAP) and the Seabrrd TIssue ArchIval Morutonng Project (STAMP) are probably the most
sigrufIcant contammants studIes m Alaska

The Water Resources DIvIsIOn of the USGS m Alaska mamtmns the Cook Inlet Basm Study
Urut, part of the National Water QualIty Assessment program (NAWQA), whIch exammes trends
m water qualIty over a nme-year penod NAWQA takes measurements to determIne water
chemIStry m streams and aqUIfers, the quantity of suspended sedIment and the qualIty of bottom
sedIments m streams, the varIety and number of fIsh, benthIc mvertebrates and algae m streams,
and the presence of contammants m fIsh tissues The Water Resources DIvIsIOn also mamtaIns a
long tIme senes of measurements of groundwater and freshwater runoff for varIOUS stations m
Alaska

The Geologic DIVISIOn has the capability to produce hIgh-resolution maps of the sea floor
through ItS Marme and Coastal Geology Program m Menlo Park, CalIforrua

US. Department ofAgriculture (USDA)
U S Forest ServIce (USFS) has substantial responsIbIlIty for controllmg and dIrectIng the

Impacts of human uses The 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 m the North Pacmc region The Forest ServIce has
extensIve expenence m watershed analYSIS and plannmg for ecosystem-based management

~)
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TheIr extensIve expenence m developmg sCIenttfIc mformatIon relevant to balancmg multIple
uses of publIc lands and waters IS aVaIlable for plannmg morutormg and research

US Department ofthe Navy (USDN)
Ocean observatIons collected by the U S 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 reqUIrement
for open-ocean temperature, Sal11Uty, and sound velOCIty measurements to support sonar
performance m the trackIng of SOVIet ballIstIC-mIssIle submarmes The natIonal secunty
supported ocean observatIon system has, therefore, mcluded heavy emphaSIS on open-ocean
temperature, salnuty, 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 shIps and arrcraft to take bathyermograph (XBT)
measurements around the globe durmg fleet operatIons, and satellIte temperatures of the sea
surface taken by mfrared satellite sensors

NatIonal secunty reqUIres real-tIme global data and the Navy acts as a natIonal Core
Processmg Center for sea surface temperature (SST) data from VarIOUS satellItes and dlssemmates
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 mfer wmds Products mclude sea-surface
topography, currents, eddIes, wave heIghts, and surface wmd-speed and dIrectIon

Dnfung buoys are deployed yearly by the Navy WIth hourly feedback VIa satellIte They
measure surface atmosphenc pressure, aIr 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 "ambIent" (background) nOIse levels that support Nave sonar
operatIons

The NatIonal Ice Center receIves mformatIon from the Navy, NOAA, and the Coast Guard on
global, regIonal, and local sea-Ice analyses and forecasts, mcludmg Ice edge, concentratIon, drIft,
and thIckness, for mIlItary and CIvIl users Ice observatIons come from U S and European
satellites, U S and CanadIan Ice reconruussance flIghts, and from speCIally mstrumented buoys
placed each year through the ArctIc Ice

A dedIcated fleet of Navy shIps has collected the followmg data for years water depth,
bottom type, tIdes and currents or "hydrographIc" data m coastal areas worldWIde to lffiprove
and update nautIcal charts, deepwater bathymetry (water depth) and graVIty measurements to
support strategIc submarme operatIons, phySIcal oceanography (temperature, sahruty, sound
velOCIty), ambIent nOIse, seafloor structure, and sedlffient type to support sonar performance and
acoustIc surveillance arrays, and a WIde range of other observatIons (water clarIty,
bIOlummesence, currents, magnetIcs) that affect naval operatIons

The Navy's natIonal 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 sIgmfIcant
supporter of a natIonal academIC research fleet, fundmg both worldWIde basIC ocean
observatIons and applIed research projects The Navy reqUIres data from the open ocean through
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coastal waters, the surf zone, and over the beach to sustam modem naval operations Because of r- ~

the greater varIability, shallow coastal waters reqUIre more observations m hme and space Of ,
partIcular mterest are water depth, sea surface temperature and temperature at depth, bottom
type, waves, tides, currents, and coastal ambIent (or background) nOIse Wlule the mam national
securIty requIrements for coastal ocean observations are m sensItive areas overseas, the dIVersIty
of enVIronments m U S coastal waters provIdes many analogues of coastal systems overseas For
thIs reason, national securIty needs must playa sigruficant role m deSIgn of the coastal observmg
system Navy home-portIng, and coastal trallling, test and exerCIse functions m U S waters
reqUIre expanded observations

The U S Naval Observatory (USNO) IS the baSIC source of rnformatIon on the effect of
astrophySICS on clImate change The Earthls orbIt, ItS orIentation m space, and ItS angle of
mclmatIon toward the sun, as measured by the USNO, all play Important roles m determllliTIg
clImatic condItions The USNO IS the world's leadmg authorIty m the areas of measurrng day
length, celestial observmg, and other fundamental astronomy

