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ExecutIve Summary

After the E\\On Valdez 011 spill (EVOS) m 1989, a clVll settlement reqUIred Exxon
CorporatIOn to pay $900 mllhon over 10 years to restore resources mJured by the spill and
compensate for reduced or lost services the resources provide A trustee councll of three federal
and three state members was estabhshed to admmlster the funds As part of ItS miSSIOn, the
EVOS Trustee Councll has dl'>bursed research funds, first for damage assessment and then for
momtonng and research It also set aSide some of the funds to create a permanent trust to support
contmued, long-term research and momtonng m the regIOn At thiS pomt, the Exxon Valdez 011
Spill Trustee CounCil IS developmg a plan to gUIde thiS new research program, to be known as the
Gulf Ecosystem Momtonng (GEM) program

To ensure that the GEM program IS based on a sCience plan that IS robust, far-reachmg,
and SCientifically sound, the Trustee CounCil asked the National Academies to serve as an
mdependent adVisor The Academies appomted a speCial committee and charged It to review the
scope and content of the program as It evolves ThiS mtenm report focuses on the conceptual
foundatIOn of the GEM sCience program, as presented m the document GulfEcosystem
MOnitormg A Sentmel MOnitonng Program/or the ConservatlOn o/the Natural Resources o/the
Northern Gulf0/Alaska, ReView Draft Apnl 21, 2000 (sometimes called GEM 2000 and Cited m
thiS report as EVOSTC, 2000a, the Executive Summary of this document IS reproduced m
AppendiX B) The committee Will prepare a separate report revlewmg the more detailed research
and momtonng sCience plan when that document becomes available m mld-200l

MISSION

The EVOSTC showed great foreSight m settmg aSide funds over the years to create the
trust fund that Will now prOVide long-term fundmg to the GEM program, and the Imtlal
descnptlOns of the mtent and scope of the program are to be commended As envlSloned, the
GEM program Will offer an unparalleled opportumty to mcrease understandmg of how large
manne ecosystems m general, and Prmce Wilham Sound m particular, function and change over
time The comrmttee beheves that It stands to be a slgmficant program of Importance to Alaska,
the nation, and the SCientific commumty With our underlymg support for GEM stated, the
committee would hke to pomt out areas where we beheve the program could be Improved We do
not Wish to be taken as overly cntIcal, we remmd readers that the committee was charged to
proVide adVice and we offer our thoughts as constructive additions to the plannmg debate ThiS
report follows the general structure used m EVOSTC 2000a, begmnmg With diSCUSSIOn of the
miSSIOn statement

GEM's miSSion, as stated m EVOSTC, 2000a, IS broad and ambitIOUS • to sustam a
healthy and bIOlogically diverse manne ecosystem m the northern Gulf of Alaska 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" The purpose of any miSSion
statement IS to serve as a general gUldmg pnnclple and statement of underlymg phllosophy and
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approach, and this mlSSlOn statement accomphshes this purpose However, putt10g this statement
mto practice IS hkely to prove difficult

First, It IS not clear that the objective of sustammg a healthy, diverse ecosystem can be
met by understandmg how natural and human mfluences affect the ecosystem's prodUCtiVIty In
fact, It IS not even clear whether research efforts WIll be able to dlstmgUlsh natural from human
mfluences Furthermore, the term healthy ecosystem Itself has no clear defimtIOn, 10 part because
there are no generally accepted, clearly defined measures for assessmg ecosystem health (NRC,
2000) Still, the committee recognizes that GEM must work under the mlSSlOn assIgned to It and
thus move past thiS defimtlOn problem It might be useful for GEM to develop a practIcal,
workmg defimtlOn of ecosystem health that relates to a particular aspect or aspects of the Gulf of
Alaska's ecosystem structure (the blOtlc commumty), or functlOnmg (ecologIcal processes such as
productlVlty), or both Havmg a workmg defimtlOn of ecosystem health would allow GEM to use
ItS funds more effectively and aVOid the nsk oftrymg to momtor and study more than the
program can successfully handle

Although the miSSlOn statement gIves equal weight to natural and human changes, the
GEM program document (EVOSTC, 2000a) IS pnmanly focused on large-scale clImate changes,
partIcularly the PaCific Decadal OscIllatlOn DespIte some language about the Importance of
human actiVIties (such as fishmg, tounsm, and other human uses), there IS httle 10 the proposed
research program that actually explores those actIVIties As the research program becomes
operatlOnal, the compleXIties and ambigUities presented by the mlSSlOn statement WIll become
more apparent and problematic

Accordmg to an early EVOSTC document, RestoratIOn Update Wmter 2000 (EVOSTC,
2000b) (see AppendIx A), GEM was conceIved to have three malO components

I long-term ecosystem momtonng (decades 10 duratlOn),
2 short-term focused research (one to several years 10 length), and
3 ongomg commumty mvolvement, mcludmg use of tradItional knowledge and local

stewardship

The committee VIews these three components as a sound foundatlOn upon which to buIld We
recognize that thiS particular pubhcatlOn IS a newsletter wrItten for a general audience but beheve
the explanatory text does a good Job of summanzmg the ongmal mtent of the program

GOALS

The GEM program document outlmes five program goals detect, understand, predict,
mform, and solve While the general mtent of these goals IS understandable, 10 terms of gUld10g
the deSign of the program, the committee sees them as extremely diverse and far-reachmg ThIS
may be a problem caused by wrItmg the goals WIth the pnmary purpose of mformmg the pubhc
rather than for steenng the sCience program While the GEM miSSIOn prOVides a good general
statement of mtent, It IS unreahstlc to beheve that the program can address all five stated goals
equally Certamly, some effort can go toward each of the goals, but the program should focus on
the goals most related to long-term momtonng detectlOn of change and understand109 the causes
of change Together, these WIll facilitate progress 10 learnmg to predict future changes, although
the Trustee Council should be cautlOus about havmg too high expectatlOns ofpredlctablhty from
such a program The goal of mformmg the pubhc can be bUilt around thiS core structure The
goal of solvmg problems for resource managers and regulators also can be addressed 10 parallel to
some extent, but should not dnve the conceptual foundatlOn of the program

The committee's concern IS that addressmg all five goals will present the nsk that the
research and momtonng program wIll be spread too thm to be effective In thiS report, the
committee suggests some approaches to focusmg the program goals, emphaslZlng the Importance
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ofhavmg a sound, underlymg sCIentIfic foundatIOn to gUIde the program over ItS mtended long
tIme honzon

