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Notes
ExecutIve Summary

ThIS document provIdes the foundatIOn for the Gulf Ecosystem Momtonng (GEM)
program, a long-term research and momtonng effort m the northern Gulf ofAlaska The
Exxon Valdez OIl SpIll Trustee CounCIl (Trustee CounCIl) has endowed thIS program as a
fmallegacy of ItS mISSIon to restore the fish and WIldlIfe resources mJured by the 1989
Exxon Valdez 011 spIll

ThIS document IS composed of four mam sectIOns plus supportmg matenals

• SectIOn I descnbes the Gulf of Alaska (GOA) regIOn and the Trustee CounCIl's
program needs at thIS scale,

• SectIOn II contams the Trustee CounCIl's VISIOn for meetmg these regIOnal needs,

• SectIon ill IS the framework of an mstItutIOn and process for realIzmg that VISIon,

• SectIOn IV presents and orgamzes the SCIentIfIc mformatlon aVaIlable to gUIde the
Trustee CouncIl as It develops and Implements the GEM program Accordrngly,
SectIon IV attempts to be mclusIve of all the bIOlogIcal and phySIcal components of
the GOA ecosystem

The GEM document IS not Itself a research and momtonng plan Rather, tlus document
prOVIdes the overall framework for a program that mcludes a three-year process of
developrng, revIewrng and adoptmg a research and momtonng plan ImplementatIOn of
the future plan IS expected to begm m October 2002

WIthm the northern GOA (mcludmg Pnnce WIlham Sound, Cook Inlet, KodIak Island
and the Alaska Penmsula), offshore and nearshore manne, estuanne, freshwater and
terrestnal enVlfonments mteract WIth geologIC, clImatIC, oceanographIc, and bIOlogIC
processes to produce hIgWy valued natural bounty and exceptIonal beauty The GOA
prOVIdes habItat for dIverse and abundant populatIons of fIsh and shellfIsh, manne
mammals and seabIrds It IS a major source of seafood for the entIre natIon, as well as for
Alaska NatIves, who rely on It for SubSIstence and cultural purposes It IS also a source of
beauty and mspIratIOn for those who love nature and part of the "lungs" of the planet for
recyclmg of oxygen and carbon to and from the atmosphere As a result of both human
mfluences and natural processes, these Important attnbutes are contmually changmg

More than half of the state's 621,000 permanent reSIdents hve wIthrn the geograpluc
area of the northern GOA and the nearby populatIon center of the greater Anchorage
area Most of the more than one-mIllIon 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, mcludmg petroleum, fIsh and shellfish, mrnerals, and
tImber Crude oIl and fuel tanker traffIC, mcreasmg tounsm and recreatIOnal use, expanded
road bUIldmg, and growmg commerCIal and sport fIslung pressure are all human actIVItIes
that could affect the manne resources and ecosystem of the northern GOA In addItIon,
recent eVIdence of perSIstent orgamc pollutants and heavy metals m fish and wIldlIfe
tIssues m the gulf mdIcate that thIS regIOn IS not Immune from worldWIde concerns about
potentIal effects of contammants on manne orgamsms and on human consumers,
partIcularly Alaska NatIve SubSIstence users
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Populations of unportant manne resources m the northern GOA have undergone
major changes, espeCIally smce the late 1970s Salmon catches of all speCIes, and
espeCIally of sockeye, have remamed near record levels for two decades, wIth annual
catches SIgnIfIcantly greater than those m the three decades endmg m 1979 Shnmp and
red kIng crab have fallen to extremely low levels m the gulf smce 1980, m sharp contrast
to the very hIgh'levels m the two pnor decades KodIak's red kIng crab fIshery, once
among the world's nchest, has been completely closed smce 1984 As shnmp and crab
declmed, cod, pollock and flatfish, such as arrowtooth flounder, have rapIdly mcreased
Some manne mammals assocIated wIth the gulf, such as sea hons, harbor seals and over­
wmtenng fur seals, have steadIly declIned smce 1980 Other specIes, such as sea otters
and elephant seals, have been on the nse for more than a decade Colomes of seabIrds,
such as black-legged kIttiwakes, common murres and cormorants, have shown declmes
smce about 1980 m some coastal locahtles, such as Pnnce WIlham Sound and central
Cook Inlet, but not m others Overall, many specIes and populatIOns aSSOCIated WIth
nearshore habItats m the GOA have declmed smce about 1977, whereas specIes and
populations havmg access to offshore gulf habItats have generally mcreased

Understandmg the sources of these changes, whether natural or mfluenced by human
actIvItIes, requIres a sohd hIstoncal context ThIS certamly has been the lesson of the 1989
Exxon Valdez 011 spIll, a large-scale ecologIcal dIsaster, resultIng m hundreds of mIllIOnS of
dollars mvested m studIes and restoration projects m the past decade Based on the knowledge
and expenence gamed through thIS program, the Trustee CouncIl has dedIcated
approxunately $120 mllhon to complete work on hngenng oIl-spIll mJury and to endow
long-term momtonng and research m the world-renowned ecosystem ofthe northern GOA

For plannmg purposes, the program IS referred to as the Gulf Ecosystem Momtonng
(GEM) program The mISSIon of the program IS "to sustam a healthy and bIologIcally
dlv~rse manne ecosystem m the northern GOA and the human use of the manne resources
m that ecosystem through greater understandmg of how ItS prodUCtiVIty IS mfluenced by
natural changes and human activIties"

GEM has fIve major programmatic goals These are to

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

UNDERSTAND IdentIfy causes ofchange m the marme ecosystem, mcludmg natural
vanatIon, human mfluences, and theIr mteractIon,

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

INFORM PrOVIde mtegrated and syntheSIZed mformatIon to the pubhc, resource
managers, mdustry and pohcy makers m order for them to respond to changes m
natural resources, and

SOLVE Develop tools, technologIes, and mformatIOn that can help resource
managers and regulators unprove management of manne resources and address
problems that may anse from human actiVItIes

The annual earmngs 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
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large part of Its efforts on provIdmg leadershIp m IdentIfymg momtonng and research
gaps and pnontIes, encouragmg effIcIency and mtegratIOn through leveragmg of funds,
coordmatIon, and partnershIps, and mvolvmg stakeholders m local stewardshIp by havmg
them help gUIde and carry out parts of the program

In the end, GEM must be Justified on what

It can teach polley makers, resource managers

and the public about options for directing

human behavior toward achieving sustainable

resource management goals
----------"

"

Recogmzmg that the gulf ecosystem under consIderatIOn IS extremely complex,
consIstmg 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 mstead wIll be
focused, to a large extent, on key speCIes and ecologtcal processes m the system These

wIll be selected on the basIs of ecologIcaltrnportance, human
relevance, and theIr abIltty 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 poltcy makers, resource managers
and the publtc about optIons for dIrectmg human behavIOr
toward achIevmg sustamable resource management goals

The GEM program wIll contmue to work WIth resource
managers, stakeholders, the sCIentIfIc commumty and the
publtc to refme a common set of pnontIes for research,
momtonng and protectIon m the northern gulf In order to do

that, we must share an understandmg of WhICh marme resources of the northern gulf 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 to us GEM wIll work towards fillmg
m the Important gaps

The long-term morutonng element of GEM will be complemented by strategIcally
chosen research projects These projects wIll follow up on Imgenng effects of the Exxon
Valdez 011 spIll, explore questIons and concerns that anse out of mterpretatIOn of the
momtonng data, especIally m trymg to understand the causes of change, and prOVIde key
mformatIon and tools for management and conservatIOn

The Trustee Council belteves that encouragmg local awareness and partICIpatIOn m
research and momtonng enhances long-term stewardshIp of ltvmg manne resources
TradItIOnal and local knowledge can proVIde Important observatIons and mSIghts about
changes m the status and health of manne resources and should be mcorporated mto
GEM CItIzen morutonng efforts are already underway m several commurutles m the
GEM regIOn and should be looked to for future collaboratIOn

Independent peer reVIew of the GEM program IS essentIal for a hIgh-caltber SCIentIfIC
program PartICIpatIon m research and morutonng IS expected to be completely open to
competItIOn All data must be archIVed, mamtamed, and readily accessIble to other
SCIentIfIc users and the publtc 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 Some pOSSIble
approaches mclude the use of models, penOdIC "State of the Gulf' and "State of the
North PaCIfic" workshops and reports, and a GEM webSIte The Trustee Council IS
commItted to publtc mput and outreach as VItal components of the long-term GEM
program
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A program rooted 10 the SCIence of a large-scale ecologIcal dIsaster IS umquely sUIted
to form the foundatIOn for ecosystem-based management The knowledge and expenence
gamed dunng ten years of bIologIcal and physIcal studIes 10 the aftermath of the Exxon
Valdez oli splil (EVOS) have confirmed that a solId hlstoncal context IS essentIal to
understand the sources of changes 10 valued natural resources Toward thIS end, 10 March
1999 the Exxon Valdez OIl SpIll Trustee CouncIl (Trustee CouncIl) dedIcated
approxImately $120 rmllIon for long-term momtonng and research 10 the northern Gulf
of Alaska (GOA) The new fund IS expected to be 10 place and functIOmng by October
2002 It WIll functIOn as an endowment, WIth an annual program funded through
mvestment earnmgs The goal IS for the fund to be mvested 10 a manner that allows for
mflatIOn-proofmg and pOSSIble growth of the corpus (See AppendIX A for the full text of
the Trustee CouncIl resolutIOn)

In makIng the deCISIon to allocate these funds for a long-term program ofmomtonng
and research, referred to herem as the Gulf Ecosystem Momtonng (GEM) program, the
Trustee CouncIl explICItly recogmzed that complete recovery from the oIl spIll may not
occur for decades and that through long-term observatIon and, as needed, restoratIOn
actIons, mJured resources and servIces are most lIkely to be fully restored The Trustee
CounCIl further recogmzed that conservatIon and Improved management ofthese resources
and servIces would requIre a substantIal ongomg mvestment to Improve understandmg
of the manne and coastal ecosystems that support the resources as well as the people of
the spIll regIon Improvmg the qualIty of mformatIon avmlable to resource managers
should result m Improved resource management In addItIOn, prudent use of the natural
resources of the spIll area WIthout compromlSlng theIr recovery requIres mcreased
kno_wledge of cntIcal ecologIcal mformatIOn about the northern GOA ThIs knowledge

"can omy be prOVIded through a long-term research and momtonng program that WIll
span decades, If not centunes There are both ImmedIate needs to complete our
understandmg of the lmgenng effects of the 011 spIll and long-term needs to understand
the sources of changes 10 valued natural resources

I A Lmgermg Effects of the EVOS and Future Needs

The lack of mformatIon about the status of manne resources pnor to the spIll was
and, 10 some cases, remams, a senous ImpedIment to understandmg the Impact of human
actIvItIes, both planned and unplanned In spIte of the current shortage of mformatIon on
some speCIes, a large body of new mformatIon has been assembled dunng the course of
research followmg the 011 spIll Much was learned about the plants and ammals of the
northern GOA ;cFIgure 1) and theIr relatIOnshIps to one another and the phySIcal
enVIronment Even more Important than the SCIentIfIC mSIght gamed so far may be the
Improved understandmg of the magnItude of our Ignorance of phySIcal and bIologIcal
systems Although It IS reasonably clear that some of the mJured natural resources and
the servIces that depend on them have not fully recovered more than 11 years after the
Exxon Valdez 011 spIll, the fate of others IS stIll not known today (Table 1) Of the 28
resources and four servIces reVIewed by the Trustee CouncIl 10 March 1999, only two
were categonzed as clearly "recovered," whIle eIght were placed 10 the category of "not
recovenng " The fact that most resources and all servIces were placed 10 the "recovenng"
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category may reflect a lack of knowledge concernrng the status of the resources and
servIces at the tlme of the 011 spIll That fIve resources were m the category of "recovery
unknown" underscores the pomt that a solId hlstoncal context IS essentlal to understand
the sources of changes m natural resources StudIes are underway to learn more about
cutthroat trout, Dolly Varden, KlttlItz's mUITelets, rockfIsh and resIdual 011 m desIgnated
wIlderness areas (EVOSTC 1999)

Human ServIces
Injured human services are considered to be
recovenng

CommercIal FishIng

Passive Use

RecreatIOn and Tounsm

SubSistence

NOT RECOVERING

Common Loon

Cormorants (3 spp )

Harbor Seal

HarlequIn Duck

KIller Whale (AB pod) _

Pigeon GUIllemot

RECOVERING

Archaeological resources

Black Oystercatcher

Clams

Common Murre

Intertidal Commumtles

Marbled Murrelet

Mussels

Pacific Hemng

PInk Salmon

Sea Otter

Sedlll1ents

Sockeye Salmon

Subtidal CommunitIes

RECOVERED

Bald Eagle

River Otter

RECOVERY UNKNOWN

Cutthroat Trout

Designated WIlderness Areas

Dolly Varden

KItthtz's Murrelet

Rockfish

Table 1 Status of Injured resources, Exxon Valdez 011 spill as of March, 1999

The mam concerns about the Imgenng effects of 011rng relate to the potentlal effects
of pockets of reSIdual 011 m the envrronment StudIes m the laboratory have shown that
contact WIth petroleum hydrocarbons from weathered 011 can kIll or harm early lIfe stages
of pmk salmon and PaCIfIc hemng It IS not yet known, however, whether such effects
are actually occumng to any sIgmficant degree rn Pnnce WIllIam Sound (PWS) or at
other localItIes WIth reSIdual 011 TIssue samples from hIgher vertebrates, such as sea
otters and harlequm ducks, also mdlcate possIble ongomg exposure to petroleum
hydrocarbons rn PWS The effects of thIS exposure are not well establIshed at the level
of mdlVIdual ammals or at the populatIOn level

Addltlonal concerns about Imgenng effects of the spIll mclude the abIlIty of
populatlons to overcome the demographIC effects of the rnltlal OIl-related mortalItles and
the mteractIOn of the effects of the 011 spIll WIth the effects of other kinds of changes and
perturbatIOns m the marme ecosystem Sea otters around northern KnIght Island are an
example of a speCIes WIth prolonged demographIc effects m the heavIly oIled western
portIOn ofPWS Examples ofpossIble mteractlve, or cumulatIve, Impacts are the combrned
effects of the 011 spIll and the 1998 El Milo event on common mUITes rn the Barren
Islands and the ImplIcatlons of changes rn the availabIlIty of forage fishes on recovery of
seabrrds, such as the pIgeon gUIllemot, from the effects of the 011 spIll
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Figure 1. Map of the oil spill area showing the location of communities.

As the Trustee Council moves from the restoration program in the first decade
following the spill to the GEM program, studies of lingering oil spill injury and recovery
will be drawn to a conclusion in the near-term and, increasingly, replaced by long-term
environmental monitoring and ecosystem studies. Studies that integrate our understanding
of the biological processes of the entire marine ecosystem of the spill area in the context
of climatic and anthropogenic forces are made possible by the long-term monitoring data
provided by many programs, including GEM.

I. B. Background

On March 24, 1989, the TN Exxon Valdez ran aground on Bligh Reef in PWS, spilling
almost 11 million gallons of North Slope crude oil. It was the largest tanker spill in
United States history, contaminating about 1,500 miles of Alaska's coastline, killing birds,
mammals and fish, and disrupting the ecosystem in the path of the spreading oil. Damage
assessment studies were concluded in 1992, although some of the lines of investigation
were continued under the sub equent restoration program. More than $100 mill ion was
devoted to 164 damage assessment studies.

9
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In 1991 Exxon Corporatlon agreed to pay the Umted States and the State of Alaska
$900 mIllIon over ten years to restore, replace, enhance or acquIre the eqUIvalent of
natural resources Injured by the spIll, and the reduced or lost human servIces they provIde
(Memorandum of Agreement and Consent Decree 1991) Under the court-approved
terms of the settlement, the Trustee CouncIl was formed to admlmster the restoratlon
funds RestoratIon actlvltles undertaken by the Trustee CouncIl have been gUIded pnmanly
by the Exxon Valdez all SpIll RestoratIOn Plan (EVOSTC 1994), whIch was adopted by
the councIl In 1994 In thIs plan, the Trustee CouncIllmd out a program wIth five categones
of restoratIOn actlvltles momtonng and research, general restoratIon, habItat protectIOn,
restoratlon reserve, and publIc InfOrmatIOn/admInIstratIOn

From 1991 to date (through federal FIscal Year 2000), the Trustee CouncIl has
approved the expendIture of approxImately $155 mIllIon for research, momtonng, and
general restoratIOn projects Up to an addltlonal $12 mIllIon IS deSIgnated for these
purposes In FY 2001-2002 In ItS restoratlon progrmn, the Trustee CounCIl has focused
pnmanly on knowledge and stewardshIp as the best tools for fostenng the long-term
health of the marrne ecosystem, rather than on dIrect InterventIon

Most promInent among the projects funded by the Trustee CounCIl are three
ecosystem-scale projects, known by theIr acronyms SEA, NVP, and APEX The Sound
Ecosystem Assessment (SEA) IS the largest project undertaken by the Trustee CouncIl,
funded at $22 mIllIon over a seven-year penod ThIs project IS formulatIng InteractIng
numencal models deSIgned to SImulate the dynamIc processes InfluenCIng the survIval
and prodUCtlVIty of Juvemle pInk salmon and hernng In PWS SEA has provIded new
InSIghts Into ocean currents, nutrIents, mIXIng of water masses, salInIty, and temperatures
and how these phySIcal factors Influence plant and ammal plankton, prey, and predators
In the food web

The Nearshore Vertebrate Predator project (NVP) IS a SIx-year, $6 5 mIllIOn study of
factors lImItIng recovery of four IndIcator speCIes that InhabIt nearshore areas The project
IS lookIng at 011 exposure, as well as natural factors such as food avaIlabIlIty, as potentlal
factors In the recovery of two fish-eatIng speCIes, nver otters and pIgeon gUIllemots, and
two Invertebrate-eatIng speCIes, harleqUIn ducks and sea otters

The Alaska Predator Ecosystem Expenment (APEX) concentrates on the productIVIty
and recovery of seabIrds based on the avaIlabIlIty of forage fISh as a food source ThIs
eIght-year, $108 mIllIon project IS lookIng at WIde-rangIng ecologIcal changes In an
effort to explaIn why some speCIes of seabIrds are not recovenng

The three ecosystem proJects, SEA, NVP, and APEX, are In the fInal stages of data
analySIS and report wntIng In FY 2000 The Trustee CouncIl's emphases In FY 2001­
2002 WIll be to momtor the recovery status of speCIes Injured by the 011 spIll, study
factors that may perSIst In lInlltIng recovery, conduct research that should lead to long­
term Improvements In resource management, dISSemInate restoratIon results, complete
some general restoratIOn efforts, and prepare for GEM

RestoratIOn projects also have been conducted on key IndIVIdual speCIes Injured by
the 011 spIll The RestoratIon Plan Identlfies recovery objectIves (measurable outcomes
of restoratIOn) and restoratIOn strategIes (plans of actIOn) for each of the speCIes known
to have been Injured by the 011 spill These ObjectIves and strategIes are regularly reViewed
and were updated In 1996 and 1999
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For example, m addItIOn to the pmk salmon component of SEA, nearly $14 mIllIon
I

has been spent on the restoration ofpmk salmon The recovery objective for pmk salmon
states that recovery WIll have occurred when populatIOn mdicators, such as growth and
survIval, are withm normal bounds and there are no statistIcally sIgmficant dIfferences m
egg mortalIties m Oiled and unOiled streams for two years each of odd- and even-year
runs m PWS When last measured (1997), hIgher egg mortalIty persIsted m oIled compared
to unolled streams StrategIes currently bemg employed to achIeve recovery of pmk
salmon are research and momtor the tOXIC effect of 011 (mcludmg exammmg the natal
habItat of pmk salmon m PWS for eVIdence of 011 contammatIOn), proVIde management
mformatIon (for example, conductmg genetic studIes related to survIval), and supplement
populatIOns (on select streams)

Roughly $6 mIllIon has been spent on the restoration ofPacIfIc herrmg m addItion to
that spent m the hemng component of SEA The recovery objective for hemng states
that recovery WIll have occurred when the next hIghly successful year-class IS recruIted
mto the fishery and when other mdicators ofpopulatIOn health are sustained wIthIn normal
bounds m PWS Increased bIOmasses of hemng were IdentifIed m 1997 and 1998
However, the populatIOn has yet to recruIt a hIghly successful post-spIll year-class Current
strategIes for acmevmg recovery are mvestigate causes ofthe crash (m particular, dIsease)
and mvestIgate ecologIcal factors that may be affectmg recovery (such as effects of
oceanographIc processes on year-class strength and adult dIstnbutIon)

I

More than $5 mIllIon has been spent on the restoration ofmarme mammals, pnmanly
harbor seals The recovery objective for harbor seals states that recovery WIll have occurred
when theIr population IS stable or mcreasmg The latest data, wmch are for the penod
1990-1998, mdicate that harbor seal populatIOns have declIned on average 25 percent
annually The current restoratIOn strategy for harbor seals IS to contmue to research and
momtor populatIOns, WIth research efforts focused pnmanly on food avaIlabIlIty

Dunng the course of ItS mvestigatIons, the Trustee CouncIl collected mformatIOn on
hundreds of speCIes of ammals and plants, mcludmg sockeye salmon, cutthroat trout,
black oystercatchers, nver otters, mussels and kelp Occurrence and dIstnbutIon of
constItuents of 'spIlled 011 and naturally occumng hydrocarbons were documented
Oceanograpmc data, such as temperature and salImty, were also collected As of March
2000, Trustee CouncIl research has resulted m more than 300 artIcles m SCIentificJournals,
numerous theses and dIssertations, and hundreds of project reports

In addItion to momtonng, research, and general restoration projects, protecting habItat
has been a major restoration tool The Trustee CouncIl has commItted roughly $376
mIllIon to protect over 650,000 acres of mostly upland habItats Important for restoratIOn
of mJured resources, mcludmg more than 1,400 rmles of shorelme and more than 300
salmon streams 1 Many speCIes mJured by the 011 spIll nest, feed, molt, wmter, and seek
shelter m the areas protected through the Trustee CounCIl's habItat protectIOn and
acqUiSItIon program Several other speCIes lIve pnmanly m the nearshore enVIronment
and benefIt from the protectIOn of nearby uplands

In addItIOn to the actIVIties descnbed above, each year smce FY 1994 the Trustee
CouncIl has placed $12 mIllIon mto the RestoratIOn Reserve The general purpose of the
reserve IS to ensure that there are funds avaIlable for restoration actiVIties after the fmal
payment IS receIved from Exxon m 2001 The reserve IS the pnmary fundmg source for
the GEM program

11
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I C SOCIOeconomic Profile

WIthm the area dIrectly affected by the 011 spIll (FIgure 1) there are about 70,000
full-tIme resIdents, whIle two to three times that number use the area seasonally for work
or recreatIOn Numbers of permanent and seasonal resIdents are small compared to the
mllhons ofpeople outsIde the GOA regIOn who are mvolved m commerce and consumption
of ItS natural resources, especIally 011, fIsh and tounsm WhIle thIS sectIOn descnbes the
people of the northern GOA and theIr use of resources, It should be remembered that
populatIOn growth outSIde the region fuels mcreasmg demands for human uses and
actIVItIes wlthm the regIOn

leI PWS

PWS lIes to the north of the GOA and to the west of Cordova About 7,000 people
lIve m thIS area The largest commumtles-Cordova, Valdez and WhIttIer-are all coastal
and predommantly non-NatIve, although Valdez and Cordova are home to Alaska Native
VIllage corporatIOns and tnbes Chenega Bay and TatItlek are Alaska Native VIllages
All fIve commumtles are acceSSIble by aIr or water and all have dock or harbor faCIlItIes
Only the ports of Valdez, m the north, and Seward, Just outSIde the western entrance to
PWS (see KenaI Pemnsula, below), now lInk the area to the state's malO road system, but
thIS WIll change m 2000 The Alaska RaIlroad presently carnes automobIles, boats and
passengers to and from WhIttIer, a coastal commumty m PWS, north of Seward A road
scheduled for completIOn m 2000 WIll allow cars to dnve dIrectly to WInttIer

The economIC base of the fIve commumtles m the sound IS typIcal of rural south­
central Alaska Cordova's economy IS based on commercIal flshmg, pnmanly for pmk
and red salmon The PWS SCIence Center and ItS Oil Spill Recovery Institute proVIde a
base for SCIentIfic research m Cordova As the termmus of the Trans-Alaska PIpelme,
Valdez IS dependent on the 011 mdustry, but commercIal fIshmg and fish processmg,
government and tounsm also are Important to the local economy Large 011 tankers
routmely traverse PWS and the northern GOA to and from Port Valdez In addItIon to
workmg as 011 mdustry employees, WhIttier reSIdents also work as government employees,
longshoremen, commercIal fIshermen and servIce prOVIders to tounsts The people of
Chenega Bay and TatItlek augment commercIal fIShmg, aquaculture and other cash-based
actIVItIes WIth subSIstence fIshmg, huntmg and gathenng

I C 2 Kenai Pemnsula

The KenaI Pemnsula, on the northwest margm of the GOA, separates Cook Inlet and
PWS The central penmsula IS on the malO road system, only a few hours by car from the
major populatIOn center ofAnchorage About 49,000 people lIve on the KenaI Pemnsula,
two-thIrds near the cItIes of KenaI and Soldotna The economy of thIS area depends on
the 011 and gas mdustry, commercIal fIshmg, tounsm, and forest products ThIS area was
the SIte of the fIrSt major Alaska 011 stnke m 1957, and It has been a center for 011 and gas
exploratIOn and productIon smce that tIme The KenaI RIver and ItS tnbutary, the RUSSIan
RIver, are major sport fish10g nvers, attract10g tounsts from Anchorage and all over the
world The ports of KenaI and Homer are home to major commerCIal fIshmg fleets for
salmon, and Homer supports vessels that fish for hemng, shnmp, crab, and such groundfish
speCIes as halIbut Manne sports fish10g IS a major attractIOn for the tounst 10dustry 10
KenaI, Seward, and espeCIally Homer

12
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I

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 termInUS of the state's maIn road system on the penInsula
SeldovIa, Nanwalek and Port Graham, all located south of Kachemak Bay, are accessIble
only by aIr and sea Homer IS the economIC and populatIon hub of the southern part of
the pemnsula and depends on commercIal fIshIng, tounsm, and forest products Nanwalek
and Port Graham are largely dependent on SubsIstence huntmg and flshmg and VIllage
corporatIOn enterpnses, such as the salmon hatchery and cannery and loggmg enterpnse
at Port Graham

Kachemak Bay contains extensIve bIOlogIcal resources, such as resIdent and mIgratory
bIrds and many speCIes of fIsh and shellfIsh The bIOlogIcal Importance of Kachemak
Bay has been recogmzed by ItS desIgnatIOn as the Kachemak Bay NatIonal Estuanne
Research Reserve (NERR) Kachemak Bay NERR IS part ofa natIonal system ofestuanes
specIally recogrnzed for theIr Importance to the natIon

Seward IS a seaport on the eastern KenaI Penmsula near the western entrance of
PWS It IS the southern termrnus of the Alaska RaIlroad, whIch transports manne cargo
and passengers to and from Anchorage Seward can be reached by car from Anchorage
Tounsm IS an Important and growmg part of Seward's economy CruIse ShIpS dock at
Seward's harbor and commercIal vessels take passengers on tours of the nearby KenaI
Fjords NatIonal Park

A number of manne SCIentIfIC faCIlItIes are located m Seward Seward IS the home
port of the Umverslty of Alaska's general oceanographIc research vessel, RN Alpha
HellX, which IS owned by the NatIonal SCIence FoundatIon and operated by the Umverslty
ofAlaska, FaIrbanks (UAF) The UmversIty ofAlaska's Seward Manne Center provIdes
shoreslde support for the vessel, which mcludes mamtenance shops for a vanety of
oceanographIc eqUIpment The umverslty also mamtams modern manne research
laboratory faCIlIties at the Seward Marme Center The Alaska SeaLife Center on the
waterfront IS not only a tounst destmatIon, but also a marme research facility WIth emphases
on marme mammals, seabIrds, and fishenes research The QutekcakNative Tnbe operates
a state-owned hatchery that produces clams and scallops for a grOWIng aquaculture Industry
m PWS and southeastern Alaska

I C 3 Kodiak Island Al chlpelago

The KodIak Island archipelago lIes to the west of the northern GOA ThIS regIOn
Includes the CIty of KodIak and the SIX Alaska NatIve villages of Port Lions, OuzmkIe,
Larsen Bay, Karluk, Old Harbor and AkhIok About 14,000 people lIve In thIS regIOn,
although the populatIOn swells m the fIshmg season CommumtIes on KodIak Island are
acceSSIble by aIr and sea Approxunately 140 mIles of state roads connect commumtIes
on the east SIde of the Island

The economy IS heavIly dependent on commercIal fishIng and seafood proceSSIng
KodIak IS one ofthe world's major centers of seafood productIon and has long been among
the largest ports m the nation for seafood volume or value of landIngs ReSIdents of the
Alaska Native villages largely depend on SubSIstence huntmg and fishing KodIak Island IS
also home to a commercial rocket-launch facilIty that held Its fIrst successful launch In
1999 The 27-acre KodIak Launch FaCIlIty IS 25 mIles southwest of the CIty of KodIak at

13
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Cape Narrow The U S Coast Guard StatIon near KodIak IS a major landowner and employer
CommercIal tImber harvest occurs on Afognak Island, whIch IS north of KodIak Island

KodIak also has manne research and fIshenes-related facIlItIes The NatIOnal Manne
FIshenes ServIce (NMFS) mamtams a research facIlIty there, and plans m the future call
for KodIak to be home port to a federally funded manne research vessel The UmversIty
of Alaska operates the FIshenes Industnal Techmcal Center, a center for research and
teachmg m manne SCIence The Alaska Department of FISh and Game (ADF&G)
mamtams support facilitIes m KodIak for ItS many momtonng and management programs
on fISh and shellfIsh m the KodIak and Alaska Penmsula regIOns

I C 4 Alaska Pemnsula

----------"

When the reSident population IS combined
With over one million tOUrists each year, It
becomes clear that the natural resources of the
spill area cannot be Immune to the pressures
associated With human uses and actiVities

"

The Alaska Penmsula IS on the western edge of the northern GOA FIve commumtIes
on the south sIde of the Alaska Penmsula were affected by the Exxon Valdez 011 spIll
ChIgmk, ChIgnIk Lagoon, ChIgmk Lake, Ivanof Bay and PerryVIlle The populatIon of
the area IS about 400 year-round, but doubles dunng the flshmg season All fIve
commumtIes are accessIble by aIr and sea Numerous aIrstnps are mamtamed m these
vIllages and scheduled and chartered flIghts are avaIlable There are no roads connectmg
these vIllages ATVs and skIffs are the pnmary means of local transportatIon

The cash economy of the area depends on the success of the fishmg fleets ChIgmk
and Chlgmk Lagoon serve as regIOnal salmon-flshmg centers, whIle Dutch Harbor,
southwest of PerryvIlle and outSIde the spIll area, IS a major center for crab and manne
fishenes In addItIon to salmon and salmon roe, fIsh processmg plants m ChIgnIk produce
hemng roe, halIbut, cod and crab About half the permanent populatIon of these
commumtIes IS Alaska NatIve SubsIstence on fish and canbou IS Important to the people
who lIve m ChIgnIk and ChIgmk Lagoon

ChIgnIkLake, IvanofBay and PerryvIlle are predommantly
Alaska NatIve VIllages and mamtam a SubSIstence lIfestyle
CommercIal fIshmg proVIdes cash mcome Many reSIdents
leave dunng summer months to fish from ChIgnIk Lagoon or
work at the fish processors m ChIgnIk Some trap durmg the
wmter, and all rely heavIly on a dIverse array of SubSIstence
food sources, mcludmg salmon, trout, marme fish and shellfIsh,
crab, clams, moose, canbou, and bear

I D Human Uses and ActiVIties

The mfluence of human use and actIVItIes proVIdes an Important context for
development of the GEM program Wlthm the 011 spIll area and the nearby populatIOn
centers of Anchorage and WaSIlla lIve 54 percent of the state's 621,000 permanent
reSIdents When the reSIdent populatIon IS combmed wIth over one mIllIOn tounsts who
VISIt the state each year, It becomes clear that the natural resources of the spIll area cannot
be Immune to the pressures assocIated WIth human uses and actIVItIes The pnvate sector
economy ofAlaska IS heaVIly dependent on extractIon of natural resources, pnmanly 011

and fISh and shellfIsh, followed by tImber, mmerals, and agncultural products An
Important part of the non-cash economy outSIde ofCItIes IS the SubSIstence use ofresources,
such as fIsh and shellfIsh, manne mammals, terrestnal mammals, bIrds and plants
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I D 1 OIL and Gas Development