U.S. Department of Transportation (USDOT)
U S Coast Guard (USCG)-- USCG ocean data buoys take synoptic meteorological and

oceanographIc measurements for both the National Data Buoy Center and the National Ice
Center They also provIde a number of other ocean and lake observations The USCG operates a
Vessel TraffIc ServIce (VTS) for nrne Umted States coastal ports Each VTS IS a servIce of active
waterways management usmg advanced technology such as radar, closed CIrCUIt TV, dIfferential
GPS (DGPS), and VHF-PM radIO commumcatIons In addItion, the VTS also receIves rnformatIon
from varIOUS sources on predIcted vessel movements, hazards to naVIgation, aIds to naVIgation (
dIscrepanCIes, and other rnformatIon of mterest to VTS users The VTS mvolves mdlvlduals off
the vessel that receIve, process, and commumcate rnformatIon related to the safe naVigation of a
waterway WIth a prImary focus of pubhc safety and protection of the enVIronment ThIs
rnformatIon IS commumcated m general pubhc adVISOrIeS or m the form of SpecIfIC
recommendations to aSSIst a vessel m aVOIdmg hazardous condItiOns 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
17 member nations and operates m the North Atlantic under the proVISIOns of the U S Code and
the International Convention for Safety of LIfe at Sea (SaLAS) It momtors Iceberg danger near
the Grand Banks of Newfoundland durrng the Ice season, and adVIses shIps about safe and
effiCIent naVigatIOn routes The USCG InternatIOnal Ice Patrol sets drIftIng buoys for the use of
Iceberg/sea Ice predIction The observations of pOSItion and sea surface temperature are
reported VIa satellIte eIght hmes per day The IIP ObtaIns water temperature profIles from AXBTs
deployed by Coast Guard aIrcraft and sea surface temperature data made available by
commerCIal shIps These data are sent to the Navy The National Ice Center prOVIdes sea-Ice
analyses and forecasts usmg data from satellItes, arrcraft reconnaIssance fhghts, and arctic buoys
receIved from the USCG, NOAA, and the Navy USCG polar Icebreakers prOVIde a number of
oceanographIc observations m the Arctic and Antarctic to Navy, NIMA, and/or NOAA
databases The reports mclude ocean temperature, salImty, bathymetry, and marrne mammal
data
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USCG cutters send weather mformahon to the Navy and NOAA Coast Guard stahons also
send meteorologIcal data to NOAA for use m analyses and forecasts,

US Department ofEnergy (USDOE)
The Department of Energy, BIOlogIcal, and EnvIronmental Research (DOE-BER) IS fundmg

peer-reVIewed research m marme bIOlogy and oceanography relahng to the Impact of
anthropogeruc C02 on global warmmg DOE also encourages technologIcal developments that
support new global ocean observatIOnal capabillhes Examples of specIfIc programs mclude

•

•

•

•

Marme BIOtechnology - the apphcahon of the tools of modem molecular bIOlogy to
lmkages of carbon and rutrogen cycles

SyntheSIS of Global C02 Data (WIth NOAA) - development of tools and models to
syntheSIZe the eXIShng data set on ocean C02 and related parameters

Quahty Assurance of C02 Survey Data - QA/QC and dIssemmahon of C02 data through
the Carbon DIOXIde Informahon AnalYSIS Center

Carbon Sequestrahon m the Ocean - estabhshment of center(s) of excellence as part of the
Chmate Change Technology Iruhahve

Intergovernmental Orgamzatlons

Bristol Bay Marine Mammal Council (BBMMC)/Brlstol Bay Native Association (BBNA)
The BBMMC was formed m 1995 by the thrrty-one member trIbes of the BBNA and works

closely WIth marme mammal orgaruzahons to best utilize our resources and aVOId redundancy m
morutormg efforts The larger body IS governed by a seven member Execuhve Council whIch
COnsIStS of one representahve from each of the fIve sub-regIons of BrIstol Bay and two at-large
members The general membershIp and the Execuhve Council are a accurate representahon of
the people from each sub-regIon The Execuhve Council 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 dIffIculhes
assocIated WIth large scale research efforts To best use llIDlted fundmg, the BBMMC supports
expansIOn to the BrIStol Bay regIon of successful programs that currently eXIst m other regIons of
Alaska

• Harbor seal bIOsamphng program,

• Harbor seal harvest morutormg,

• ArcVIew mappmg of proJects, and,

• Consensus buIldmg among BrIStol Bay area villages

PaCific Coastal Salmon Recovery Program
The U S Congress, recogruzmg the need to asSISt states and trIbes WIth PacIfIc Coastal

Salmon Recovery, approprIated funds for the states of Alaska, WashIngton, Oregon and
CalIforrua, as well as the treaty fIshIng trIbes m the PacIfIc Northwest
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TIns IS a cooperative program that assIsts the states In fulfIlling responsIbilities under the
PacIfIc Salmon Treaty by provIdrng adrnIDlStratIve, management, and applIed research support
to the states' treaty IndIan trIbes to meet the needs of the PacIfIc Salmon COmmISSIOn and U S
mternatIonal COmmItments under the treaty

Smce Implementation of the PacIfIC Salmon Treaty m 1985, the States of Washmgton, Oregon,
Idaho, and Alaska have provIded the necessary support to and have been mvolved wIth the
PacIfIc Salmon COmmISSIon m accordance WIth the treaty Alaska has proVIded and contInues to
provIde technIcal support necessary for supportmg and enhancmg the U S pOSItion on Yukon
RIver salmon, Taku and Stakrne nver salmon and salmon fIshenes m ongomg negotiations WIth
Canada In fIScal year 1999, four awards were made It IS anticIpated that eIght awards will be
made m fIscal years 2000 and 2001 For the PacIfIC Coast Salmon Recovery Program, It IS
anticIpated that fIve awards will be made m fIscal years 2000 and 2001

The State of Alaska Intends to apply the salmon funds over a fIve-year penod to address
salmon Issues m Southeast Alaska, east of Cape SucklIng The general project areas are