THE IMPORTANCE OF A SOUND CONCEPTUAL FOUNDATION

The GEM program offers an unparalleled opportumty to mcrease understandmg of how
large manne ecosystems m general, and Pnnce WIllIam Sound m partIcular, functIon To fulfill
ItS promIse, the program needs a sound sCIentIfic conceptual foundatIon ThIs baSIC conceptual
underpmmng IS key because It WIll gUIde program planners to develop a core set of measurements
that can be taken mdefimtely The conceptual foundatIon needs to provIde both mtellectual
stabIlIty, to help keep the program focused and effectIve, and also fleXIbIlIty so the program can
evolve as knowledge grows and needs change

The commIttee recommends that the conceptual foundatIon for GEM be bUIlt around a
sImple but clear ecosystem model such as the example shown In Chapter 2, FIgure 2-1 The
foundatIon should be developed WIthout preconceIved notIOns of what speCIes or processes are
Important to momtor, as those speCIfics WIll evolve out of thIS underlymg framework In other
words, program planners should look at the Important elements depIcted m the chosen model and
ask "what vanabies or questIOns need to be measured or asked to understand thIS element and ItS
relatIOnshIp to the others?"

The GEM program to date seems to be unWIse m usmg the stIll-untested PacIfic Decadal
OSCIllatIon (PDO) as ItS conceptual foundatIon (However, It IS expected that the GEM program
WIll ultImately generate data that WIll help researchers evaluate the PDO hypothesIs) Other
conceptual models, such as the mshore/offshore productIon model, are also too narrow to prOVIde
the nght kmd of conceptual foundatIOn, although such models WIll prOVIde useful mput to GEM
SImIlarly, assummg that top predators serve to Integrate envIronmental factors or dnve the
ecosystem IS an assumptIon stIll to be tested, and agam IS not a sound conceptual foundatIOn The
chOIce of conceptual foundatIOn IS, of course, cntIcal, as thIS WIll dnve the chOIce of speCIes and
parameters to momtor, as descnbed In Chapter 2, Box 2-1

A broad conceptual foundatIOn WIth a sound SCIentIfic baSIS WIll prOVIde a strong
SCIentIfic JustIficatIon for the program and WIll help to defend the program from cntIcism and
polItIcal pressures over tIme It WIll also provIde an Intellectual structure that gUIdes modIficatIon
of the program, If and when that becomes necessary One mIght ask If thIS approach IS too
academiC for a program that Includes practIcal, management goals, and whether It would preclude
the study of Issues IdentIfied by managers or the pubhc The opposite IS true If the GEM
program has a broad SCientIfic foundatIon, then short-term Issues ofpubhc concern can be
addressed as elements Within this broad construct Even more Important, a sound SCIentIfic
framework would make It much more lIkely that the GEM program WIll collect the most useful
and Important ecological infOrmatIOn However urgent an envIronmental Issue mIght be,
understandmg and managing It almost always depends on SCIentIfic understanding Thus, a
soundly deSIgned program based on a SCIentIfic conceptual foundatIOn should not be seen as an
alternative to reflectmg publIc Interests and concerns Instead, It should be recognIzed as the only
way to do that effectIvely and over the long term The committee offers the follOWing
recommendatIOns to achieve thIS broad goal

• The GEM program cannot address all ItS five stated goals equally The program's
mam focus should be on the goals most related to long-term momtonng detecting
and understandmg the causes of changes

• The sCience plan should be strongly based on a broad conceptual foundatIOn that IS
ecosystem-based It should Include natural and human-mduced changes and It
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should be flexIble and able to accommodate changmg needs wIthout compromlSlng
the core long-term measurements

• The GEM program should articulate two or three fundamental questlOns about the
ecosystem that then are used to gUlde the selection for momtormg of partIcular
specIes and other physIcal, bIOlogIcal, and human aspects of the ecosystem

• Although It IS properly mtended to be a long-term program, GEM should mclude
some short-term projects wIth clear management ImphcatlOns

• GEM's orgamzatlOnal structure should be enhanced to mcorporate mechamsms for
mdependent program plannmg, proposal reVIew, and commumty mvolvement

• For the GEM program to be durable over time, the orgamzatIOnal structure should
mcorporate meamngful mvolvement oflocal commumtIes ThIS mvolvement should
occur at all stages, from planmng and development to oversIght and reVIew

• Although the total domam of GEM IS large, the core long-term momtonng program
should focus on tractable areas where cntlCal envIronmental data are needed The
pnmary geographIc focus for momtonng should begm WIth Pnnce Wl1ham Sound

• GEM should plan a senes of small, focused workshops that wIll provIde detal1ed
gUldance needed to Implement the SCIence plan

• GEM needs a major admlmstratIve commItment to data management, mcludmg
mechamsms and procedures to ensure data quahty and good archlvmg over tIme and
to make data aval1able to the pubhc and to researchers

4



1

IntroductIOn

In 1989, the TN Exxon Valdez spIlled 11 mllhon gallons of crude 011 mto Pnnce WIlham
Sound m Alaska, settmg off a cascade of effects that stIll have reperCUSSIOns more than a decade
later (FIgure 1-1) One result of the spIll was that m 1991, the U S DIStnCt Court approved a
clVll settlement that reqmred Exxon CorporatIOn to pay the Umted States and the State of Alaska
$900 milhon over 10 years to restore the resources Injured by the spIll and compensate for the
reduced or lost servIces (human uses) the resources provIded Under the court-approved terms of
the settlement, a Trustee CouncIl of three federal and three state members was formed to
admImster these funds The mISSIOn of the Er:xon Valdez all SpIll Trustee CouncIl has been to
return the enVIronment to a "healthy, productIve, world-renowned ecosystem" by restonng,
replacmg, enhancmg, or acqumng the eqmvalent of natural resources mJured by the spIll and the
servIces proVIded by those resources

As part of ItS mISSIOn, the Exxon Valdez all SpIll Trustee CounCIl (EVQSTC) has
dIsbursed research funds for almost 10 years, at first for damage assessment actIVItIes and then
for momtormg and research to better understand the ecosystem and to understand Impacts of the
011 spill on IdentIfied Important "resource clusters," or commumties/resources (e g , salmon,
hemng, manne mammals, SubSIstence resources) ExtenSIve research has been conducted over
the decade, makmg thIS the most studIed cold water manne 011 spIll m hIStory At the same tIme,
a portIOn of each payment has been set aSIde to create a permanent trust fund for future actIVItIes,
and It IS the use of thIS trust fund that IS now bemg planned