The 011 and gas mdustry IS a major economIC force m two areas wlthm the 011 spIll
reglOn-PWS and Cook Inlet Crude 011 pumped from fIelds on the North Slope IS
transported by plpehne to Port Valdez, where It IS loaded onto tankers and shIpped to
refmenes on the west coast of the lower 48 states Tankers traverse PWS on theIr way
south The number of tanker voyages from Port Valdez has declmed from 640 m 1995 to
411m 1999 The declme m tanker traffIC reflects a sharp reductIon m North Slope crude
011 productIon over that tIme

DIscovered m 1957, the Swanson RIver otlfleld m the KenaI NatIonal Wtldhfe Refuge
IS the SIte of the fIrst commercIal 011 development m Alaska Much of the 011 and gas
development m the Cook Inlet area occurs on offshore platforms Underwater plpelmes
transport product to termmals on both SIdes of Cook Inlet Crude 011 and refined product
are shIpped by tanker to the lower 48 states

In Apn11999, the State ofAlaska offered for lease all avatlable state-owned acreage
(approxImately 28 ll111hon acres) m ItS fIrst Cook Inlet AreawIde 011 and Gas Lease
Sale The acreage hes wlthm an area that encompasses approxImately 4 2 mtlhon acres
ofuplands, tIdelands, and submerged lands extendmg from Just north ofWasilla to Anchor
Pomt m the south, and between the Chugach and KenaI mountams on the east and the
AleutIan Range on the west As a result of the fIrst sale, 011 and gas leases have been
ISSUed on about 115,000 acres of land SuccessIve Cook Inlet AreawIde Otl and Gas
Lease Sales are scheduled to be held aIlllually each August

I D 2 Commelcwl Flshmg

I D 2 a OvervIew

CommercIal fIShmg contlnues to be a sIgmficant human use of natural resources m
the sptll area despIte changes that have occurred m the mdustry smce the sptll The
penod before the Oll spIll was a tIme ofrelatIve prospenty for many commerCIal fishermen
Smce the spIll, low pnces have reduced the value of the pmk salmon fIshery and sharp
declmes m herrmg populatIons have resulted m closures that devastated the fishery

Wlthm the OIl-SPIll area, there are major commercIal fishenes on sockeye salmon,
pmk salmon and PaCIfIc herrmg The spill area mcludes portIons of the commercIal
fIShmg dlstncts of PWS, Cook Inlet, KodIak and Chlgruk The speCIes fIshed and the
gear types used vary by dIStnCt The gear types for commercIal salmon fishmg mclude
purse semes, dnft gtll net, set gIll net and beach seme Purse semers harvest pnmanly
pmk salmon, whereas gtllnetters harvest pnmanly sockeye salmon

In PWS, the average harvest and ex-vessel value of pmk salmon far exceeds that of
any other speCIes of salmon The avatlablhty of pInk salmon harvested m PWS IS
sIgmficantly mcreased by hatchery sales fIsh from pnvate nonprofit hatchenes However,
smce the spIll the earmngs of salmon seme fIshermen m PWS have been below the 1989
level Pnces paId for pmk salmon have dropped from 92 cents a pound m 1987-1988 to
a low of 14 cents a pound m 1997 Low pnces for pmk salmon reflect, m part, an
mcreased world supply of salmon Reduced earmngs appear to have reduced the number
of people mvolved m the fIshery The number of salmon seme permIts fished m PWS
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declmed from 255m 1988 to 149m 1998 The number of salmon gIllnetters m PWS has
remamed at about 500 over the same penod

SIgmfIcant commerCIal sockeye salmon fIshenes occur 10 upper Cook Inlet and m
the ChIgmk area The Copper RIver also supports a major commerCIal salmon fishery
Although the Copper RIver IS outsIde the spIll area, It flows mto the northern GOA and
ItS commerCIal fIshery contnbutes to Cordova's economy Between 1992 and 1998, the
average annual harvest m the Copper RIver commerCIal fIshery was 836,000 sockeye
salmon and 52,000 chmook salmon The average SIze of sockeye salmon IS nearly tWIce
that of pmk salmon and they are worth at least ten tImes more per pound than pmk
salmon Consequently, theIr value to commerCIal fIshers IS much greater

There are four types ofcommerCIal hemng fIshenes the food/batt fIshery, the spawn­
on-kelp 10 pound fIshery, the wIld spawn-on-kelp harvest and the purse-seme and gIlI­
net sac-roe fishery By far the largest of the commerCIal hemng fIshenes IS the purse­
seme and gIll-net sac-roe fIshery m whIch hemng are netted to collect the egg-fIlled
sacs, or ovanes, from the mature females PaCIfIC hemng fIshenes are short but mtense,
and extremely valuable to commerCIal fIshers In 1992, the estImated harvest of nearly
30,000 tons of PaCIfic hemng m PWS and Cook Inlet was worth about $14 mIllIon
However, the PaCIfIC hemng fishery m PWS was closed m 1993 after dIsease deCImated
the populatIon CommerCIal fishmg was canceled for four succeSSIve years LImIted
commerCIal hemng fIshenes were held m 1997, 1998 and 1999 All spnng 2000
commerCIal hemng fIshenes have been canceled

Seafood processmg 10 the spIll area also has changed Major processors 10 Cordova and
KenaI have closed and some smaller and more speCIalIZed processors have been mtroduced

I D 2 b Salmon Hatchery Issues

Salmon hatchenes m the GOA are notable because they produce the maJonty of
some salmon speCIes m some areas, and because hatchery salmon populatIOns present
research opportumtIes for understandmg aspects of coastal and ocean prOdUCtIVIty not
avaIlable WIth other speCIes or wIld populatIons The degree to whIch the salmon harvests
of the GOA result from hatchery productIon IS also remarkable

BIllIons of Juverule salmon are released from hatchenes m three areas WIthIn the
northern GOA Cook Inlet, KodIak and PWS In addItIOn, salmon hatchery produ_ctIOn
has Important ImplIcatIOns for the terrestnal and manne ecosystems of the northeast
PaCIfIC EcologIcal matters of concern mclude reduced productIOn of WIld fIsh due to
cOmpetItIOn between hatchery and WIld salmon durmg all stages of the lIfe cycle, loss of
genetIC dIverSIty m wIld salmon, and overharvest of wild salmon dunng harvest operatIOns
targetmg hatchery salmon

The contnbutIons of hatchery salmon to the salmon fishenes are gIVen below as the
percentage of hatchery salmon m the total harvests by mdIvIdual regIOns and for the
GOA as a whole Please note that "percent hatchery" fIgures may be quoted for two
dIfferent categones, total or overall harvest, and total tradItIonal commerCIal harvest
The categones are dIfferent because there are two types of commerCIal harvest, common
property and cost recovery The total or overall commerCIal harvest IS the sum ofcommon
property and cost recovery harvests Common property harvests are tradItIOnal commerCIal
fIshenes conducted to benefIt all those entItled to partICIpate Cost recovery fIshenes are
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relatIvely new commercIal flshenes conducted to raise funds to support hatchery
operatIOns The dIstInctIOn between categones IS cntIcal because hatchery salmon
harvested as a percent of total tradItIOnal salmon harvest may understate the relIance of a
regIOn's salmon fIshery on hatchery productIOn

WIthIn Cook Inlet, KodIak and PWS, 56% ofthe salmon In the tradItIonal commercIal
harvest were of hatchery ongm m 1999 TradITIonal commercIal flshenes are common­
property flshenes that do not mclude cost recovery flshenes One percent of chInook,
17% of sockeye, 29% of coho, 66% ofpInk, and 60% of chum salmon harvested In these
flshenes were of hatchery ongIn m 1999 Of the total number of salmon m the State of
Alaska co,mmon-property harvest throughout the entrre GOA m 1999, 25% were estImated
to have been of hatchery ongm

Hatchery productIon of salmon m PWS proVIdes a maJonty of the pInk and chum
salmon harvested, and a substanTIal fractIon of the sockeye and coho salmon harvested
In 1999 hatchery pmk salmon contnbuted 78% of the number of pInk salmon harvested
by tradItIonal commerCial fishenes Overall the commercIal harvest of pInk salmon In
1999 contained 84% hatchery-ongIn fIsh Twenty-one percent of the sockeye and 29%
of the coho In the 1999 common property harvest m PWS ongInated m hatchenes

All releases ofpmk and chum salmon from hatchenes m PWS are marked by hatchery
of ongm As part of the restoratIon program m support of Improved fIshery management,
the Trustee CouncIl fmanced the research, development and applIcatIOn of thennal mass
markIng to hatchery embryos Thennal markIng leaves each mdlvldual WIth dlstmct
bands, SImIlar to bar codes, on the mner ear bone (otolIth) Smce more than 600 mIllIon
pmk and chum salmon are released each year from PWS hatchenes, many marme research
opporturntIes are created (SSRT 1999)

Hatchenes m the Cook Inlet regIOn produce all fIve mdlgenous speCIes of salmon
(sockeye, chInook, coho, pmk and chum) About 16% of the total common-property
commerCIal harvest m Cook Inlet ongmated m hatchenes 1991 Seventy-fIve percent of
the pmk salmon, 5% of the coho and 12% of the sockeye harvested m the common­
property flshenes of Cook Inlet were from enhancement programs

Salmon hatchenes m KodIak largely produce pmk salmon, but they also produce
chmook, sockeye, coho and chum Twenty-nme percent of the salmon commercially
harvested m KodIak m 1999 were enhanced fIsh Enhanced pmk salmon represented
34% ofthe total commercIal pmk harvest, whIle enhanced coho was 39%, sockeye 18%
and chum 154% ofthose harvests

NegatIve mteractIons between hatchery and wIld salmon stocks have long been a
concern for fishenes management m the North PaCIfIC (cf Cuenco et al 1993), and the
northern GOA IS no exceptIon For example, It IS conSIdered pOSSIble that enhanced pmk
salmon stocks have been responsIble for reducmg, or even replacmg, wIld pmk salmon
m PWS (Eggers et al 1991) Other studIes, however, have cast doubt on the extent and
consequences of the mteractlon between hatchery and wIld pmk salmon m PWS (Kron
1995, Smoker and Linley 1997, Smoker et al m press) InfonnatIOn on the mteractIons
between hatchery and wIld fish m specllic locatIons, and on the lffipact of salmon produced
m hatchenes m both ASIa and North Amenca on food webs m the GOA, appears to be
essenTIal to long-term fIshery management programs
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I D 3 Reci eatlOn and TOU/Ism

Between 1990 and 1998, the number of nonresIdent VIsItors to Alaska Increased
from 900,000 to 1 35 mIllIon per year The average annual rate of Increase over thIS
penod was 5% Between 1990 and 1997, the average annual Increase In cruIse shIp
traffIc was 11 % In 1998, the rate of growth In cruIse shIp traffIc slowed to 3% That
year, the hIghway system and Alaska Manne HIghway System posted the largest Increases
m VIsItor amvals These fIgures reflect statewIde VIsItatIon and mclude busmess travelers
as well as vacatIOners RegIOnal VIsItatIOn data have not been updated SInce 1993-1994

Major attractIOns wIthm the spill area mclude Portage GlaCIer, KenaI Fjords NatIonal
Park, ColumbIa GlaCIer, Kachemak Bay and KatmaI NatIOnal Park World-class salmon
fIshIng attracts reSIdents and VISItors alIke to the KenaI RIver, the RUSSIan RIver and
other nvers on the KenaI Penmsula CampIng, hI1a.ng, kayakmg, and wildlIfe VIeWIng
attract VISItors to the KodIak Island NatIOnal WIldlIfe Refuge, the Chugach NatIOnal
Forest, and numerous state park umts wIthm the spill area

New VISItor attractIons and transportatIon Improvements are changmg the patterns
of recreatIon and tounsm actIVItIes m these areas The Alaska SeaLIfe Center, WhICh
was partIally funded by the Trustee Council, opened In Seward In May 1998 Durmg ItS
fIrst year of operatIOn, 193,000 people VISIted the center VISItatIOn was 161,000 In 1999
and IS projected to mcrease slIghtly to 163,000 m 2000

In June 2000, the Anton Anderson Memonal TunnellInkmg the Seward HIghway WIth
WhIttIer will open for vehIcle traffIC The tunnel WIll Improve access to PWS and mcrease
the number of VISItors to the sound Until thIs year, It has not been pOSSIble to dnve a car or
bus from the Seward HIghway to WhIttIer At Portage, about mIdway between Anchorage
and Seward, passengers and vehIcles board the Alaska RaIlroad for a short tram nde through
a tunnel to WhIttIer Openmg the Anton Anderson Memonal Tunnel will allow cars and
traInS to take turns travelIng through the tunnel It IS expected that the mcreased access will
result m a sIgrufIcant Increase In recreatIOnal boat traffic m PWS

Charter halIbut fIshIng IS an Important and groWIng recreatIOnal aCtIVIty In the 011
spIll regIOn In 1998, about 84,000 people used saltwater charter servIces In Southcentral
Alaska Most of these clIents (64%) were non-resIdents About 500 vessels were actIve
In the charter halIbut fIshmg mdustry m Southcentral Alaska that year The average
annual growth rate m charter halIbut fIshIng for Southcentral Alaska for the penod 1994­
1998 was 5 1% based on numbers of fIsh harvested and 6 7% based on weIght of fish
Two-thIrds of the harvest for the penod 1994-1998 came from Cook Inlet Only 12% of
the harvest over thIS penod came from PWS, but charter halIbut fishmg IS expected to
Increase m the sound once access to WhIttIer IS Improved UntIl recently, there was no
lImIt on the annual harvest of halIbut by anglers utIlIZIng charter boats, lodges and
outfitters Concerned that pressure from these operatIOns may be contnbutmg to localIzed
depletIOn of halIbut, the North PaCIfIC FIshenes Management Council recently set
gUIdelInes for halIbut charter harvests m Southcentral Alaska

I D 4 SubSistence

FIfteen predommantly Alaska NatIve commumtIes m the Oil-SpIll area, WIth a total
populatIon of about 2,200 people, rely heaVIly on harvests of SubSIstence resources such
as fish, shellfIsh, seals, deer and waterfowl Many famIlIes mother commumtIes also
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rely on the SubsIstence resources of the spIll area SubSIstence harvests m 1998 vaned
I

among commumtIes from 250 to 500 pounds per person, mdlcatmg strong dependence
on SubSIstence resources WhIle SubSIstence harvest levels are at or approachmg prespill
levels, SubSIstence users report the scarcIty ofa number of Important SubSIstence resources,
mcludmg harbor seals, hemng, clams and crab There IS an mcreased relIance on fIsh m
SubSIstence dIets and decreased consumptIOn of marme mammals and shellfIsh The
declme m shellfIsh consumptIOn reflects food safety concerns, as well as reduced
avaIlabIlIty of shellfIsh In mtervlews of SubSIstence users m 1998, concerns about
paralytIc shellfIsh pOIsomng (PSP) m clams outweIghed concerns about lmgenng
hydrocarbon contarmnatIon from the 011 spill

I D 5 Loggmg

There currently are no major tImber operatIons m PWS, but loggmg contmues on
Mognak: Island m the KodIak: archIpelago and small-scale tImber operatIons are planned
for parts of the KenaI Penmsula Koncor Forest Products recently announced that It IS
downslzmg m response to poor lumber markets, mcreased competItIOn and a dwmdlmg
tImber supply Nonetheless, Koncor stIll owns enough tImber on Afognak: Island to
contmue loggmg for 30 years Mognak: NatIve CorporatIOn also has loggmg operatIons

,on Mognak: Island and WIll soon begm a major reforestatIOn effort on ItS land Loggmg
operatIons on Port Graham CorporatIon lands on the southern Kenai Pemnsula have
concluded, but some loggmg may take place on NatIve allotments near Port Graham

The State of Alaska has announced a FIve-Year Schedule of TImber Sales for the
KenaI-KodIak: area from 2000 through 2004 One of the mam factors affectIng forest
planmng m the Kenai-KodIak: area IS a major epIdemIC of the spruce bark beetle The
proposed tImber sales are deSIgned to utIlIZe dead and dymg tImber, or to harvest tImber

-WIth a hIgh likelIhood of mfestatIOn m the next few years Over thIS fIve-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 125,000 MBF (MBF=1,000 board
feet) of spruce and hemlock and 410 CCF (CCF=100 CUbIC feet) of bIrch, cottonwood
and aspen

I D 6 Small-scale Spills ofTOXIC Substances

Large spills lIke the Exxon Valdez oil spIll are extremely rare More common are
smaller dIscharges of refmed 011 products, crude 011, and hazardous substances Under
state law, the release of hazardous substances and oil must be reported to the Alaska
Department ofEnVIronmental ConservatIon (ADEC) In 1998 and 1999, a total of 1,325
spIlls was reported m the Exxon Valdez 011 spIll regIOn, resultmg m a total dIscharge of
218,000 gallons of refmed 011 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
regIOn Most of'the spIlls (87%) mvolved refmed 011 products, these spills accounted for
about 90% of the total volume dIscharged Only 6,000 gallons of crude oil were reported
spIlled m the regIOn m 1998-1999

FIgures reported to ADEC mclude spIlls onshore as well as dIscharges mto the marme
enVIronment The effects of these small spIlls depend upon such vanable factors as the
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volume of the dIscharge, Its tOXICIty and persIstence m the envIronment, the tIme of year
the spIll occurred and the sIgnIfIcance of the affected envIronment m the lIfe hIstory of
specIes of concern

Small spIlls have been caused by a vanety of mdustnes, such as the 011 and gas,
tImber, flshmg, and seafood processmg mdustnes, as well as small commercIal
establIshments lIke gas statIons and dry cleaners However, a court settlement m 1995
focused on the actIvItIes of the 011 and gas mdustry m Cook Inlet That year, local
conservatIOn groups negotIated a settlement wIth Cook Inlet 011 and gas producers for
over 4,000 VIOlatIOns of the federal Clean Water Act m Cook Inlet As part of the
settlement, the 011 companIes agreed to dIrect three years of start-up fundmg to Cook
Inlet Keeper, a nonprofIt organIzatIon located m Home and dedIcated to protectmg the
Cook Inlet watershed

I D 7 RoadbUlldmg and Ul bamzatlOn

Changes m land surfaces can change entIre hydrologIc systems Increased areas of
ImpervIOUS surfaces through new roads and subdIvISIOns usually mcrease stormwater
runoff ThIs change tends to lower base flows m streams and mcrease peak flows Stream
macromvertebrates and fIsh populatIons are sensItIve to these changes RoadbUIldmg
and other constructIOn actIvItIes also mcrease sedImentatIOn

WIthIn the OIl-spIll regIOn, the greatest concentratIon of roads and subdIVISIOns IS 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 mltIated a road-permlttmg program that WIll address
placement and deSIgn of new roads

Although not wlthm the 011 spIll area, the MUnICIpalIty of Anchorage IS wIthm the
Cook Inlet watershed As part of ItS stormwater dIscharge permIt through ADEC, the
MumclpalIty ofAnchorage IS mappmg the ImpervIous surfaces WIthIn ItS area and studymg
the response of stream macromvertebrates Under a U S EnVIronmental ProtectIon
Agency (EPA) 319 grant from ADEC, the UnIted States Department of Agnculture
CooperatIve ExtenSIOn ServIce IS also studymg the effects of ImpervIOus surfaces A
pIlot project IS planned for the Anchorage area, and, If successful, the methodology may
be applIed to other areas m the future

I E Global ClImate Change

Global clImate change IS an essentIal part of the envIronmental context for
development and ImplementatIon of the GEM program UncertaInty over how and the
extent to whIch the forces of clImate dnve the abundances ofplants and anImals m marme
ecosystems has long been wIth us The abIlIty to measure large-scale clImate change and
to understand Its possIble roles m bIOlogIcal productIon m the North PaCIfic have mcreased
dramatIcally m the past decade The clImate of the North PaCIfIC IS known to change
sharply over penods ofdecades, centunes and mlllenma, m concert wIth clImatIc processes
m other parts of the world, such as m the North AtlantIc Some of these changes have
been correlated through tIme wIth sharp changes m productIOn and relatIve abundance of
specIes of seabIrds, salmon and other fIshes, manne mammals, shrImp and crabs (SectIon
IV) The tImmg of changes m clImate also appears to comclde wIth changes m the
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productIOn and 'specIes compOSItIon of the plankton on whIch all these specIes feed,
I

drrectly or mdrrectly That mechamsms of bIologIcal productIon respond drrectly to the
physIcal forces of clImate change IS known as the bottom-up control hypothesIs, because
clImatIc effects are thought to maInly start at the bottom of the food cham and work theIr
way up

Global clunate change IS unportant for understandmg how humans affect bIOlogIcal
productIOn Long-term populatIon declmes are apparent m anunal populatIons that depend
on the ecosystems of the GOA, such as cormorants, kIttIwakes, fur seals, Steller sea
lIons, harbor seals, red kmg crab, and sablefIsh, among others (SectIOn IV) Are these
declmes the result of bottom-up control forced by chmate change? Are they due to top­
down control through removals ofbreedmg anunals and prey specIes by fishenes, mortalIty
and depressIon of reproductIon by 011 and other pollutants? Or are alteratIOns to cntIcal
habItat and other human actIvItIes to blame? Is It some complex mteractIOn of all of
these? Some populatIOns of fIsh and marme mammals that show long tIme trends, up or
down, or sharp rapId changes m abundance, are actIvely managed through harvest
restramts The extent to whIch harvest restramts may be effectIve m establIshmg or
altenng trends m abundance ofexplOIted specIes can only be understood wIthm the context
of chmate change

I F FIShery a~d Ecosystem-based Management

Growmg human uses and the requrrement for sustamable uses of natural resources
are unportant concerns for desIgnmg GEM In these contexts, GEM must provIde products
that are relevant to the needs of resource managers, consumers, and conservatIOllists
The growmg demand wIthm the northern GOA for recreatIOnal, commercIal, and
SubsIstence harvests of fIsh and shellfIsh appears to be dnven by growmg human
populatIon, mcreasmg tounsm, and applIcatIon of eXIstmg polIcy mandates

PolICIes requITIng sustamable use of fIshenes resources have long been clear, but the
overall mformatIon requrred for unplementatIon IS rapIdly mcreasmg The ConstItutIOn
of Alaska (1959) and the federal Magnuson-Stevens FIshenes ConservatIOn and
Management Act (1976) (MSFCMA) provIde the baSIC state-federal mandates for
sustamable use Expenence over the last decade wIth an amended MSFCMA and
applIcatIon ofthe federal Endangered SpecIes Act (1973) to manne brrds, mammals and
fIsh have made the need for ecosystem-based approaches to sustamable management
ObVIOUS The old deflllitIon of conservatIon that focused on protectIng smgle speCIes m
narrow geographIc contexts has been replaced by the concept ofprotectmg the ecosystem
components and processes that produce the smgle speCIes InformatIon requrred to protect
the habItats, predators and prey of target speCIes IS much greater under the new defmItIon
of conservatIon than was formerly thought to be requrred to prevent overharvest of the
smgle speCIes Ecosystem-based management may be m ItS mfancy, but It IS WIdely
recognIzed among profeSSIonals as the herr to tradItIonal fishery management (NPFMC
1999)

On a worldwIde baSIS, many fIshenes are fully explOIted or depleted, and pressures
on marme fIshenes resources are mcreasmg and are expected to mcrease further as human
populatIOns grow VIrtually all hvmg manne resources on the contmental shelf offAlaska
probably were negatIvely Impacted by mternatIOnal fishmg fleets untIl about 1975 Impacts
were not lImIted to specIes represented by catch statIstIcs, smce other speCIes were caught
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but not kept for sale AddItIonal specIes were probably Impacted through habItat loss
from destructIve fIshmg methods, derehct fIshmg gear and pollutIOn As a consequence,
reductIOns m populatIOns of many manne specIes dunng the fIrst three-quarters of the
20th century were probably faIrly severe, although eVIdence IS hrmted to a few specIes
For example, reductIons m baleen whales m the fIrst half of the twentIeth century were
partIcularly severe Startmg at vanous tImes m the rrud-1970s and 1980s, steep declmes
were noted m the Benng Sea and GOA m populatIOns of fur seals, harbor seals, murres,
kIttIwakes, and the AleutIan Island pollock Dechnes m Steller sea hons were senous
enough for the specIes to be hsted under the federal Endangered SpecIes Act m 1990

How mIght GEM contnbute to Implementmg ecosystem-based fIshery management?
GEM may contnbute through lffiprovmg understandmg ofthe functIomng ofthe ecosystem
as a whole, WhICh IS a basIc reqUIrement of ecosystem-based management Knowledge
of how the system produces the valued resources and what must be conserved to sustam
healthy populatIOns and a robust ecosystem comes from understandmg ecosystem
dynamICS At present, avaIlable mformation appears madequate to answer even the most
baSIC ecosystem-based management questIon of whether removmg specIes from the top
of the food cham serves to reduce the long-term prodUCtIVIty of the ecosystem Removal
of large quantltIes of seals, toothed and baleen whales, and predatory fIsh specIes could
senously alter all aspects ofthe food web, but the specIfICS m the GOA are not understood
Another Issue Important to Imp1ementmg ecosystem-based fIshery management IS
understandmg the role ofweather m dnvmg productIOn ofmarme specIes, WhIch IS known
to be Important, but IS poorly understood

I G Manne HabItat Protection

The management and conservatIon ofhabItats m the manne enVIronment of the GOA
IS not well advanced compared to such efforts m adjacent terrestnal enVIronments For
mstance, m the OIl-spIll area the protectlon of about 650,000 acres of upland habItat by
the Trustee CouncIl was added to the protectIOn afforded to large areas of land already m
publIc ownerslup WIth the exceptlon of a few cases where tIdelands are pnvately owned,
marme habItats cannot be purchased as uplands can be An addItIOnal problem IS that
relatlvely httle IS known about WhICh areas are Important to whIch specIes and at what
seasons The hfe histones and habItat reqUIrements of many marme speCIes are not well
understood, makIng It dIffIcult to develop appropnate conservatIon and management
strategIes

Protectlon has already been afforded to manne habItats m some cases by excludmg
gear types that are thought to be mJunous to habItat For example, the eastern GOA IS
now closed to trawhng and dredgmg m part to protect coral habItats from pOSSIble trawlmg
lffipacts ThIS closure also serves to allocate the allowable catch of rockfish to the longlme
fIshery

In addItIon there are numerous trawl-and-dredge closure areas m the vIcmIty ofKodIak
Island, the Alaska Pemnsula and the A1eutlan Islands Manne areas where manne
mammals feed and adjacent to theIr haul-out areas also have been closed to commercial
fIshmg m parts of the Benng Sea, AleutIan Islands and GOA GIven the amount of
marme habItats already subject to closure, more mformatIOn on how to define cntIcal
manne habItats IS essentlal to balancmg fIshmg opportumtles and protectIOn of habItat
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WhIle lack of mfonnatIOn plagues the dIscussIOn of manne habItat protectIOn, there
seems lIttle questIon that pressure on manne habItats WIll contmue to mcrease For
example, the lffipendmg road connecnon betweenAnchorage and the PWS port ofWhIttIer
WIll mcrease publIc VISItatIOn to northwestern PWS The WhIttler road IS expected to
generate mcreases m requests for pennIts for facIlItles (e g , boat fuel and other supplIes)
on shorelmes, tIdelands, or nearshore waters, as well as result mother potennal actIOns
that may Impact manne habItats and the fISh and WIldlIfe populatIOns that rely on these
habItats

Contmued expansIOn of urban areas and resultmg expanSIOn of suburban zones
mevItably degrade habItat Urban growth leads to mcreasmg dIsposal of human wastes
Even treated wastes may lead to changes m speCIes composItIOn and prOdUCtlVIty m
watersheds, estuanes and nearshore areas IntroductIOn of petroleum compounds
assocIated WIth motor 011 and fuels through runoff from urban areas may have an mSIdIOus
neganve effect on prodUCtlVItleS of freshwater and manne areas Recent fmdmgs at the
Auke Bay Laboratory of the Natlonal Marme FIshenes ServIce (Stamey RIce, personal
commumcatIOn) have mdIcated that concentratIOns of 011 m water that are much lower
than prevIously documented can harm salmon Ruman access to streams mcreases as the
number of mIles of road mcreases TramplIng of stream banks, changes m stream
confIguratlon created by culvertmg of roads, reductIOn m npanan zone vegetatIOn, and a
multltude of other problems created by road bUIldmg and access lead to aquatlc habItat
degradatIOn and loss of baSIC producnvIty Increased human access to small nvers and
streams contammg relanvely large ammals such as salmon and nver otters also usually
leads to loss of aquatlc speCIes through Illegal takmg, despIte the best efforts of law
enforcement Indeed, IlffiItatlOns m budgets usually lead resource management and
protectIOn agenCIes to focus scarce resources on sensItlve areas dunng cnncal seasons,
leavmg degradatIOn to take ItS course m less sensItlve locatlons

Infonnatlon IS not now avaIlable to fully IdentIfy senSItIve areas and cntlcal seasons
Some sensItlve locatlons and seasons are easIly recognIZed, such as dunng the breedmg
season at well-documented seabrrd nestmg colomes, but many other mfonnatlon needs
are poorly satIsfIed For example, through the Trustee CouncIl's large-scale ecosystem
proJects, we are startlng to understand the full annual cycle of the PacIfIC hemng, mcludmg
Identlficanon ofover-wmtenng habItats and requrrements for Juvemle hernng ThIs type
of mfonnatlon IS cruCIal to long-tenn protectIOn of hemng stocks There IS much more
to be learned about the habItat requrrements of hemng, to say nothmg of other forage
fIshes, such as capelm and sand lance, wInch are key to healthy seabrrd and manne
mammal populatIOns

I H Contammants, Water QualIty and Food Safety

The presence of mdustnal and agncultural contammants m aquatlc envrronments
has resulted m worldWIde concerns about potentlal effects on marme orgamsms and on
human consumers Polyaromatlc hydrocarbons (PARs), polychlonnated bIphenyls
(PCBs), and organochlonne pestlcIdes, such as DDT and ItS denvatlves, are WIdely
dIstnbuted around the world m marme and coastal waters and m the nvers and watersheds
that feed fresh water mto these envrronments Such pollutants can be transported great
dIstances by wmds and ocean currents followmg therr releases from mdustnal and
agncultural sources In addItlon, mercury and other metals, such as morgamc arsemc,
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cadmmm, and seleruum, are naturally present m the enVIronment at low concentratIons,
but anthropogemc sources can contnbute 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
contammants There IS eVIdence, however, of WIde geographIc dIstnbutIOn of persIstent
organochlonnes (DDT, DDE, PCB), orgaruc pollutants and heavy metals m the arctIc
and subarctIc regIOns (Crane and Galasso 1999) Measurable amounts of organochlonnes
have been found m even apparently pnstme areas such as the Copper RIver Delta, whIch
forms the eastern boundary of PWS A vanety of geophysIcal pathways bnng these
matenals mto the GOA, mcludmg ocean currents and prevmlmg wmds In partIcular, the
prevmlmg atmosphenc CIrculatIon patterns transfer vanous matenals as aerosols from
ASia to the east across the North PaCIfic (pahlow and RIebse1l2000) where they enter the
marme enVIronment m the form of ram Some of these contammants, such as PCBs and
DDT, can bIOaccumulate m lIvmg manne orgarusms For example, research on kIller
whales followmg the oll spIll revealed that some manne mammal-eatmg tranSIent klller
whales sampled m PWS carry concentratIOns of PCBs and DDT denvatIves that are
many tImes hIgher than those m fish-eatmg reSIdent whales The sources of these
contammants are not specIfIcally known It has been establIshed, however, that these
contarrunants are passed from nursmg female kIller whales to theIr calves

,,---------

There IS also concern about the potentIal effects ofcontammants on people, especIally
those who are heavlly dependent on SubSIstence resources, such as fIsh and shellfIsh,
waterfowl, and manne mammals At hIgher levels of exposure, many of the chemIcals
noted above can cause adverse effects m people, such as the suppreSSIOn of the Immune
system caused by PCBs Followmg the 011 spIll, there was much concern about
hydrocarbon contammation m SubSIstence foods, and samplmg programs for food safety

were sustamed through 1994 There contmues to be concern about
food safety m relatIon to the 011 splll and more generally among
Alaska NatIves m coastal commumties

Asystematic effort to gather data on
environmental contaminants In the OIl-spill area The mformatIOn avaIlable on the dIstnbutIon and

concentratIOns of contammants m the northern GOA IS lImItedcould proVide valuable "early warning" Informa-
(Crane and Galasso 1999) The State ofAlaska, for example, does

tlon to local reSidents and other consumers, not momtor enVIronmental pollutants m the manne enVIronment
especially subSistence users, and alert sClen- nor m manne orgamsms on a regular baSIS SIrmlarly, there IS no
tlStS to contaminants that may affect fish and ongomg program for samplmg food safety m SubSIstence resources
Wildlife populations III coastal commumtIes, although the 011 spIll prOVIded the
________________ " opportumty to sample SubSIstence resources for hydrocarbons m

the affected areas SubSIstence food safety testmg was conducted
from 1989 through 1994 m conjUnctIOn WIth damage assessment

and restoratIon actIVItIes followmg the oIl spIll In addItIon, restoratIOn actIVItIes mcluded
a resource abnormalIty study, whIch prOVIded an opportumty for SubSIstence users to
send m samples of abnormal resources for exammatIon by pathologIsts m federal fiscal
years 1994-1996

PotentIal GEM projects that sample buds, fIsh or mammals may prOVIde
envIronmental agenCIes, such as ADEC and the EPA, a relatIvely low cost means to
acqUIre samples for contammants testmg GEM also may contnbute to coordmatIon of
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I

tissue collection ,from the multitude of small and large samplmg efforts on manne ammals
I

throughout the GOA, whIch could enhance eXIstmg agency efforts A systematic effort
to gather data on envIronmental contammants m the OIl-spIll area could provIde valuable
"early warmng" Information to local resIdents and other consumers, especIally SubsIstence
users, and alert SCIentIsts to contammants that may affect fIsh and WIldlIfe populations
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Notes II VIsion for Gem and Northern Gulf ofAlaska

II A MIssion

The ongInal mISSIon of the Trustee CouncIl adopted m 1993 was to "efficIently restore
the enVITonment mJured by the Exxon Valdez 011 spIll to a healthy, productive, world­
renowned ecosystem, whIle takmg mto account the Importance of the quahty of hfe and
the need for Viable opportumtIes to estabhsh and sustam a reasonable standard ofhvmg "

ConsIstent WIth thIS mISSIon and wIth the ecosystem approach adopted by the Trustee
CouncIl m the RestoratIOn Plan, the mISSIOn of the GEM program IS to ' sustam a healthy
and blOloglcally dlvel se mal me ecosystem m the nO! thel n GulfofAlaska (GOA) and the
human use of the mal me I esoUl ces m that ecosystem thlough gl eatel understandmg of
how ltS pI oductlvlty IS mfluenced by natUl al changes and human activities" In pursmt
of thIS mIssIOn, the GEM program wIll sustam the necessary mstItutIOnal mfrastructure
to provIde sCIentifIc leadershIp m IdentIfymg research and momtonng gaps and pnontIes,
sponsor momtonng, research, and other projects that respond to these IdentIfied needs,
encourage effICIency m and mtegratIon of GOAmomtonng and research activIties through
leveragmg of funds and mteragency coordmatIOn and partnershIps, and mvolve
stakeholders m local stewardsmp by gmdmg and carrymg out parts of the program

II B Goals

GEM has fIve major programmatIc goals m order to accomphsh ItS mISSIon

DETECT Serve as a sentmel (early warmng) system by detectmg annual and long­
term changes m the manne ecosystem, from coastal watersheds to the central gulf,

UNDERSTAND Identify causes ofchange m the manne ecosystem, mcludmg natural
vanatIOn, human mfluences, and theIT mteractIOn,

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

INFORM ProvIde mtegrated and synthesIzed mformatIOn to the pubhc, resource
managers, mdustry and pohcy makers m order for them to respond to changmg
condItions, and

SOLVB Develop tools, technologIes, and mformatIOn that can help resource managers
and regulators Improve management of marme resources and address problems that
may anse from human activIties

GIven the SIze and complexIty of the ecosystem under consIderatIon and the avaIlable
fundmg, It WIll not be possIble for GEM, by Itself, to meet these goals Addressmg them
wIll requITe focusmg on the mstItutIOnal goals to

IDENTIFY research and momtonng gaps currently not addressed by eXIstmg
programs,

LEVERAGE funds from other programs,

PRIORITIZE research and momtonng needs,

SYNTHESIZE research and momtonng to adVIse m settmg pnontIes,

26



"It IS Important to note that the northern gulf
ecosystem Includes the watersheds, estuanes,
coastlines, continental shelf and open ocean
systems that affect the manne resources of the
northern gulf f ,
----------

I" )

'U
I \,---,'
( ,

, '-.--)

iU

J

'--

,-I

U

V,
U

'---'
.'