• Research and Monztonng the focus IS on Important salmon producmg streams and
systems - uplands through estuarIes, WIld salmon stocks, transboundary nvers, and
IdentIfIcation of habItat stewardshIp and restoration pnontIes,

• Habltat Stewardshlp and Restorahon the focus IS on on-the-ground fIsh passage
remedIation projects on state, local, Native and pnvate lands WIth lllitIal focus on Coho,
Chmook, and sockeye watersheds adversely Impacted by human practices, and ensurIng
Important habItat IS not degraded,

• Improve Economlcs ofSEAK Ftshmg the focus IS on the broad range of projects to mItigate
Impacts of PacIfIc Salmon Treaty on fIsherman and fIshmg commurntIes m SE Alaska,
and,

• Cooperahve Programs the focus IS on cooperative or Jomt projects WIth PacIfIc Northwest
trIbes, trIbal entities, Canada, and/or PacIfIC Northwest states on salmon habItat or stocks
of common concern

Nongovernmental Orgamzatlons

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 commurncatIon between beluga
hunters, bIOlOgists and agencIes

The ABWC brought together representatives from beluga huntIng commurntIes m Alaska,
local, state and federal governments, and beluga researchers to dISCUSS conservation Issues, the
bIOlogy of belugas, and the needs for addItional mformatIOn They lllitIated a program to obtam
relIable harvest data, prepare a beluga management plan, and to encourage beluga research

To date, the ABWC has accomplIshed the followmg

20

• adopted the Alaska Beluga Whale Management Plan,
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• sIgned a Co-management Agreement for Western Alaska Beluga Whales,

• obtamed harvest rnformatIon from ABWC members smce 1988 and supported harvest
morntormg and samplmg,

• conducted aenal surveys of Norton Sound, Bnstol Bay, and the ChukchI Sea,

• funded a genetIc stock ill study usmg samples from hunters, WIth results that support the
genetIc dIscreteness of fIve stocks,

• supported contammant studIes of belugas m the eastern ChukchI Sea and Cook Inlet,

• produced newsletters rnformmg coastal resIdents and others about Important beluga
research and management actIVItIes, and

• successfully satellIte tagged belugas m the ChukchI Sea m 1998 and 1999 and started a
pilot program m Norton Sound

Alaska Eskimo Whalmg Commission (AEWC)
The ffilSSIon of the AEWC IS to prOVIde leadershIp, gmdance, and coordmatIon m the

adffi1rnstratIon and ImplementatIon of pohCles and programs estabhshed by the AEWC Board of
COffiffilsslOners, 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 commurntIes The AEWC was formed m 1977 to represent the
whalmg commurntIes m an effort to convmce the U S 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 actIVItIes assocIated 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,

• promote extensIve SCIentIfIc research on the bowhead whale so as to ensure the contInued
health of the bowhead whale stock, and,

• commurncate to the outSIde world the facts pertammg to the subSIStence bowhead whale
hunt, the manner m whIch It IS conducted, the EskImo's knowledge of the whale, and the
centrahty of the hunt to the cultural and nutrItIonal needs of the EskImos

Aleut Marine Mammal CommiSSion (AMMC)
The Aleut Marme Mammal COffiffilssion (CoffiffilsslOn) was formed prImarily for the

followmg purposes
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• to encourage and illlplement self-protection and self-regulation of manne mammal use
by coastal Alaska natives by mvolvrng Native users m the decIsIOn makmg process,

I

•

•

•

•

•

•

to prOVIde education and mformatIon to the publIc, appropnate management agencIes,
and other rnterested parties,

to represent ItS member coastal Alaska native commumtIes rn revIewmg and commentrng
on regulatory changes or resource development whIch may affect marme mammals,

to promote conservation of marrne mammals for use by Alaska Natives,

to be rnvolved rn all phases of sCIenhfIc, bIOlOgIcal, and other research programs
rnvolvrng marrne mammals,

to actively partICIpate rn the formulation of, and/or illlplementatIon of harvest
momtorrng efforts and protection of the marrne mammal population, and,

to encourage the Aleut Marme Mammal COmmISSIOn, government of the Umted States,
and other nations and rndIgenous groups to cooperate rn exchangmg mformatIon that
contrIbutes toward illlproved management of marme mammal populatiOns

Currently, the COmmISSIOn rncludes representatives from the commumtIes of NIkolskI, Atka,
Unalaska, Akutan, False Pass, Nelson Lagoon, Krng Cove, Sand Pornt, and Cold Bay The
COmmISSIOn gathers and dIssemmates local knowledge regardmg the Steller sea lIon and other
marrne mammals rn the Aleutian Islands and along the Alaska Pemnsula Information will
rnclude but IS not lImIted to

•

•

•

•

the current level of SubSIstence take rn these commumtIes,

hIstoncal perspectives on SubSIstence harvests,

changes rn mammal populations and local marrne enVIronments, and,

mformatIon on the hIstoncal and current dIstnbutIon of manne mammals

The goal of the COmmISSIOn IS to prOVIde mformatIon on subSIStence harvest, partIcularly
Steller sea lIons, whIch will aSSIst state and federal agenCIes m the management and conservation
of the speCIes

Alaska Native Harborseal Commission (ANHSC)
The ANHSC IS a tnbal consortIum orgarnzed by Native CommumtIes WIthrn 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 rncludIng
Southeast Alaska, Cook Inlet, Chugach, KodIak, Bnstol Bay, and Aleut The overall purpose of
the ANHSC IS to strengthen and rncrease the role of Alaska Natives m resource polIcy decISIOns
affectIng harbor seals and to mamtam theIr cultural uses The goals of the ANHSC rnclude