In keepmg WIth ItS mandate and after extenSIve pubhc mput, the Trustee CounCIl deCIded
to use the trust fund to support contmued research and momtonng m the regIOn Into the future As
conceIved, thiS program-the Gulf Ecosystem MOnItonng (GEM) program-has a umque
opportunIty to momtor the system m depth and over tIme m ways that bnng both practIcal
management lessons and deeper understandmg of the causes and effects of ecosystem change

THE COMMITTEE'S CHARGE

To ensure that ItS plan for long-term research and momtonng m the Gulf of Alaska
Ecosystem IS the best pOSSIble, the Trustee CouncIl asked the NatIonal AcademIes for aSSIstance
and a speCIally appomted commIttee was formed to reVIew the scope, content, and structure of the
draft SCIence Program and draft Research and MOnItonng Plan (Box 1-1) The commIttee agreed
to prepare thiS mtenm report commentmg on the adequacy of the conceptual foundatIon of the
GEM Program (as descnbed m the document GulfEcosystem Momtormg A Sentmel Momtorzng
Program for the ConservatIOn ofthe Natural Resources ofthe Northern GulfofAlaska, ReVIew
Draft, Apnl 21, 2000, CIted m thIS report as EVOSTC, 2000a) Later, the commIttee WIll prepare
a final report revIewmg the Research and Momtormg SCIence Plan, when It becomes avaIlable m
mId-2001
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ThIS mtenm report IS dIvIded mto sectIOns that roughly parallel the structure of the
Trustee CouncIl's 2000a document, first covenng the GEM program mISSIOn and goals, then the
structure and approach, and finally the sCIentific framework m some detaIl The report mcludes
mSIghts drawn from other long-tenn SCIence plans regardmg Issues such as governance structures
and data management Fmally, the commIttee summanzes ItS conclusIOns about the conceptual
foundatIOn of the GEM program and prOVIdes recommendatIOns to help gUIde development of the
Research and Momtonng SCIence Plan

BOX 1-1
THE COMMITTEE'S CHARGE

The Committee to Review the Gulf of Alaska Ecosystem Monitoring Program IS charged to
prOVide Independent SCientific gUidance to the Exxon Valdez all Spill Trustee Council, research
community and public as the Trustee Council develops a comprehensive plan for a long-term
interdisciplinary research and monitoring program In the northern Gulf of Alaska Specifically, the
committee Will

• Gain through briefings and literature review familiarity with the relevant body of SCientific
knowledge including but not limited to that developed by the research and monrtorlng
actiVities sponsored by the Trustee Council In the past

• Convene one or more Information-gathering meetings In Alaska where researchers, the
public and other Interested people can convey their perspectives on what the research and
monitoring plan should accomplish

• Review the general strategy proposed In the draft SCience Program (which Includes
Information on the SOCial and political context miSSion approach and SCientific background)
and make suggestions for Improvement

• Review -- once It IS available -- the draft Research and Monitoring Plan, including the scope
structure and quality of the approach proposed for a long-term research and monitoring
program In the northern Gulf of Alaska ThiS Will Include whether the conceptual foundation
provides an adequate basIs for long-term research and monrtorlng and whether the research
and monrtorlng plan adequately addresses gaps In the knowledge base and eXisting
uncertainties The committee Will also address broader Issues related to overall effectiveness
of the Trustee Council s program and plan for gUiding continued efforts to understand
biological change In the Gulf of Alaska
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PLANNING THE GEM PROGRAM
ESTABLISHING THE UNDERLYING FOUNDATION

The GEM program offers an unparalleled opportumty to mcrease our understandmg of
how large manne ecosystems (10 general) and Pnnce WIlham Sound (10 partIcular) functIOn No
other research and momtonng plan has a century-long tIme honzon ThIs kmd oflong-tIme
senes measurement IS a cruCIal tool for understandmg ecosystem functIOn Thus, along wIth thIS
opportumty comes an oblIgatIOn to craft a research and momtormg plan that can wIthstand the
test of tIme ThIS reqUIres a core set of measurements that can be taken consIstently and
mdefimtely, as well as flexlblhty to alter both conceptual understandmg and research mterests

The first step for thIS or any research and momtonng plan IS development of a conceptual
foundatIOn ThIs foundatIOn needs to be broad, precIsely because of the long tIme scale of GEM
No one can know what theones, taxa, or processes wIll emerge as cntIcal to the pubhc or
managers, or relevant to ecosystem functlOnmg, 10 future decades The chOIce of conceptual
foundatIon IS, of course, cntIcal, as thIS wIll dnve the chOIce of specIes and parameters to
momtor Conceptual foundatIOns that rest on a few mdlcator speCIes, speCIfic hypotheses about
manne ecosystems (e g , PacIfic Decadal OscIllatIOn), or current human Impacts (e g , fishmg) are
lIkely to be too narrow and mflexlble to support the GEM mISSIOn (Box 2-1) Instead, the GEM
conceptual foundatIOn needs to mcorporate the sense that manne ecosystems (processes and taxa)
change 10 response to phySIcal and bIOlogIcal changes and human Impacts, as IS clearly expressed
wlthm the GEM mISSIOn statement FIgure 2-1 presents one example of the kmd of conceptual
model that mIght be valuable to the program planners Even If the same endpomts for momtonng
could be reached by choosmg vanables to measure 10 the absence of a broad conceptual
foundatIOn (NRC 1995), It would be dIfficult to JustIfy them WIthout a conceptual foundatIon that
prOVIdes the broad context and helps Illustrate relatIonshIps

A sohd conceptual foundatIOn WIll also buffer GEM agamst mevltable shIfts m pubhc
concerns, such as current concerns WIth Steller sea hons Indeed, GEM IS clearly aware of the
dIfficulty of pursumg long-tenn momtonng 10 the face of short-tenn mterests There are
provISIons for multI-decade measurements and for shorter research programs targetmg speCIfic
Issues or hypotheses, so that GEM can respond to current concerns WIthout sacnficmg long-tenn
data sets that WIll prove mcreasmgly useful as they accumulate A well deSIgned and broadly
based program wIll prOVIde the best pOSSIble sCIentIfic baSIS for deahng WIth short-tenn
ecologIcal Issues of pubhc concern Indeed, a strongly deSIgned program WIll prOVIde a sound
baSIS for addItIOnal attentIOn to be paId to matters of urgency or ImmedIate publIc concern, even
If they are not central to the program Itself However, GEM WIll have to be carefully constructed
to aVOId bemg ex.cesslvely distracted by real or perceIved ecologIcal cnses