'-

L

\ ,
J

GEM SCience Program NRC Review Draft Aprll21 2000

TRACK work relevant to understandmg bIOlogIcal producTIon m the GOA, and
I

INVOLVE other government agencIes, non-governmental orgarnzaTIons, stakeholders,
pohcy makers, and the general pubhc m acmevmg the mISSIon and goals of GEM

II C GeographIC Scope

ConSIstent WIth the Restoration Plan, the pnmary focus of the GEM program IS wlthm
the Oil-SPIll area, wmch IS generally the northern GOA, mcludmg PWS, Cook Inlet,
KodIak Island and the Alaska Pemnsula (FIgure 1) Recogrnzmg that the manne ecosystem
Impacted by the Oil sp1l1 does not have a dIscrete boundary, some momtonng and research
actiVITIeS WIll necessanly extend mto adjacent areas of the northern GOA

It IS lffipOrtant to note that the northern gulf ecosystem mcludes
the watersheds, estuanes, coastlmes, contmental shelf and open
ocean systems that affect the manne resources of the northern gulf
It IS also Important to note that waters from the shel~and basm of
the GOA eventually enter the Benng Sea and the ArCtIC Ocean
(through the Benng Strait) Wllile GEM has a regIOnal (GOA)
outlook, the program WIll be of VItal Importance m understandmg
the downstream Benng Sea and ArCtIC Ocean ecosystems In
additIOn to the lIDkages provIded by the movements of ocean waters, the GOA IS hnked

I
to other reglOns by the many speCIes of brrds, fishes and mammals that also move through
these regIOns

II D Fundmg Potential

The mtent of the Trustee Councllis to fund the GEM program begmmng m October
2002 WIth the funds It allocated for long-term research and momtonng, eSTImated to be
approxlffiately $120 nulhon The Trustee Councll mtends to manage these funds as an
endowment, WIth the annual program funded by mvestment earmngs after mflaTIon-proofmg
The Exxon Valdez oll spIll settlement funds have preVIOusly been requrred by federal law
to be mvested m the U S Treasury, and speclfically by the terms of the court order, Wlthm
the Court RegiStry Investment System (CRIS) m the U S Treasury Recent CongreSSIOnal
aCTIon (pL 106-113, 1999), however, now allows the funds to be mvested m accounts outsIde
the U S Treasury and CRlS That change should be fully lffiplemented by July 2000

Slmllar endowments, such as the State ofAlaska Permanent Fund, the State ofAlaska
ret1rement fund, the Umverslty ofAlaska FoundaTIon, and others are mvested m a prudent
manner and earn on average consIderably more than 5% per annum GIven the past
record of the stock market, mvestment returns of 18-20% and hIgher are typIcal m recent
years However, even pnor to the recent hIgh stock market returns, most foundatIOns
were averagmg an 8-10% rate of return An 8% rate of return on a $120 mllllon fund
would reahze $9 6 mllhon m annual eammgs Assummg a 3% mflatIOn rate, $3 6 mllllon
would go towards mflatlon proofmg, leavmg $6 mllhon avallable to spend ThIS
mvestment scenano would allow for a stable program over tlffie The Trustee Councll
also would have the opTIon of fundmg a smaller program m the early years m order to
bulld the corpus of the fund

It IS the long-term goal of the Trustee Councll to estabhsh the research fund m such
a manner as to allow for addItional deposIts and donatlOns to the fund from other sources
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m order to mcrease the corpus ThIS mIght reqUIre some form of state or federal legIslatIon
and pOSSIbly a change m the consent decree, and WIll be pursued at a later tIme

IT E Governance

Under eXIstmg law and court orders, three state and three federal trustees have been
deSIgnated by the Governor ofAlaska and the PresIdent of the Umted States to admmIster
the restoratIOn fund and to restore resources and servIces mJured by the 011 spIll The
State ofAlaska trustees are the CommIssIoner of the Alaska Department ofEnVIronmental
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 AdmInIstrator of the NatIOnal Oceamc and Atmosphenc
AdmmIstratIon, U S Department of Commerce

The trustees establIshed the Trustee CouncIl to admmIster the restoratIOn fund The
state trustees serve dIrectly on the Trustee CouncIl The federal trustees each have
appomted a representatIve m Alaska to serve on the Trustee CouncIl They currently are
the U S Intenor Department's SpecIal ASSIstant to the Secretary for Alaska, the Alaska
DIrector of the NatIonal Manne FIshenes ServIce, and the SupervIsor of the Chugach
NatIOnal Forest for the Department ofAgnculture All deCISIons by the Trustee CouncIl
are requIred to be unanrrnous It IS expected that the current Trustee CounCIl will contmue
to make polIcy and fundmg declSlons for the GEM program

It has been suggested that at some tIme m the future a new board or oversIght structure
be establIshed to admmIster or gUIde the research and momtormg fund It IS also pOSSIble
that an eXIstmg board, eIther under ItS current structure or WIth mmor modIficatIons,
could take over management of the fund However, use of a new governance structure,
IfJustIfIed, would reqUIre changes m law and the applIcable court decrees Such changes
are not antICIpated m the near future
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fiI. Structure and Approach

The mISSIOn and goals of the GEM program can only be achIeved If the program
provIdes leadershIp m workIng WIth others to establIsh consensus pnontles for research
and momtonng m the northern Gulf of Alaska (GOA), coordmates GEM efforts WIth
other programs and fundmg sources, and encourages leveragmg funds and developmg
strategIC partnershIps GEM's SCIentlfIC program WIll conSIst of two pnmary
complementary components long-term ecolOgIcal momtonng and shorter-term targeted
research A core of long-term momtonng measurements are mtended to track ecosystem
changes on the scale of decades Shorter term research will be used to explam the reasons
for changes over tlme and to clanfy functlonal relatIOnshIps wIthm the ecosystem The
GEM program wIll be deSIgned, carned out, and evaluated WIth the benefit ofmdependent
sCIentIfIC peer reVIew and the partICIpatIOn of natural resource managers, stakeholders,
and reSIdents m coastal commumtIes The selectIOn, deSIgn, and executlon of projects
WIll be coordmated WIth and complementary to ongomg programs and projects of
government agenCIes and other mstltutlons The use and applIcatlon of tradItlonal and
local knowledge will be encouraged, as will the partICIpatIOn and educatIOn of young
people m coastal commumtles The syntheSIS, mterpretatIOn, and dIssemmatIOn of what
IS learned about the status, trends, management, and conservatlon of manne resources
will be a pnonty throughout the program PenOdIC "State of the Gulf' workshops,
mVItatlons to submIt proposals, and reports to the publIc will be part of GEM's adaptlve
management process and means for publIc outreach

ill A LeadershIp

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 GOA ecosystem WIth multIple programs gathenng data on manne
resources m the gulf, there currently eXIsts a vacuum m mtegratmg and synthesIzmg
results WIthout thIS broad context, mterpretatlon ofmdIvIdual data sets can be problematIc
or maccurate Natural resource managers and stakeholders are not able to obtam a "bIg
pIcture" perspectIve on what IS happenmg m the GOA There WIll be dIfferent ways that
the necessary syntheses can be achIeved, and dIfferent ways to convey tills mformatlon
to users What IS Important IS for the GEM program to prOVIde the leadershIp m conveymg
the needed mformatIOn m formats that are acceSSIble to and useful for a vanety of users,
mcludmg SCIentIsts, resource managers, stakeholders, and the publIc

One approach to synthesIzmg an array of ecologIcal data IS modelIng Useful models
ofthree-(hmensIOnal water crrculatlon, plankton productIOn, Juvemle pmk salmon survIval,
PacIfic herrmg overwmtenng, the energetlcs ofcolony-nestlng seabrrds, and carbon mass­
balances m Pnnce WillIam Sound (PWS) eXIst or are m advanced stages of development

I
These models show great promIse as a means of mtegratmg large volumes of data m
ways that yIeld mSIghts about how manne ecosystems work These models also offer a
means of Identlfymg knowledge gaps or makIng predICtIOns about clImate forcmg,
oceanograpillc currents, bIOlOgIcal prOdUCtlVIty, and the ecologIcal effects of human
actlvItles The models CIted above mostly address the PWS ecosystem To the extent
that these models relate to GEM hypotheses, It may be worthwillie to mvest addItlonal
resources m further testmg and applIcatIOn m PWS or to extend therr scope to other areas
WIthm the OIl-spill regIOn or to the northern GOA more broadly
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Although the sCIentIfIc lIterature IS an effectIve means of dlssemmatmg research
results wlthm academIc CIrcles, Journals are generally not an effectIve way to share
mformatIOn WIth natural resource managers and stakeholders, who may lack tIme, ready
access, or trammg to make use of the mformatIOn avaIlable m techrucal Journals Thus,
there IS a need to convey the mterpreted and synthesIzed results ofmomtorrng and research
projects to managers and stakeholders m a tImely, accessIble, and understandable mamIer
Lack of an effectIve mechamsm or mechamsms to do so can comproffilse the success of
a program lIke GEM

Penodlc workshops on the "State of the Gulf," and pOSSIbly on the "State of the
North PaCIfIC," WIll be another means of revlewmg and mtegratmg mformatIOn across
dlsclplmes to achIeve greater mSlght mto the status of and trends m the northern GOA
ecosystem At such forums, project mvestIgators and others wIll present results and
exchange mformatIon for the benefIt of sCIentIfIC partICIpants, but also for the benefIt of
resource managers, stakeholders, and the publIc The format WIll be SImIlar to the annual
restoratIon workshops m the current Exxon Valdez 011 SpIll (EVOS) program More
targeted workshops may also be appropnate

The GEM program should also take an actIve role m other ecosystem syntheSIS efforts
m the greater North PaCIfIC These mclude the North PaCIfIC Research Board, the U S
Salmon Fund establIshed as part of treaty negotlatIons WIth Canada on the PacIfIC Salmon
Treaty, and mternatIOnal research by partICIpants m the North PacIfIC Marrne SCIence
Orgaruzatlon (PICES) Because of the mstltutIOns represented on the Exxon Valdez 011
SpIll Trustee CouncIl (Trustee CouncIl) and guaranteed fundmg opportumtles, the GEM
program may be m a umque pOSItIon to help prOVIde leadershIp m thIS realm

III B CoordmatIon

There are many dIfferent programs and projects that mvolve momtonng, research
and management of marrne resources m the GOA These programs and projects are
carned out by government agenCIes, such as the NatIOnal Manne Flshenes ServIce, by
umversltles, such as the Umverslty of Alaska, and by mternatIOnal bodIes, such as the
InternatIOnal PaCIfIC HalIbut CommISSIOn Among these agenCIes and mstltutIOns,
mISSIons, responsIbIlItIes, and pnontles vary by program and project, yet each of them
concerns the study, management or conservatIOn of marrne resources m the gulf There
IS potentIal for overlap and duplIcatlon among these programs and projects, but probably
a more senous concern IS a lack of coordmatlon and mtegratIOn, whIch means foregomg
opportumtles for mcreased effICIency, focus, and Jomt actIOn that would benefIt marrne
resources and stakeholders Thus, there IS both need and opportumty for coordmatIOn,
Jomt planmng and settmg of pnontles, and sharrng of program detaIls such as crmse
schedules ThIS also holds true for coordmatlon of efforts m the Benng Sea and the
greater North PacIfIC Bmldmg strategIC partnershIps among mstltutIOns and programs
WIll be a key component of GEM Goals are to mcrease leveragmg of funds, Improve
capaCltles for research and management, and maXImIze opportumtles to benefIt
conservatIOn of manne resources m order to serve the common mterests of stakeholders

A major contnbutlOn of GEM towards the goal of mcreased coordmatIOn of efforts
WIll be the GEM database/matnx of who IS domg what, where, and when (AppendIX B)
Imtlal feedback has been that actIve management of thIS database would be m and of
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It Will not be possible for GEM to answer all,
or even most, of the questions that could be posed
Instead, GEM IS likely to be focused to a large
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human relevance, and their ability to indicate
ecosystem disturbance, as well as their Importance
for understanding the phySical and biological bases
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Itself an extremely useful project No entlty currently has the responsIbIhty for actlvely
trackIng research and momtonng efforts In the GOA Any future GEM database effort
should be closely coordInated wIth other eXIstIng efforts

III C Long-term Momtormg

The core of GEM IS long-term ecologIcal momtonng Long-term momtonng IS
necessary to document seasonal, Interannual and Interdecadal changes In prOdUCtIVIty
on the shelf and coastal ecosystems of the northern GOA, IncludIng PWS, lower Cook
Inlet, and the KodmkArchIpelago-Shehkof Strait area Momtonng produCtIVIty agaInst
the backdrop oflong-term ecologIcal change wIll lead to an understandIng of the natural
and human mfluences on the health and productIVIty ofkey specIes offIsh and wIldhfe,
and It WIll ImprOve abIlItles to dIStIngUIsh among the causes of change and predIct
ecologIcal trends In turn, thIS InfOrmatIon can be apphed by a vanety of resource
managers, pohcy makers, and stakeholders for the use, management and conservatIOn
of manne resources

The GOA ecosystem mcludes a complex network of thousands of specIes SectIOn
IV descnbes our current understandIng of how bIOlogIcal prOductlVIty of the northern
gulf IS mfluenced by natural and man-made factors It wIll not be possIble for GEM to
answer all, or even most, of the questlons that could be posed , , _
Instead, GEM Is'hkely to be focused, to a large extent, on key
speCIes and ecolOgical processes In the system SpeCIes and
processes would be pIcked on the baSIS of ecologIcal
Importance, human relevance, and therr abIhty to IndIcate
ecosystem dIsturbance, as well as theIr Importance for
understandmg the phySIcal and bIOlogIcal bases for
prOdUCtlVIty,

In desigrung a momtonng program, It WIll be Important
to gIve some thought to developIng IndICeS of ecologIcal
performance from data collected by GEM and ItS
correspondent agencIes and researchers Annual and seasonal
IndICeS related to the "State of the Gulf' should be developed
from the types of data relevant to management agencIes
Observatlons such as abundance of adult sea hons m standard
survey areas, number of humpback whales, levels of contarmnants In ammal tlssue and
nutnents m water are specIfIc examples Standards such as desrred future conditlons,
histoncal condItIOns, and baselme mformatlon over a gIven tlme penod should be
consIdered when refimng momtonng goals In the end, GEM must be Justlfied on what
It can teach polIcy makers, resource managers, and the publIc about optIons for drrectmg
human behaVIOr toward aChIeVIng sustaInable resource management goals

Accordmgly, the GEM program wIll contlnue ItS work wIth resource managers,
stakeholders, the SCIentIfIc commumty and the pubhc to refine a common understandmg
of whIch manne resources of the northern gulf are key and what stressors, or potentlal
threats, could affect therr overall health The GEM program WIll then buIld a matnx of
who IS momtonng what, where, and when, and work WIth mterested partIes to help fIll
cntlcal mformatlOn gaps
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It IS envlSloned that the GEM momtonng plan WIll be consIdered and re-adopted by
the Trustee Council on a regular basIs, perhaps every three to fIve years The momtonng
plan WIll address WhICh specIes, ecosystem functIOns, and IndIcators ofhuman-Influenced
change to focus on, WhICh hypotheses to test, and whIch approaches and strategIes would
be most effective In accomplishIng the mISSIOn and goals, gIven the available fundIng A
major challenge WIll be to determIne the appropnate balance between retrospective data
analySIS and synthesIs and active data acqulSltIOn, as well as the balance between
momtonng for large scale ecologIcal change and more localized effects A prelImInary
lIst of areas of Interest for possIble momtonng IS Included In AppendIX C 1

ill D Shorter-term Focused Research

The long-term momtonng component of GEM will be complemented by strategically
chosen research projects WIth relatively short-term goals It IS premature to Identify
specIfIC projects to be carned out In the research component of GEM It IS possIble,
however, to dISCUSS the types of research that lIkely WIll be carned out Some of these
SCIentifIC questIons are descnbed In further detaIl In AppendIX C 2

III D 1 Lmgellng In]UlY FlOm the Oll Splll

Research specIfIcally related to the effects of the Exxon Valdez 011 spIll may be
promInent In the first few years of the GEM program, but the need for this type of research
WIll dlmlmsh over time Types of research lIkely to be conducted Include explonng the
contInuIng, low-level effects of hydrocarbon exposure on the survIval and reproductIOn
of fish and wIldlIfe resources and the IdentIfIcatIOn ofpathways of such exposure General
restoratIOn projects that relate dIrectly to restoration of 011 spIll Injury may also be needed
In some cases

III D 2 ExplO1mg Questwns Wlth 01 GeneT ated by MOnlt01mg Data

As the effects ofEVOS fade and as GEM matures, research projects WIll IncreasIngly
anse from the results and needs to Improve the long-term momtorIng program Many
dIfferent types of research may anse by thIS means Some of tills research WIll Involve
speCial analyses and modelIng of data obtaIned through the core momtonng program
(IncludIng current and retrospectIve data) and/or other momtonng efforts In the gulf
Other proJects, such as those explonng mechamsms of change or ecologIcal processes,
WIll reqUIre addItIOnal work In the fIeld or laboratory

III D 3 Management, Conservatwn, and Sensltlve A,eas and Seasons

GEM research may Include projects deSIgned to proVIde Information and tools to
Improve management and conservation of manne resources Examples of tills type of
research would Include ImprovIng techmques, tools, or technology for stock assessments
of flshenes resources, gathenng basIC InfOrmatIOn on specIes' lile illstones, genetic stock
IdentifIcatIOn ofmanne mammal, seabIrd, or fIsh populatIOns, and expenmental work on
the ecologIcal effects of dIfferent levels, locations, and seasons of flshenes harvests, and
Interactions between hatchery and WIld salmon

The Trustee CouncIl's habItat protectIOn program has focused on the terrestnal habItat
ofnumerous marme specIes by protectIng about 650,000 acres ofupland habItats, IncludIng
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more than 1,400 mIles of shorelIne and 300 anadromous fIsh streams Research carned
out as part of GEM can be focused on the IdentIfIcatIon of senSItIve areas and seasons m
the marme enVIronment so that thIS InformatIon can be conSIdered In the development of
management and conservatIon strategIes m the marme enVIronment

ill E TradItIonal Knowledge, Commumty Involvement and Local StewardshIp

ReSIdents of coastal commumtIes have a dIrect mterest In SCIentIfIC and management
deCISIOns and actIVItIes concermng the fIsh and wIldlIfe resources and enVIronments on
whIch they depend for theIr lIvelIhoods and sustenance (HuntIngton 1992) The Trustee
CouncIl belIeves that encouragmg local awareness and partICIpatIon In research and
momtormg enhances long-term stewardshIp of lIvmg marme resources AddItIonally,
tradItIonal and local knowledge can prOVIde Important observatIons and InSIghts about
changes In the status and health of marme resources (Huntmgton 1998) The mclUSIOn of
appropnate tradItIOnal and local knowledge and the Involvement of commumtIes In the
northern gulf regIOn IS appropnate throughout the GEM program Local momtonng,
documentatIon, and stewardshIp projects must be hnked wherever pOSSIble WIth other
momtonng, research, and conservatIOn projects under GEM to promote shanng of
mformatIon and Ideas SCIentIfIC steenng COmmIttees, composed of academIc, agency
and local representatIves, can IdentIfy and oversee opportunItIes for productIve
collaboratIOn A "State of the Gulf' workshop and other forums can brmg together a
vanety of partICIpants m the vanous aspects of GEM to strrnulate dISCUSSIons and spark
new Ideas

The actual mechamsms for achIevmg thIs goal are under actIve conSIderatIon Several
approaches have been tned m the EVOS restoratIOn program and elsewhere m Alaska
and other northern regIOns, and GEM will draw on these expenences to deSIgn speCIfic
processes for mvolvmg commumtIes and theIr expertIse (Brown-Schwalenberg et al
1998, Huntmgton m press, Fehr and Hurst 1996, Hansen 1994, Brooke 1993) One
approach, the Youth Area Watch, has proven to be an effectIve and popular means of
USIng schools to Involve and educate young people and theIr home commumtIes m manne
research The Alaska NatIve Harbor Seal CommISSIon uses Trustee CouncIl funds to
teach youths and SubSIstence hunters from spIll-area commumtIes how to take bIOlogICal
samples from locally harvested seals The Commumty Involvement Project contracts
WIth the Chugach RegIOnal Resources CommISSIon to prOVIde local experts In Alaska
NatIve commumtles who offer adVIce and feedback to the Trustee CounCIl's restoratIon
program A pIlot effort IS underway WIth fIve of those communItIes thIS year to develop
a natural resource management plan for each commumty, IdentIfy Important resources
and potentIal threats, and deSIgn a local momtonng scheme ThIs could develop Into a
much larger program, SImIlar to that of other tnbes across the natIon

Other CItIzen momtormg efforts that are not part of the current Trustee CouncIl program
are sprmgmg up throughout the spIll area Cook Inlet Keeper IS spearheadIng a volunteer
water qualIty momtonng program m Kachemak Bay, and provldmg trammg and overSIght
for snmlar efforts m the KenaI watershed and the Matanuska-Susltna Valley The Global
Leammg and ObservatIOns to BenefIt the EnVIronment (GLOBE) program IS targetmg
hIgh school students as part of an mternatIonal envIronmental momtormg effort In other
parts of the country, flshmg vessels and commerCIal vessels have been eqUIpped WIth
mstruments known as "CTDs" for the temperature, salmlty and depth data they log
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Srnular prOjects may be developed as part of GEM In coastal commumtles throughout
the OIl-sPIll area QualIty control, volunteer versus paId personnel, data management,
and IntegratIon wIth eXIstIng agency efforts are all Issues that would need to be addressed
In addItIon, further thought needs to be gIven to whether to rely on one comprehensIve
program, or a loose conglomeratIon of smaller, more separate efforts

ill F Program AdmInIstratIOn and Management

By necessIty, the admimstratIOn and management of GEM must be cost effIcIent
Equally Important, however, IS the need for a hIgh calIber sCIentIfIc program In addItIOn,
there must be publIc access and accountabIlIty In regard to all projects and project results

III F 1 AdmmlstratlOn

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
management of the Exxon Valdez all SpIll RestoratIOn OffIce An executlve dIrector
will oversee the financIal, program management, sCIentIfic, and publIc Involvement aspects
of the program The executIve dIrector and staff, while housed for admimstratIVe purposes
rn a sIngle government agency, will work under a cooperatIve agreement for all SIX trustees

III F 2 CompetitIOn and Quallty

Momtonng and research actIVItIes must be of the hIghest sCIentlfic calIber, wIth
partICIpatIOn by the best SCIentIsts from a vanety of InstItutlons The program should
take advantage of dIfferent Instltutlons, faCIlItIes, and capabilItles throughout the regIOn
These InstltutIOns should contnbute expertIse, servIces, and funds toward programs and
projects that support GEM's mISSIon

Funds for momtonng and research projects WIll be awarded on a competItIve basIs
Pnonty WIll be gIven to strategIes that rnvolve partnershIps PartICIpatIon by students
and local reSIdents WIll be actlvely encouraged It IS the rntent of the Trustee CouncIl not
to fund projects that are consIdered "normal" aCtIVItles of government agencIes

III F 3 SCience Management

A semor staff SCIentIst, hIred by the exeCutIve dIrector and reSIdIng rn Alaska, will
provIde rn-house sCIentIfIc counsel and leadershIp to GEM and the Trustee CouncIl
Over tlme, but probably not Inltlally, the semor SCIentIst may serve as executlve dIrector
of the Trustee CouncIl The semor SCIentIst WIll work WIth the Trustee CouncIl and
executlve dIrector, In consultatIon WIth the sCIentIfIc commumty, natural resource agency
managers, and stakeholders to plan, Implement, and evaluate the long-term program

III F 4 SCientific Peel Review

Independent peer reVIew WIll be an essentIal feature of the GEM program, and there
are dIfferent models for managmg thIs process For example, the process could be managed
entIrely by the semor staff sCIentlst or It could rely more on the servIces of a consultIng
SCIence advIsor Regardless, there WIll be an external ad hoc techmcal reVIew process,
the pnmary purpose of whIch WIll be to provIde ngorous peer reVIew of the SCIentIfIc
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ments of all momtonng and research proposals and selected reports Such reVIews WIll
be sought on a mostly voluntary basIs from qualIfIed sCIentIsts who are not also carrymg
out projects funded by the Trustee CouncIl In general, the mdlvlduals mvolved wIll
change as tOpICS, needs, and avaIlabIlItIes change RevIew functIOns WIll be carned out
m wntmg, by telephone, and occasIOnally on SIte or m person

From tIme to tIme, specIal reVIew panels WIll be convened to evaluate and make
recommendatIOns about aspects of the program For example, although momtonng
projects wIll be desIgned on long tIme scales, they WIll lIkely be revIewed at fIve-year
mtervals At other tunes, speCIal panels may meet wIth project mvestIgators and others
to fully explore partIcular tOpICS, problems or projects Penodlc reVIew by an outSIde
entIty, such as the NatIOnal Research CouncIl, may be appropnate

III F 5 Annual WOl k Plan PlOcess

Startmg m FY 2003, the baSIC process wIll functIon on an adaptIve management
cycle along the lmes of the current restoratIOn program ThIS process wIll lIkely have the
followmg elements or steps, although thIS may be modIfIed over tIme

• A "State of the Gulf' workshop wIll be held penodlcally, at WhICh the research and
momtonng results dunng the preVIOUS cycle are dIscussed, mformatIon mtegrated
across dlsclplmes, and future needs and opportumtles conSIdered Project
mvestIgators, selected peer reVIewers, resource managers, stakeholders, and the publIc
WIll be mVIted to tms meetmg

• An InVitatIOn to Submit PlOposals, WhICh WIll speCIfy the types of proposals that
are pnontIes for conSIderatIOn m the commg fIscal penod, WIll be Issued penodlcally
Research proposals are envlSloned to be of fmlte duratIon and to have short-term
goals (e g , two to fIve years) Momtonng projects WIll be evaluated and renewed on
longer tIme scales (e g , once every fIve years) The InvitatIOn WIll be the vehIcle for
notlfymg the sCIentIfIC commumty and others that momtormg projects wIll be
conSIdered m a gIven fIscal year

• Proposals receIved m response to the InVitatIOn to Submit Proposals wIll be
crrculated for peer reVIew Peer reVIew comments and recommendatIOns wIll be
summanzed and prOVIde a baSIS for prelunmary recommendatIOns on the projects to
be mcluded m annual work plans

• The executIve drrector WIll prepare a draft annual work plan wmch WIll be CIrculated
for publIc reVIew and comment The SIze ofthe work plan WIll depend on the fundmg
level determmed by the Trustee CouncIl on an annual baSIS dependmg on the success
of the GEM fund's mvestments A polIcy for how that amount WIll be calculated IS
under development Followmg close of the publIc comment penod, the executIve
drrector WIll prepare fmal recommendatIons on the annual work plan for conSIderatIon
and actIon by the Trustee CouncIl

• Annual and fmal reports WIll be reqmred for all momtonng and research proJects,
and all such reports will be reVIewed to evaluate whether the mvestIgators are makmg
satIsfactory progress toward project ObjectIves Selected annual reports may be sent
for reVIew by mdependent peer reVIewers, dependmg on need, the matunty of the
proJect, and other factors All fInal reports wIll be sent for mdependent peer reVIew,
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and comments from the mdependent peer reVIewers must be addressed m the fmal
verSIOns of fmal reports All annual and fmal reports WIll be archIved at the Alaska
Resources LIbrary and InformatIon ServIce (ARLIS) and affIlIated mstItutlons