• educatIng and mformmg the publIc and western SCIentISts on the tradItional and
contemporary relationshIp between harbor seals and Alaska Natives,
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• mforrrung western sCIentIsts about the type and extent of knowledge held by the local
people about the harbor seal,

• mvolvmg Alaska NatIves dIrectly m harbor seal research, and,

• mvolvmg Alaska NatIves m the management of harbor seals through co-management as
provIded for m SectIon 119 of the Marme Mammal ProtectIon Act

In Apnl of 1999 ANHSC and NMFS fmahzed and sIgned a co-management agreement for
Harbor seals m Alaska that delmeates the shared roles and responsIbilItIes of each of the partIes
m harbor seal management The goal and prImary objectIve for the ANHSC contInues to be to
develop a sohd workmg relatIonslup between the federal government and the trIbal governments
as represented by the ANHSC The co-management cOmmIttee, comprISed of 3 Alaska NatIves
and 3 NMFS people, has been establIShed Staff will

• work WIth mvolved villages to Implement the gmdelmes of the agreement through
village codes and ordmances,

• be responsIble for the comphmentary programs, such as outreach and educatIOn, and,

• act as a halson between VIllages, the planners, and the federal agenCIes through the co
management process

Alaska sea Life Center (ASLC)
ASLC, located m Seward, IS a regIOnal center for research on marme hfe, mcludmg mammals,

J

sea bIrds, and fIsh Umverslty and government SCIentIsts who need to learn how to care for
marme resources use the laboratOrIes, salt-water tanks, and marme aVIarIeS of the Center It IS an
Important 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 orgamzatIon whose memberslup reSIdes m the Mumclpahty of

Anchorage and beheves that Anchorage's waterways and related habItats are a valuable
resource AWC focuses on waterways Wlthm the MumClpahty of Anchorage and mtends to
prolublt further degradatIon The Council seeks to enhance the waterways through pubhc
outreach and educatIon, ensurmg safe and productIve aquatIc and rIparIan habItat for fIsh,
wIldhfe, and momtormg actIVItIes that affect the MumClpahty'S waterways

Census ofMarine Life (CoML)
CoML IS bemg developed as a decade-long program to promote and fund research assessmg

and explammg the dIverSIty, dIstrIbutIon, and abundance of speCIes m the world oceans Related
actIVItIes mtegral to thIS research mclude the deSIgn and ImplementatIon of InnovatIve bIOlOgIcal
samplmg technIques for the marme enVIronment ConsultatIons and workshops durmg 1997
1998, largely funded by the Alfred P Sloan FoundatIon (New York CIty), explored the potentIal
benefIts, Issues (technIcal, SCIentIfIC, and SOCIal), and hmIts 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 SCIentIfIc plan for the CoML Planmng and
development for the Census IS expected to reqUITe 1-2 more years Pilot fIeld projects should take
place m 2002-2004 The mam fIeld projects should occur m 2005-2008 AnalYSIS and mtegratIon
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of mformatIon should culmmate m 2008-2010 The Ocean BIOgeographIcal InformatIon System
(OBIS) IS envlSloned to be a dIstrIbuted network of marme bIOlogical and envIronmental data for
use m exammmg the changes m dIversIty, dIstrIbutIon, and abundance of orgamsms over hIDe
and space OBIS IS expected to be the means by whIch CoML gathers and dIStrIbutes Its
mformatIon

Center forAlaskan CoastalStudies (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 cIhzen
collechon of data about mtemdal areas, and mcorporates water qualIty and mtemdal momtormg
mto school educatIon programs

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 coordmahng body for more than 50 marme-related
InStItutIOns m the Umted States, mc1udmg umversitIes, governmentallaboratones, and non
profIt aquana CORE IS the base for the InternatIonal Steermg COffiffilttee for the Census of
Marme LIfe and the Secretariat, whIch the Steermg COffiffilttee gmdes CORE also acts as the
Program Office for the NatIonal OceanographIc PartnershIp program, NOPP

Cook Inlet Keeper (CIK)
OK IS a nonprofIt group dedIcated to protechng Cook Inlet's watershed The Lower Kenai

Pemnsula Watershed Health Project momtors four hIgh value salmon streams WIth mcreasmg
human use ThIs group also traIns volunteers to momtor water qualIty at many SItes m the Cook
Inlet watershed Currently, momtormg SItes are estabhshed around Kenai, Homer, and Anchor
Pomt Parameters measured are temperature, pH, dIssolved oxygen, sahmty, turbIdIty,
conductance, bactena, OXidatIon-reductIon potentIal, macromvertebrates, ortho-phosphate,
apparent color, and mtrate-mtrogen

Kenai RiverSportfishing Association (KRSA)
KRSA IS a nonprofIt orgarnzatIon that prOVIdes fInanCIal support for npanan zone habItat

conservatIon and rehabIhtatIon KRSA works m cooperatIon WIth other orgarnzatIons, such as
state and federal land and fIsherIes management agenCIes, and volunteers to stabilIZe and
revegetate banks eroded by human recreatIonal use and housmg development KRSA has also
been InStrumental m WIdespread InStallatIon of rIverfront walkways on pubhc and prIvate
property The walkways are constructed of open metal bar screen that allows rIpanan plants to
grow for bank stabilIZatIon, while prevenhng erOSIOn from tramphng by humans and provIdmg
access for recreatIon

( -
)

J

Monterey BayAquarium Research Institute (MBARI)
MBARI IS a prIvate, non-profIt research center funded by The DaVId and Lucile Packard