GEM as conceived IS meant to be a long-tenn momtorIng program, and long tIme senes
are essential to detectmg change on mtennedlate and long time scales However, It IS absolutely
Vital to recognize that long-tenn momtorIng pel se will not necessarIly lead to a better SCIentIfic
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understandmg of the ecosystem The value and utIlIty ofmomtonng cntIcally depends on the
vanables measured, the spatIal and temporal extent of samplmg, the spatIal and temporal mtensIty
of samplmg, and the methods employed WIthout clear VISIOn at the outset, It IS very dIfficult to
establIsh momtonng programs that WIll provIde useful data for a range of post-hoc tests ThIS IS
why the momtonng program must have a strong conceptual foundatIOn and be hypothesIs-dnven

Rendenng the conceptual foundatIOn mto specIfic research actIvItIes ImplIes the
generatIOn of questIOns These questIOns can come from members of the sCIentIfic commumty
They can also come from members of the local natIve commumtIes, fishmg commumtIes, state
and federal resource managers, and any of the WIde range of stakeholders of mterest The benefits
of mcorporatmg local comrnumtIes m a meamngful fashIOn are twofold local knowledge and
partICIpatIOn can ennch the SCIentIfic program and, recIprocally, proVIde a broader baSIS of
support and understandmg for the central miSSIOn of the program Indeed, whIle It IS appropnate
and probably necessary that a SCIentIfic conceptual foundatIOn be developed pnmanly by
SCIentIsts, the abilIty oflocal commumtIes to mform and proVIde knowledge of the ecosystem
must be emphaSIzed

Fmally, the conceptual foundatIOn must be compatIble WIth the fundamental mISSIon of
GEM This mISSIOn, as stated m the program, IS broad and somewhat mdefimte DespIte ItS
breadth, however, the mISSIOn does focus attentIon on the recIprocal mteractIOns between humans
and the manne environment humans denve goods, servIces, and pleasure from the ocean, and
manne systems are m tum affected by human activItIes All of this occurs wIthm a context of
regIOnal clImatIc and oceamc change, changes that Will mevItably (but perhaps unpredIctably)
occur dunng the tIme scale of GEM

BOX 2-1
THE IMPORTANCE OF SELECTING A RANGE OF INDICATOR SPECIES

With a broad conceptual foundation In mind It Will be necessary to select a number of
phySical and biological parameters to monitor The selection of these Item&-lncludlng species or
groups of specle&-l11ust be based on ImpliCit or expliCit hypotheses about ecosystem functioning
and what IS Important to monitor to gain knowledge of that system (NRC. 2000) These
hypotheses can be broad, such as that the system IS most strongly affected by climate-driven
phySical processes that affect production (called bottom-up control') or by predators, Including
fishers which structure marine communities and affect energy flow (called' top-down control)
Additionally species may be selected because they are of great human Interest or of particular
commercial value

However With respect to the selection of species or species groups that are likely to have
large effects on the food webs of the Gulf of Alaska and Prince William Sound Information from
these and other Similar systems elsewhere should be used to Identify the most Important species
or species groups to monitor ThIS Will be critical In developing the monitoring program because
the ability to detect changes In the system In a timely fashion Will depend on the chOice of
subjects to monitor New groups or species that may play pivotal roles In the food web should be
monitored as well as taxa that have been mOnitored preViously Species such as sand lance
(Ammodytes hexapterus) capelin (Mallotus v/llosus), and Juveniles of pollock (Theragra
chalcogramma) and hernng (Clupea harengus pallasJ) may be Important In the transfer of energy
from the zooplankton to larger predators such as whales, plnnlpeds marine birds, and species of
commercially harvested fish LikeWise, large predatory fish such as pollock, PaCifiC cod (Gadus
macrocephalus) and arrowtooth flounder (Aresthes stom/as) may play an Important role In top
down control of Juveniles of commercially Important fish species MonitOring of Jellyfish
populations IS often overlooked, yet these can have large Impacts on marine ecosystems and
commercial fisheries (Brodeur et al I 1999)
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It IS Important to Identify species that may be Important In shaping food webs and the
fisheries dependent upon them For example Bailey (2000) hypothesized that variation In pollock
recruitment has shifted from being controlled by enVIronmental factors that determine the survival
of very young fish to control by predation by large fish Similarly paYing attention to hypotheses
about the control of other ecosystems leads to the conclusion that some uncommon species that
are presently not monitored should be monitored For example In the Bering Sea, Merrick (1997)
suggested that there has been a trophic cascade follOWing the removal of whales and other
planktlvores that previously helped suppress species such as pollock He argued that the
removal of the whales paved the way for Increases In pollock and other PISCIVOroUS groundflsh
Large baleen whales are apparently Increasing In the Bering Sea (Baretta and Hunt 1994
Tynan 1998, 1999) and possibly In the Gulf of Alaska We do not know what effect they Will have
on the ecosystems as they are presently structured but If we fall to monitor them now because
they are scarce, we Will never know whether they exert a top-down control If they become more
numerous Selecting what IS to be mOnitored IS a crucial decIsion that Will determine the success
or failure of the GEM program Hypothesis-driven choices Will help to ensure that to the best of
present knowledge, the most critical determinants of ecosystem functioning Will be monitored
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FIGURE 2-1 The conceptual foundatIon of the GEM program must reflect the understandmg that ecosystems change m response to phySIcal
and bIologIcal changes and human mfluences ModIfied from Salomon et al , m press
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THE SCIENTIFIC BASIS FOR GEM

The world's oceans have long been vIewed as producmg an mexhaustible supply of
protem and other goods and servIces for human use But eVIdence of the adverse effects of
human activities on manne ecosystems IS mcreasmg and remmdmg us that the ocean's resources
are not mexhaustible (NRC, 1999a) Furthermore, It IS mcreasmgly clear that the structure and
functIOnmg of manne ecosystems IS profoundly Imked to vanablhty and changes m ocean chmate
and that those changes can occur rapidly Thus, one of the greatest challenges facmg society, and
particularly managers of manne hvmg resources m the Gulf of Alaska and elsewhere, IS to
understand the relative effects of human activIties and natural changes m ocean chmate on the
goods and services supphed by manne ecosystems (NRC, 1996)