• PublIcatIons m the peer-revIewed lIterature wIll be expected ofprogram partIcIpants

ill G Data Management

The current EVOS restoratIon program does not have an overarchmg data management
strategy or plan, although some mdlvldual projects (e g , Sound Ecosystem Assessment)
have had sophIstIcated systems for managmg and exchangmg data The mvestIgators for
each project sponsored by the Trustee CouncIl are responsIble for prepanng wntten final
reports, whIch must descnbe the data obtamed m the project and the format of the data,
IdentIfy the permanent custodIan of the data, and mdlcate the aVaIlabIlIty of the data
The fmal reports contammg the data summanes are aVaIlable from the Alaska Resources
LIbrary and InformatIon ServIce (ARLIS) WIth respect to data on hydrocarbons, copIes
of all such data are revIewed and then archIved m a hydrocarbon database mamtamed at
the NatIOnal Manne Flshenes ServIce's Auke Bay Laboratory m Juneau, Alaska In
addItIon, It IS the polIcy of the Trustee CouncIl that, consIstent WIth state and federal
laws, any data resultmg from any project to WhICh the Trustee CounCIl has contnbuted
fmanclally are m the publIc domam and, as such, must be aVaIlable to the publIc

It IS absolutely essentIal that data management needs for GEM be addressed fully
before gathenng of new long-term momtonng data IS ImtIated To the extent that GEM
WIll mcorporate eXlstmg data sets, It also IS essentIal that provlSlon IS made to seamlessly
lInk eXlstmg and new data As prehmmary steps, It WIll be necessary to

• reVIew eXlstmg EVOS polIcIes and practIces wIth respect to data management at
programmatIc and project levels,

• compIle detaIled InformatIon about the locatIOn and status ofdata sets ("metadata")
for at least those projects that are lIkely to be relevant to GEM, and

• assess federal and state agency data management polIcIes and standards, practIces,
and programs to IdentIfy requrrements that pertaIn to GEM and opportumtIes to
address GEM data management needs on a cooperatIve basIs WIth trustee agenCIes
or other appropnate agenCIes and mstItutIons

On the basIs of these prelImmary steps, a draft data management plan and polIcy wIll
be developed A project led by Dr Charles Falkenberg was lllltIated m FY 2000 to
explore the data management Issues descnbed m thIs sectIon The fundamental aIm of a
future plan will be to ensure that GEM data, especIally long-runmng streams ofmorutonng
data, WIll be mamtamed and archIved m ways that are permanent, cost effectIve, techrucally
appropnate, and readIly accessIble to SCIentIfIc users, resource managers, stakeholders,
and the publIc

The GEM data polIcy WIll requrre mdlvldual mvestlgators and sponsonng agenCIes
and InstItutIons to tum over all data In electromc formats along WIth supportmg
documentatIOn, conSIstent WIth applIcable data standards, to a custodIan agency or
mstItutIon wlthm an agreed tIme after the data are obtaIned, at whIch POInt the data WIll
be aVaIlable to all publIc users Although dIfferent data sets may be archIved and
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mamtamed at dIfferent agencIes or mstitutIons, dependmg on the subject, It IS expected
that such data will be avaIlable at a central GEM websIte VIa Internet Imks to other
websltes Implementmg the GEM data management plan and polIcy will lIkely requIre
the servIces of a dedIcated data manager, perhaps on a shared basIs wIth a trustee agency
or other agency or mstItutIOn

ill H PublIc InformatIOn and Involvement

The Importance of publIc partIcIpatIOn m the restoratIOn process, as well as
establIshment ofa publIc advIsory group to advIse the trustees, was specIfically recognIzed
m the Exxon Valdez settlement and IS an mtegral part of the agreement between the state
and federal governments

TheTrustee CouncIllS COmmItted to publIc mput and publIc outreach as VItal components
ofthe long-term GEM program The question IS how thIS should be aclueved The eXlstmg
PublIc AdVISOry Group (pAG) has 17 members representmg 12 mterest groups and the
publIc at large, as well as two ex-offIcIO members from the Alaska LegIslature It may be
appropnate to change the makeup of the PAG to mcrease the partICIpation of addItional
mterests and reduce costs It IS also possIble that publIc mput could be sought WIthout a
formal adVISOry group, although tlus would reqUIre an amendment to the consent decree
The CouncIl's current PAG IS m the process of revlewmg vanous optIOns for publIc
mvolvement and will be makmg a recommendation to the Trustee Council m the next year
The Trustee CounCIl WIll lIkely seek addItional publIc comment on vanous alternatives
before takmg any fmal action pnor to October 2002

The Trustee CouncIl IS a publIc entIty subject to the State of Alaska Open Meetmgs
Act and correspondmg federal laws All meetmgs are publIc and mclude a formal publIc
comment penod A number ofaddItional tools have been developed by the Trustee Council
to promote and encourage publIc mput and partICIpatIOn These mclude newsletters,
annual reports, publIc meetmgs throughout the spill-affected regIOn, newspaper columns,
a senes of radIO spots, and the Trustee CouncIl's webSIte at www OilSpill state ak us

Because the GEM program IS enVIsIOned as a much smaller program than the current
Exxon Valdez oil spIll restoratIon program, at least mitIally the cost of these outreach
efforts has to be consIdered before declSlons are made on whIch tools should be used to
mcrease publIc mput and partICIpatIOn AddItionally, the audIence for an outreach program
IS very broad and mcludes the greater SCIentIfIc commumty both m Alaska and outsIde
the state, Alaska Native villages, many of WhICh lack Internet access, lugh school and
college students, fishers, and federal, state and local government OffICIalS Some tools
are obVIously more appropnate for specIfIC audIences

A major tool for dlssemmatmg data and mterpreted and syntheSIZed results from
GEM projects to the publIc, stakeholders and the greater SCIentific commumty WIll be a
GEM webSIte ThIS SIte could be along the lInes of the Benng Sea and North PacIfIC
Ocean Theme Bage, whIch IS mamtamed by the NatIOnal OceanIC and Atmosphenc
AdmillistratIon ThIS webSIte could provIde access to GEM databases and other products
(e g , metadata and bIblIographIes of reports and publIcatIOns), as well as present and
dISCUSS research results, program mformatIon, and evolvmg mSIghts about the northern
GOA marme ecosystem Another example of an effective tool for facilItatmg exchange
of data and research IS the North PaCIfIc Marme SCIence OrganIZatIon (PICES) web SIte

37



Exxon Valdez OilSpill Trustee Council

Notes

IV IntroductIon

IV SCIentIfic Background

SectIOns I-III have descnbed the framework for the GEM program and process
Sectlon IV descnbes and organIzes the sCIentIfIc rnformatlon aVaIlable to gUIde the Trustee
CouncIl as It develops and Implements GEM As such, thIS background sectlon attempts
to be rncluslve of all the bIologIcal and phySIcal components of the Gulf ofAlaska (GOA)
ecosystem Please note that tills sectlon IS not a lIst of projects to be Implemented, nor IS
It a research and momtonng plan

The fIrst part of the sClentlflc background IS a descnptlOn of a sClentlflc record that
spans 260 years Followrng thIS, the sClentlflc mformatlon IS orgamzed rnto a conceptual
foundatlon that states our current understandrng and belIefs about how the elements of
the system functlon to produce brrds, fIsh, shellfIsh, and mammals and other bIOlogIcal
constltuents such as phytoplankton and zooplankton

IV A GUIdance from PrIor Programs

IV A 1 Compl ehenslve InvestlgatlOns and Revlews

Antecedents of the GEM program prOVIde gUIdance A manne SCIence plannrng
document WIth a broader geographIC scope, the Alaska RegIOnal Manne Research Plan
(ARMRP) (ARMRB 1993), was prepared under the US RegIOnal Manne Research Act
of 1991 For all manne areas of Alaska, rncludmg the GOA, the plan prOVIded fIve
elements that are of mterest to the GEM program 1) an overvIew of the status of manne
resources, 2) an mventory and descnptlon of current and antlclpated manne research, 3)
a statement of short- and long-term manne research needs and pnontles, 4) an assessment
ofhow the research and momtonng actlvltles under the program take advantage ofeXlstrng
proJects, and 5) descnptIOns, tIme tables and budgets of research and momtonng to be
conducted under the program The current GEM document does not address element
fIve, smce that IS the ultlmate goal of the three-year process of ImplementatIOn to be
completed by October 2002 ARMRP goals express the sClentlflc needs of the regIon as
of 1992, and they are stIll qUIte relevant to the GEM effort

• DlstrngUIsh between natural and human rnduced changes m manne ecosystems of
the Alaska RegIOn,

• DlstrngUIsh between natural and anthropogemc changes rn water qualIty of the
Alaska RegIOn,

• Stlmulate the development of a data gathenng and shanng system that WIll serve
sClentlsts m the regIon from government, academIa, and the pnvate sector m dealrng
WIth water qualIty and ecosystem health Issues, and

• PrOVIde a forum for enhancmg and marntarnmg broad dISCUSSIon among the marrne
SCIentIfIC commumty on the most drrect and effectIve way to understand and address
Issues related to marntalOlng the regIon's water qualIty and ecosystem health

The Benng Sea has receIved a good deal of recent attentIOn, espeCIally due to concern
over long-term declInes rn populatIOns of hIgh-profIle speCIes such as kmg and Tanner
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crab, Steller sea hons, spectacled elders, common murres, thIck-bIlled murres, and red­
legged and black-legged kIttIwakes (DOI-NOAA-ADF&G 1998b) The VISIOn of the
federal-state regulatory agencIes for the Benng Sea Ecosystem Research Plan (DOI­
NOAA-ADF&G 1998a, p 5) IS consIstent WIth the mISSIon statement of the Trustee
CouncIl (Section IT A) "We enVlSlon a productive, ecologIcally dIverse Benng Sea
ecosystem that wIll provIde long-term, sustamed benefits to local commumtIes and the
nation" The basIc concepts of the GEM program are also consIstent WIth the overarchmg
hypotheses of the plan

• Natural vanabilIty m the physIcal envrronment causes ShIftS m trophIc structure
and changes m the overall prodUCtiVIty of the Benng Sea

• Human lffipact leads to envrronmental degradation, mcludmg mcreased levels of
contammants, loss of habItats, and mcreased mortalIty on certam speCIes m the
ecosystem that may tngger changes m speCIes composItIOn and abundance

Further, four of the research themes of the Benng Sea - vanabilIty and mechamsms
m the physIcal envrronment, mdlvldual speCIes responses, food web dynamIcs, and
contammants and other mtroductIOns - are closely alIgned WIth the baSIC rmSSIon
establIshed by the Trustee CouncIl Current research programs for the Benng Sea (DOI­
NOAA-ADF&G 1997) often overlap with the programs Identuled m our database for the
GOA (AppendIX B)

IV A 2 SCientific Legacy of the Exxon Valdez Oll Spill

EcologIcal knowledge gamed m the decade followmg the oIl spIll forms a substantial
portIon of the foundatIOn of the GEM program The Trustee CouncIl recogrnzed early m
the restoration program the need for baSIC ecologIcal mformatIOn to evaluate recovery of
mJured speCIes The recovery status of each affected resource (Table 1) IS based to the
extent possIble on knowledge of the resource's role m the ecosystem The Trustee CouncIl's
sCIentifIc legacy pomts toward the need to understand the causes of populatIOn trends m
mdlvldual speCIes of plants and ammals through tlffie Understandmg the causes of
population trends leads to the need to separate human effects from those of clImate and

I
mteractIOns WIth related speCIes

The studIes conducted by the trustee agenCIes and therr contractors smce 1989 have
resulted mover 300 peer revIewed sCIentIfic publIcations, doctoral dIssertations and theses
A current bIblIography of publIcations sponsored by the Trustee CouncIl IS aVaIlable on
the counCIl's webSIte or on request to the Trustee CouncIl In addItion to much speculc
mformatIon on the effects of 011 on the bIOta m the spIll area, the studIes also proVIde a
wealth of ecologIcal mformatIOn

I

As a result of the mformatIOn gathered dunng mdIVIdual research projects and three
ecosystem-scale mterdlsclplmary research projects, the SCIentIfic legacy of the Trustee
CouncIl mcludes a Wide range ofmformatlon TOpICS covered by Trustee CouncIl-funded
studIes mclude phySIcal and bIOlogICal oceanography, marme food web structure and
dynamICS, predator-prey relationshIps among brrds, fISh, and mammals, the source and
fate of carbon among speCIes, developmental changes m trOphIC level Wlthm speCIes,
marme growth and SUrvIVal of salmon, mtertldal commumty ecology, and early lIfe hIstory
and stock structure ill hemng (A compendmm ofTrustee CouncIl projects by fIscal year,
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as well as a complete lIst of fmal and annual reports for projects, are avaIlable on the
councIl's websIte or on request to the Trustee CouncIl)

The Sound Ecosystem Assessment (SEA) IS the largest of three ecosystem-level
projects undertaken by the Trustee CouncIl Over a penod of seven years, SEA brought
together a team of SCIentIsts from many dIfferent discIplmes to understand the bIOlogIcal
and phySIcal factors responsIble for producmg hernng and salmon m PWS Fmal products
from SEAhave not yet been completed When report wntmg IS complete, SEA IS expected
to provIde mformatIOn on bIOlogIcal and phySIcal oceanography that could be used by
the Alaska Department ofFIsh and Game m ItS hernng and salmon management programs
In thIS regard, SEA IS expected to gIve managers a set of mteractmg numencal models
capable of sImulatmg the dynamIc processes mfluencmg the survIval and prOdUCtIVIty of
Juvemle pmk salmon and hemng m PWS SEA has already provIded new observatIons
of ocean currents, nutnent levels, mIxmg of water masses, salImty, and temperatures
The new observatIons have made possIble models of how phySIcal factors mfluence
plant and anImal plankton, prey, and predators m the food web

The two other ecologIcal studIes are also m the fmal stages of completIon Both are
expected to provIde mformation that WIll be of use to natural resource management
agencIes The Nearshore Vertebrate Predator (NVP) project IS a SIx-year study of factors
lImItmg recovery of two fish-eatmg speCIes, nver otters and pIgeon gUlllemots, and two
mvertebrate-eatmg specIes, harlequm ducks and sea otters The Alaska Predator Ecosystem
ExperIment (APEX) IS an eIght-year study of ecologIcal relatIons among seabrrds and
therr prey specIes The NVP project has contnbuted to understandmg of the lInkages
between terrestnal and manne ecosystems (SectIon IVD ) by studymg key specIes at the
mterface of these systems The APEX project has contnbuted understandmgs of the
cntIcal nexus between prodUCtIVItIes of manne brrd populatIOns and fIsh specIes In
addItIOn, analysIs of food selectIon by marme brrds shows pronuse ofprovIdmg abundance
estImates for key fIsh speCIes, such as sand lance and hemng

IV B EXlstmg Agency Programs and Projects

Most major mformation-gathenng programs of the GOA (AppendIx B) are dIVlSlble
mto three major categones large anImals or macrofauna (brrds, mammals, fIsh, shellfish),
oceanography (phySIcal, chemIcal, geologIcal and bIOlogIcal) and human use (land and
water use, water qualIty, contammants)

The Alaska Department of FIsh and Game, the V S Department of the Intenor and
the NatIOnal OceanIC andAtmosphenc AdmnustratIOn's NatIOnal Marme FIshenes ServIce
are the pnmary momtonng agencIes for macrofauna Samplmg efforts for macrofauna
are typIcally focused on the GOA or smaller areas, mcludmg PWS, Cook Inlet, KodIak
and the Alaska Penmsula The NatIonal AeronautIcs and Space AdnumstratIon and the
NatIOnal Oceamc and AtmospherIc AdmInIstratIOn are the prImary sources of
oceanographIc data, IncludIng data on zooplankton, phytoplankton and prImary
productIVIty Notably absent are momtonng or assessment programs for large plants,
such as kelp and other large manne algae Oceanography programs often mclude the
GOA as part of a larger program The V S Envrronmental ProtectIon Agency, V S
Forest ServIce, Alaska Department ofEnvrronmental ConservatIon and Alaska Department
of Natural Resources all momtor certam human uses oflands and waters and the Impacts
of human use on resources, as do several nongovernmental organIzatIons
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A summary 'of the major programs conducted by the Umted States, State of Alaska,
transboundary orgarnzatIons and nongovernmental orgamzatIons follows These programs
have been Incorporated Into the GEM database (see AppendIx B), WhICh WIll Include
projects that are actively collectIng data as well as projects that are no longer active
Inactive projects contaIn consIderable valuable hIstoncal Information relevant to the
productIOn of plants and ammals In the GOA AppendIx D contaInS a reference lIst of
commonly used acronyms and web sIte Imks for these programs and others

IV B 1 US Depmtment of Commelce, NatlOnal Oceanzc and Atmosphellc
AdmlnlstratlOn (NOAA)

NatIOnal Manne FIshenes ServIce (NMFS) Major programs Include the tnenrual
trawl surveys for groundfIsh, WhICh are scheduled to become bIenrual surveys begInnmg
In 2001, annuallonglme surveys pnmanly for sablefIsh and rockfIsh, and the Ocean
CarryIng CapaCIty (OCC) program In the GOA WIth three cruIses a year

Centers responsIble for momtonng WIthIn NMFS are the Alaska FIshenes SCIence
Center, Northwest FIshenes SCIence Center, Southwest FIshenes SCIence Center, and
the Alaska RegIOn Salmon and rockfIsh genetic stock IdentIfIcation are conducted at
Auke Bay Laboratory In Juneau, Alaska FIshIng vessel observer programs that collect

- bIologIcal Information are conducted out of the Alaska FIshery SCIence Center In Seattle
Manne mammal survey programs mclude the Cook Inlet manne dnft and set gl1lnet
observer program, and the Cook Inlet beluga populatIOn survey Offshore kIller whale
surveys In the GOA are conducted by the Southwest FIshenes SCIence Center as part of
a coast-WIde program The NatIOnal Manne Mammal Laboratory and the OffIce of
Protected Resources (OPR) are cooperators WIth the U S GeologIcal Survey (USGS)
and the NatIOnal InstItute of Standards and Technology (NlST) In conductmg the NatIOnal

-~ Marme Mammal Health and StrandIng Response Program Human uses are momtored
- through the FIshenes StatIstics and Econonucs DIVISIon, whIch maIntams U S commerCIal

and recreatIOnal fIshenes statistical data, such as pounds and dollar value of commercIal
landIngs

OceanIC and Atmosphenc Research (OAR) OAR IS a complex of oceanographIC
and macrofauna momtonng and evaluatIOn actIvIhes that Involves NMFS and other NOAA
personnel The fIshenes oceanography program (FOCI) In the PaCIfIC Manne
EnVIronmental Laboratory (PMEL) m Seattle has a project m the ShelIkofStraIt, between
KodIak and the Alaska PenInsula ThIs and other GOA momtonng projects are conducted
by the Resource Assessment and Commumty Ecology (RACE) program, a dIVISIOn of
the Alaska FIshenes SCIence Center ofNMFS PMEL also conducts retrospective fishenes
and oceanographIC studIes and the rescue and dIssemmatIOn of older data collected by
PMEL SCIentIsts OAR's ClImate DIagnostICS Center holds the ComprehenSIve Ocean­
Atmosphere Data Set (COADS) WIth surface manne data SInce 1854 OAR also houses
FIshenes and Oceanography and Benng Sea Ecosystem StudIes Cooperative Inshtute
for ArCtIC Research (CIFAR) and Sea Grant Some NOAA-sponsored projects, such as
U S Global Ocean Ecosystems DynamICS (US GLOBEC), work through CIFAR on
fundIng ongInatIng In the NatIOnal Ocean ServIce Both CIFAR and Sea Grant support
research projects at umversItIes

NatIOnal Ocean ServIce (NOS) In cooperatIOn WIth the National SCIence FoundatIOn,
NOS supports oceanographIc research m the GOA, prOVIdIng about half the support for
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the Northeast PaCIfIc subprogram of the US GLOBEC SubstantIal projects of the
GLOBEC program are retrospectIve analyses and momtonng studIes NOS IS responsIble
for the Kachemak Bay EcologIcal CharactenzatIOn study NOS also conducts the NatIOnal
Status and Trends Program whIch currently mcludes GOA samples m the Mussel Watch
contammants project and whIch formerly mcluded the BenthIC Survelllance Project m
Alaska SpeCImens are held m the Specrrnen BankIng Project at the NatIOnal InstItute of
Standards and Technology (see NlST, below)

NatIOnal EnVIronmental SatellIte, Data, and informatIon ServIce (NESDIS) NESDIS
holds most of the hlstoncal mformatIOn gathered by NOAA agenCIes and current satellIte,
oceanographIc, and buoy data, and sea Ice mformatIOn Much of the mformatIOn IS
stored at the NatIonal OceanographIc Data Center (NODC) and the NatIonal Chmate
Data Center (NCDC) NODC and NCDC cooperate WIth NASA, the NatIOnal Weather
ServIce, and many mternatIOnal agenCIes to proVIde global mformatIOn such as sea surface
temperature, wmd speeds and vectors, bIOlOgIcal prodUCtIVIty, sal1ll1ty, absolute sea heIght,
and other types of observatIOns

NODC IS a major partner m a number of Umted NatIOns (UN) proJects, one of whIch
IS the Global Ocean Observmg System (GOOS) One element of GOOS uses shIps of
opportumty to collect global weather and meteorologIcal data

NatIOnal Weather ServIce (NWS) NWS has real-trrne weather and oceanographIc
data at the NatIOnal Buoy Data Center, and It cooperates WIth NODC to prOVIde hIstoncal
momtonng data NWS programs actIve m the GOA mclude the Moored Buoy Program
and the Coastal Marme Automated Network (C-MAN)

NatIOnal InstItute of Standards and Technology (NlST) The NIST cooperates WIth
USGS, NMFS, and OffIce of Protected Resources WIth the NatIOnal BIOmomtonng
Specrrnen Bank

N B 2 State ofAlaska

Alaska Department of EnVIronmental ConservatIon (ADEC) The DIVISIon of AIr
and Water Quahty (AWQ) IS concerned WIth pubhc health and enVIronmental problems
throughout Alaska The Year 2000 stateWIde water qUalIty assessment IS a project to
descnbe the nature, status and health of Alaska's waters, and to IdentIfy restoratIOn and
protectIOn needs The AWQ also momtors ambIent water quahty through the State Water
DIscharge PermIts and CertIllcatIon program and the Non-Pomt Source Water PollutIOn
Control program DIscharge permIts, such as that for the Alyeska Manne Termmal m
Valdez, requIre that the permltee momtor both surface water and ground water for such
contammants as petroleum, PCBs and heavy metals Momtonng data from about 3,000
SItes stateWIde (l,000 of whIch are m the 011 splll regIon) are stored m the Contammated
SItes Database The Non-Pomt Source Water PollutIOn Control program keeps a hst of
"lillpaIred waterbodles," that IS, waterbodles that do not meet state water qualIty standards
ADEC also funds non-pomt source water pollutIOn momtonng projects WIth funds
authonzed by Congress under SectIon 319 of the Clean Water Act and admmlstered by
the EnVIronmental ProtectIOn Agency (EPA)

ADEC has awarded EPA 319 funds to several cItIzen-based momtonng programs,
such as the Cook Inlet Keeper's water momtonng program m lower Cook Inlet, the
KenaI Watershed Forum, and wetlands studIes by the Nature Conservancy In partnershIp
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wIth other agencIes, ADEC IS developmg a bIOassessment project m the Cook Wet
bIOregIOn ThIS project seeks to develop protocols for water samplmg that are better
sUIted to condItions m Alaska than the current samplmg protocols

The Cook Inlet Information Management and Momtonng System (CIIMMS) IS a
project, funded by the Trustee Council, to develop a websIte for fmdmg, contnbutmg and
shanng mformatIon for the Cook Inlet watershed regIOn CIIMMS IS rntended to support
momtonng, 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 Envlfonmental Health routmely tests and certIfIes clams from
commercially harvested shellfIsh beaches and shellfIsh farms for paralytic shellfIsh
pOisonmg (PSP) The dIVISIon also momtors PSP m kmg crab m PWS and m Dungeness
crab and Tanner crab m PWS, Cook Inlet and KodIak Island The Contammated SItes
program momtors superfund SItes, abandoned mIlItary SItes and other contammated SItes
throughout the state

Alaska Department of FISh and Game (ADF&G) The DIVISIon of Commercial
Fishenes does substantial momtonng of salmon and other anadromous fIsh speCIes,
hemng, crabs, shnmp and several other mvertebrate speCIes, and some speCIes of
mammals ADF&G IS responsIble for the GOA portIon of the Coded WIfe Tag database,
whIch contnbutes to understandmg ocean dIstnbutIOns of salmon The department's
pomt of sales (fIsh ticket) mformatIOn supports understandmg of abundance and
dIstnbution of salmon, crabs, hemng, and other speCIes ADF&G has extensIve hIstoncal
InformatIOn on the dIstnbutIOn of some speCIes of crab and shnmp m the GOA from
Southeast Alaska to the AleutIan Islands ADF&G has archIves of scales and SIze at age
from salmon and hemng that enable understandmg of hIstoncal marme growth regrrnes

An extensIve archIve of genetic data on chum, sockeye and other specIes of salmon
IS bemg assembled by ADF&G m cooperatIOn WIth NMFS and agencIes of natIOns
partICIpating m the North PaCIfIc Anadromous FISh Comffilssion (NPAFC) The data
enhance understandmg of the oceamc dIstnbutIOn of salmon, and thereby contnbute to
understandmg oceamc regrrne ShIfts ADF&G also conducts genetic research on crabs,
some rockfIsh, hemng, and pollock

The ADF&G and cooperatmg aquaculture assocIations also collect some phySICal
and bIOlogIcal oceanographIc data, such as KodIak nearshore sea surface temperatures,
KItOi Bay zooplankton bIOmass (Eggers et al 1991), and PWS zooplankton settled
volumes The ADF&G SubSIstence DIvlSlon's WhIskers database on SubSIstence harvest
ofmarme mammals IS part ofa larger NOAA sponsored program In addItion, the WildlIfe
Conservation DIVISIon momtors harbor seals m cooperatIOn WIth NMFS

The Sport Fish DIVISIon conducts port samplmg of groundfIsh for mformatIon about
the recreational effort, catch and harvest of rockfIsh, lmgcod and halIbut m the northern
GOA ThIS project conSISts of catch samplIng and angler mterviews The SubSIstence
DIVISIon collects data on SubSIstence fIsh and shellfish harvest The HabItat DIVISIOn
momtors the effect of certam actiVIties on anadromous fish streams Smce 1990, the
dIVISIon has been momtonng complIance WIth the Alaska Forest PractIces regulatIOns on
pnvate land Smce 1998, the HabItat DIVISIon has been researchmg the effects of stream
crossmg structures on fIsh habItat and fish passage on the KenaI Pemnsula Note that
most ADF&G marme programs serve to proVIde mformatIOn to NOAA programs
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Alaska Department of Natural Resources (ADNR) The ADNR momtors certam
uses ofland and resources on state lands and waters The DIvIsIon of 011 and Gas perfonns
fIeld mspectIOns of actiVIties on state ou and gas leases The DlvlSlon ofForestry momtors
comphance wIth the tenns of state timber sales The DIvIsIon of Parks and Outdoor
RecreatIOn tracks use of state-owned recreatIOn faclhtIes such as campgrounds, cabms
and parkmg faCUltieS Penodlcally, staff mspect these faCUlties The DIvIsIOn of Mmmg,
Land and Water Issues aquatic farmmg pennlts, shore fIshery leases and other pennlts
and leases for use of state-owned tidelands and uplands The DIvIsIOn mamtams statistics
on the number of apphcatIOns submItted and Issued and momtors comphance wIth tenns
and condItIOns of pennlts and leases

Alaska Department of Commumty and Econormc Development (ADCED) Each
year, the DIvIsIOn of Tounsm pubhshes Alaska VlSltOl Ailivals and the Alaska VISUOl
Industry Economic Impact Study These studIes are based on secondary data No field
surveys have been conducted smce the 1993-1994 Alaska VisUm Statistics PI Ogl am III

Alaska Department of Health & SOCIal ServIces (ADHSS) The DIVIsIOn of Pubhc
Health has conducted several retrospeCtive studIes ofcontammatIOn m SubSIstence foods
One study exammed 20 years of data on trace metal analySIS m manne mammals and
another exammed the occurrence ofcontammants m SubSIstence foods, wIth an emphaSIS
on methylmercury, cadrmum and PCB levels

Umverslty of Alaska The umverslty has extensIve programs that are relevant to
GEM Four federally and state supported programs wlthm the umverslty system are
expected to proVIde substantIal expertIse and mfonnatIOn of mterest the School of
Flshenes and Ocean SCIences, the Sea Grant Program, the National Underwater Research
Program, and the Institute of SOCIal and EconomIc Research Two umverslty umts focused
pnmanly on areas related to GEM are covered m more detaIl below

Institute ofManne SCience (IMS) School ofFlshenes and Ocean SCIences SCIentists
assocIated with IMS have compl1ed much of the hlstoncal data relevant to the GEM
program IMS produced the comprehensIVe reVIew (Rosenburg 1972) m preparatIOn for
the extensIve and mtensIVe envrronmental studIes sponsored by the Mmerals Management
ServIce m the 1970s (Hood and Zimmennan 1986) The IMS mamtams a mstonc database
of oceanographIC measurements from the GOA, and It currently operates the RN Alpha
Hellx, a l33-foot research vessel, for the National SCIence FoundatIOn

InteJnatlOnal AICtlC ReseaJch Centel (IARC) IARC promotes mternatIOnal
collaboratIOn m global change research m the arctic IARC and GEM share a number of
common elements In the SCIence plan for IARC, key elements are understandmg the
relatIve contnbutlons of natural and manmade causes to chmate change, understandmg
what to measure m order to detect changes, and predlctmg the unpacts of change on
humans The IARC Research Framework has eIght themes, four of wmch are relevant to
the GEM program 1) detectIOn of contemporary changes, 2) arctic paleochmatIc and
paleoenvrronmental reconstructions, 3) unpacts, consequences of change and educatIOn,
and 4) mtegratIOn of research on a regIOnal scale

IV B 3 U S Depm tment of the IntellOl (DOl)

FIsh and Wl1dhfe ServIce (USFWS) The Alaska MantIme NatIOnal Wl1dhfe Refuge
(AMNWR) momtors ten seabrrd colomes annually, four of whIch are m the GOA The
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AMNWR also momtors other sItes on a penOdIC basIS largely dependent upon aVaIlabIlIty
I

of funds

MInerals 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 momtonng, mappIng of np tIdes, Cook Inlet
forage fIsh and others MMS has funded a vaned range of project types for many years

U S GeologIcal Survey, BIOlOgical Resources DIVIsIOn (USGS BRD) BRD
mamtams a seabIrd database and a pelagIc seabIrd atlas BRD cooperates WIth many
other projects from several agencIes to obtam the contents of thIs database In addItion,
smce the 1970s BRD has had an extensIve seabIrd-momtonng project at MIddleton Island,
the MarIne BIOlOgical StatIOn BRD also IS m the process of assemblmg the PacIfic
SeabIrd Momtonng Database The Alaska Manne Mammals TIssue ArchIval Project
(AMMTAP) and the SeabIrd TIssue ArchIval Momtormg Project (STAMP) are probably
the most sIgmficant contammants studIes m Alaska BRD partIcIpates as part of a large
multIagency SUIte ofprojects dIscussed below In addItIon to bIOlogIcal programs, USGS
has extensIve expertIse m other areas of mterest to GEM, such as long tIme senes of
measurements of freshwater runoff, and the capabIlIty to produce hIgh-resolution maps
of the sea floor (Gardner et al 1998)

GeologIcal Survey, Water Resources DIVIsIOn The Cook Inlet Basm Study Umt,
part of the NatIOnal Water QUalIty Assessment program (NAWQA), exammes trends m
water qualIty over a nIne-year penod Measurements are made to determme water
chemIstry m streams and aqUIfers, the quantIty of suspended sedIment and the qualIty of
bottom sedIments m streams, the vanety and number of fish, benthIc mvertebrates and
algae In streams, and the presence of contammants m fIsh tissues

IV B 4 NatIOnal SClence FoundatIOn (NSF)

The NatIOnal SCIence FoundatIon IS a quasi-mdependent U S govenIment agency
supportIng SCIence and engmeenng programs worth over $3 3 bIllIOn per year Program
areas of potential mterest to GEM are Polar Research, GeOSCIences, and BIOlogy NSF
also contnbutes fundmg for GLOBEC, FOCI and other projects of mterest to GEM

IV B 5 Envlronmental PlotectwnAgency (EPA)

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 GEM
program IS the EPA's EnVIronmental Momtonng and Assessment Program (EMAP), whIch
seeks to fulfIll a natIonal mISSIOn that IS very SImilar to some elements of GEM's regional
charge The purposes of the EMAP program are to proVIde a comprehensIve report card
on the status ofthe ecologIcal 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) IS also relevant to GEM