FoundatIon Founded m 1987, It IS located at Moss Landmg, CalIforma In the words of Its
founder, DaVId Packard, "The mISSIOn of MBARI IS to achIeve and maIntam a pOSItIon as a world
center for advanced research and educatIon m ocean SCIence and technology, " MBARI's efforts ~ ~\

1\ _)cover eIght research themes, 1) benthIc processes, 2) mIdwater research, 3) upper ocean .
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bIOgeochemIstry, 4) MBARI Ocean Observmg System (MOOS), 5) remotely operated vehIcle
enhancements and upgrades, new m SItu mstruments, mfrastructure support, and mformatIon
dIssemInatIon and outreach It has two research shIps, and IS developmg remotely operated
vehIcles nearby Monterey Bay MBARI mamtams offshore moormgs that are eqwpped With
ocean-momtormg mstruments Two MBARI moormgs m the equatonal PacIfIc are part of the
NOAA TropIcal Atmosphere Ocean (TAO) array that plays an Important role m studymg the
development of events m the EI Nmo southern oscIllatIon

National Outdoor Leadership SChool (NOLS)
NOLS was founded m 1965 and IS the leader m WIlderness educatIon NOLS IS the largest

backcountry permIt holder m the Umted States and offers courses on four other contments
NOLS IS COmmItted to the quahty of courses and programs offered m the wilderness
enVIronment that serves as ItS classroom

North Pacific Universities Manne Mammal Research Consortium (MMRC)
MMRC was formed WIth four partIcIpatIng mstItutIons the Umversity of Alaska, the

Umversity of BntIsh Columbia, the Umversity of WashIngton, and Oregon State Umversity The
mISSIOn of the ConsortIum IS to undertake a long-term program of research on the relatIonshIps
between fIShenes and marme mammals m the North Pacmc Ocean and Eastern Benng Sea
StudIes WIll focus ImtIally on the bIology of the Steller sea hon and could mclude research on the
effects of specIes mteractIons and oceanographIc condItIons on changes m sea hon abundance

Partners In SCience Program
The M J Murdock Chantable Trust, Partners m SCIence Program sponsors hIgh school SCIence

teachers' partICIpatIon m research WIth SCIentIsts durmg two summers

Partnership for the InterdisciplinaryStudy ofCoastal Oceans (PISCO)
PISCO IS a long-term ecolOgical consortIum that COnsIStS of four umversitIes (Oregon State

UmversIty, UC Santa Cruz, Stanford UmversIty, and UC Santa Barbara) mvestIgatIng the
phYSICal and bIOlOgical processes of the nearshore region along the Oregon and CalIforma coasts
The DaVId and Lucille Packard FoundatIon ongmally funded PISCO to prOVIde a new model for
solvmg envIronmental problems faced by our seas

Prince William SoundAquaculture Corporation (PWSAC)
PWSAC IS a pnvate non-profIt corporatIon founded m 1974 under state law deSIgned to

promote development and operatIon of salmon hatchenes With the partICIpatIon of local
commerCIal harvesters Headquartered m Cordova, PWSAC operates four salmon hatchenes at
SItes throughout Pnnce Wilham Sound, as well as one at the town of Paxson on the Copper RIver
PWSAC produces pmk salmon, sockeye salmon, Coho salmon and ChInook salmon The
retummg adults benefIt commerCIal, sport fIshIng, personal use, and subSIStence users, and also
prOVide cost recovery to fund hatchery operatIOns

Usmg technology developed and Implemented WIth the support of the Exxon Valdez OIl Spill
Trustee CouncIl, PWSAC annually marks all of the more than 500 millIon Juvemle pmk salmon
released from ItS hatchenes each year The marks permIt preCIse estImatIon of the proportIon of
hatchery salmon harvested, whIch permIts protectIon of WIld salmon durmg hatchery harvests
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The marks also penmt lughly precIse estImates of marme survIval, and detection of pmk salmon
of PWS ongm m samples on the lugh seas

Prince William Sound 011 Spill Recovery Institute (OSRI)
OSRI was authorIZed by the Umted States Congress through Section 5001 of the Oil Pollution

Act of 1990 (OPA 90) and through amendments mcluded m the Coast Guard AuthorIZation Act
of 1996 The mstItutIonal goals of OSRI recogrnze long-range momtonng programs as essential to
assessment and understandmg of the long-range effects of arcbc or subarctic oil spIlls on the
natural resources of Prmce Willlam Sound and ItS adjacent waters

Prince William SoundSCience Center (PWSSC)
PWSSC IS an mdependent, non-profIt orgarnzatIon devoted to lffiplementIng an ecosystem

approach to research, momtonng, and management of natural resources The SCIence Center
played an lffiportant role m lffiplementatIOn of the Trustee COunCIl'S ecosystem study, the Sound
Ecosystem Assessment (SEA) (Secbon IV A 2)

Regional Citizens AdVISOry Council (RCAC)
RCAC bodies were establIshed followmg the 1989 Exxon Valdez oil spill under the federal Oil

Pollution Act of 1990 (OPA 90) The act establIshed, among other thmgs, demonstration
programs to mvolve local CitIZens m overseemg the envIrOnmentallffipact of oil termmals and
tanker operations m two locations, Cook Inlet and PWS

Cook Inlet RegIOnal CItIZens AdVISOry Council (CIRCAC) momtors the enVIronmental
lffipacts of tenmnals and tankers m Cook Inlet The CIRCAC's envIronmental momtormg
program mcludes studies of sediment cheffilstry, hydrocarbon accumulation, sedlffient tOXICIty,
and ballast water Issues