Why IS this so difficult? One reason IS that manne ecosystems are large, complex,
mteractive systems m which orgamsms, habitats, and external mfluences act together to regulate
both the abundance and distrIbutIOn of species (NRC, 1999a) Species mteractIOns and the effects
of vanablhty m ocean chmate on those mteractIOns occur at spatial scales rangmg from
centimeters to hundreds of kilometers and on temporal scales rangtng from mmutes to decades
Human activities also act at vanous scales and may act selectively on certam components of an
ecosystem (e g , higher trophic levels), although such activities can have cascadmg effects
throughout manne ecosystems (Carpenter et al , 1985, NRC, 1996) These disparate spatial and
temporal scales make It difficult to measure the processes affectmg manne ecosystems and to
momtor ecosystem structure and functionmg Fmally, perturbatIOns to manne ecosystems often
appear to act m subtle, nonlmear ways makmg It difficult to understand the consequences on
ecosystem components that may be of partICular mterest to SOCiety, such as birds, mammals, and
fishes

Given the compleXity of manne ecosystems and the failure of smgle-specles management
to produce sustamable fishenes m many parts of the world (NRC, 1999a), It IS not surpnsmg that
both sCientists and managers have mcreasmgly promoted the concepts of multispecles or
ecosystem-based management However, It IS clear that not enough IS known about most large
manne ecosystems, mcludmg the Gulf of Alaska, to Implement a useful whole-system approach
to management So It IS reasonable to consider what benefits could be prOVIded from an
ecosystem-based approach to management that cannot be gamed from a smgle-specles approach
The NRC (1999a) considered two benefits One IS the ablhty to broaden the pohcy framework to
mclude a wide range of ecosystem goods and services, and acknowledge the cntical role of
ecosystem processes m pro\ldmg those goods and services The other benefit IS an exphclt
recogmtIOn that segments of society may have different goals and values With respect to a manne
ecosystem and that those goals and values may conflict

It IS withm thiS context that the GEM program offers an unparalleled opportumty to
mcrease our understandmg of how large manne ecosystems m general, and the Gulf of Alaska m
particular, functIOn To do thiS effectively, the GEM program must take a longer (mterdecadal)
view at appropnate spatial scales

GEM'S MISSIO[\.j

The stated miSSIOn of the Gulf Ecosystem Momtormg (GEM) program IS broad and
ambitious 'to sustam a healthy and bIOlogIcally diverse manne ecosystem m the northern Gulf of
Alaska (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'
(EVOSTC, 2000a) WhIle Ihe miSSIOn statement IS fine as a general statement and for conveymg
the baSIC mtent to a general audIence It creates difficultIes for those tasked to deSign and
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Implement a long-term sCience plan Accordmg to thIS mlSSlOn, GEM has a dual purpose to
sustam a healthy ecosystem and ensure sustamable human uses of the manne resources Of
course, humans are part of the ecosystem and m the largest VIew sustamable human use IS
mherently dependent on the health of the underlymg ecosystem But stIll, sometImes the
purposes of sustammg ecosystem health and sustammg human use of manne resources run
counter to each other, whIch wIll complIcate plannmg For example, management optIOns
desIgned to maXImize benefits to humans would not necessanly be the same as optIOns to
maXImize species dIversity or some other measure of ecosystem "health" The second part of the
mISSIOn statement assumes that abIlIty to meet these objectIves wIll be accomplIshed by
understandIng how both natural changes and human actIvitIes mfluence ecosystem producUVIty
ImplIcIt In thIS ratlOnale IS that It IS possible to separate the causes of natural changes from
human-Induced changes It also assumes that a successful momtonng program has to take mto
account both clImate change and changmg patterns of human explOitatIOn (e g , fishmg practIces),
whIch could call for attentlOn to a very complex array of vanabIes

Another concern IS that the term "healthy ecosystem" has no clear defimuon, m part
because we lack clearly defined measures for assessmg ecosystem health (NRC, 2000) For
mstance, If ecosystem health IS judged on the system's abilIty to support top predators, then
research might focus on manne mammals and birds If ecosystem health IS judged to be
productlVlty of valuable fish speCies, then fishenes research would be key If healthy ecosystems
are judged to be those that provIde sustamed esthetIc and subSIstence benefits to humans, then
research has to be directed at understandIng natural vanatIon m exploited resources and cnSIS
events such as red tIdes GEM could usefully develop a practIcal, workmg defimtIOn of
ecosystem health that relates to particular aspects of the Gulf These aspects could be related to
ecosystem structure (the blOtIC commumty), or functlOnmg (ecologIcal processes such as
productIVIty), or both Usmg such a workmg defimtIOn of ecosystem health would allow GEM to
use ItS fimte funds effectively and aVOid the nsk oftrymg to momtor and study more than the
program can successfully handle

The mlSSlOn statement gIves equal weIght to the role of natural changes and human
actIvItIes as potentIal forces on pattern and process m the manne ecosystem Yet the GEM
program document pnmanly emphaSizes SCIentific understandmgs of large-scale (clImate, PacIfic
Decadal OsclllatlOn) changes It IS unclear If this mconsistency occurs because smaller-scale
human-Induced changes are less well-known, less Important, or too local and context-specIfic to
be Included In a plan for the entIre Gulf of Alaska In fact, the GEM draft m general artIculates a
marked turn away from local/commumty concerns toward a large-scale research program focused
on questions defined by the phySical and natural sCientific commumty ThIS shift IS not "wrong'
but It IS pronounced and there IS a conceptual disconnect between the references m the narratIve
to commumty Involvement and use of TraditIOnal EcologIcal Knowledge (TEK), and the actual
outlIne of the proposed research and the accompanyIng conceptual foundatIOn Changmg fishmg
quotas, the role of hatchenes, the potentIal of areas protected from fishmg-all ways to thmk
about the effects of human actIvItIes-receIve httle attentlOn In the GEM document A program
that addresses the objectives of the miSSIOn statement would need to stnve to mtegrate studIes of
human uses of manne resources WIth studies of natural changes m the ecosystem

Furthermore, while the separatIOn of "natural' from "human" Impacts may be a laudable
goal, the program deSCrIptIOn does not seem to develop ItS mtent on the anthropogemc Impacts
Side of thIs equatlOn The GEM plan needs clearly defined measures of human mduced changes
In the Gulf of Alaska and PrInce WtllIam Sound ecosystems