EPA also Issues NatIonal PollutIon DIscharge ElImmatIOn System (NPDES) permIts,
whIch typIcally requIre that the penmttee momtor dIscharges Penmttees mclude the
Alyeska MarIneTenmnal m Valdez, seafood processors, hatchenes and loggmg compames
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EPA also maIntaInS a hst of hazardous waste handlers under the Resource ConservatIOn
and Recovery Act (RCRA) and may requIre that the handlers momtor certaIn aspects of
theIr actIvItIes The RCRA hst IS based on those who report the handlIng of hazardous
wastes through, for example, storage or transport EPA also momtors Superfund sItes

IV B 6 US F01estSelvlce(USFS)

The U S Forest ServIce (USFS) IS an agency of the U S Department ofAgnculture
that has substantIal responsIbIlIty for controllIng 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 momtonng mstrument The USFS also reports on use of campgrounds, VIsItor
centers and other facIlItIes operated by the agency m the GOA regIOn The Forest ServIce
has extensIve expenence m watershed analysIs and plannmg for ecosystem-based
management (USFS 1997) ExtensIve expenence m developmg sCIentIfIc mformatIon
relevant to balancmg multIple uses of publIc lands and waters IS avaIlable for planmng
momtonng and research

IV B 7 Nongovel nmental 01 gamzatLOns

RegIonal CItIzens AdvISOry CouncIl (RCAC) bodIes were establIshed follOWIng the
1989 Exxon Valdez 011 spIll under the federal OIl PollutIon Act of 1990 (OPA 90) The act
estabhshed, among other thIngs, demonstratIOn programs to Involve local CItIzens In
overseeIng the enVIronmental Impact of 011 termInals and tanker operatIons In two locatIons,
Cook fulet and PWS The Cook fulet RegIonal CItIzens AdvISOry CouncIl (CIRCAC)
momtors the enVIronmental Impacts of termInals and tankers m Cook Wet The CIRCAC's
envIronmental momtonng program Includes studIes of sedIment chemIStry, hydrocarbon
accumulatIon, sedIment 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 Momtonng Project momtors nme sItes
In PWS and the GOA for hydrocarbons m the water, sedIment and mussels The data
provIde a benchmark for asseSSIng the Impacts of 011 transportatIon and future oIl spills
The study dIscnmmates among hydrocarbons resultIng from bIOlOgIcal processes (MathIsen
1972), combustIon sources (pyrogemc) and petroleum products or resIdues from natural
coal deposIts (petrogemc) The PWSRCAC has also studIed the nsk ofmvasIOn by non­
IndIgenous specIes through the dIscharge ofballast water, control of tanker loadIng vapors,
ballast water mfluent at the Valdez Marme TermInal, and the use ofcaged mussels to momtor
effluent from the Alyeska Ballast Water Treatment Facility

Cook fulet Keeper IS a nonprofit group dedIcated to protectIng Cook fulet's watershed
The Lower KenaI Pemnsula Watershed Health Project momtors four hIgh value salmon
streams WIth mcreasIng human use ThIS group also trams volunteers to momtor water
qualIty at many sItes m the Cook Inlet watershed Currently, momtonng sItes are
establIshed around KenaI, Homer and Anchor POInt Parameters measured are temperature,
pH, dIssolved oxygen, sahmty, turbIdIty, conductance, bactena, OXIdatIOn-reductIon
potentIal, macromvertebrates, ortho-phosphate, apparent color and mtrate-mtrogen

KenaI RIver SportfishmgASSOCIatIon (KRSA) IS a nonprofit orgarnzatIon that provIdes
fInancIal support for npanan zone habItat conservatIOn and rehabIlItatIon KRSA works
In cooperatIon WIth other orgamzatlons, such as state and federal land and fishenes
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management agencIes, and volunteers to stabIlIze and revegetate banks eroded by human
recreatIOnal use and hOUSIng development KRSA has also been Instrumental In
wIdespread InstallatIOn of nverfront walkways on publIc and pnvate property The
walkways are constructed of open metal bar screen that allows npanan plants to grow for
bank stabIlIzatIon, whIle preventIng eroSIOn from tramplIng by humans and proVIdIng
access for recreatIOn

N B 8 T1 ansboundary 0,ganzzatlOns

Transboundary organIZatIOns coordInate InfOrmatIOn-gathenng across natIOnal,
proVInCIal and state boundanes As a result of transboundary conventIons addreSSIng
fIshery management, pollutIon control, and other matters ofconcern In the North PaCIfic,
multInatIonal and Interstate management InstItutIOns have been In place for most of the
twentIeth century These InStItutIons have amassed some of the longest tune senes of
bIOlOgical observatIons In the North PaCIfIC

The umbrella transboundary orgamzatIOn for the North PaCIfIC, the North PaCIfIC
Manne SCIence OrganIzatIon (PICES), was establIshed In 1992 among Canada, People's
RepublIc of ChIna, Japan, RepublIc of Korea, RUSSIan FederatIon, and the UnIted States
PICES coordInates North PaCIfIC (above 30° N) manne InfOrmatIon and research on tOpICS
such as the ocean envIronment, global weather and clunate change, lIVIng resources and
theIr ecosystems, and the Impacts of human actIVItIes In order to faCIlItate the exchange
of InformatIon, the PlCES Techmcal CommIttee on Data Exchange has lInks to long
tIme senes on bIologIcal, phySIcal, and chemIcal oceanography, fishenes, and meteorology
and manne SCIence orgamzatIOns The long tIme senes data set IS a compIlatIon of
voluntary submISSIons from data sources and IS therefore not exhaustIve

_ The InternatIonal PaCIfIC HalIbut CommISSIon (IPHC) was the fIrst multInatIOnal
- fIshery management organIzatIon In the North PaCIfic, establIshed by the UnIted States

and Canada In 1923 The IPHC annual survey proVIdes a long tIme senes of standardIzed
catch of PaCIfIC halIbut and assocIated speCIes The IPHC tIme senes of research vessel
surveys starts In 1925 It IS a partIcularly valuable record of orgamsms assocIated WIth
the benthos because of the scrutIny It has receIved as the baSIS for many peer reVIewed
publIcatIons over the years

The InternatIonal PaCIfic Salmon FIshIng CommISSIon (IPSFC) (1937-1985) was
establIshed by the UnIted States and Canada In 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 CommISSIon (pSC), have compIled a very long tIme senes
of annual Fraser RIver salmon productIOn, augmented by substantIal tune senes of
estImated sockeye salmon productIVIty by year of spaWnIng The PSC also has tIme
senes of annual harvest and explOitatIon rates for selected chInook salmon populatIons,
as well as catch and other tIme senes data for all salmon speCIes

The InternatIOnal North PaCIfIC FIshenes CommISSIon (INPFC) (1952-1993, US,
Canada, Japan) and ItS successor, the North PaCIfIC Anadromous FIsh CommISSIOn
(NPAFC) (1993 on), coordInate research and harvest of salmon and other anadromous
speCIes above latItude 33° N outsIde the 200-mIle zones of the signatones SIgnatory
natIons are the Umted States, Canada, Japan and RUSSIa and the cooperatIng natIons are
Poland, South Korea, and Taiwan The INPFC publIshed long tIme senes of catches for
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pnncIpal groundfIsh speCIes, crab, shrImp and hernng for the sIgnatones and cooperatmg
natIOns The INPFC statIstIcal yearbooks (produced from 1952-1992) contam bIOlogIcal
tune senes on groundfIsh, crabs, and manne mammals The NPAFC statIstIcal yearbooks
(produced from 1993-1995) are the defmItIve source for catch, weIght and hatchery
releases for salmon m the North PacIfic, as well as pnncIpal groundfIsh speCIes, crab,
shnmp, and hemng

The ArctIc Momtonng and Assessment Programme (AMAP) IS an rnternatIOnal
cIrcumpolar program WhICh seeks to momtor anthropogemc pollutants m all parts of the
arctIc enVIronment ObservatIons extend mto the Benng Sea, but not mto the GOA as
yet At a meetmg m RovamemI, Fmland the natIOns of Canada, Denmark/Greenland,
Iceland, Norway, Sweden, the SOVIet Umon, and the Umted States entered rnto the
"RovamemI process" to promote arctIc envIronmental protectIon The "RovamemI
process" produced a senes of "State of the ArctIC EnvIronment" reports on potentIal
pollutants rn dIfferent parts of the arctIc enVIronment and ItS ecosystems m 1991 The
FlfSt ArctIc MmIstenal Conference m RovamemI, Fmland (June 1991) establIshed
mternatIonal cooperatIon for the protectIOn of the arctIc, and led to the adoptIOn of the
ArctIc EnvIronmental ProtectIon Strategy (AEPS) TheAMAP reports contam tIme senes
data on contamrnants rn the areas of mterest The polIcy body for AMAP IS the ArctIc
CounCIl

The PacIfIC States Marrne FIshenes COmmISSIOn (pSMFC) IS an rnterstate orgamzatIOn
created by the US Congress m 1947 to coordmate fIshenes Issues among CalIfornIa,
Oregon, Washmgton, Idaho, and Alaska The PSMFC RegIOnal Mark Processmg Center
IS the keeper of the salmon coded WIre tag data base, an authontatIve source for tune
senes observatIOns on dIstnbutIon of ocean catches from CalIfornIa to Alaska, mcludrng
Canada, smce 1972

IV B 9 Global Cltmate Change Resemch

The Umted States IS partIcIpatrng as part of a world-WIde network dedIcated to
measunng and understandmg global clunate change Global change research programs
are valued m the bIllIons of dollars, WIth state, natIonal and mternatIOnal partners and
cooperators Four mternatIOnal oceanographIc mvestIgatIOns on global clunate change
have elements relevant to the North PaCIfIC Global Ocean Ecosystems DynamICS
(GLOBEC), World Ocean CIrculatIon Expenment (WOCE), Jomt Global Ocean Flux
Study (JOOFS), and Global Ocean Observmg System (OOOS) each rely on the personnel,
facIlItIes and frnances of the natIons and orgamzatIOns that partICIpate rn the transboundary
orgamzatIOns descnbed above

GLOBEC IS the global change program of the InternatIonal Geosphere-BIOsphere
Programme (lGBP) of the InternatIonal CounCIl for SCIence The IGBP proVIdes an
mternatIOnal, rnter-dIscIplrnary framework for the conduct of global change SCIence
GLOBEC IS an oceanography program that IS examrnmg a number of hypotheses that
rnclude a commercIally harvested fISh speCIes, prnk salmon A key GLOBEC hypothesIs
IS that rapId growth and hIgh survIVal of pmk salmon depend on cross-shelf Import of
large zooplankton from offshore to nearshore waters GLOBEC IS also collectmg data
on zooplankton specIes, mcludrng a copepod and several knll speCIes PhySIcal processes
to be examrned mclude stratIfIcatIOn, cross-shelf-transport, downwellrng and mesoscale
cIrCUlatIon rn the GOA Another part of IGBP IS the Jomt Global Ocean Flux Study
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(JGOFS), which is studymg the role of the ocean m controllmg cllillate change through
the storage and transport of heat

The GOOS, orgaruzed by the Intergovernmental Oceanographic CommisSiOn (IOC)
of the Uruted NatiOns EducatiOnal SOCial and Cultural Orgaruzation (UNESCO), is to be
a permanent global system for collectmg data, modehng and analyzmg manne and ocean
processes worldWide Another IOC sponsored program is the World Ocean CrrculatiOn
Expenment (WOCE) under the auspices of the World MeteorologtcalAssociatiOn WOCE
sponsors a large number of mvestigations drrected at understandmg the movement of
water masses m the world's oceans, mcludmg the PaCifiC and North PaCifiC

IV C The Gulf of Alaska Ecosystem

The baSiC SCientifiC mformatiOn relevant to GEM crosses many disciplmary
boundanes Although roughly orgaruzed mto meteorology, oceanography and biOlogy,
nammg these baSiC areas of SCientifiC study does not exclude others Such disciplmes as
economiCS, fishenes, pubhc admirustratiOn, and many others also contnbute to the very
large body of SCientifiC mformatiOn relevant to GEM

SCientuic observatiOns for the SCientIfic hterature were frrst recorded m the GOA
about 1741 Accounts of exploration m the ffild-to-late 18th century were followed rapidly
by the commerCial records of explOitatiOn startmg m the late eighteenth century and
contmumg to present Records contnbuted by tramed SCientists accumulated steadily
but slowly from 1741 until the end of the nmeteenth century Efforts to apply SCience to
management ofexplOited wild arumal populatiOns, especially fur seals and salmon, started
m the late nmeteenth century The ongmal observations were formal descnptions and
nomenclature for manne mammals and salmon, followed by phySical oceanography and
cartography

Given the long time span and diverSity of aVailable mformatiOn, it is fortunate that
summanes are available m three key reViews (FranCiS et al 1998, Hood and Zmunerman
1986, Rosenburg 1972) Rosenberg (1972) presents the status of knowledge up to 1970
Hood and Zrrnmerman (1986) summanze much of the very large volume of sCientifiC
data collected m relation to oil and gas exploration dunng the decade endmg about 1982
Efforts to syntheSize and focus multidisciphnary data to explam changes m productiOn
of brrds, fish and mammals are addressed by FranCiS et al (1998) A fourth source proVides
a bnef reView of the most recent work on hnkages between meteorology, oceanography
and biology m the North PaCifiC Ocean (Welch and Batten 2000)

Based on the key reViews and the most recently pubhshed hterature, the followmg is
a synopSiS of biOlogical and geophYSical aspects of the northern GOA ecosystem,
begtnnmg With the geological features that define the ocearuc and coastal regtmes Next,

I

ocean crrculauon and how it affects nutnent recychng is descnbed Fmally, the phySical
and chemical processes that set the bounds for productiVity and control the transport of
orgaruc matter are discussed ThiS sets the stage for the conceptual foundauon that is
descnbed m the followmg sectiOn

IV C 1 The GulfofAlaska

The GOA encompasses watersheds and waters south and east of the Alaska Penmsula
from Great Sitkm Island (176° W), north of 52° N to the Canadian mamland on Queen
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Gulf of Alaska

Distribution
of oil

Figure 2. Distribution of oil from the Exxon Valdez oil spill.

Charlotte Sound (127° 30' W). Twelve and a half percent of the continental shelf of the
U.S. lies within GOA waters (Hood 1986).

The area of the GOA directly affected by the Exxon Valdez oil spill (Figure 2)
encompasses a broad diversity of terrestrial and aquatic environments. Within terrestrial,
freshwater, estuarine, nearshore marine, and offshore marine environments, geological,
climatic, oceanographic, and biological processes interact to produce the highly valued
natural beauty and bounty of this region.

Human uses of the GOA are extensive. The GOA is a major source of food and
recreation for the entire nation, a source of traditional foods and culture for indigenous
peoples, and a source of food and enjoyment for all Alaskans. Serving as one of the
"lungs" 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 it is a source of beauty and inspiration to those who love natural things.

IV C. 1. a. Terrestrial Boundaries

The eastern boundary of the GOA is a geologically young, tectonically active area
that contains the world's third largest permanent ice field, after Greenland and Antarctica
(Figure 3). Consequently, the watersheds of the eastern boundary of the GOA lie in a

50



GEM Science Program NRC Review Draft April 21, 2000

series of steep, high mountain ranges. Glaciers head many watersheds in this area, and
the eastern boundary mountains trap weather systems from the west to largely define the
climate of the GOA region. From the southeastern GOA limit (520 N at landfall) moving
north, the eastern GOA headwater mountain ranges and height of the highest peaks are
the Pacific Coast (10,290 ft.), St. Elias (18,000 ft.), and Wrangell (16,390 ft.). Northern
boundary mountain 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 in the north by the Alaska Range and to the south-southwest by the Aleutian
Mountains (7,585 ft.).

Relatively few major river systems manage to pierce the eastern boundary mountains,
although thousands of small independent drainages dot the eastern coast line and islands
of the Inside Passage. Major eastern rivers from the south moving north to the perimeter
of PWS are the Skeena and Nass (Canada), the Stikine, Taku, Chilkat, Chilkoot, Alsek,
Situk, and Copper. All major and nearly all smaller watersheds in the GOA region support
anadromous fish species. For example, although PWS proper has no major river systems,
it does have over 800 independent drainages that are known to support anadromous fish
species.

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,

.~., .,:.::::. - ~

Figure 3. Satellite radar image of the northern Gulf of Alaska. Continental shelf, sea­
mounts, and abyssal plain can be seen in relief. (Composite image from SEAWIFS
Remote Sensing satellite, NOAA).
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there are only two major nver systems on the western coastal boundary of the GOA, the
Crescent and the Chlgmk, although many small coastal watersheds connected to the
GOA abound KodIak Island, off the coast of the Alaska Penmsula, has a number of
relatIvely large nver systems, mcludmg the Karluk, the Red, and the Frazer

The nature of the terrestnal boundanes of the GOA IS Important m deflmng the
processes that dnve bIologIcal productIOn m all enVIronments As descnbed m more
detaIl below, the Ice cap and the eastern boundary mountams create substantIal freshwater
runoff that controls salmlty m the nearshore GOA and helps dnve the eastern boundary
current The eastern mountams slow the pace ofand deflect weather systems that mfluence
productIVIty m freshwater and marme enVIronments

IV C 1 b Coastal Boundalles

The GOA shorelme IS bordered by a contmental shelf rangmg to 200 meters m depth
(FIgure 3) ExtensIve and spectacular shorelme has been and IS beIng shaped by plate
tectomcs and maSSIve glaCIal actIVIty (Hampton et al 1987) In the eastern GOA, the
shelf IS vanable m WIdth from Cape Spencer to MIddleton Island It broadens consIderably
m the north between MIddleton Island and the Shumagm Islands and narrows agam
through the AleutIan Islands The contmental slope, down to 2000 meters, IS very broad
m the eastern GOA, but It narrows steadIly southwestward of KodIak, becommg only a
narrow shoulder above the wall of the deep AleutIan Trench Just west of UnImak Pass
The contInental shelf IS mClsed 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 morames and slumped sedIments (Molma 1981)

IV C 1 c Mallne-Tellestllal Lmkages

The role of manne Inputs to the watershed phase of regIOnal bIogeochemIcal cycles
has been recogmzed for some tIme (MathIsen 1972) Marme nutnents are transported to
watersheds by anadromous speCIes, such as salmon (Klme Ir et al 1993, Ben-DaVId et
al 1998a), by manne feedmg land anImals, such as nver otters (Ben-DavId et al 1998b)
and coastal mmk (Ben-DavId et al 1997a), and by such opporturnstlc scavengers as
nvenne mmk (Ben-DavId et al 1997a), wolf (SzepanskI et al 1999) and martens (Ben­
DavId et al 1997b) In theory, any terrestnal bIrd or marrnnal speCIes that feeds m the
marme envIronment, such as harlequm duck or black-taIled deer, IS a pathway to the
watersheds for manne nutnents SpeCIes that transport marme nutnents play Important
roles m supportmg a WIde dIversIty of other fauna and flora, as detennmed from levels of
manne mtrogen m Juvemle fIsh, mvertebrates, and aquatIc and npanan plants (BIlby et
al 1996, PIorkowskI 1995, Ben-DaVId et al 1998a, 1998b) In studIes ofa small Alaska
stream contammg chmook salmon, PIorkowskI (1995) supported the hypothesIs that
salmon carcasses can be Important m structunng aquatIc food webs In partIcular,
mIcrobIal composItIOn and dIversIty detennmes the abIlIty of the stream ecosystem to
utIlIze nutnents from salmon carcasses, a pnnclpal source of marme mtrogen

The role of manne nutnents In watersheds IS key to understandmg the relatIve
Importance of clImate and human-mduced changes m populatIon levels ofbIrds, fish and
mammals Indeed, losses of basIc habItat productIVIty due to low numbers of salmon
entenng a watershed (Klme et al 1993, MathIsen 1972, PIorkowskI 1995) may be confused
WIth the effects of flshenes mterceptIons or manne clImate trends Companson of
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anadromous fish-beanng streams to non-anadromous streams has demonstrated dIfferences
m productIVItIeS related to marme nutnent cyclmg Import of manne nutnents and food
energy to the 10tIc ecosystem may be retarded m systems that have been denuded of
salmon for any length of t1Ille (PIOrkowskI 1995)

PaleoecologIcal studIes m watersheds bearmg anadromous specIes can shed hght on
long-tenn trends m manne produCtIVIty Use of manne mtrogen m sedIment cores from
freshwater spawnmg and reanng areas to reconstruct prehIstonc abundance of salmon
offers some mSIghts mto long-tenn trends m cl1Illate, and mto how to separate the effects
of cl1Illate from human Impacts such as fIshmg and habItat degradatIOn (Fmney 1998)

Watershed studIes hnkmg the freshwater and manne portions ofthe regIOnal ecosystem
could pay 1Illportant 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-tenn, protectIOn ofAlaska's natural resources will reqUITe extendmg the protectIOn
now afforded to smgle speCIes, such as targeted commerCIally Important salmon stocks,
to ecosystem functIOns (Mangel et al 1996) In process-onented 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 nutnent flow
among trophIC levels to IdentIfy and protect ecologlcal processes such as nutnent transport
ApphcatIOns of ecologIcal process measures m Alaska ecosystems have shown the
feasIbIhty and potential Importance of such measures (Klme et al 1990, Khne et al
1993, Matmsen 1972, PIOrkowskI 1995, Ben-DaVId et al 1997a, 1997b, 1998a, 1998b,
SzepanskI et al 1999), as have apphcatIons outSIde ofAlaska (BIlby et al 1996, LarkIn
and Slaney 1997)

IV C 1 d Coastal and Ocean ClI culatlOn
{o

The flow along the shore over the shelf and slope of the GOA IS counterclockwIse or
cyclomc on average (Reed and Schumacher 1986) The flow over the contmental slope
conSIsts of the Alaska Current, a relatively broad, dIffuse flow m the north and east GOA,
and the Alaska Stream, a SWIft, narrow, western boundary current m the west and northwest
GOA (FIgure 4) The Alaska Stream contmues westward along the southern flank of the
Aleutians WIth portIOns of It flowmg northward mto the Benng Sea through the deeper
passes mtersectmg the Aleutian Cham Together these currents compnse the poleward
hmb of the North PaCIfic Ocean's subarctIc gyre and they prOVIde the oceamc connectIOn
between the GOA shelf, Benng Sea, and the PaCIfic Ocean Reed and Schumacher (1986)
suggest that flow m theAlaska Stream IS relatively constantyear round However, Musgrave
et al (1992), Okkonen (1992), and Thomson and Gower (1998) show that sometImes the
Alaska Current and Alaska Stream contam large eddIes or fonn pronunent meanders that
could be Important means for exchangmg water WIth the shelf

The shelf IS topographIcally comphcated, consIstmg of submanne canyons that
punctuate the shelf break, glaCIally carved troughs and morames on the mner shelf, and
numerous banks and shoals The coastlme IS s1Illl1arly complex, conSIStIng of numerous
capes and embayments These features mteract WIth the tidal and subtidal cITCUlatIOn,
causmg mesoscale flow vanabIllty that suggests regIOns oflocally enhanced (or depressed)
bIOlogIcal productIOn Many of the submanne canyons extend across the shelf break,
wmch suggests that these nught be Important pathways for cross-shelf transport
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Figure 4. Currents in the Gulf of Alaska. (S. Danielson IMF).

The most striking feature of the shelf circulation is the Alaska Coastal Current (ACC),
which is a swift (0.2 - 1.8 m s-'), coastally constrained flow, typically found within 35 km
of the coast (Royer 1981 b, Stabeno et aI., 1994). The offshore boundary of the ACC
consists of a front, which might be an important barrier to cross-shelf transport ofphysical ,
chemical, and biological properties. This current persists throughout the year and
circumscribes the GOA shelf for at least 2500 km from where it originates on the northern
British Columbia shelf (or possibly even the Columbia River depending on the season)
to where it enters the Bering Sea through Unimak Pass. In contrast to the ACC, the shelf
flow between the offshore edge of the coastal current and the shelf break is weaker and
more variable (Niebauer et aI. 1981). The source of this variability is uncertain, but
potential mechanisms include separation of the coastal current as it flows around coastal
promontories (Ahlnes et aI. 1987), baroclinic instability of the coastal jet (Mysak et aI.
1981), flow over topography (Lagerloaf 1983), or meandering of the ACC along the
shelf break (Niebauer et aI. 1981).

The dynamics of the basin and the shelf are closely coupled to the Aleutian Low
pressure system. Storm systems propagate eastward into the GOA and are blocked by
the mountain ranges ofAlaska and British Columbia. Thus, the regional winds are strong
and cyclonic and the precipitation rates are very high. The positive wind-stress curl
forces cyclonic circulation in the deep GOA while on the shelf these winds impel an
onshore surface Ekman drift and establish a cross-shore pressure gradient that forces the
ACC. The high precipitation rates cause an enormous freshwater flux (~20 % larger than
the average annual Mississippi River discharge) that feeds the shelf as a "coastal line
source" extending from Southeast Alaska to Kodiak Island (Royer 1982). However, the
seasonal variability in winds and freshwater discharge is large. Cyclonic (or coastal
downwelling favorable) winds are strongest from November through March and feeble
or even weakly anticyclonic in summer when the Aleutian Low is displaced by the North
Pacific High (Royer 1975, Wilson and Overland 1986). The seasonal runoff cycle exhibits
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slightly different phasing from the winds: it is maximum in early fall, decreases rapidly
through winter when precipitation is stored as snow, and attains a secondary maximum
in spring due to snowmelt (Royer 1982).

The shelf hydrography and circulation vary seasonally and are linked to the annual
cycles of wind and freshwater discharge. In late winter, the vertical stratification and the
front bounding the ACC are relatively weak. By contrast, in fall the water column is
strongly stratified and the offshore front is strong. Measurements by Royer et al. (1979)
and Johnson et al. imply that near-surface waters converge from either side of the front.
This pattern of cross-shelf circulation would tend to accumulate plankton, which might
then attract foraging fish. Moreover, the front and the region inshore of it might be an
area of enhanced productivity because entrainment (Royer et aJ. 1979) and/or frontal
instability could resupply the surface layer with nutrients from depth. As shown by
Xiong and Royer (1984), deep shelf waters attain maximum salinities in fall and minimum
in spring. The source of this high salinity water is the annual intrusion of slope water
forced onshor-e and along the bottom of the shelf by the seasonal relaxation (or reversal)
in downwelling (Royer 1975, 1979). Interannual variabibty in the onshore flux of slope
water and/or differences in slope-water properties likely imply similar variability in the
onshore flux of nutrients to the GOA shelf.

Farther offshore, the Alaska Current forms the poleward-flowing eastern portion of
the North Pacific subarctic gyre and generally follows the upper slope and shelf break. It
is broad in the east, but it narrows and strengthens into a western boundary current northeast
of Kodiak Island (Figure 4) into the Alaska Stream, the westward flowing portion of the
subarctic gyre (Reed and Schumacher 1986). This dominant current system often may
have computed velocities in excess of 80 to 100 centimeters/second and net transport in
excess of 6 x 106 m3/s. This is particularly so near the outer Alaska Peninsula and Aleutian
Islands, where sharp salinity decreases inshore generate strong pressure gradients that
force swift flows (Reed and Schumacher 1986). Waters from the shelf and basin of the
GOA eventually enter the Bering Sea through Unimak Pass and then the Arctic Ocean
through the Bering Strait. Thus, the Bering and Chukchi seas are "downstream"
ecosystems with respect to the GOA.
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Figure 5. Oceanic circulation patterns in the far eastern Pacific proposed for negative PDO (left) and
positive PDO (right). (Hollowed and Wooster, 1992).
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With regard to the interannual variability of current flows, it is generaJIy thought that
more inten e cyclonic activity in the atmosphere will result in stronger flows in the Alaska
Gyre and more of the westwind drift will go to the south to the California Current system
(Hollowed and Wooster 1992). The proposed decadal scale variation in currents of the
northeastern Pacific are shown in Figure 5. Weak flow of the Alaska Current in the
eastern gulf have been associated with years ofhigher-than-nonnal salinity (Ingraham et
aI. 199]). Reed and Schumacher (l986) describe a summer] 981 collapse of wind stress
in the eastern gulf, which was accompanied by the widespread distribution of warm and
relatively fresh surface water. At the same time, wind stress increased in the western
gulf, diverting water flowing into the southern gulf more to the northwest. They suggested
that such changes, although neither frequently characterized nor well understood, may
affect biological processes throughout the region. For example, one would expect the
persistence of such conditions to favor water-column stratification, and subsequent
depletion of surface water nutrients during the later portion of the summer growing season.

During periods when the winter Aleutian Low Pressure system is more northerly and
intense, winds in the eastern GOA are stronger (Emery and Hamilton 1985, Mantua et aI.
1997), precipitation is greater, and Ekman transport is greater, which might be expected
to influence variability in mixed-layer depth and productivity. However, in the central
GOA, mixed layer depth variability in the winter is primarily a consequence of changes
in upper-ocean salinity (Freeland et aI. 1998).

IV. C. 1. e. Climatic Oscillations

The GOA has a variable and severe climate and is the incubator for the winter stonns
that sweep across the North America continent via the Aleutian stonn track (Wilson and
Overland 1986). Three semi-pennanent atmospheric pressure regions dominate climate

Figure 6. Typical winter (right) and summer (Ieft)examples of the Aleutian low and Siberian high-pressure
systems. Contours refer to sea-level pressure in millibars (From Carter).
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Figure 7. Mean sea-level pressure patterns from the winters of 1972 and 1977 (From Emery and
Hamilton, 1985).

in the northern GOA-the Siberian and East Pacific high-pressure systems and the Aleutian
Low-pressure system (Figure 6). These have variable, but characteristic, seasonal
locations. The Aleutian Low-pressure system averages about 1002 millibars (Favorite et
al. 1976), is most intense in winter, and appears to cycle in its average position and
intensity with about a 20-25 year period (Rogers 1981, Trenbreth and Hurrel 1994). The

orth Pacific Oscillation (NPO), as this cycle is called, appears to be a major source of
oceanographic and biological variability.

Low-pressure systems or storms frequently arise from the GOA. Although the storm
track is well-known, the severe winter weather that comes from the northern GOA is
unpredictable on a short-term basis, due to the interplay among the relatively warm air
masses over the gulf, the cold continental air masses inland, and the dominating coastal
mountains (Alaska, Chugach and Wrangell-St. Elias ranges) in between. These features
support blocking high-pressure ridges, which deflect storm tracks to the north and south
for periods as long as several weeks, but which have an average persistence of seven to
ten days (Treidl et aI.). This interplay between eastward moving storm systems and
blocking high pressure in winter is quite variable from year to year, but undergoes long­
term cycles on or about the same period as the NPO (White and Clark 1975).