The PWS RegIOnal CItizens AdVISOry Council (PWSRCAC) has conducted an enVIronmental
momtonng program for the past SIX years The Long-Term EnVIronmental Momtormg Project
momtors rune SItes m PWS and the North Pacmc regIOn for hydrocarbons m the water, sediment,
and mussels The data prOVIde a benchmark for assessmg the lffipacts of 011 transportation and
future oil spills The study diSCrImmates among hydrocarbons resultIng from bIOlOgical
processes, combustion sources (pyrogemc), and petroleum products or reSIdues from natural coal
depOSIts (petrogemc) The PWSRCAC has also studIed the rIsk of mvaSIOn by non-mdigenous
speCIes through the dIscharge of ballast water, control of tanker loadmg vapors, ballast water
mfluent at the Valdez Marme Termmal, and the use of caged mussels to momtar effluent from
the Alyeska Ballast Water Treatment FaCIlIty

Transboundary Organizations

Transboundary orgarnzatIons coordmate mformatIon-gathenng across national, provmcial
and state boundarIes As a result of transboundary conventions addressmg fIShery management,
pollution control, and other matters of concern m the North PacIfIC, multInational and mterstate
management mstItutIOns have been m place far most of the twentieth century These mstItutIons
have amassed some of the longest tIme senes of bIOlOgical observations m the North Pacmc

)

J
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Arctic MOnitoring andAssessment Programme (AMAP)
The Archc Momtormg and Assessment Programme (AMAP) IS an mternahonal cIrcumpolar

program whIch seeks to momtor anthropogemc pollutants m all parts of the archc enVIronment
Observahons extend mto the Bermg Sea At a meehng m Rovameffil, Fmland, the nahons of
Canada, Denmark/Greenland, Iceland, Norway, Sweden, the SOVIet Umon, and the Umted States
entered mto the "Rovameffil process" to promote archc envIronmental protechon The
"Rovameffil process" produced a senes of "State of the Archc EnvIronment" reports on potenhal
pollutants m dIfferent parts of the arctIc enVIronment and ItS ecosystems m 1991 The FIrst Archc
MmIstenal Conference m Rovameffil, Fmland estabhshed mternahonal cooperahon for the
protechon of the archc, and led to the adophon of the Archc EnVIronmental Protechon Strategy
(AEPS) The AMAP reports contam hIDe senes data on contamInants m the areas of mterest The
pohcy body for AMAP IS the Archc Counal

Conservation ofAntarctiC Marine Living Resources (CCAMLR)
The Convenhon on the Conservahon of Antarchc Marme LIvmg Resources (CCAMLR) was

founded m 1982 as part of the Antarchc Treaty System, m response to concerns that an mcrease m
knll catches m the Southern Ocean could have a senous effect on populahons of knll and other
marme hie, partIcularly on bIrds, seals, and fIsh whIch mamly depend on krIll for food

The CCAMLR Ecosystem Momtormg Program (CEMP) IS a sCIenhhc program mtended to
Idenhfy changes m condihon, abundance, and mstnbuhon of the ammals withm the convenhon
area Smce It IS not reahshc to momtor all the anImals and theIr mterachons that make up the
antarchc manne ecosystem, CEMP IdentIfIed speCIes and parameters hkely to be partIcularly
sensIhve to changes m food avaIlability CEMP takes mto account Informahon obtamed from
momtonng these specIes m determmmg the regulahon of human achvity so as to ensure that the
conservahon prmClples of the convenhon are bemg apphed

The parameters bemg stumed fall mto four categones reproduchon, growth and conmhon,
feedmg ecology and behaVIor, and abundance and dlStnbuhon Any changes found m the
parameters will be because of changes eIther m food avaIlability or envIronmental conmhons In
order to Idenhfy the source of change, It IS necessary to momtor knll abundance, knll
dlStnbuhon, and certam enVIronmental parameters SImultaneously WIth the momtonng of
predators

Intemational North PaCific Flshenes Commission (INPFC-NPAFC)
The Internahonal North Pacmc Fishenes COmmISSIOn (INPFC) (1952-1993, US, Canada,

Japan) and ItS successor, the North Pacmc Anadromous FISh COmmISSIOn (NPAFC) (1993 on),
coordmate research and harvest of salmon and other anadromous speCIes above lahtude 330 N
outsIde the 2DD-mIle zones of the signatones SIgnatOry nahons are the Umted States, Canada,
Japan, and RUSSia and the cooperahng nahons are Poland, South Korea, and Taiwan The INPFC
pubhshed long hIDe senes of catches for pnnClpal groundfish speCIes, crab, shnmp, and hernng
for the signatones and cooperahng nahons The INPFC stahshcal yearbooks (produced from
1952-1992) contam bIOlOgical hIDe senes on groundfIsh, crabs, and marme mammals The

I
NPAFC statlShcal yearbooks (produced from 1993-1995) are the defImhve source for catch,
weIght, and hatchery releases for salmon m the North Pacmc, as well as prmcipal groundfIsh
speCles, crab, shnmp, and hernng
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International Pacific salmon Flshmg Commission (IPSFC-PSC)
The InternatIonal PacIfIc Salmon FIShIng ComnussIOn (IPSFC) (1937-1985) was establIshed by

the Umted States and Canada m 1937 to restore the sockeye salmon of Canada's Fraser RIver and
to allocate the catches between natIons The IPSFC and Its successor, the PacIfIc Salmon
ComnussIOn (pSC), have compiled a very long bme serIes of annual Fraser RIver salmon
productIOn, augmented by substantIal bme serIes of estImated sockeye salmon productIvIty by
year of spawmng The PacIfIc Salmon ComnussIOn was establIshed by the Pacmc Salmon Treaty
(pST) between the Umted States and Canada m 1986 The PSC also has tIme serIes of annual
harvest and explOItatIon rates for selected chmook salmon populatIons, as well as catch and other
bme serIes data for all salmon speCIes