The effects of the compleXity of the mlSSlOn statement WIll be most apparent as the
program becomes operatIOnal (1 e , as the sCience plan IS developed m more detail and as declSlon
makers deCide what to support) GEM program resources are expected to proVide about $5-10
mtlhon annually at least for the next few years When makmg financial commitments, program
deCISIOn-makers wtll need to strIke a balance among (1) long-term momtorIng, (2) targeted
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research, (3) data management, and (4) community mvolvement It IS not pOSSible for the GEM
program to be all thmgs to all people

GOALS

The GEM program IS mtended to have five major programmatic goals
• to detect (change m the ecosystem),
• to understand (the ecosystem),
• to predict (future changes m the ecosystem),
• to mform (the publIc, decIsIOn makers, and managers), and
• to solve (environmental problems)

The committee under<;tands the need for statmg such a broad and diverse set of objectives
at the outset of planning, gIven the publIc's concerns and the polItical realIties under whIch the
Trustee CouncIl operates At first readmg these goals seem laudable, appropnate, and lOgIcal
However, as the committee discussed the goals m depth, It became apparent that they are too far
reachmg, to the pomt of bemg unrealIstic and settmg the program up to be dlsappomtmg to those
whose favored goals cannot be obtamed (Box 2-2) The committee contends that the abIlIty to
detect change and to understand the causes of change are prereqUIsItes to predictIOn, and thus are
more attamable goals m the medIUm term PredictIOn can be conSidered a long-term goal, but It
should not be a dnvmg force m the program's first decade (and pOSSibly longer)

Although the GEM program mIght grOW-ItS fundmg could double m 20 years Ifthe
pnnclpalls mvested wIsely and economic conditIOns contmue to prosper-there seems to be no
realIstic chance ofachlevmg all five goals wlthm the foreseeable future Yet the program's SIze
IS not the only or even the biggest difficulty A much larger one IS the difficulty of deslgnmg an
effective program that has multiple, complex goals A strategy for provldmg focus IS essential
The Unique opportumty of GEM, as ItS tItle reflects, IS to establIsh a truly long-term mOnItonng
program It would thus seem adVIsable to focus the program around that goal and base the
sCience plan on It There could be smaller components to support speCIfic, albeIt related, elements
of the other goals

BOX 2-2

ARE THE GEM GOALS ATTAINABLE?

Detection of change IS a reasonable and attainable goal and should be one of the core
purposes of GEM Detection of change should not be assumed to be easy the climatiC regime
shift that occurred In the Gulf of Alaska In the late 1970s was not detected until 15 years after It
occurred because picking up the Signals IS challenging Detection hinges on measuring
appropriate variables consistent Interpretation of data, and having a priOri expectations of what
changes Will occur and why

Understandmg change and the causes of changes IS a valid goal for the GEM program, and
movement toward understanding IS attainable Understanding emerges from two types of
studies smaller process-oriented studies that test particular hypotheses and broad synthesis-type
studies based on models that can be tested with Independent data (that IS data that were not
used to bUild the model) To develop understanding of the Issues most Important to managers
and cItizens they must be Included In the process of chOOSing research questions
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Prediction IS a difficult goal that IS Inherently long-term and difficult to achieve Both sCientists
and managers have a fairly poor track record of foreseeing environmental change For example,
the EI Nino-Southern OSCillation (ENSO) Illustrates the challenge of stnvrng to predict change
SCientists have carned out Intensive observation of ENSO phenomena for several decades, rn
addition to records of casual observations that go back more than 100 years Yet It took about
two decades of repeated observations before an understanding of ENSO was developed And
predictions of ENSO are now attempted but With limited success In compansons With the Gulf
of Alaska ecosystem, ENSO has a large signal With global responses It IS a phySical system that
should actually have a more predictable response than a complex phYSical-biological system With
anthropogenic Influences, as IS the case rn the Gulf ENSO also has a much shorter penodlclty
(3-7 years) than the Gulf of Alaska (20-50 years), so that 20 years of ENSO observations have
more degrees of freedom than 100 years of sampling In the Gulf of Alaska Thus the goal of
predicting change rn the Gulf of Alaska In the next 100 years IS highly problematiC

Informmg managers and the general public of research results IS both possible and
necessary, given the GEM program miSSion But thiS element would seem to be an output of
earlier goals, and not a goal rn ItS own nght

Solvmg environmental problems IS, like prediction, an ambitiOUS and long-term goal Solvrng
problems, per se, IS not a logical purpose for a research program but rather IS what should
happen as managers put sCientific rnformatlon to use

Why IS It nsky to propose multiple complex goals? If the plan allows research on every
question or Issue, GEM may fall to provide mSlght mto the system as a whole Perhaps worse,
GEM could be co-opted to answer questIOns (e g , on fishery catch quotas or contammants) that
are clearly the responsibilIty of others The nsk of a plan that encompasses everythmg and
anythmg can be alleViated by Improvmg the focus of GEM dunng thiS plannmg phase Although
committee members agree on the need for focus, all acknowledge that there are several VIable
options of how to focus (Box 2-3) These range from plans that concentrate on oceanographIc
measurements to test hypotheses about clImate regIme shIfts to plans that emphaSIze modelmg
and syntheSIS usmg data sets already m e'Clstence

In general, for a long-term momtonng program, species and samplmg locatIOns should be
selected based on the ablhty of the mformatlOn to help answer questIOns about ecosystem
functlonmg In terms of focus, the GEM program would be most effective If It focused on
momtonng and Identlfymg and addressmg Important data gaps A momtonng program could
consist of regular bIOlogical surveys of commumty structure mcludmg diverSity at multiple
locatIOns Sited m Pnnce WIlham Sound and on the nelghbonng mner shelf of the Gulf,
quantification of the recruitment dynamiCS and ecology of a set of key species at selected
locatIOns, and measurements of phYSICal oceanographic parameters and clImatologIcal condItions
m the Sound and on the mner shelf of the Gulf Short-term projects might focus on dynamICS of
key species and their mteractIOns, on mechamsms underlymg productIOn, growth, larval supply,
larval transport, food availabIlity, and SimIlar processes