Mantua et aI. (1997) have calculated the Pacific Decadal Oscillation (PDO) index,
which tracks the NPO and is discussed in more detail in Section IY.D.2. The PDO index
had strong positive values from 1900 to about 1912, during most of the 1930s and early
1940s, and then again during the late 1970s, 1980 and 010 t of the 1990s. From about
1948 through 1976 and then again for three years in the early I990s, the PDO was negative
(Hare et al. 1999). Figure 7 shows wintertime examples from two climatic regimes: a
negative PDO regime example from 1972 and a positive PDO example from 1977. In
addition, there is evidence that the Aleutian storm track has shifted to a more southerly
position during the twentieth century (Richardson 1936, Klein 1957, Whittaker and Hom
1982, Wilson and Overland 1986). There also is a low-frequency lunar nodal cycle of
18.6 years, possibly working through an enhancement of poleward geostrophic flow
(due to differences in seawater density) or increased tidal mixing in its positive phase, as
an attractive alternative or complementary hypothesis for external forcing factors (Parker
et aI. 1995).
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N elf MG1 me Nutllents and Fel tlilly

The fertIlIty of GOA waters depends on nutnent recychng from depth to the surface
layer where plants grow The deep waters of the central GOA have some of the hIghest
concentratIons of nutnents and the oldest carbon m the world's oceans (Mantyla and
ReId 1983), consIstent WIth lack of deep-water formatIOn m the north PacIfIc Ocean,
slow turnover and trappmg of sIgmflcant amounts of nutnents at depth Intense
low-pressure systems and cyclomc cIrCUlatIon m the GOA favor nutnent transport to the
surface m the central GOA (ReId 1965), 14C depletIOn m surface waters (Reeburg and
KJ.pphut 1987), and the presence of low-temperature, hlgh-nutnent water (Sambratto
and Lorenzen 1987)

One feature of the Alaska Gyre, also shared wIth the eastern TropIcal PacIfIc and
parts of the Southern Ocean, IS that there IS apparently no lack of the macronutnents
(mtrates, phosphates and sIlIcates) necessary to support phytoplankton growth
(Beklenushev 1957, Hemnch 1957) The tradItIonal VIew has been that grazmg by
zooplankters was suffIcIent to prevent phytoplankters from depletmg macronutnents
(Anderson and Munson 1972) More recent work has explamed the surfeIt of
macronutnents dIfferently m terms of mlcronutnent (Iron) hmltatIon and called lack of
macronutnent lImItatIOn mto questIOn (Freeland et al 1998) Moreover, the questIOn of
the extent oflIrmtatIOns Imposed on prOduCtIVIty by Iron m the GOA IS an Important and
open questIon (pahlow and RIebsell 2000) Non-mtrogen and carbon lImIted growth
allows phytoplankton to dlscnrmnate agamst the "heavy" stable Isotopes, 15N and l3C,
dunng synthesIs of organIc matter Orgamc mtrogen and carbon depleted m 15N and 13C
are passed mto food chams Thus, zooplankton and fIshes from oceanIC waters of the
gulf are 15N and l3C depleted, compared to those from coastal waters such as PWS that
are nutnent lImIted (Klme 1999a)

Onshore movement of more dense offshore water by wmds results m coastal
downwellmg most of the year RelaxatIon of these wmds dunng the summer results m
slIghtly favorable condItIons for upwellIng of deep nutnent-nch water onto the shelf, the
supply of WhICh undoubtedly vanes from year to year For example, m ResurrectIOn Bay
transport of offshore water mto the bay occurs mamly dunng penods of pOSItIve upwellIng
(HeggIe and Burrell 1981) In thIS predommantly downwellmg shelf and coastal reglffie,
the extent to WhICh deep-water nutnents reach the more bIOlogIcally productIve nearshore
surface waters and the mechamsms that transport It there durmg most of the year are only
sketchIly understood Bottom water m coastal fjords appears to be renewed by water
ongmatmg from shallower than 250 m m the central gulf (Muench and HeggIe 1978)
Renewal ofbottom water m shallOW-SIll coastal fjords, lIkeAIalIk Bay on the outer KenaI
Penmsula coast, occurs m sprmg From near-umform densIty throughout the water column
m wmter, deve10pmg densIty gradIents m the fjords m the spnng allow denser (from
wmter coolmg and reduced freshwater runoff) shelf water that enters as dlstmct masses
on Apnl tIdes to SInk to the bottom of these fjords Deeper fjords, such as PWS, are
renewed m late summer and early fall as relatIvely warm and salme water ongmatmg m
the central gulf below 150 m moves onto the shelf under condItIOns of reduced
downwellmg and onshore convergence of surface water

Deep water renewal processes were speculated to explam the occurrence of GOA­
ongm copepods undergomg dlapause wlthm PWS (K1me 1999a) Long-term ShIftS ill

the deepwater renewal process could thus affect vanabillty m a source of zooplankton
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forage for juvenile salmon and other PWS consumers, since it is the offspring of diapausing
copepods that form the bulk of subarctic Pacific zooplankton blooms (Miller et al. 1984).

IV. C. 1. g. Plankton and Productivity

Some of the basic conditions for phytoplankton growth in the central GOA, based on
data from Ocean Station P, are outlined by Sambratto and Lorenzen (1987). The annual
cycle starts in spring when the compensation depth for primary production increases to
below 150 m with increasing insolation time and solar incident angle. At the same time,
the mean mixed-layer depth, constrained from below by a permanent halocline at 150 to
100 m, rises rapidly between April and May from below 100 m to about 50 m. These
changes result in a rapid increase in phytoplankton production in surface waters to between
200 and 800 mg C m-2 dol through the summer, but the actual data to support this estimate
of production are limited (Miller et al. 1991). The reported average annual rate of 170 g
C mo2y l is one of the highest in the world's oceans (Welschmeyer et al. 1993). Historical
data suggest that nitrate and other macronutrients are not limiting in the area reached by
sunlight (photic zone) during the growing season (Dugdale 1967, Hattori and Wada 1972,
Miller et a1. 1991). It is possible that the GOA may have undergone a change with
respect to the role of macronutrient control, based on more recent data (Freeland et al.
1998). The micronutrient iron has been suggested as a limiting factor, but it appears that
iron may set the characterisitics of the phytoplankton community but not be limiting per
se to the dominant small phytoplankton cells that attain a high level of productivity (Miller
et al. 1991).

A great deal of uncertainty about primary production is due both to a sparsity of
direct measurements and to the fact that chlorophyll-a does not increase much during the
annual production cycle (Anderson et al. 1977). Intense grazing during growth and sinking
of cells are possible contributing causes (Booth et al. 1993). Recently, Mi11er et al. (1991)
suggested that consideration of the grazing protozoans as an intermediate trophic step

Figure 8. Biomass of plankton for the spring and summer period are contrasted for a negative PDO
period (left) and a positive PDO period (right). Box Arepresents 100-200 g/1 000 m3 zooplankton
biomass, Box Brepresents 201-300 g/m3, and Box Crepresents >300 g/m3.
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between phytoplankton and large copepods (MIller et al 1984) could well explam the
lack ofphytoplankton blooms m the presence of relatIvely low numbers of large copepods
A further IteratIon of a model that explams prOductIVIty m the surface waters of the
Alaska Gyre IS presented by MIller (1993) EssentIally, hIgh prodUCtIVIty IS mamtamed
by a shallow mIxed layer that perSIsts throughout the year, thereby preventmg loss of key
orgamsms out of the photIC zone, mcludmg the abundant protozoans, WhICh have hIgh
enough rates ofcellular dIVISIon to keep up WIth the phytoplankton populatIons Ammoma
recycled qUIckly from the mlcro- and macrozoop1anknton to the phytoplankton (mamly
flagellates) apparently explams the contmuous hIgh concentratIOns of dIssolved mtrate
WIth regard to long-term changes m phytoplankton, mtegrated measurements of
chlorophyll-a over the central North PaCIfIC mdlcate a general mcrease after 1977 (Vennck
et al 1987)

Annual pnmary productIOn rates nse from central gulf values of 100 g C m 2 to
values greater than 250 on the shelf and values between 150 and 200 g C m 2m bays,
sounds and mlets (Sambratto and Lorenzen 1987) UnlIke the oceamc regIme offshore,
nutnent depletIOn does occur mshore of the shelf m lower Cook Inlet dunng the growmg
season (Chester and Larrance 1981, Larrance and Chester 1979) Unfortunately, the
SItuatIon WIth respect to macronutnent lImItatIon of prodUCtIVIty on the GOA shelf IS far
from clear Results of the Trustee CounCIl-sponsored Sound Ecosystem Assessment (SEA)
project mclude a model of the water column m PWS that has successfully produced the
duratIon and extent of both phytoplankton and zooplankton blooms for several years
(EslInger 1999) Atmosphere-sea-surface mteractlons m the early spnng appear to set
the condItIons for the remamder of the spnng-summer productIOn penod Two general
outcomes are seen for productIOn 1) warm, qUIescent spnngs have mtense but bnef
phytoplankton blooms and relatIvely low zooplankton bIOmass, and 2) colder stormy
spnngs lead to longer phytoplankton blooms and hIgher zooplankton bIOmass These
two outcomes affect dIchotomous carbon Isotope ratIos m manne bIota QUIescent spnngs
result m I3C ennchment whIle stormy spnngs result m I3C depletIon Pnmary productIon
shIfts thus charactenzed by 13Cjl2C permeate throughout food chams as eVIdenced by
concomItant ISOtOPIC ShIfts among bIOta (Klme 1999b)

It IS generally thought that the more energetIc phySIcal enVIronment on the shelf IS
responSIble for sustammg these hIgh rates ofpnmary productIOn, but coastal convergence
and the predommantly downwellmg nature of the hydrography lrrmt opportumtIes for
water renewal from the deep GOA Offshore fronts assOCIated WIth the ACC have been
proposed as pOSSIbly actIve m producmg enhanced plankton bIOmass seen at the shelf
break It appears that relaxatIOn of coastal wmds, local topography (e g , at the entrance
to Cook Inlet) mteractmg WIth strong tIdal currents, and wmd events are Important factors
m WIthIn-season nutnent resupply to the photIc zone m a system where hIgh freshwater
mput and long days can produce extended penods of stratIfIcatIOn The mterplay of
these factors throughout the growmg season IS undoubtedly cntIcal to survIval of the
many Juvemle forms of mshore lIfe dependent on phytoplankton productIon

Zooplankton productIVIty m the GOA largely reflects patterns seen or mferred from
phytoplankton prodUCtIVIty (Cooney 1987) Thus, prOdUCtIVIty of oceamc zooplankton
populatIons may be as hIgh as 30 g C m 2yr 1 and up to 50 g C m 2yr 1 on the shelf and m
mSlde waters ThIs productIOn occurs to a large extent m the spnng bloom and follows
an annual surge m phytoplankton productIOn m the early spnng One of the umque
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charactenstIcs of North PacIfIC zooplankton populations IS the apparent role of three
speCIes ofvery large copepods-Neocalanus cllstatus, N plumchns, and Eucalanus bungl­
m transfemng large amounts of energy from phytoplankton to hIgher trophIC levels
(Cooney 1987, Jeffery Short unpubl) AVailable eVIdence led Cooney (1984) to propose
that the oceamc copepods are camed by Ekman transport from the open ocean onto the
shelf over a large part of the year and may be an llllportant source of organIC matter for
mshore orgamsms He estImated that the advected bIOmass from March to November of
each year was lOx106 metnc tons m the GOA, consIderably hIgher than the 2x106 metnc
tons estImated from productIon on the shelfm the ACC The dIscovery that stable Isotope
SIgnatures dIagnostIc for offshore carbon are found and vary m Juvemle fIshes of PWS
proVIded eVIdence that thIS process takes place and vary m effect from year to year (Klme
1999a) WIth regard to mterannual vanabIlIty, Brodeur et al (1996) found long-term
fluctuatIOns m zooplankton bIomass that dIsplayed maxImal values on a 10+ year
frequency In Figure 8 bIOmass ofplankton for the spnng and summer penod are contrasted
for a negatIve PDO and a pOSItIve PDO, and It can be seen that zooplankton bIomass was
much greater dunng the pOSItive PDO

Nonetheless, It IS Important to bear m mmd that pnmary and secondary prodUCtIVIty
measurements m the GOA are few (Reeburg and KIpphut 1987) A truly engagmg emgma
of the GOA shelf IS how It can sustam ItS apparent hIgh prOdUCtIVIty m the face ofphYSICal
features that should mhlblt prodUCtIVIty PhySIcal features that should lIrmt productIVIty
m the gulf mclude a deep shelf, mput of a hrgh volume of low-nutnent freshwater VIa
coastal dIscharge onto the shelf, and a shelf that IS subjected to downwellmg wmds
throughout most of the year In the face of such apparent mconslstency between the
phySIcal CIrcumstances of the gulf and reported hIgh productIVItIes, It IS reasonable to be
skeptIcal of how representative the reported values actually are It IS pOSSIble that there
are not enough values m tIme and space to resolve the nature of seasonal productIvitIes
on the GOA shelf

Even so, corroboratmg data on GOA nekton also mdlcate that thIS group of orgamsms
was more abundant after about 1978 Both these observatIOns are conSIstent WIth
calculatIons by PolIvma et al (1995), mdlcatmg that the reductIon of the mrxed-Iayer
depth and mcrease of surface temperatures m the GOA would allow a doublmg ofpelagrc
productIon WIth more to eat, It IS not surpnsmg that survIval and catches of PacIfIC
salmon m the Alaska Gyre have mcreased so strongly smce the late 1970s (Hare et al
1999, Mantua et al 1997, Pearcy 1992) At the same tIme, there are mdlcatIons that
mshore productIOn has been declmmg m many locatIOns

There IS lIttle known about decadal-scale changes m mshore rates of pnmary
productIon, but there are efforts underway to compile what data does eXIst (DaVId Mackas,
pers comm) Whtle the very favorable productIOn regrme for salmon m the central gulf
was occumng, many, but not all, nearshore seabrrd and harbor seal colomes were m
declIne (Hatch et al 1993, Platt andAnderson 1996) Thts was apparent m PWS, espeCIally
m data on black-legged ktttlwakes from southern PWS (Irons 1996) One compellIng
contrast from adjacent Cook Inlet was the declme over the last 20 years m seabIrds at
ChIStk Island, while seabIrds at Gull Island m Kachemak Bay were mcreasmg dunng
thrs penod (FIgure 9) HIgh rates of nutnent supply from deep water enabled by
exceptIonally strong, topographIcally focused, tldal-mduced mrxmg m lower Cook Inlet
and, at the same tIme, mcreased nutnent-poor freshwater mflows through upper Cook
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Inlet mIght explaIn these dIfferent regIonal 20-year trends In seabIrd abundance Other
long-term trends that may Impact bIologIcal productIVIty are the contInuIng Increase of
average surface-water temperatures In the North PacIfIc and an apparently greater
frequency of strong El Nliio events In recent years

IV C 1 h Benthos

The GOA sea bottom supports a dIverse communIty of bactena, fungI, algae, some
hIgher plants, Invertebrates and fIshes It vanes wIth changes In substrate charactenstlcs,
depth, temperature, lIght and food supply (Feder and Jewett 1987, O'ClaIr and
ZImmerman 1987) Pnmary productIOn occurs In IntertIdal and shallow subtIdal
commUnItIes BenthIC algal productIOn IS locally Important In Inshore areas of the
northeastern PacIfIC ProductIVIty estImates for the northeastern GOA for large kelps
Neleocystls and Lammalla speCIes range as hIgh as 37 4-71 9 kg/m2/yr wet weIght for
PWS to 2 1 kg/m2/yr wet weIght for shallow IntertIdal Fucus and Rhodymema spp In
lower Cook Inlet, and 0-04 kg/m2/yr for deep subtIdal areas contaInIng Agm um and
Callophyllis Wherever phySIcal condItIOns are SUItable to permIt benthIC algae to
flOUrIsh, benthIC algal productIOn IS very Important to mamtammg nearshore
commUnItIes Nonetheless, current mfonnatIOn mdlcates the maJonty of prImary
productIOn In the GOA occurs In phytoplankton

The commUnItIes of the shelf bottom and shallow subtIdal and IntertIdal enVIronments
support thousands of dIfferent speCIes that recycle nutnents and carbon and partICIpate In
Important geochemIcal cycles for trace substances ClImatIc forCIng may Influence the
nearshore-bottom commUnItIes In several ways, IncludIng through nutnents, larvae and
food Long tIme senes data necessary to address these questIOns are aVaIlable pnmanly
for commercIally utIlIzed speCIes of fIsh, crabs and molluscs (Hollowed and Wooster
1995, Zheng and Kruse In press) Data on the geology and bIOlogy of the benthos are
also aVaIlable from work preparatory to 011 exploratIOn In the AleutIan Islands, Alaska
Penmsula, KodIak Island, Cook Inlet, and northeastern GOA (OCSEAP 1990) The above
references to clImate-medIated changes In productIon regImes to changes In transport of
organIC matter apply to all these commumtIes, whether they are at the bottom of the
central GOA or In the mtertldal zone of Cook Inlet In addItIon, terrestnally medIated
changes wrought by clImate change, such as dIfferences In the amount, tImIng and volume
of freshwater dIscharge, sedIment loads, and WInter temperatures, would be expected to
affect IntertIdal and nearshore commumtIes

For the offshore seabed and ItS assocIated resources (e g , eplbenthIc fIsh, crabs and
shrImp), one mIght expect that changes In bIOlogIcal productIon In the surface-mIXed
layer, such as descnbed earlIer, mIght result In changes In the amount of organIC matter
reachIng the sea floor Between 1989 and 1996, a declIne In the supply of partIculate
organIC carbon to the abyssal eastern North PaCIfIC has been reported (SmIth and Kaufman
1999) Also, vanatIons In cyclOnIC cIrCUlatIOn In the GOA and, therefore, In surface
Ekman dIvergence and the assocIated advectIon of plankton mIght change the amount of
orgamc matter delIvered to shelfcommumtIes MechanIsms underlyIng the radIcal changes
In the bIologIcal compOSItIon of nearshore commUnItIes ill the GOA ill the late 1970s and
early 1980s (platt and Anderson 1996) are not known It IS possIble, however, that the
supply of organIC matter to the shelf mIght have changed and thIS could have contnbuted
to changes In seabed commUnItIes
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Many mshore commumtIes have populatIons that rely on only occasIOnal recruItment
of successful age classes The mterplay of annually vanable food supplIes and currents
may play SIgnIfIcant roles m the success of larval productIOn and theIr return to sUItable
habItats for the adult lIfe stages It may be, for example, that offshore loss of propagules
IS constramed when the ACC stays close to the coast

SedIments are also a major repOSItory for orgamc matter and contammants from
human actIVIty and may capture the hIStOry of clImatIC and geochemIcal events m the
overlymg waters The mtertIdal zone, though very narrow, IS a productIve and umque
component ofthe GOA ecosystem that feeds a vanety of Important populatIOns, mcludmg
people Unfortunately, there appears to be no long-term program among SCIentIfIc agenCIes
for collectmg data on mtertidal commumty cOmpOSItIon m the northern GOA

IV C 2 Status and Changes In Fish and Shellfish, Buds and Mammals

IV C 2 a Fish and Shellfish

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, numerous
speCIes of shnmp and crab, fIve speCIes of PaCIfIC salmon, PaCIfIC cod, PaCIfIC halIbut,
sablefIsh, hemng, rockfIsh, pollock, flatfIshes, scallops and other mvertebrates Among
the most Important of the GOA groundfIsh speCIes, explOItable pollock populatIons m
1999 were estImated at 738,000 metnc tons (mt), down from a peak of about three mIllIon
mtm 1982 (WItherell 1999) Annual numbers oftwo-year-old pollockentenng thefishable
populatIon (recruItment) from 1981-1987 were erratIc and usually lower than recruItments
estImated m 1977-1980 PaCIfIC cod ofthe GOA are also an econonucally and ecologIcally
l1llportant speCIes PaCIfIC cod had an estImated fIshable populatIon of 648,000 mt m
1999, whIch IS on the low end of the range of 600,000-950,000 mt estImated for 1978­
1999 Annual recruItments of GOA PaCIfIC cod have been relatIvely stable smce 1978,
wIth exceptIOnally large numbers of three-year old recruIts appeanng m 1980 and 1998
BIOmass of the dommant flat fIsh m the GOA, the arrowtooth flounder, IS approachmg
two mIllIOn mt Arrowtooth flounder IS not heavIly harvested, and theIf bIOmass has
been steadIly mcreasmg SInce 1977 By companson, the explOItable bIOmass of another
flatfIsh, the hIghly pnzed PacIfIC halIbut, m 1999 was estImated at 258,000 mt, whIch IS
above average for 1974-1999 (WItherell 1999) ExplOItable bIOmass of PaCIfIC halIbut
was also mcreasmg from 1974-1988, after WhICh It declIned slIghtly As a pOSSIble
consequence of clImate change and/or fIshIng, the status of crab populatIons (dIscussed
below) IS relatIvely poor m companson to the groundfish populatIons

Both salmon and groundfish populatIons m the northeastern PaCIfIC appear to vary In
concert wIth features of c1llllate, but the responses appear to be dIfferent (FranCIS et al
1998) Groundfish recruItments follow a cycle WIth a roughly ten-year penod that IS
closely related to theEI Nino Southern OscillatIOn (ENSO) (Hollowed and Wooster 1992),
whereas salmon abundance changes sharply at mtervals of 20-25 years m concert WIth
the PaCIfIC Decadal OscIllatIOn (PDO) (Brodeur et al 1996) The ENSO and the PDO
were shown to be mdependent of one another (Mantua et al 1997) The OppOSIte responses
ofgroundflSh and salmon (posItIve) and crab (negatIve) recruItment to mtensified AleutIan
Lows may be because dIfferent speCIes-specIfIc mechamsms are Invoked by the same
weather pattern Smce the groundfish speCIes descnbed by Hollowed and Wooster (1992,
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1995) were mostly wmter spawners, Zheng and Kruse (m press) hypothesIze that
strengthened Aleutian Lows mcrease advectIOn of eggs and larvae of groundfish toward
onshore nursery areas, Improvmg survIval Salmon, on the other hand, benefit from
mcreased production ofprey Items under mtense lows The possIble lmks betweenAleutian
Lows, PDOs, and ENSO and populatIOns of fIsh and other arumals are dIscussed further
below and m a recent reVIew paper (FranCIS et al 1998)

Smce the clImatic regIme shIft m 1978, pollock and other cod-lIke fish have
dramatIcally mcreased and mamtamed hIgh populatIOn levels, replacmg shnmp m
nearshore waters as the dommant group of orgarusms caught m mId-water trawls on the
shelf (piatt, J F and Anderson 1996) PaCIfIc halIbut appear to undergo decadal-scale
changes m recruItment, whtch have been correlated wIth both the 18 6-year lunar nodal
tIde cycle (Parker et al 1995) and the PD~ There also IS a reported comcidence of SlZe­
at-age data for Pacllic hemng wIth thIS same cycle (Ware 1991) The patterns are not as
clear wIth herrmg, but the populatIons tend to be dommated by the occasIOnal strong
year class and show consIderable vanabilIty m landmgs over the years

In a recently completed study of tune-senes data on recruItment for 15 crab stocks m
the Benng Sea, AleutIan Islands and GOA, tIme trends m seven of 15 crab stocks are
sIgmficantly correlated WIth time senes of the strength ofAleutian Low clunate regtmes
(Zheng and Kruse m press) Tune trends m recruItments among some kmg crab stocks
were correlated over broad geographIc regIOns, suggestmg a sIgmficant role of
envIronmental forcmg m regulatIOn ofpopulation numbers for these speCIes The mcreased
ocean productIVIty associated wIth the mtense Aleutian Low and warmer temperatures
was mversely related to recruItment for seven of the 15 crab stocks The seven sigruficantly
negative correlatIons between ocean prodUCtiVIty and crab recruItment were from Bnstol
Bay, Cook Inlet and the GOA Crab stocks declmed as the Aleutian Low mtensified A
sIgmficant mverse relation between red kmg crab brood strength and Aleutian Low
mtensity was reported earlIer for one of the stocks m thIS study, red kIng crab from
Bnstol Bay (Tyler and Kruse 1996)

Tyler and Kruse (1996, 1997) and Zheng and Kruse (m press) have artIculated an
explIcIt senes ofhypotheses lInkIng features ofphySIcal and geologIcal oceanography to
the reproductive and developmental bIOlogy of red kmg and Tanner crab to explam
observed relatIOns between clImate and recrUItment Tanner and red kmg crab m the
Benng Sea are thought to respond dIfferently to the phySIcal factors associated wIth the
Aleutian Low due to the dIstnbutIOn of the dIfferent sea bottom types reqUIred by the
post-planktomc stage of each speCIes SUItable bottom habItat for red kmg crabs m the
Benng 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, dependmg on the locatIOn of SUItable settlmg habItat m relatIon to the prevaIlmg
currents In the case of red kmg crab, Zheng and Kruse (m press) explam the apparent
paradox of lowered recruItment for red kmg crab dunng penods of mcreased pnmary
prodUCtIVIty Red kmg crab eat dIatoms, but show a preference for dIatoms slITular to
ThalasslOsll a spp , WhICh dommate m years of weak lows and stable water columns
Strong lows contnbute to well-mIXed water colunms and a dIverse assemblage ofpnmary
producers, WhICh may be unfavorable for red kmg crab larvae, but favorable for Tanner
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crab larvae Tanner crab larvae eat copepods, wInch are favored by the hIgher temperatures
assocIated wIth mtense lows

Recently completed modelmg studIes (Rosenkrantz 1999) support clImatIc vanables
as determmants of recruItment success m Tanner crab Predommant wmd dIrectIOn and
temperature of bottom water were strongly related to strength ofTanner crab year classes
m the Bermg Sea Northeast wmds are thought to set up ocean transport processes that
promote year class strength by carrymg the larvae toward sUItable habItat Elevated
bottom water temperatures were expected to augment the effect of northeast wmd by
mcreasmg survIval of newly hatched larvae (Rosenkrantz 1999)

SpecIes not commercIally harvested are less well studIed than commercIally harvested
speCIes, such as Tanner crab For example, smce no commercIal fIshenes are allowed for
such "forage" fIshes as eulachon, sand lance, capelm, and lantern fIsh, the fluctuatIOns of
theIr populatIons are not well documented Some mformatIOn on changes of forage fish
comes from samplmg the dIets of colony nestmg seabIrds and the stomach contents of
PacIfIC halIbut, as well as from many years of mId-water trawls around KodIak Island
and on the Alaska Pemnsula (platt and Anderson 1996) Data from the latter study
mdIcated, for mstance, that capelm nearly dIsappeared from the northern GOA shelf m
the early 1980s The eVIdence that clImate (1 e , the PDO mdex) IS sIgmficantly correlated
WIth fIshenes for PacIfIC salmon m the GOA IS very strong (Hare et al 1999), WIth
dramatIc mcreases after the strong sInft to a pOSItIve PDO mdex m the late 1970s In
addItIOn, analySIS of the eastern GOA data on fIshes showed that many flatfIsh stocks
mcreased followmg the 1977 PDO sInft, but several dommant groundfish stocks dId not
(e g ,Atka mackerel, PacIfIC cod, PacIfIc hake and walleye pollock) (FranCIS et al 1998)
WIth fIshenes accountmg for up to 25% of the energy produced by coastal shelf and
upwellmg systems on a worldwIde baSIS (Pauly and Chnstensen 1995), the sustamabIlIty
of gulf fIshenes must be put m the context of clImate change

IV C 2 b Seabzrds

The GOA supports large aggregatIOns of colony nestmg seabIrds 26 speCIes
contnbuted to an estImated total of eIght millIon bIrds m 1987 m the GOA (DeGange and
Sanger 1987) In addItIon, the large estuanne habItats m Cook Inlet and the Copper
RIver Delta are cntIcally Important for mIgratmg shorebIrds m the sprmg (Senner 1999)
Durmg the summer breedmg season, colomal sea bIrds aggregate at about 800 dIfferent
colomes around the penphery of the GOA (DeGange and Sanger 1987) to feed on the
plankton, nekton, and mamly the forage fishes lIvmg m the coastal and shelfenVIronment
It IS well known that the general fertilIty of vanous marme systems IS reflected m the
abundance and productIvIty of seabIrds that nest and reproduce nearby (Furness and
Camphuysen 1997, PhIllIps et al 1996)

SeabIrds also provIde an easIly accessIble source of tIssues (e g , eggs and feathers)
that mtegrate changes m the aVaIlabIlIty of some contammants and abundances of stable
Isotopes of carbon and mtrogen m the food web Gulf seabIrds consume more than one
mIllIOn metrIc tons ofmarme orgamsms each breedmg season Because dIfferent seabIrd
speCIes feed m dIfferent ways (e g , black-legged kIttIwakes feed at the surface and
common murres dIve deeply), theIr dIstnbutIons and prodUCtIVIty can gIve mdIcatIOns of
the dIstrIbutIOn and availabIlIty of theIr prey
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Figure 9 Long term declme of seabirds at Chlslk Island, Cook Inlet (nght) and mcrease at Gull Island,
Outer Cook Inlet (left) (Platt and Anderson, 1996)

Whtle the very favorable production regune for salmon m the central gulf was occurrmg,
many, but not all, nearshore seabrrd colornes were m dechne (Hatch et al 1993, PIatt and
Anderson 1996) (Figure 9) TIns was apparent m Pnce William Sound, especially m data
on black-legged kittiwakes from the southern sound (Irons 1996) An exceptiOn to the
widespread declme of nearshore seabrrds is found at Gull Island m Kachemak Bay, lower
Cook Inlet, where populations were apparently mcreasmg durmg tills penod (Platt, unpubl)
TIns exceptiOn to the widespread downward regional trend m lower Cook Inlet may pomt
to an opporturnty to identify the oceanographic conditions that support seabrrd productiVity
that are lacking m the other areas

IV C 2 c Manne Mammals

Three groups ofmanne mammals occur m the northern GOA, cetaceans (whales and
dolphms), pmrnpeds (seals, sea hons and walrus) and the mustehds (sea otter) One
species, the Steller sea cow, was extirpated about 1768 (Hood and Zimmerman 1986)
The loss of the sea cow is relevant to GEM m that it signals the begmnmg of the extenSive
alteratiOn of trophiC structure m the GOA as a result ofhuman harvest ofmarme mammals
(Scheffer 1972) As the largest recent herbivore to have grazed on nearshore macroalgae,
the sea cow was undoubtedly an important component m the nearshore portiOn of the
ecosystem Most speCies of manne mammals expenenced some level of commercial
harvest startmg m 1741, when VituS Bermg explored the Bermg Sea and northern GOA
regiOn and lard clalffi to it for RUSSia

Contmumg concern about past alteration of trophiC structure m the GOA and itS
consequences for contemporary trophic structure is well warranted SiX species of large
baleen whales mhabit the gulf blue, fm, sei, humpback, gray, and Pacllic nght (Calkins
1987) Numbers of each of the great baleen whale species have been radically reduced at
some pomt between about 1845 and the impOSitiOn of protection by the InternatiOnal
Whahng CommiSSiOn m 1966 (Calkms 1987) Numbers of the blue whale and the Pacific
nght whale are now at the pomt where these species are unhkely to be factors m the
trophiC structure of the GOA Set whales are notable m that therr numbers were severely
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depleted relatIvely recently, between 1963 and 1966 Although sel whales eat mostly
zooplankton, they are known to feed opportumstIcally on a WIde range of forage and
commercIal fIsh specIes, mcludmg smelt, sand lance, capelm and pollock

Recovery ofpopulatIons oflarge, potentIally pISCIVOroUS (fIsh-eatmg) whale speCIes
leads to concern about future alteratIOn of the trophIc structure of the gulf m ways that
could dIrectly Impact human harvests of salmon and hemng Gray whale populatIOns
have recovered to what may be pre-explOItatIOn levels Grays are pISCIVOrouS as they
travel through the GOA, but consumptIon rates are unknown When feedmg on a
combmatIon of benthtc and pelagtc mvertebrates, the consumptIon rate of an adult gray
whale IS 1,200 kg per day (Calkms 1987) Recent growth m numbers of humpback
whales, WhICh were radIcally reduced m populatIOn SIze pnor to 1966 (Scheffer 1972),
has Important ImplIcatIons for trophIC structure and fIshenes management Humpbacks
at tImes feed heaVIly on fIsh, mcludmg hemng and Juvemle salmon

Concern about future alteratIon of trophtc structure IS m part due to the fact that the
harvest of many manne mammals, mcludmg the great baleen whales and sperm whale,
has been sharply reduced m GOA waters dunng the last thIrd of the 20th century, although
some low levels of harvest for some speCIes stIll occurs Some speCIes of great whales,
such as gray and sperm, have responded to the cessatIOn of harvest by mcreasmg theIr
numbers, whIle others have not GIven the dIverse foragmg strategIes of cetaceans m
general, the rates of recovery of these apex predators from heavy explOItatIon could offer
mSIghts mto many dIfferent aspects of trophIC structure and trophIC dynamICS of the
GOA and North PaCIfIC

1991 1992 1993 1994 1995 1996 1997

.....