Northern Fund - Paculc Coastal Salmon Recovery Program (PSC)
The Northern Boundary and Transboundary RIvers RestoratIon and Enhancement Fund was

establIShed by Canada and the Umted States under the reVIsed 1999 annexes to the Pacmc
Salmon Treaty The Northern Fund shall be used to support the followmg actIVItIes

• Development of unproved InformatIon for resource management, mcludmg better stock
assessment, data acqmsltIon, and unproved SCIentIfIC understandmg of factors affectIng
salmon productIon m the freshwater and marme envIronments,

• RehabilItatIon and restoratIon of habItat, and unprovement of natural habItat to enhance
prodUct1Vlty and protectIOn of PacIfIC salmon, and

• Enhancement of wild stock product1on through low technology technIques rather than
through large facilItIes WIth htgh operatIng costs

The Northern Fund Comnuttee ("the Comnuttee") IS responsIble for approvmg expendttures
from the fund The Comnuttee COnsISts of three U S and three Canadtan representatIves

The Pacmc Salmon Treaty's FIsherIes Management and Stock Assessment are broken down
mto dtfferent annexes that are lIsted WIth theIr objectIves m the sectIons below

PST Transboundary RIvers Annex
• manage the dIStrIct 106, 108, and 111 commerCIal net fIsherIes m such a manner as to

abIde by Treaty harvest sharmg arrangements,

28

•

•

•

•

prOVIde esbmates of the stock compOSItIon of the sockeye salmon harvested m
SubdIStrIcts 106-41, 106-30, DIStrIct 108, and DIStrIct 111 gillnet fIsherIes for each week of
the fIShIng season,

estunate the number of Transboundary Sbkme RIver sockeye harvested m SubdtstrIcts
106-41, 106-30, DIStrICt 108, and Transboundary Taku RIver sockeye harvested m DIStrIct
111,

collect otolIths from sockeye salmon harvested m DIStrICt 108 and 111 ftsherIes to allow
esbmatIon of the contrIbutIon of enhancement projects to the harvest,

esbmate the escapement of sockeye salmon m the Taku RIver on an m season baSIS usmg
mark-recapture methods,
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• document the stock tunmg of the sockeye salmon escapements to the Taku RIver
draInage,

• collect scale samples and assocIated bIological data from sockeye salmon returnIng to the
Taku RIver through the penod of escapement for stock IdentIfIcatIOn and age
composItion purposes,

• collect scale samples and assocIated bIOlogical data from sockeye salmon returnmg to
Crescent and Speel Lakes for stock IdentIfIcation and age composItion purposes,

• statistically reconstruct the Taku RIver sockeye run, and,

• represent the department on the bilateral Transboundary Techrucal COmmIttee and at the
Pacmc Salmon COmmISSIOn (PSC) meetIngs and prepare reports and other documents
needed for accomphshIng our PSC assIgnments

PST Northern Boundary Annex
• manage the DIStrIct 104 purse seIne fIshery, pnor to Statistical Week 31, for an annual

harvest of 2 45 percent of the AAH of Nass and Skeena sockeye salmon In a manner
consIstent WIth arrangements negOtiated under the PacIfIc Salmon Treaty,

• manage the Tree POInt (DIStrIct 101) gIllnet fIshery for an annual harvest of 138 percent of
the AAH and Nass sockeye salmon In a manner conSIstent WIth arrangements negOtiated
under the PacIfIC Salmon Treaty,

• manage the Southeast Alaska troll fIshery for coho salmon In a manner conSIstent WIth
specIfIC conservation provISIOns detailed In the June 30,1999 reVISIOn of the Pacmc
Salmon Treaty and as stipulated by the Alaska Board of Fishenes,

• estImate In season, chInook salmon harvest rates In the gillnet and purse seIne fIshenes so
as to remam WIthIn the chInook salmon quota level for net fIshenes,

• estImate the stock composItion of sockeye salmon In maJor boundary net fIshenes
(DIStrIct 101 purse seIne and gIllnet and DIStrIct 104 purse seIne) to nation and/or system
of ongm CommerCIal catches and escapements on the Boundary Area need to be
representatively sampled for sex, length, and scale data,

• estImate the sockeye spawnIng escapements to Hugh SmIth and McDonald Lakes In the
southern Southeast Alaska Collect run hmmg Information and scale and bIOlOgical
samples from these escapements,

• Index the escapement of pInk and chum salmon to selected streams In southern Southeast
Alaska EstImate observer specIfIc countIng rates and conversIOns between survey counts
and actual escapements In these study streams,

• obtam peak survey counts of coho salmon escapements to 15 streams In southern
Southeast Alaska that represent a constant proportIon to the total escapement to those
systems when compared across years,
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• eshmate the escapement, harvests, and age composItion of coho salmon returmng to
Hugh SmIth Lake, and

• represent the department on the bIlateral PSC Northern Boundary Techrucal COIIlIIl1ttee
and at PSC meetings and prepare reports and other documents needed for accomplIshIng
our PSC assIgnments