The committee agrees that It IS appropnate to Identify a number of short-term objectives
(attamable m 2-3 years) and long-term objectives (5+ years) that might have tangIble benefits for
polIcy makers, resource managers, and the pubhc An example of a short-term goal would be to
Identify trends or relatIOnships by modelmg hlstonc fishenes data m relation to clImate data and
contammant levels m bIOta A long-term goal might be to measure and ultimately model clImate
vanablhty m Gulf of Alaska as It relates to near- and off-shore fishery production WhIle the
GEM program can take advantage of opportumtles to leverage funds by coordmatmg and formmg
partnerships With other research programs underway m the Gulf of Alaska, It should be careful
that domg so does not overwhelm or distract ItS small admlmstratlve staff or dIlute the program's
Impact
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BOX 2-3
PROVIDING FOCUS BY SELECTING KEY RESEARCH QUESTIONS

GEM IS a unique opportunity to establish a realistic long-term monitoring program Thus
one logical approach would be to focus the program around long-term mOnitoring as the core
activity With smaller elements added to meet other goals, and base the sCience plan around thiS
two-prong structure To make success more likely, program planners would need to select a few
key questions to gUide the work and these questions In turn, should be based on some clear
conceptual model (e g , NRC 1995 2000) One way to begin IS to ask what parameters are most
able to provide inSight Into the deSired questions If there IS a long time-series of data available
Another approach IS to Identify the questions for their own sake and let them suggest the
parameters to be monitored

The questions listed In Appendix C 2 of EVOSTC, 2000a are a good start The quality
and relevance of the questions suggested by members of various communities that made
presentations In Anchorage on October 6 2000 were excellent For example the question about
the degree to which ocean conditions (prodUCtiVity) affect the growth and survival of Juvenile
salmon and hence the degree to which sCience can help predict the probable percentage of
returns from hatchery releases IS very relevant To answer thiS question requires information on
phySical chemical and biological features of the ocean, Including Information about salmon
Long time-series of Information on such factors would not only help answer the speCific question,
but would also be of great use for understanding related questions, such as InSights Into
fluctuations In the populations of other Important ecosystem components including marine
mammals crabs marine birds and herring

Several approaches could help Impose greater focus on GEM dUring Implementation,
even given ItS broad miSSion and goals The committee is not recommending these as the right'
tasks but as Illustrations of the range of thinking that IS pOSSible

• Develop a whole-ecosystem fishery model as a gUide to think about what needs to be
monitored Such a model would use current and historical data to relate yields to climate
data and contaminant levels and might stress biological and phySical endpOints
(zooplankton/phytoplankton blooms macrofauna populations) and climate and phySical
oceanography endpoints In conjunction With modeling

• Identify indicator taxa for monitoring Species should be selected based on the ability of
monitoring Information to prOVide information on ecosystem functioning, not solely to reflect
economic value or political Importance ThiS takes smart chOices so the Indicator specIes
reflect a Wide set of variables for measurement and serve as sentinels to proVide clear and
early warning of change

• Conduct or take advantage of large-scale adaptive management studies that others
Implement The Trustee Council does not have the authOrity to Impose management
changes but It could for example follow population trajectories In areas With and Without
fishery closures or record biogeochemical variables In bays before and after aquaculture
operations are Instituted
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ADMINISTRATION

The EVOSTC has admlmstered Its research program to date usmg a combmatIOn of a
small paId staff (responsIble for most aspects of program plannmg and ImplementatIOn), paId peer
reVIewers (responsIble for judgmg quahty of proposals), and sCIentists (through partIcIpatIOn m
an annual workshop devoted to presentatIOn of research results and dIScussIons ofneeded future
dlrectlOns) ThIS approach has mcreased m effectiveness over the years WIth the new GEM
program, WIth ItS large mISSIon and long time honzon, the Trustee CouncIl conSCIously sought to
evaluate ItS approach and make adjustments as needed to ensure the program's long-term success
and sCIentIfic credlblhty How best to admmlster the new GEM program over time agam
emphasIzes the Importance ofbemg clear about the program's focus - who sets It and how It IS
Implemented

One of the most Important admimstratIve questions concerns the role of Trustee CouncIl
staff m the program plan Is GEM to act lIke a SCIence fundmg agency, where sCIentific questIOns
emerge from outSIde the Trustee CouncIl and are filtered and ranked by mdependent adVISOry
groups and Implemented by staff (a bottom-up approach), or more lIke a foundation, where
questions and projects are Identified by the leadershIp and staff and then proposals m those areas
are sought (a top-down approach)? Most long-term SCIence plans run on the former model, and
the commIttee beheves thIS would be best for GEM as well We recognIze, however, that the
program w111 always have some elements of both approaches, gIven ItS ongms and the strong role
of agency leaders on the Trustee CouncIl Itself Furthermore, detectmg change wIll reqUIre that a
core set of vanables be measured over a long time penod, whIch IS most lIkely to occur If the
Trustee CounCIl makes those studIes a pnonty

ImplementatlOn of the GEM SCIence plan wIll raIse many questions requmng mput from
sCIentists The commIttee belIeves there wIll be a long-term need for an mdependent SCIentific
adVISOry commIttee, peer reVIew of proposals by mdlvlduals outSIde Trustee CouncIl agenCIes,
and penodlc reassessment of momtored vanables We had sIgnIficant dIScuSSIons about the
degree to whIch the admmlstrative structure faclhtates managmg and shanng data Information
gathered m GEM should be accessIble to the general pubhc, managers, and other SCIentIsts m a
coherent and understandable form wlthm several years of ItS collectIOn Such data management
reqUIres m-house expertIse, recognIzed as expenSIve but necessary

ORGANIZATION AND GOVERNANCE

Other large, long-term research programs have struggled WIth how best to orgamze and
make declslOns (NRC, 1999b) and GEM planmng staff should estabhsh strong ties WIth other
ongomg ecologIcal programs such as the Northeast PacIfic Global Ocean Ecosystem DynamIcs
Program, the NSF-funded Long-Term EcologIcal Research Network, and NOAA-funded
programs m the Gulf of Alaska and the Benng Sea The commIttee revIewed a number of these
programs to draw lessons about how other programs handled common Issues, such as how long
the programs took to develop (Box 2-4), how strategIC gUIdance and peer reVIew were obtamed,
and how the programs balanced the need for stable commItment to a long-term VlSlOn and
flexlblhty to take on newly Identified Issues
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BOX24
THE EVOLUTION OF MAJOR SCIENCE PLANS TAKES TIME

The creation of all long-term sCience plans takes time because the process of developing the plan
IS as Important as the details Included In the plan For example the U S portion of JOint Global
Ocean Flux Study (JGOFS) had ItS beginnings In 1984 with the International component starting
about three years later (NRC, 1999b) The formation of thiS effort was not Simple