Molting Penod Counts

Figure 10 Population trend of moltmg seals In Prince William Sound
(Frost, 1998)
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Some speCIes of pmmpeds, such as the
northern elephant seals, have Increased
dramatIcally dunng recent decades Even WIth
cessatIon ofmost harvests, however, such other
pmnIped speCIes as fur seals, Steller sea lIons,
and harbor seals have undergone dramatIC
declInes COInCIdent WIth changes In
oceanography, forage fIsh and seabIrd
populatIons m the GOA over the past 20 years
Harbor seals should be conSIdered candIdates
for long-term momtormg SInce they have
relatIvely small geographIC ranges and do not
appear to sharply lImIt compOSItIon of prey
speCIes wIthm theIr range Harbor seal dIet
studIes, mcludmg trOphIC status, may proVIde
means of detectIng changes In the trophIC
structure and dynamICS of the nearshore manne
enVIronment

\

I
Sea otters, very nearly extIrpated from the North PaCIfIC by 1900, also have benefited

from the near-cessatIon of human harvest SInce that tIme the speCIes has mcreased
dramatIcally throughout most ofAlaska, and has Itself preCIpItated profound changes m
the structure and functIon ofcoastal manne commumtIes ofless than 100 m depth Dunng
the past decade, large declInes m sea otter abundance have been noted m the central
AleutIan Islands, although the exact extent of the declme IS unknown One hypotheSIS
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advanced to explam the dechne mvolves lu.ller whales usmg otters as a replacement for
the now rare pmmpeds (seals and sea hons)

Northern fur seals have been m steep dechne m the Benng Sea and therr declIne may
be related to condItlons m the GOA (Tntes 1992) Although food lImItatlons m the
Benng Sea may not be lIrnItmg populatIOn growth, food lImItatlons m the AleutIans and
m the GOA may be creatmg a populatlon growth bottleneck by causmg hIgh mortalItles
ofJuveniles dunng mIgratIOns The bottleneck hypothesIs of fur seal abundance control
(Tntes 1992) Illustrates one of many ecologIcal connectIOns between the Benng Sea and
the GOA Steep declmes m harbor seals m the GOA have been documented m and
around KodIak Island 1956-1976 (pItcher 1990) and m PWS throughout the 1990s (FIgure
10) (Frost et al 1998)

Concepts on control of manne mammal populatlons focus on food lImItatlon and
huntmg or other human removals Steller sea lIons, now lIsted under the federal
Endangered SpecIes Act, have declmed steeply startmg m the early 1970s, partIcularly m
the AleutIan Islands (Tntes 1992) Current hypotheses on lIrmtatlon of Steller sea lIon
abundance center on food lImItatIon, posSIbly due to competItIon WIth humans for prey
speCIes, but there IS no conclusIve mformatlon WIth respect to the role of fishenes m
causmg food lImItatIOn for Steller sea lIons (Bowen et al 1999) The possIbIlIty remarns
that chmate change and ItS effect on specIes composItIon ofprey specIes plays an Important
role rn regulatmg marme mammal populatIOns

IV D Conceptual FoundatIon for the Gulf of Alaska Ecosystem

IV D 1 RatIOnale

A conceptual foundatlon ofhow bIologIcal productlon and dIversIty vary m the GOA
m response to natural and anthropogemc forces IS necessary to orgamze thrnlu.ng about
the ecosystem and how It functIOns As such, It IS not a prescnptIOn for actIons to be
taken by the Trustee Council Rather, the conceptual foundatlon advIses the Trustee
CouncIl regardmg the ecologIcal context for future decIsIons that set pnontIes for research
and momtonng actIvItles By use of the conceptual foundatIon, each specIfic project
consIdered for ImplementatIon of the GEM program may be understood m relatIOn to
other projects and the functlons and components of the ecosystem It addresses

Recent syntheses have advanced the understandmg of processes upon WhICh the
productIon of marme bIrds, fIsh and marme mammals may depend, and wIth whIch the
conceptual foundatIon IS concerned As development of the GEM program progresses,
we expect to advance understandmg of the baSIS for productIon of representatIve specIes
of brrds, fish and mammals The remamrng contexts for desIgmng the plan relate to the
human needs served by the Trustee CouncIl through polIcy and management ObjectIves
In thIS way, the conceptual foundatIOn provIdes a substantIal part of the context for
developmg the research and momtonng plan by suggestmg key processes and specIes for
study

The conceptual foundatIon will change as more rnformatIon accumulates, smce It IS
a startmg place for understandmg the system Some parts of the conceptual foundatIOn
WIll stand the test of tlme as they are venfIed through further work m GEM and elsewhere
Other portIons wIll be rejected or modIfied based on remterpretatIons of eXIstmg data or
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mSIghts from new data The future states of the ecosystem mIght not be antIcIpated
based on past expenence, as happened followmg the regIme ShIft m the late 1970s
Therefore, usmg the pnnciples of adaptIve management, the conceptual foundatIOn may
be contmually refmed and revIsed to reflect our understandmg of the ecosystem

Developmg testable hypotheses based on the conceptual foundatIOn IS Important to
serve the purposes of GEM, but nonetheless, hypothesis-dnven research IS effectIve m
dIrect proportIOn to the presence of long-term momtonng observatIOns Captunng
ecological change wIll necessItate yearly measures of the cntIcal parameters to capture
any superannual natural cycles and detect trends m anthropogemc mfluences

IV D 2 The conceptual foundatLOn

The GEM program IS concerned wIth both the prodUCtIVIty and populatIOn levels of
bIrds, fIsh, shellfIsh and mammals m the watersheds and waters of the GOA Under the
conceptual fo~ndatIOn, the dIrect effects of and mteractIons among related natural and
human factors are thought to control the prodUCtIVIty of these specIes TheIr populatIon
levels are thought to be controlled pnmanly by food, habItat and removals

The conceptual foundatIon of the GOA ecosystem lInles or couples the vanatIOn m
prOdUCtIVIty of many of the bIrds, fIsh, shellfIsh and mammals m the gulf to the amount
of food produced at the front assocIated wIth the contmental shelf break and ItS subsequent
dIstnbution (FIgures 11 and 12) There appear to be two major fronts one at the shelf
break, that IS, the transItIon between offshore and shelf water masses, and a second one
that represents a transItIOn from outer shelf water mass to the more shoreward and fresher
waters of the Alaska Coastal Current These fronts are hIghly dynamIc areas thought to
be Important for food productIOn because of movement of nutnent-nch waters toward
the surface (upwellmgs) or toward the bottom (downwellmgs) On the surface, long lmes
or "nps"of debns or foam may IdentIfy some fronts Other fronts are marked by water of
diffenng colors on eIther sIde Changes m productIon of break-coupled specIes may
depend on pnmary productIOn at the shelf break and on mechamsms that dIstnbute the
carbon and nutnents produced at the shelf break towards mshore areas

The factors that control populatIons-pnmanly food, habItat and removals-are also
an Important component of the conceptual foundatIon The amount of food avaIlable IS
greatly mfluenced by events at the shelfbreak, and the extent ofmshore water stratIficatIon
The amount of habItat avaIlable IS determmed by geophysIcal processes, such as clImate,
and by human actIvItIes that degrade habItat, such as pollutIOn, and that destroy habItat,
such as loggmg, road bUIldmg and other aspects ofurbamzatIon Harvest removals mclude
human harvests, as well as natural causes such as starvatIOn and non-human predators
Note that these key factors are mteractIve, smce, for example, degraded habItat may
produce less food or unsUItable food Key factors are also related, smce removals can
determme the amount of food aVailable at a locatIOn

In general, the baSIC source of food, pnmary prodUCtIVIty, IS thought to be controlled
through the mfluence of clImate and other geophysIcal processes on plant specIes
composItIon, temperature, lIght and the avaIlabIlIty of macronutnents, such as mtrate,
phosphate, and sIlIcate, and micronutnents, such as reduced Iron In the GOA, four
clImatologIcal cycles or trends may act alone or m combmatIOn to change annual pnmary
prOdUCtIVIty the ENSO (El Nino-La Nina) phenomena WIth 3- to 7-year oscIllatIOns, the
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PD~ wIth a 20- to 3D-year oscIllatIOn, the lunar tIdal node wIth an 18 6-year penod, and
the long-tenn trend of global wannIng

Although the three other phenomena are also Important, the conceptual foundatIon
centers around the PD~ as the pnmary force affectIng changes In the productIVIty of the
GOA The physIcal mechanIsms through WhICh the lunar tIdal node on bIOlogIcal
productIOn may be expressed are not as apparent or extensIvely elaborated as are those of
the PD~ (parker et al 1995, Royer 1993) For purposes of thIS conceptual foundatIon,
we assume confluence In the effects of the PD~ and lunar cycle on productIon In order to
aVOId specIfyIng WhICh of these explanatIons (or both) are sIgnIfIcantly affectIng the
ecosystem

The PD~ IS a set of atmosphenc CIrcumstances resultIng from the locatIOn and
mtensIty ofthe WInter-tIme AleutIan Low pressure system ThePD~ changes, or oscIllates,
between posItIve and negatIve states (FIgures 11 and 12) In decades of posItIve PDOs,
below nonnal sea surface temperatures occur In the central and western North PacIfIc
and above nonnal 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 Under these condItIOns, break-coupled specIes (pnmanly offshore grazers,
such as salmon and some seabIrds) do well Although Influenced by the amount of
removals by humans, the Increases In adult salmon dunng a pOSItIve PD~ generally
return larger amounts of nItrogen to natal streams, resultIng In Increased productIOn of
break-coupled specIes of plants and anImals In the watersheds

In decades of negatIve PDOs, the OpposIte sea surface temperature and pressure
patterns occur The GOA IS cooler and less WIndy wIth less precIpItatIOn As a
consequence, non-break-coupled specIes (pnmanly Inshore grazers, such as some seabIrds,
hemng and seals) thnve

FIgure 11 shows In detaIl the phYSICS of the pOSItIve PDO, startIng WIth the northerly
movement and IntensIfIcatIon of the WInter-tIme AleutIan Low pressure system WIth the
folloWIng Interrelated changes

1 AcceleratIOn of cyclonIC motIon In the Alaska subarctIc gyre and Increased
shoreward surface water transport, specIfIcally In the Alaska Current,

2 Increased mId-gyre upwellIng of deep, nutnent-nch water to the ocean surface,

3 EntraInment of more of the west WInd dnft northward Into the GOA Gyre VIa the
Alaska Current, rather than Into the CalIfornIa Current system to the south,

4 Deepened WInter-tIme mIXIng of the surface layer In the central gulf,

5 Warmer surface water temperatures and Increased heat flux to the atmosphere,

6 Increased precIpItatIOn and coastal runoff, Increase In organIC carbon and
anthropogenIc contarmnants Inputs,

7 Decreased surface water SalInIty, especIally nearshore,

8 Increased WInds and Ekman transport from the central gulf shoreward,

9 Increases In the IntensIty of the Alaska Coastal Current due to Increased barochnIc
and wInd-dnven transport,
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Figure 11. Schematic of physical processes during the winter in apositive PDO climatic regime in the Gulf
of Alaska from offshore to inshore areas showing the Alaska Current (AC) and the Alaska Coastal Current
(ACC).

10. Deepening of the Alaska Coastal Current nearshore; and

11. Increased downwelling of the shoreward-driven surface water from the central
gulf.

During the spring and summer a positive PDO period is characterized by the following
biological differences:

1. The mixed layer in the centra] gulf rises rapidly and is shallower due to greater
warming and greater stratification of the surface water;

2. Phytoplankton production is greater in the gulf and at the shelf break;

3. There are greater production and standing crops of zooplankton and nekton,
including salmon, in the gulf and at the shelf break;

4. More food is available on a year-round basis for pelagic-feeding fish, such as
salmon, in the offshelf and in the central gyre and the effective habitat for salmon is
expanded through a larger portion of the gulf;
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5. Organic matter originating in the gulf is carried shoreward by Ekman transport in
much greater quantities, and then is downwelled more strongly before reaching the
coast;

6. There are increased supplies of organic matter to the benthic communities in the
outer shelf and slope from downwelled saline surface water;

7. Changes in the distribution of organic matter and water temperature on the shelf
and slope force changes in the abundance and species composition of the benthic,
epibenthic and pelagic communities;

8. Deepening freshwater influence and greater density stratification of inshore waters
limit opportunities for bottom water renewal in enclosed coastal water bodies and to
the inner shelf, but may be modulated by patterns of in-season winds;

9. Offshore downwelling fronts, less nutrient replenishment and stronger surface
water stratification result in a lower exogenous supply and lower endogenous plankton
production in nearshore waters;
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Marine I

Nutrients"
More Forage

Terrestrial Plant
carbon

• Shelf Break

--:> Increases -.. Decreases

Figure 12. Schematic of physical processes during the winter in a negative PDO climatic regime in the
Gulf of Alaska from offshore to inshore areas showing the Alaska Current (AC) and the Alaska Coastal
Current (ACC).
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10 Forage fIsh dependent on endogenous mshore productIOn have less to eat and
declrne, especIally fat-nch specIes whose populatIOns depend on hIgh levels ofmshore
productIOn,

11 Forage-fIsh predators, such as harbor seals, sea lIons and many sea bIrd specIes
dechne to the extent to whIch they depend on mshore productIOn and cannot trophIcally
access downwelled offshore production,

12 FIsh predators, such as resIdent biler whales, whIch depend on offshore productIOn
(e g ,energy passed trophIcally through salmon) mcrease m abundance, and

13 Manne mammal predators, such as transIent kIller whales, undergo declmes

The phYSICS and bIOlogy of a negative PDa can generally be descnbed as the mverse
of a posItive PDa

IV D 3 DlscusslOn

The conceptual foundatIOn IS a mechanIstic explanation of how the largest clImate
sIgnal, the PDa, could cause posItive and negative bIOlogIcal changes m the abundances
and productiVItIeS of some speCIes of brrds, fIsh, shellfIsh and manrrnals, and why some
speCIes show no apparent relatIOn to the chmate SIgnals so far descnbed It IS assumed that
the effects ofENSa cycles and the long-term global warmrng eVIdent throughout the PaCIfic
will rnteract rn potentially complex ways WIth PDa cycles to bnng about change In biologtcal
systems It IS also assumed that anthropogemc effects due to harvest levels and methods,
degradatIOn of water qualIty, growrng concentrations of contammants, and habItat loss and
degradatIon WIll become mcreasrngly rrnportant as agents ofbIOlogtcal change Accordrngly,
the conceptual foundatIOn WIll be changed to accommodate the crrcumstances created by
these natural and anthropogemc agents of change As new rnsights accumulate, the current
conceptual foundatIon will be expanded, modIfied or perhaps dIscarded

Much of the conceptual foundatIOn already appears rn the hterature, as descnbed m
SectIon IV C , but It also contarns a number of new Ideas The proposed mshore-offshore
mverse productIon regImes and the transport and fate of the orgamc matter produced m
response to the PDa have not been proposed preVIOusly The productIOn regrrnes are
descnbed m the context of a phySIcally coherent ocean-clrrnate model that generally
agrees WIth population trends rn hIgher trophIc-level orgamsms (e g , salmon, seabrrds
and harbor seals) Spectfically, bottom-up controlled food webs rn the two regtrnes respond
to clrrnate rn generally OppOSIte ways, WIth pOSItIve PDa (e g 1978-1990) mdices berng
assocIated WIth greater offshore production (1 e , production offshore of the shelf break)
and weaker mshore productIOn and negative PDa mdices (e g 1948-1977) bemg
assocIated WIth greater rnshore production (1 e , productIOn rnshore of the shelf break
and on land) and weaker offshore productIOn

The fate of offshore productIOn dunng the two regImes IS key, WIth shoreward­
transported orgamc productIOn berng downwelled more strongly onto the shelf break
and outer shelf dunng the pOSItive PDa mdex penod Dunng the negative PDa mdex
penod there IS less offshore production transported shoreward, but more orgamc productIOn
can reach the rnner shelf and enclosed water bodIes due to less downwelhng, less water
stratifIcatIOn, and more frequent opportumtIes for shoalIng of offshore water denved
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from the central gulf onto the mner shelf

The conceptIOnal foundatIOn proposes that the separatIon between onshore and offshore
productIon regImes occurs between the fronts assocIated WIth the shelf break and the ACC
(FIgures 11 and 12) The "nng of plankton" often seen near the shelf break may be a
mamfestatIOn, m part, of transported, downwelled orgamc matter from the gulf that
accumulates near the shelf (Cooney 1987) The fate of thIs orgamc matter dunng dIfferent
clImate regImes IS key to the oscillatIons m the concept bemg proposed here It IS recogmzed
that productIVIty ofmshore plankton and nekton IS generally hIgher than offshore prOdUCtIVIty
on an areal baSIS However, trappmg and accumulatIon of orgamc matter produced near
the shelf break over a very large area of the central gulf presents a potent source of
nounshment for anImals on the shelf and slope enVIronments In fact, thIS source of
nounshment IS probably larger than the total mshore productIon of organIC matter Cooney
(1984, 1987) calculated that shoreward-advected zooplankton m the upper 50 m dunng the
convergence season (October through AprIl) was approxlillately 1Ox106 metnc tons Tlns
compares to 2x106 metnc tons produced m the ACC, a fIve-fold dIfference The fate of thIs
matenal may have potent ImplIcatIOns for seabIrds and Juvenile fIsh that can access It

Recently a mechamstlc hypotheSIS has been advanced to explam the decadal scale
vanatIon m eastern North PaCIfic salmon stocks (Gargett 1997) Gargett proposes that
mcreased preCIpItatIon m coastal areas dunng pOSItIve PDOs makes the water column more
stable and that thIS mcreased stabilIty promotes greater pnmary productIon - the "optlillal
stabIlIty wmdow" Polovma et al (1995) have proposed a slillIlar hypotheSIS for the central
GOA, and thIs ultlillately results m more salmon productIOn ThIS hypotheSIS IS based on
the assumptIOn that greater water column stabIlIty enhances retentIOn of phytoplankton
WIthout sacnficmg the nutnent supply necessary for the hIgher rate ofpnmary productIon

The "optImal stabIlIty wmdow" hypotheSIS IS closely related to what IS proposed
here, WIth several dIfferences FIrst, because of the tendency for waters of the ACC to
become nutnent lImIted, our model proposes that mcreased water column stabIlIty dunng
pOSItIve PDOs WIll result m net productIOn decreases mshore, m contrast to the mcreases
expected m the central GOA Second, whIle Gargett proposes that greater salmon
productIOn results from favorable prodUCtIVIty m coastal waters, where many salmomds
spend theIr fIrst year at sea, our model would explam abundant food on the outer shelf
eIther as a result of onshore transport of offshore productIon, 1 e Cooney's nng of
zooplankton productIOn or enhanced productIOn at the shelf break Resolvmg whIch, If
eIther, of these two models, the one presented here or Gargett's, IS correct depends on
knowmg the ongm of the carbon available to salmon on the shelf Offshore versus
mshore carbon may be dlstmgUIshed m Juvemle salmon usmg natural stable Isotope
abundance measurements (Klme 1999a) If the source ofmcreased carbon dunng a pOSItIve
PDO IS due to onshore transport or shelf-break productIOn rather than productIon wlthm
the ACC, then Juvemle salmon would have access to the lillported productIOn before It IS
lost to downwellmg near the shelfbreak Unfortunately It does not appear that there are
enough data avaIlable to dlstmgUIsh WhICh model may be more accurate

In addItIon to bIologIcal productIon models based on water column stabIlIty and bottom­
up control ofhIgher trOphIC levels, there are the dIrect effects of water temperature on the
phySIOlogy of the orgamsm that could alter trophIC dynamICS, or the geographIC range of
Important orgamsms For example, Welch (1998) has proposed that global clImate
warmmg could drastIcally restnct the range of sockeye salmon m the next several decades
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Appendix A Text of the Resolution of the Trustee Council

RESOLUTION
of the

Exxon Valdez Oil Spill Trustee Council
concermng the

Restoration Reserve and Long-term Restoration Needs

WHEREAS, m November 1994, followmg an extensIve publIc process, the Exxon
Valdez all SpIll Trustee CouncIl ("Trustee CouncIl") adopted the Resto! atzon Plan to
gUide a comprehensIve and balanced program to restore resources and serVIces m]ured
by the 011 spill,

WHEREAS, smce that tlme the Trustee CouncIl has used the Resto! atzon Plan to
gUide development of the annual work plans as well as the acqulSltion and protecTIon of
large and small habItat parcels Important to the long-term recovery of m]ured resources
and servIces,

WHEREAS, the Resto! atlOn Plan Identlfled a senes of large parcel purchases and
the Trustee CouncIl has been successful m obtammg habItat protectlon agreements wIth
wIllmg-seller landowners to proVIde protectlon for approxImately 635,000 acres,

WHEREAS, the Resto! atlOn Plan recogmzed that complete recovery from the 011
spill would not occur for decades and that through long-term observatIOn and, as needed,
restoratlon actions, m]ured resources and servIces could be fully restored,

WHEREAS, the Resto! atzon Plan speCIfIcally recogmzed establIshment of the
RestoratIOn Reserve to prOVIde a secure source of fundmg for restoratIOn mto the future
beyond the last annual payment from the Exxon CorporatIOn,

WHEREAS, the Trustee CouncIl has sponsored an extensIve publIc mvolvement
process to proVIde opportumty for comment on pOSSIble future uses of the Restoratlon
Reserve mcludmg publIc meetmgs m commumtIes throughout the spIll Impact regIOn
and also m Anchorage, Fairbanks and Juneau,

WHEREAS, a large volume of publIc comment regardmg the RestoratIon Reserve
has been solICIted and receIved urgmg a WIde range of uses for remaImng settlement
funds mcludmg a strong showmg of support for addItional habItat protectIon efforts as
well as research and other restoratIOn efforts,

WHEREAS, numerous Natlve tnbal members and other commumty reSIdents from
the spIll area have mdicated a strong mterest III contmued support for commumty-based
efforts conSIstent WIth those that have been preVIOusly funded by the Trustee CouncIl
such as SubSIstence restoratIOn, TradItIOnal EcologIcal Knowledge, youth area watch,
cooperatlve management, and local stewardshIp efforts,

WHEREAS, the PublIc AdVISOry Group (pAG) has reVIewed and dIscussed long­
term restoratlon needs and use of the RestoratIOn Reserve at conSIderable length and the
VIews of the PAG members have been commumcated to the Trustee CouncIl,
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WHEREAS, upon consIderatIOn of the restoratIOn mISSIOn as provIded by the
settlement and the Resto! atlOn Plan, past restoraTIon program efforts and accomphshments,
pubhc comments receIved by the Trustee CouncIl, the VIews of the Publtc AdvIsory
Group members, and the most current lllformatIOn regardlllg the status ofrecovery of the
resources and servIces lllJured by the 011 sptll, the Trustee Counctl has IdenTIfied substantIal
and contlllulllg long-term restoratIon needs,

WHEREAS, full recovery of many lllJured resources and servIces IS not yet complete
and long-term restoratIon, conservatIon and Improved management of these resources
and servIces WIll requIre a substantIal on-golllg lllvestment to Improve our understandlllg
of the bIOlogy and manne and coastal ecosystems that support the resources as well as
the people of the sptll regIOn,

WHEREAS, prudent use of the natural resources of the spIll area WIthout unduly
Impactlllg theIr recovery requIres lllcreased knowledge of cntIcal ecologtcallllformatIOn
about the northern Gulf ofAlaska that can only be provIded through a long-term research
and momtonng program,

WHEREAS, together WIth SCIentIfIc research and momtonng, a contmumg
COmmItment to habItat protectIon and general restoratIOn actIOns, where appropnate,
WIll help ensure the full recovery of mJured resources and servIces,

WHEREAS, consIstent WIth the Resto! atlOn Plan, restoratIOn needs IdentIfIed by
the Trustee CounCIl requIre a long-term comprehensIve and balanced approach that
rncludes a complementary commItment to SCIentIfIC research and momtonng, apphed
SCIence to rnform and Improve the management of mJured resources and servIces,
contrnued general restoraTIon actIVItIes where appropnate, support for commumty-based
efforts to restore and enhance rnJured resources and servIces, and protectIon for addItIonal
key habItats,

WHEREAS, by October 2002, as a result of the past and antICIpated future depOSIts
mto the RestoratIon Reserve, It IS esttrnated that the pnncIpal and rnterest m the reserve,
together WIth remarnrng unobhgated settlement funds, WIll be approXImately $170 mtlhon
unless, pnor to that ttrne, on-golllg negotIatIons concernrng the Karluk and Sturgeon
nvers and adjacent lands or other potentIal habItat transactIOns result rn habItat acqUISItIon
agreements that obhgates some of these funds,

WHEREAS, absent such addItIonal acqUISItIOn agreements, $170 rmllIon IS the total
of the funds estImated to be avatlable to support long-term restoratIOn based on projected
rnvestment returns allowable through the Court RegIstry under ItS eXIstrng authonty and
thus reasonably antICIpated as avatlable for restoraTIon purposes by the Trustee CounCIl
Startlllg WIth FY 2003 ("esttrnated funds remarnrng on October 1, 2002"), and

WHEREAS, the hmIts of the eXlstmg rnvestment authonty of the Trustee CounCIl
have resulted rn the loss of mllhons of dollars rn potentIal earnrngs that would have been
avatlable to effectIvely address restoratIon needs rn the future and support a comprehenSIve
program that marntams ItS value over tIme, and It IS necessary that the ltrnItS on the
rnvestment authonty for the Jornt settlement funds be amended by Congress If we are to
optImIze our potenTIal restoratIOn program,

THEREFORE BE IT RESOLVED, that the Trustee Counctl has deterrmned that
recovery from the Exxon Valdez 011 spIll remams rncomplete and there IS need for
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establishmg at thIS tIme a contmumg long-tenn, comprehenSIve and balanced restoratIon
program consIstent WIth the Resto! atlOn Plan,

BE IT FURTHER RESOLVED, that funds m the RestoratIon Reserve and other
remammg unobligated settlement funds aVaIlable on October 1, 2002 (for expendIture
startmg m FY 2003) be allocated m the followmg manner consIstent WIth the "Outlme of
ActIOn Under EXlstmg Authonty" dated 3/1/99 attached to thIS resolutIOn

$55 million of the estImated funds remammg on October 1, 2002 and the assocIated
earnmgs thereafter WIll be managed as a long-tenn fundmg source wIth a sIgmficant
proportIOn of these funds to be used for small parcel habItat protectIOn and It IS
recognIzed that any fundmg that may be authonzed for purchase of lands along or
adjacent to the Karluk or Sturgeon nvers or other potentIal habItat acqUISItIons would
be made from wlthm thIS allocatIOn, and

The remammg balance of funds on October 1, 2002 WIll be managed so that the
annual earnmgs, estImated at approxImately 5% per year, will be used to fund annual
work plans that mclude a combmatIOn ofresearch, momtonng, and general restoratIon
mcludmg those kInds of commumty-based restoratIon efforts conSIstent WIth efforts
that have been preVIOusly funded by the Trustee CounCIl, such as SubSIstence
restoratIOn, TradItIOnal EcologIcal Knowledge, Youth Area Watch, cooperatIve
management, and local stewardshIp efforts, as well as local commumty partICIpatIon
m ongomg research efforts,

BE IT FURTHER RESOLVED, that the RestoratIOn OffIce and the ChIef SCIentIst,
under the drrectIon of the ExecutIve DIrector, shall begm to develop a long-tenn research
and morntonng program for the spIll regIon that WIll mfonn and promote the full recovery
and restoratIOn, conservatIOn and Improved management of spIll-area resources, and

BE IT FURTHER RESOLVED, that It IS the mtent of the Trustee Council that thIS
long-tenn reserve for research, morntonng and general restoratIon be desIgned to ensure
the conservatIOn and protectIOn of manne and coastal resources, ecosystems, and habItats
m order to aId m the overall recovery of those resources mJured by the Exxon Valdez 011
spIll and the long-tenn health and vIabIlity of the spIll area manne envrronment,

BE IT FURTHER RESOLVED, that m developmg a long-tenn restoratIon research,
morntonng and general restoratIOn program for the spIll regIOn, the ExecutIve Drrector
shall SOliCIt the VIews of the PublIc AdVISOry Group, commumty facilItators, resource
management agenCIes, researchers and other public mterests as well as coordmate
restoratIOn program efforts wIth other manne research mltIatlves mcludmg the North
PaCIfIC Research Board,

BE IT FURTHER RESOLVED, that the ExecutIve DIrector shall work wIth the Alaska
CongressIOnal delegatIon and appropnate State and federal agenCIes to obtam the necessary
mvestment authonty to mcrease the earnmgs on remammg settlement funds, so that the
Trustee CounCIl WIll be able to conduct an effectIve restoratIOn program that mamtams
ItS value over tIme, and

BE IT FURTHER RESOLVED, that m developmg long-tenn ImplementatIOn optIons
for conSIderatIOn by the Trustee Council, the ExecutIve DIrector shall
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mvestIgate possIble establIshment of new or modIfIed governance structures to
Implement long-term restoratIon efforts,

explore alternatIve methods to ensure meanmgful publIc partIcIpatIOn m restoratIon
deCISIOns, and

report back to the Trustee CouncIl by September 1, 1999 regardmg these efforts

Adopted tlus 1st day of March, 1999, m Anchorage, Alaska
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DAVE GIBBONS

Trustee RepresentatIve

Alaska RegIOn
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SpecIal AssIstant to the

Secretary for Alaska

U S Department of the Intenor

FRANK RUE

CommIssIoner

Alaska Department of

FIsh and Game

3/9/99 final

BRUCE M BOTELHO

Attorney General

State ofAlaska

STEVEN PENNOYER

Drrector, Alaska RegIOn
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CommIssIoner

Alaska Department of
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Appendix B DescriptIOn of the GEM Database

In June 1999, the RestoratIOn OffIce began to develop a database of momtonng,
survey and retrospectIve projects In the northern Gulf of Alaska The purpose of the
database IS to IdentIfy major sources of data germane to the Gulf Ecosystem Momtonng
(GEM) program

As ofApnI2000, the database has InfOrmatIOn on 240 projects Most of these projects
have been funded or conducted by government agencIes Major projects In thIS database
are summanzed In the follOWIng table The summary of projects IS not exhaustIve The
PlCES web SIte (http !/plces lOS bc ca/data/weblIstiweblIst html), the Report of the Benng
Sea Ecosystem Workshop (DOI-NOAA-ADF&G 1997), and Benng Sea and North Pacrlk
Ocean Theme Page (www pmel noaa govjbenng) may be consulted for a more extensIve
lIstIng of projects

Each project In the database falls mto one or more of the follOWIng categones
oceanography, macrofauna, and human use Each record Includes a descnptIOn of the
proJect, the name and contact InfOrmatIOn for the pnnclpal mvestIgator, the type of data
gathered and analySIS conducted, the locatIons of samplIng statIOns, begInmng and endIng
dates, rough estImates of fundmg, and mstructIOns for accessmg the data generated by
the project

The database Includes many projects that collect pnmary data Examples mclude
meteorologIcal and oceanographIc data from satellItes or buoys Other projects use thIS
data or retrospectIve data to study an Issue of Interest to the GEM StIll other projects
compIle data mto catalogues or databases Examples of such compIlatIOns are the Coded
Wrre Tag Database, the PaCIfic Seabrrd Momtonng Database, and the Bennglan Seabrrd
Catalogue

In addItIon to reflmng entnes on these proJects, the RestoratIon OffIce IS contactIng
pnvate foundatIons and other nongovernmental orgamzatIOns for InfOrmatIOn about
projects they have sponsored or conducted The database wIll be aVaIlable on the Trustee
Council's web page In the future
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Appendix Table 1: Selected information-gathering
programs in the Gulf of Alaska

Agency/Program Data Coverage III

Gulf of Alaska
Oceanography

GLOBEC / Gulf of Alaska Morutonng VertIcal CTD-chlorophyll-PAR profIles ADCP, Seward Lme Transect
Program fluorescence, sea surface temperature and SalmIty,

nutnents, chlorophyll pIgments, oxygen Isotope ratIOs Cape FaIrfIeld Lme Transect
and zooplankton 1997-2000

GLOBEC / Northeast PacIfic Retrospec- AnalYSIS of retrospective data sets to document the Full coverage
tIve StudIes 1mk between cllmate and ocean vanability and

populatIon vanability 1998-2005

NASA / Earth Observmg System (EOS) Sea surface temperature, phytoplankton, dIssolved Full sme11lte coverage
orgarnc matter wmd fIelds ocean surface Smce
1996

NOAA, NASA / Advanced Very lhgh Sea surface temperature 1985-1999 Full sate11lte coverage
ResolutIon RadIOmeter (AVHRR) -
NOAA / Moored Buoy Program Wave heIght, dommant wave penod, atmosphenc Gulf ofAlaska 56° N 148° W

pressure, pressure tendency, arr temperature, and
water temperature North PWS 60° N 146Wo

- South PWS 60° N 146° W

NOAA / Coastal-Marme Automated Wmd drrectIOn, speed, and gust, atmosphenc Bhgh Reef Light,
Network (C-MAN) pressure, arr temperature Smce early 1980s FIve Fmger, Middle

Rock and Potato
Pomt

NOAA / Fishenes Oceanography Sa1mlty, temperature, currents and fluorescence, Shehkof Stralt
Coordmated InveStigatIOns (FOCI) nutnents, chlorophyll, ffilcrozooplankton atmo-

sphenc vanables, sedIments Smce 1984

Macrofauna

IPHC / Assessment of PacIfic Hahbut Age, length, catch, effort, sex, sexual matunty of Pacmc hahbut range
Stock PacIfIc hahbut Research surveys smce 1925

NOAA / Ocean Carrymg CapacIty / Ocean ffilgratIons, abundance and movement Full coverage
North PacIfic Ocean Salmon Ecology patterns, stock IdentIficatIOn, genetics, growth

condItIOn, met Research cruIses smce 1995

NOAA / Sabiefish Longlme Surveys Arumal surveys of sablefuh Also data on rockfish Full coverage
Smce 1979
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Agency/Program Data Coveragem
Gulf of Alaska