PST ChInook Annex
• manage the Southeast Alaska troll fIshery for chInook salmon m a manner conSIstent WIth

the new aggregate abundance-based management regIme detaIled m the June 30, 1999
reViSIon of the PacIfIC Salmon Treaty, and as stipulated by the Alaska Board of Fishenes,

•

•

•

eshmate mIgratory patterns, harvests, catch rates, and explOItatIOn rates of varIOUS
chInook stocks, and deterrnme contrIbutIOns of wild and hatchery stocks to commercIal
and recreational fishenes m Southeast Alaska,

evaluate chInook salmon escapement goa1s m Alaskan and transboundary nvers and
deterrnme what mformatIon IS needed to Improve these eshmates, and

represent the department at PSC meehngs and prepare reports and other documents
needed for accomplIshIng our PSC assIgnments PartICIpate m PSC techrucal COIIlIIl1ttee
actiVities relatmg to desIgn and use of cwr statistics, abundance-based management of
coastwide chmook salmon, and developmf'nt and testing of the PSC chInook model

North PaCific Marine SCience Organization (PICESl (
'J H _,fP,NOb

The umbrella transboundary orgaruzatIon for the North PacIfIc, the North PacIfIc Marme
SCIence OrgaruzatIon (PlCES), was establIshed m 1992 among Canada, the People's RepublIc of
ChIna, Japan, the RepublIc of Korea, the RUSSIan Federation, and the Umted States PICES
coordmates North PacIfIc (above 308 N) rnarme mformatIon and research on tOpICS such as the
ocean envIronment, global weather and chrnate change, lIvmg resources and theIr ecosystems,
and the Impacts of human actiVities In order to facilitate the exchange of mformatIon, the PICES
Techrucal COIIlIIl1ttee on Data Exchange has lInks to long time senes on bIOlogIcal, phYSICal, and
chemIcal oceanography, fIshenes, and meteorology and marme SCIence orgaruzatIons The long
hme senes data set IS a compilation of voluntary SUbmISSIOns from data sources and IS therefore
not exhaustive

The International PacIfIc HalIbut COIIlIIl1SSIOn (IPHC) was the fIrst mulhnatIonal fIshery
management orgamzatIon m the North PacIfIc, establIshed by the Umted States and Canada m
1923 The IPHC annual survey prOVides a long hme senes of standardIzed catch of PacIfIc
halIbut and assocIated speCIes The IPHC time senes of research vessel surveys starts m 1925 It
IS a partIcularly valuable record of orgamsms assocIated WIth the benthos because of the scruhny
It has receIved as the baSIS for many peer reVIewed publIcations over the years

Pacific States Marine Fisheries CommiSSion (PSMFC)
The PacIfIc States Marme FIsherIes COIIlIIl1SSIOn (pSMFC) IS an mterstate orgaruzatIon created

by the U S Congress m 1947 to coordmate fIsherIes ISsues among Cahforma, Oregon,
WashIngton, Idaho, and Alaska The PSMFC Regional Mark Processmg Center keeps the salmon

1
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coded wrre tag data base, an authontatIve source for hIDe senes observatIons on dIstrIbutIon of
ocean catches from CalIforrua to Alaska, IncludIng Canada, SInce 1972

Global Climate Change Research

The Uruted States IS part of a world-WIde network dedIcated to measurIng and
understandrng global clImate change Global change research programs are valued In the billIons
of dollars, WIth state, natIonal, and InternatIonal partners and cooperators Four InternatIOnal
oceanographIc InvestIgatIons on global clImate change have elements relevant to the North
PacIfIc Global Ocean Ecosystem DYnamICS (GLOBEC), the World Ocean Crrcu1atIon ExperIment
(WOCE), the JOInt Global Ocean Flux Study (JGOFS), and the Global Ocean ObservIng System
(GOOS) each rely on the personnel, facilItIes, and fInances of the natIons and orgaruzatIons that
partICIpate ill the transboundary orgaruzatIons descnbed above

GLOBEC
GLOBEC IS the global change program of the InternatIonal Geosphere-BIOsphere Programme

(lGBP) of the InternatIonal CounCIl for ScIence The IGBP prOVIdes an InternatIonal, Inter
dISCIplInary framework for the conduct of global change SCIence GLOBEC IS an oceanography
program that IS examrnmg a number of hypotheses that Include a commerCIally harvested fIsh
speCIes, pInk salmon A key GLOBEC hypotheSIS IS that rapId growth and hIgh survIval of pInk
salmon depend on cross-shelf Import of large zooplankton from offshore to nearshore waters
GLOBEC IS also collechng data on zooplankton speCIes, IncludIng a copepod and several krIll
speCIes PhySIcal processes to be examrned Include strahfIcatIon, cross-shelf-transport,
downwellrng, and mesoscale crrculatIon In the North PacIfIc regIOn Another part of IGBP IS the
JOInt Global Ocean Flux Study (JGOFS), whIch 18 studyIng the role of the ocean In controlhng
clImate change through the sto~age and transport of heat

GOOS
The GOOS, orgaruzed by the Intergovernmental OceanographIc COmmISSIOn (lOC) of the

Uruted NatIons EducatIonal SOCIal and Cultural OrgaruzatIon (UNESCO), IS to be a permanent
global system for collechng data, modelIng, and analyzIng marIne and ocean processes
worldWIde Another IOC-sponsored program IS the World Ocean CrrculatIon ExperIment
(WOCE) under the auspIces of the World MeteorolOgical AsSOCIatIon WOCE sponsors a large
number of InvestIgatIons drrected at understandrng the movement of water masses In the world's
oceans, IncludIng the PacIfIc and North PacIfIC
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