ADFG / Salmon Escapement Counts EnumeratIOn of returnmg adult salmon Data smce Salmon streams throughout
early 1900s the Gulf of Alaska regIOn

ADFG / Surveys Age, weight, length, AWL, sex, abundance and Full coverage
distnbution for hemng, shellfish, and other species
Smce 1980

ADFG / Fish Pathology Disease History Disease mstones of salmon, trout, hemng, clams, Full coverage
Database and other fish and shellfish Smce 1973

ADFG / Coded Wrre Taggmg IdentlficatIOn of a particular stock from a particular Pnmanly salmon hatchenes a
year Smce the early 1970s few wild fish programs

NOAA / Marme Manrrnal Stock Stock assessments for sea hons, harbor seals, vanous Full coverage
Assessments whales, and porpOises Smce 1995

DOl / Benngian Seabrrd Colony Breedmg populatIOn Size speCies cOmposition and Seabrrd colomes throughout
Catalog locatIOn Data smce the late 1800s Alaska

DOl / Alaska Seabrrd Inventory and PopulatIOn, nestmg productiVity and timmg, prey 10 dlfferent Sites annually on
Momtonng Plan use growth rates SUrviVal Smce 1970s the Alaska Mantime NWR

Human Use

NOAA / NatIOnal Status and Trends Contammants m sedrrnents and bivalve mollusks Cook Inlet, Kodiak Island
Program / Mussel Watch Project mcludmg PAHs and PCBs Smce 1986 PWS

NOAA/National Status and Trends Chemical concentrations m the hvers of bottom- Prmce Wilham Sound
Program / National Bentrnc Surveillance dwelimg fish 1984-1993

DOl / Alaska Marme Mammals Tissue Heavy metals PAHs orgamc pollutants and other Full coverage
Arcmvmg Project contammants Smce 1987

-

AppendiX Table 1 Selected information gathenng programs In the Gulf of Alaska
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Appendix C Elements of Research and Monitoring
I

The followmg areas of mterest for long-tenn momtormg and supportmg research
represent an mItlal effort upon WhICh to build a detailed plan The momtormg areas and
questIOns are by no means exhaustlve or exclusIve They are mtended to serve as a
startmg pomt for developmg the Gulf Ecosystem Momtonng (GEM) research and
momtonng plan, WhICh IS scheduled for Implementatlon m October 2002

The momtormg areas and questlons were assembled from past progranIS and research
projects, and contnbuted by SCIentIsts and other members of the publIc

AppendIX C 1 Long-term Momtormg

A central focus of the GEM program IS a core oflong-tenn measurements funded by
I

a vanety of entItles mcludmg GEM that IS suffIcIent to track ecosystem changes m
processes and speCIes of mterest on the scale of decades At the same tlme, GEM seeks
shorter-tenn research to clanfy functIOnal relatIOnslnps wIthm the ecosystem so that the
momtonng programs may be changed m response to new mfonnatlon and management
needs There WIll always be a dynamIc balance between the need for contmmty and for
makmg the momtormg program most reflectlve of our latest understandmg of how the
system functlons and where, when and how It IS best measured

It needs to be emphaSIZed that GEM IS milIkely to dIrectly support the bulk of the
momtonng necessary to track ecosystem changes m processes and specIes of mterest on
the scale of decades The approach recommended here IS to 1) detennme the best
hyp,?theses to explam the mteractlon ofphysIcal, bIOlogIcal and anthropogemc processes
to produce speCIes of mterest, and what data are presently bemg gathered to evaluate
these hypotheses, 2) conduct statlstlcal and 10gIstlcal research to determme the momtormg
Opportullitles where GEM may most effICIently contnbute to evaluatlng top hypotheses,
3) leverage GEM fundmg usmg the 10gIStlC and fmancIaI support provIded by eXIstmg
agencIes, 4) craft a program of momtormg and related research that IS appropnate to the
cash flow expected from the Trustee CouncIl's endowment, and 5) penodlCally reVIew
and modIfy the program

The followmg are suggested as areas of mterest m no partIcular order Agam, GEM
IS not expected to fund all or even most of the Items Identlfied Where other programs
are not now fully addressmg these areas, there should be Opportullitles for the GEM
momtormg program to contnbute

AppendixCIa InshOl e Benthic and Intel tidal Communztles

To momtor annual abundance and productIvIty of selected subtldal and mtertldal
orgamsms, such as clams, polychaetes, and crustaceans, at locatlons m Pnnce Wilham
Sound, KodIak and lower Cook Inlet Relate retentIon and transport phenomena to larval
supply and recruItment PossIble cooperatlng agencIes/programs Mmerals Management
ServIce (MMS), Pnnce WIllIam Sound and Cook Inlet RegIOnal CItIzens AdVISOry
Councils (RCACs)
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Appendix C 1 b Apex P, edatol S

To momtor seabIrd colony attendance at mtervals of perhaps every four years and
ChICk productIVIty as often as every year at estabhshed U S FIsh and WIldhfe ServIce
(USFWS) Gulf ofAlaska (GOA) mdex colony sItes (e g ,Barren Islands) wIthm the spIll
area for at least common murres and black-legged kIttIwakes Also momtor total seabrrd
gUIld composItIon and abundance at major mdex SItes OccasIonal at-sea counts of
seabrrds PossIble cooperatmg agencIes/programs U S GeologIcal Survey BIologIcal
Resources DIvlSlon (USGS/BRD), USFWS/Alaska MantIme NatIonal WildlIfe Refuge
Seabrrd Momtonng Program, Global Ocean Ecosystems DynamIcs (GLOBEC), MMS

To conduct regular penodIc surveys of harbor seal moltmg at select SItes across the
northern GOA coast (e g , Pnnce WIlham Sound, outer Kenat coast, Cook Inlet, KodIak)
accompamed by bIOlogIcal studIes to assess body condItIon and other factors lIkely to be
mdIcatIve ofpopulanon status PossIble cooperatmg agencIes/programs NatIonal Marme
FIshenes ServIce (NMFS), Alaska Department of FISh and Game (ADF&G), NatIonal
Park ServIce (NPS), UmversIty ofAlaska, FaIrbanks (UAF)

It WIll be trnportant to contmue penOdIC momtonng and further understandmg of
how and possIbly why some specIes of predators fluctuate m abundance Sea otters and
ktller whales are pOSSIble candIdates, and currently ecosystem trophIC modelmg may
pomt towards one of these specIes as an trnportant ecosystem component POSSIble
cooperatmg agenCIes/programs USGS BRD, NMFS, USFWS, ADF&G

AppendiX C 1 c Clrmate

To measure mtensIty and locanon of the wmter AleutIan Low pressure system, wmd
speed and dIrectIOn, arr temperature and relatIve hunudIty at several key SItes, precIpItatIon
and coastal freshwater mput to the GOA POSSIble cooperatmg agenCIes/programs the
NatIOnal Oceamc and Atmosphenc AdmImstratIon (NOAA) (buoy system, NatIOnal
Weather ServIce), NatIonal Center for Atmosphenc Research, USGS coastal stream gauge
data, use of eXIstmg local preCIpItatIOn and arr temperature records

AppendiX C 1 d PhySical Oceanography

To measure strength, locatIon and vanatIOn of Alaska Current, Alaska Stream and
Alaska Coastal Current at key SItes, vanatIon m the crrculatIOn of Pnnce WIlham Sound
and lower Cook Inlet (mcludmg eddy formatIOn), the upwellmg mdex along the whole
gulf coast, synoptIc sea surface temperatures penodIcally throughout the study area and
salImty/temperature/densIty profIles or sectIOns to depth at selected SItes POSSIble
cooperatmg agenCIes/programs NOAA (Coastal Ocean Program, Ocean Carrymg
CapaCIty program), FIshenes Oceanography Invesngattons (FOCI), buoy data, Coastwatch
Remote Sensmg Program, NatIonal SCIence FoundatIOn Snow and Ice Data Center,
CanadIan GLOBEC, US GLOBEC, UAF (GAK lme), MMS

AppendiX C 1 e ChemicalOceanoglaphy

To measure N0
3

, P0
4

and rron concentratIons and selected tracers (e g , Isotope
tracers) at key locatIons and ttrnes m the GOA, on the shelf and m Cook Inlet and Pnnce
WIlham Sound POSSIble cooperatmg agenCIes/programs UAF
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To measure concentratIOns of PCBs, DDT and other persIstent organIc chemIcals m
mussels and tIssues of apex predators PossIble cooperatmg agencIes/programs NOAA
NatIOnal Status and Trends Program-Mussel Watch, NMFS Seattle Laboratory, PrInce
WIlham Sound and Cook Inlet RCACs

AppendIx C 1 f BlOlogzcalOceanoglaphy

To charactenze chlorophyll-a (contmuous) and pnmary produCtIVIty at key SItes m
the gulf, on the shelf, m Pnnce WITham Sound and Cook Inlet, to obtam synoptIc VIews
of sea surface chlorophyll-a PossIble cooperatmg agencIes/programs NOAA/NMFS
(FOCI, Coast Watch), Department of FIshenes and Oceans (DFO) Canada, NatIOnal
AeronautIcs and SpaceAdmmIstratIon (NASA), UAF, PrInce Wilham SoundAquaculture
CorporatIon (pWSAC)

To measure zooplankton settled volume at mshore SItes wIthm PrInce Wilham Sound,
Cook Inlet anQ KodIak, and zooplankton hydroacoustIc bIOmass and net plankton on the
shelfand adjacent waters at key tImes CollectIons are expected to mclude Icthyoplankton
and larvae of Important macromvertebrates Sample subsets to be analyzed for speCIes
compOSItIon PenodIc modelmg of bloom dynamICS POSSIble cooperatIng agencles/
programs PWSAC, US GLOBEC, CanadIan GLOBEC

AppendIX C 1 g Nekton IncludIng FOlage FIsh

To make estnnates of bIOmass and speCIes compOSItIOn by hydroacoustIc and net
samplIng on the shelf and WIthIn Pnnce WillIam Sound and Cook Inlet at key SItes and
tImes POSSIble cooperatIng agenCIes/programs US GLOBEC, UAF, FOCI, NOAA/NMFS

To mOnItor halIbut and PaCIfic cod stomach contents m Cook Inlet and other pOSSIble
regIOns, seabIrd dIets m Pnnce Wilham Sound and Cook Inlet (summer), Juvenile hernng
m PrInce Wilham Sound Conduct hydroacoustIc and net samplmg at key shelf SItes
Develop an mdex of speCIes compOSItIon and relatIve speCIes compOSItIon and relatIve
abundance of forage fIshes Measure carbon and nItrogen stable Isotopes and fatty aCIds
of hernng and other forage fish on shelf and m PrInce Wilham Sound and Cook Inlet
Perform bIOphYSICal modelmg to help predIct hernng and pollock stock compOSItIOn and
SIZe POSSIble cooperatmg agenCIes/programs ADF&G, NOAA/NMFS, MMS

To obtam commercIal catch statIstIcs and stock assessment data for salmon, hemng,
pollock, sablefIsh, PacIfIC cod, rockfIsh, and other speCIes, mcludmg crabs and shrImp,
m PrInce Wilham Sound, KodIak, and Cook Inlet When available, supplement WIth
addItIOnal data from sport and SubSIstence harvests POSSIble cooperatmg agencles/
programs ADF&G, NOAA/NMFS

Appendzx C 1 h ResoUlce ConsumptIOn

To mOnItor harvest levels of all speCIes mcludmg mCIdental take (by-catch) and
removals of speCIes by human actIVItIes such as tnnber harvest, land development, and
pomt and non-pomt source pollutIOn PrOVIde mformatlOn SupportIve of resource
management agenCIes' actIOns POSSIble cooperatmg agenCIes/programs ADF&G,Alaska
Department ofNatural Resources (ADNR),Alaska DepartInent ofTransportatIon (ADOT),
U S EnVIronmental ProtectIon Agency (EPA), NMFS
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Appendix C 1 I Habitat Degl adatlOn

To momtor mdicators of human use mcludmg proportIOn of lands and waters m
productIve habItats out of total land and water bases, extent of habItat fragmentatIOn as
measured by condItIon of mIgratIon comdors, number of mIles of roads, and human
populatIOn denSIty ProVIde mformatIOn SupportIve of resource management agencIes'
actIOns PossIble cooperatmg agencIes/programs Alaska Department of EnvIronmental
ConservatIOn (ADEC), ADF&G, ADNR, ADOT, EPA, NOAA, USGS, USFWS,
U S Forest ServIce (USFS)

Appendix C 1 J PollutIOn

To momtor mdicators of human use mcludmg water qualIty (salmIty, dIssolved
oxygen, pH, bactena levels), harmful algal blooms, PSP, amneSIac shellfIsh pOIsomng
(ASP), and pomt source (e g ,organochlonnes, heavy metals) and non-pomt source (e g ,
temperature, turbIdIty) pollutants Relate trends m mdicators to ecosystem functIOmng
and health, and correct for the effects of clImate ProVIde mformatIOn SupportIve of
resource management agencIes' actIons PossIble cooperatmg agencies/programs ADEC,
ADF&G, ADNR, ADOT, EPA, NOAA, USGS, USFWS, USFS

AppendIX C 2 SCientIfic QuestIons

In the context of the conceptual foundatIon descnbed m SectIon IV and the prelImmary
long-term momtonng areas of mterest above, the followmg SCIentIfIc queStIons are meant
to capture some of the mam uncertamtIes m how fluctuatIOns m the GOA ecosystem
mfluence the dIstnbutIOn and abundance of valued orgamsms The questIOns do not
attempt to capture the entIre scope of potentIal momtonng and research projects, but
rather, they address dIscrete aspects of the conceptual foundatIOn and are related to one
another There are other questIOns that could be posed and other ways to frame the
uncertamtIes, so thIs should be conSIdered an mitIal effort

AppendiX C 2 a Chmate, Sea SUlface Intel actIOns and PhySical Oceanoglaphy

a What are the penodic and apenodic changes m the atmosphere that mfluence the
northern GOA? Are they predIctable? How WIll the trend m global warmmg affect
cycles m the future?

b What IS the annual, mterannual, and mterdecadal vanabIlIty m the pOSItIon and
strength of the Alaska Coastal Current? What IS the annual, mterannual, and
mterdecadal vanabIlIty m the Alaska Current and Alaska Stream?

c How IS downwellmg of onshore-dnven water and upwellmg ofdeep water affected
by changes m wmd and coastal preCIpItatIon dunng different chmatIc regImes? Does
freshwater-mduced stratIfIcatIOn and wmd-mduced mIxmg on the contmental shelf
change sIgmficantly under vanous clImatic regImes?

d How do fronts and eddIes affect bIOlogIcal productIOn and onshore-offshore
transport?

e How do nearshore and shelf exchange processes change over tIme and what are
the bIOlogIcal consequences of such changes?
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f What are the fluctuatIons rn freshwater rnput to the coastal gulf and how do these
changes affect CIrCulatIOn, stratIfIcatIon, and rnshore-offshore exchange?

Appendix C 2 b Ocean Fel tllzty and Plankton

a How are nutrIent transport and recyclrng rn the central GOA and on the shelf
dIfferent rn dIfferent clImatIc regImes?

I

b What are the relatIve roles of local nutrIent recychng versus deep-water supply
and cross-shelf transport rn Pnnce WIlham Sound, Cook Inlet and KodIak Island?

c Does the rntense upwellrng rn outer Cook Inlet vary sIgnIfIcantly rnterannually or
rnterdecadally? Do long-term changes rn some tIdal nodes (e g , an 18 6-year nodal
cycle) affect nutrIent supply rn thIs regIon?

d Are Pnnce WIlham Sound, Cook Inlet and the KodIak shelf net Importers or net
exporters of nutrIents, carbon and energy?

e How do the tlIllrng, magnItude, duratIOn, and specIes composItIOn of the spnng
bloom respond to seasonal and rnterannual vanablhty rn nutrIent supply and phYSICal
condItIOns?

f What IS the zooplankton commumty response to seasonal and rnterannual vanabIlIty
rn phytoplankton? What IS the fate of offshelf zooplankton productIon under dIfferent
clImatIc regImes?

g What combrnatIOns ofphySIcal condItIons and pnmary and secondary productIOn
lead to favorable condItIons for hIgher trophIc level consumers (fIsh, bIrds, mammals),
and what IS the spatIal and temporal vanabIhty and frequency of occurrence of these

-combrnatIons?

h What are the relatIve contrIbutIons of the net plankton, mlcroheterotrophs, and
bactena rn the overall energy budget of the ecosystem?

1 What IS the role of lIllported terrestnal plant carbon III nearshore manne
communItIes? Do rncreases rn temperature and freshwater rnflow that occur dunng
pOSItIve PacIfIC Decadal OscIllatIOns bnng SIgnIfIcantly greater rnputs of terrestrIal
produced carbon?

Appendix C 2 c Fish and Flshelles

a What are the mechanIsms responsIble for rnterannual and rnterdecadal vanatIons
rn populatIons ofmajor specIes of forage fish (hemng, pollock, capelrn and eulachon)
rn the GOA?

b What IS tpe balance between nearshore survIval of JuvenIle salmon and SUrvIVal
through the remarnder of the lIfe cycle rn the GOA rn determIllrng fluctuatIons rn
salmon returns rn the regIon?

c Are there partIcular combrnatIons of penods of wrnd-free, onshore transport of
deep water WIth hIgh nutrIent content and penods of wrnd-dnven ffilxmg that prevent
prolonged stratIficatIon of surface water that are OptlIllal for rnshore survIval ofyoung
hemng and salmon?
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d Does enhanced late-season plankton productIOn favor survIval of 0+ age class
fIsh?

e How lIllportant to overwmtenng survIVal of forage fIsh are wann wrnter water
I

temperatures and holdover zooplankton productIOn?

f What IS the long-tenn effect of salmon hatchenes on the allocatIon ofpelagIc food
resources rn the GOA?

g What are the trophIC dynamIc processes that detenmne productIon of fIsh and
shellfIsh rn the North PacIfIc?

h What are the lInkages between plankton dynamIcs and early lIfe histones of fIsh
and shellfIsh and subsequently observed changes rn fIsh, shellfIsh, brrd, and manne
mammal populatIons?

1 What are the bIOtIC ImplIcatIons ofclImatIc forcrng and nutnent transport condItIons,
from effects on pnmary and secondary producers to effects on rnvertebrates, fIsh,
brrds, and marrne mammals through the pelagIc and benthIc food webs?

AppendiX C 2 d Benthic and Intel tidal Commumtles

a How do populatIOns and productIvIty of benthIc and mtertidal commumties
fluctuate mterannually and rnterdecadally?

b What condItIons cause fluctuatIOns 10 the fractIon of the spnng bloom that falls
ungrazed to support the benthIc fIsh and rnvertebrate commurnty?

c How does nutnent supply to nearshore plants fluctuate?

d What are the hnkages between commercIally lIllportant fIsh specIes (e g ,cod,
halIbut, sable fIsh) and benthIc prOdUCtIVIty?

Appendix C 2 e Bud and Mammal Populatwns

a How do populatIOns and productIvIty of seabrrds fluctuate mterannually and
mterdecadally? Is the aVailabIlIty of fatty forage fishes (e g , hemng, capellO and
eulachon) rn the shelf envrronment the malO detennrnant of populatIOn success?

b How do populatIons and productIvIty of harbor seals fluctuate mterannually and
rnterdecadally?

c Do populatIons ofharbor seals fluctuate WIth the aVailabIlIty of fatty forage fishes
(e g ,hemng, capelrn and eulachon) 10 the shelf envrronment?

d How do populatIons and prOdUCtIVIty of sea otters fluctuate mterannually and
rnterdecadally? Does food supply play the malO role, or do dIsease and predatIon?

e To what extent does transport of manne rntrogen from the GOA detennrne or llIllit
the productIon of terrestnal brrd and mammal populatIons?

Appendix C 2 f Anthlopogemc and Natural Contaminants

a What are the concentratIOns of bIOaccumulated anthropogemc chemIcals rn the
coastal and shelf orgarnsms?
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b What IS the loss rate of resIdual Exxon Valdez 011 spIll hydrocarbons from the spIll
area?

c Are anthropogemc chemIcals havmg adverse effects on the health of manne
orgamsms, espeCIally apex predators With high accumulatIons ofpersistent synthetIc
chemicals?

d What are the concentratIons of blOaccumulated natural toxms, such as dom01c
aCId, m the coastal and shelf envIronment?

e Are natural toxms havmg adverse effects on the health of marme orgamsms, such
as kIller whales and other apex predators With high accumulatIons of persistent
synthetIc chemIcals?
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Appendix D Acronyms and Links

ABC Acceptable BIOlogIcal Catch
AC Alaska Current
ACC Alaska Coastal Current
ADCED Alaska Department of Commumty and EconomIC Development
ADEC Alaska Department of EnVIronmental ConservatIon
ADF&G Alaska Department of FIsh and Game

DIVISIOn of CommercIal Fishenes http Ilwww cf adfg state ale us/cf home htm
DIVISIon of HabItat http Ilwww state ale us/locaValepageslFISH GAME/habItat!habhome htm
DIVISIon ofSubsIstence http Ilwww state ale us/local/alepages/FISH GAME/subsIst/subhome htm
DIVISIOn ofSport FISh http Ilwww state ale us/local/akpages/FISH GAME/sportf/sf home htm

ADHSS Alaska Department of Health & SOCIal ServIces
ADNR Alaska Department of Natural Resources

http /lwww dnr state ale usl
DIVISIOn of Parks and Outdoor RecreatIon http Ilwww dnr state ale us/parks
DlVlsIOn of Mmmg, Land and Water http Ilwww dnr state ale us/mlw

ADOT Alaska Department of TransportatIon
AEPS ArctIc EnVIronmental ProtectIon Strategy

http /larctIccrrcle uconn edu/NatResources/aeps html
AMAP ArCtIC Momtonng and Assessment Programme

http Ilwww amap nol
AMMTAP Alaska Manne Mammals TIssue ArchIval Project
AMNWR Alaska MantIme NatIonal WIldhfe Refuge
APEX Alaska Predator Ecosystem Expenment
ARLIS Alaska Resources LIbrary and InformatIon ServIce
ARMRB Alaska RegIOnal Manne Research Board
ARMRP Alaska RegIOnal Marme Research Plan
ASP AmneSIac ShellfIsh POIsomng
ATV All terram vehIcle
AVSP Alaska VISItor StatIstICS Program
AWQ DIVISIon ofAIr and Water Quahty, ADEC
BRD BIolOgIcal Resources DIVISIon
CCF One hundred CUbIC feet
CDQ Commumty Development Quota
CIRCAC Cook Inlet RegIOnal CItIzenS AdVISOry CouncIl
CIFAR CooperatIve InstItute for ArctIc Research

http /lwww cIfar uaf edu/fishenes html
CIIMMS Cook Inlet informatIon Management and Momtonng System

http Ilwww dnr state ale us/ssd/c11ll1Ills/cllmms sum2 htrnl
C-MAN Coastal Manne Automated Network
COADS ComprehenSIve Ocean-Atmosphere Data Set

http Ilwww cdc noaa gov/coads
COP Coastal Ocean Program
CTD ConductIvIty temperature versus depth
CRIS Court RegIStry Investment System
CRP ComprehenSIve RatIOnahzatIon Program
CSCOR Center for Sponsored Coastal Ocean Research
CVOA Catcher Vessel OperatIonal Area

98

~,

I



")

( ,
\.....)

, )

./

\ /

\

'-)

,,)

GEM Sc,ence Program NRC RevIew Draft Aprll21 2000

DDE Dlchlorodlphenyldlchloroethylene
DDT Dlchlorodlphenyltnchloroethane
DFO Department of Flshenes and Oceans, Canada
DOl U S Department of the Intenor
EA/RIR EnvIronmental Assessment!Regulatory Impact ReVIew
EEZ ExclusIve EconomIc Zone
EFH EssentIal FIsh HabItat
EMAP EnvIronmental Momtonng and Assessment Program
ENSO EI Nmo Southern OscIllatIon
EPA U S EnvIronmental ProtectIOn Agency
EVOS Exxon Valdez 011 Spill

http Uwww ollspill state ak us html
Blbhography http //www Ollspill state ak us/Blbho/blbho htrn
Fmal and Annual Reports http Uwww ollspill state ak us/reports/clusters htm

FMP FIshery Management Plan
FOCI Flshenes Oceanography InveStIgatIOns

http IIrho prnel noaa gov/cardllong/horne page html
FY FIscal Year
GAK Gulf ofAlaska
GEM Gulf Ecosystem Momtonng
Glll., GUIdelme Harvest Level
GLOBE Global Learnmg and ObservatIOns to BenefIt the EnVIronment
GLOBEC Global ClImate Change

http //www ccpo odu edu/Research/globec menu htrnl
GOA Gulf ofAlaska
GOOS Global Ocean Observmg System

http Uwww gos udel edu
HAPC HabItat Areas of PartIcular Concern
IARC InternatIOnal ArCtIC Research Center, Umverslty ofAlaska

http //www larc uaf edu/
IBQ IndIVIdual Bycatch Quota
IFQ IndIVIdual Flshmg Quota
IGBP InternatIOnal Geosphere-BIOsphere Programme

http //www 19bp leva set
IMS InstItute of Manne SCIence, Umverslty of Alaska
INPFC InternatIOnal North PacIfIc Flshenes CommIssIOn

http Uwww npafc org/mpfc/mpfc htrnl
10C Intergovernmental OceanographIc COmmISSIOn

http /iioc unesco org/lyo!
IPHC InternatIonal PacIfIc HalIbut CommIssIOn

http //www lphc washmgton edu/
IPSFC InternatIOnal PacIfIc Salmon FIshmg ComIlllSSIOn
IRFA ImtIal Regulatory FleXIbIlIty AnalYSIS
IRIU Improved Retentlon/Improved UtIlIzatIon
ITAC Imtlal Total Allowable Catch
JGOFS Jomt Global Ocean Flux Study

http //ads smr mb nohgofshgofs htm
Kachemak Bay EcologIcal CharactenzatIOn study

http Uwww state ak us/adfg/habltat/genmfo/nerr/kbec/mdex htm
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KRSA KenaI RIver Sportflshmg AssocIatIon
LAMP Local Area Management Plan
LLP LIcense LImItatIon Program
MBF One thousand board feet
MMPA Marme Mammal ProtectIon Act
MMS Mmerals Management ServIce
NPS NatIOnal Park ServIce
MSFCMA Magnuson-Stevens FIshery ConservatIon and Management Act
MRB MaXImum Retamable Bycatch
MSY MaXImum Sustamable YIeld
mt MetrIc tons
NatIOnal Status and Trends Program

http Ileemaservernos noaa goy/NSandT/New NSandThtml
NASA NatIOnal AeronautIcs and Space AdmIllistfatlOn
NAWQA NatIOnal Water QualIty Assessment Program
NCAR NatIOnal Center for Atmosphenc Research
NCDC NatIOnal ClImate Data Center

http IIwww nede noaa goyl
NERR NatIOnal Estuarme Research Reserve
NESDIS NatIOnal EnVIronmental SatellIte, Data, and informatIon ServIce
NIST NatIOnal InstItute of Standards and Technology

http I/www illst gOYI
NMFS NatIOnal Manne FIshenes ServIce

http Ilwww nmfs gOYI
NatIOnal Manne Mammal Health and Strandmg Response Program

http Ilwwwmnfs goy/prot reS/Oyervlew/mmhealth html
NOAA NatIonal OceanIc and Atmosphenc AdmIllistratIon
NODC NatIonal OceanographIc Data Center

http I/www node noaa gOY
NOS NatIonal Ocean ServIce

http Ilwww nos noaa gOYI
NPAFC North PacIfIC Anadromous FISh ComrmsslOn

http Ilwww npate org
http I/www pac dfo-mpo ge ealsel/pbs/pagesINPAFC htm

NPFMC North PacIfIC FIshery Management CouncIl
NPDES NatIOnal PollutIOn DIscharge ElIrmnatIon System
NPO North PacIfIC OscIllatIon
NRC NatIOnal Research CouncIl
NSF NatIOnal SCIence FoundatIon
NVP Nearshore Vertebrate Predator project
NWS NatIOnal Weather ServIce

http IIwww nws noaa goyl
OAR OceanIc and Atmosphenc Research

http Iloar noaa gOYI
OCC Ocean Carrymg CapaCIty
OCSEAP Outer Contmental Shelf Envlfonmental Assessment Program
OPA 90 011 PollutIOn Act of 1990
OPR OffIce of Protected Resources

http I/www nmfs gOY/Prot res/prot res html
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OY OptImum yIeld
PAG Pubhc AdvIsory Group
PAR Polyaromatlc hydrocarbons
PCB Polychlonnated bIphenyls
PDO PacIfIc Decadal OscillatlOn
PlCES North PacIfic Marme SCIence OrgamzatIon (not an acronym)

http IIRIces lOS bc cal
PlCES Techmcal CommIttee on Data Exchange http !/RIces lOS bc caldata
PlCES Data Bases http I/plces lOS bc caldata/weblIst/weblIst htm
PMEL PacIfic Manne EnvIronmental Laboratory

http Ilwww pmel noaa gOYI
PMEL Benng Sea and North PacIfIc Ocean Theme Page wwwpmel noaa gov/benng
PSC PacIfIC Salmon CommISSIon

http Ilwww psc org/Index htm
PSMFC PacIfic States Manne FIshenes COmmISSIOn

http Ilwwwpsmfc org/
PSMFC ReglOnal Mark Processrng Center http Ilwww psmfc org/rmpc
PSP ParalytIc ShellfIsh POlsomng
PWS Pnnce WIlham Sound
PWSAC Pnnce Wilham Sound Aquaculture CorporatIon
PWSRCAC Pnnce Wilham Sound ReglOnal CItIzens AdVISOry Council
RACE Resource Assessment and Commumty Ecology
RCAC RegIonal CItIzens AdVISOry CouncIl
RCRA Resource ConservatIOn and Recovery Act
SAFE Stock Assessment and FIshery EvaluatIon Document
SEA Sound Ecosystem Assessment
SG Sea Grant

http Ilwww nsgo seagrant orgl
SpecImen Bankrng Project

http !/wwwnwfsc noaa gov/pubs/tm/tm16/tm16 htm
SSC SCIentIfic and StatIstIcal CommIttee
STAMP SeabIrd TIssue ArchIval Momtonng Project
TAC Total allowable catch
UAA Umverslty ofAlaska, Anchorage
UAF Umverslty ofAlaska, Farrbanks
UN Umted NatIons
UNESCO Umted NatIons EducatlOnal SOCIal and Cultural Orgamzatlon

http IlIoc unesco orglIocwebl
USDA U S Department of Agnculture
USFS U S Forest ServIce
USGS U S Geological Survey

http Ilwwwusgs govl
US GLOBEC U S Global Ocean Ecosystems DynamICS

http Ilcbl umces edu/fogarty/usglobecl
VBA Vessel Bycatch AccountIng
VIP Vessel IncentIve Program
WOCE World Ocean CIrCUlatIon Expenrnent

http Ilwww soc soton ac uk/OTHERS/wocelpolIpo html

101



Exxon Valdez 0';Sp';l Trustee Council

Acknowledgments

Pnmary wnters were Veromca ChrIstman, Joe Hunt, Molly McCammon, PhIl Mundy,
Sandra Schubert, Stan Senner, Bob Spies, and Joe Sullivan Tom Wemgartner contnbuted
text descnbmg shelf Circulation, mcludmg the Alaska Coastal Current Seth Damelson
contnbuted the figure descnbmg the North Pacific Current, the Alaska Current, the Alaska
Stream, and the Alaska Coastal Current We are grateful for the adVice of the followmg
m the early stages of developmg the document Hal Batchelder, Jim Bodkm, Henry
Huntmgton, Dave Irons, Gordon Kruse, PhIl Mundy, Charles Peterson, John Piatt, Glenn
VanBlancom, Stanley Rice, Stan Senner, Hugh Short, Jeff Short, Alan Spnnger, and
Bruce Wnght In addition, thanks are also due to Ted Cooney, Dave Eslinger, Tom Klme,
Andy Gunther, Vmce Patnck, Tom Royer, Shan Vaughan, Tom Wemgartner and Kate
Wynne for therr peer reView, editonal adVice and sCientific mformatiOn Our thanks also
go to those who contnbuted ideas and mformation followmg GEM presentatiOns m
Anchorage, Cordova, Homer, Kodiak, Port Graham, Seward, Soldotna, and Valdez

)

:'1
~"

I ')

102
/ ' I

-.J