Initially the U S Global Ocean Flux Study (GOFS) was an outgrowth of three separate projects
that were active In the early 1980s the NatIonal Academies Ocean Studies Board was
Investigating the feasibility of a program that would conduct long-term studies of the biological
and chemical dynamics of the ocean on basin-wide and global scales, the NSF AdVISOry
Committee for the Ocean SCience Program was developing a long-range plan, and a separate
National Academies committee had IdentifIed initial priorities for the International Geosphere
Biosphere Programme As the relationships among these activIties became clear, and With
support from NSF, NASA ONR, and NOAA, a group of SCIentists met In 1984 at Woods Hole
under the auspices of the National Academies ThiS generated the basIc sCientific underpinnings
that defined the proposed miSSion for GOFS and led to the GOFS SCientific Steering Committee,
which was formed In 1985 Then, after continued diSCUSSion and planning In 1987 an overview
document was published that more fully outlined the program Between 1986 and 1990, the
sCience community produced nine reports that summarized the recommendations of workshops
designed to expand on the general plans covering tOPiCS such as water column processes,
benthiC processes, continental margins, data management, and modeling Finally, In 1990 the
JGOFS Long Range SCience Plan was published based In part on the recommendations of the
workshops It was 1995 when JGOFS released an Implementation Plan which gave the status of
the JGOFS research and future directions

One strength of a major research program IS the ability to draw and direct a Significant amount of
talent and sCientifiC Interest toward a large and often high profile sCientific challenge But to
realize that opportunity requires Significant advance planning and coordination, and one key
element IS taking the time necessary to allow wide partiCipation In the program's definition and
evolution

Source NRC 1999b

Overall, the structure currently In use by EVOSTC has worked well to date, but WIll need
to evolve to handle GEM's broad, long-term, more SCientIfically complex goals Based on ItS
review and dehberatlOn, the committee beheves that the GEM program reqUIres a more fully
developed organizatIOnal structure to prOVide gUidance over the long-term To fulfill the potentIal
of GEM, execute the sCientific obJectIves, address the expressed Interest In community
Involvement, and attaIn the best quahty SCience, the management of the proposed GEM program
IS hkely to need an enhanced administrative structure, perhaps slmtlar to that used In other large
research programs Such a structure would hkely Include an Executive Director / ChIef SCIentIst,
a Program AdVISOry Committee (PAC), a SCience AdVISOry Committee (SAC), a Community
AdVISOry Committee (CAe) and, a Pnnclpal Investigator CoordInatIng Committee (PICC)
(Figure 2-2) Whtle the precise form, lInes of authonty, and responslbtlltIes remaIn to be defined,
the general roles of the Important components would be as follows
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• Er:ecutzve Dzrector Jehze!Sczentzst The role of the Executive DIrector would be to
mteract wIth the Trustees, the pubhc and sCIentists m the GEM program The ChIef
SCIentIst's role would be to make certam the quahty of SCIence IS mamtamed and
properly executed Whether thiS IS one person or two IS less Important than bemg sure
the person or persons are capable of both admmlstratIve and sCIentific
commumcatIOn and orgamzatlOn

• Program Advzsory Commzttee The Program AdVISOry CommIttee (PAC) would be a
rotatmg committee of sCIentists and commumty representatives external to the mam
SCientific programs of GEM The PAC would report to the ExecutIve DIrector/ChIef
SCIentist and the Trustees The PAC would evaluate the selection of members for the
SCience AdVISOry CommIttee, and the Commumty AdVISOry CommIttee The PAC
would penodically reVIew the GEM program and advIse the Executive
DIrector/ChIef SCIentist and Trustees on the progress, SCIentific accomplIshments and
the future course of development of the GEM program

• Sczence Advzsory Commzttee The SCIence AdVISOry CommIttee (SAC) would be
responSible for obtammg proposal reVIews and rankmg proposals It would also
address questIOns of SCIentific balance and how proposals relate to the goals of the
GEM program The SAC would be composed of SCIentIsts (academIC, government,
and/or agency) who have no dIrect stake m GEM The compOSItIOn and SIze of the
SAC should be sufficient to bndge the range of SCIentific discIplmes that are part of
GEM The suggested package of acceptable proposals would then be commumcated
to the Executive Director/Chief SCIentist, who would clear the final proposal
selectIOn with the PAC The SAC and CAC (descnbed below) should have penodic
Jomt meetmgs

• Community Advzsory Commzttee The Commumty AdVISOry CommIttee (CAC)
would compnse representatIves from vanous commumtIes mterested m and affected
by the Gulf of Alaska ecosystem The CAC would prOVIde mput to the ExecutIve
Director and Trustees on Issues of commumty Importance m development of the
GEM program and would work closely with the SAC ThIS commIttee would have a
slgmficant advIce-gIVIng role, with active Involvement m settmg pnontIes and
definIng questIOns The committee could have a direct role m selectIng commumty
based project proposals, If thiS approach IS Incorporated mto GEM m the future The
CAC could also be helpful In suggestmg ways to dlssemmate mformatlOn to
commumties

• Prznczpal Investzgators Coordznatl1lg Commzttee The Pnnclpal Investigators
Coordmatmg Committee (PICC) would be composed of the pnncipal mvestIgators
and GEM Data Manager The PICCs function would be to ensure coordmatIon,
where appropnate, plus certification of the quahty of the data The reports of the
PICC would be vetted through the PAC who would adVIse the Executive
Director/Chief SCientist of the status of the GEM program

The traditIOn ofhavmg all program participants meet penodlcally (1 e , the annual
RestoratIOn Workshop) IS hkely to remam Important, as thiS proVIdes valuable opportuntIes to
share data, form partnerships, and plan new actiVities, however, It IS pOSSible that the tImmg and
deSign of the meetmgs wIll need to change to accommodate any new admmlstratIve structures
and the needs of GEM as It takes shape
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FIGURE 2-2 POSSIble orgamzatIOnal structure for the GEM program
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GEOGRAPIDC SCALE

The geographic scale currently proposed m the GEM document covers the entIre northern
Gulf of Alaska ecosystem, and this IS appropnate given the current miSSIOn and goals However,
It IS lIkely that such a large area wIll be a challenge given GEM's avaIlable resources at this pomt
m tIme A more feasible scenano for long-term momtormg over multI-decadal tIme-scales IS to
study a smaller area m depth SelectIon of a tractable, well-delmeated geographic 'core' area Will
allow GEM to mamtam fundmg for the type of high denSity samplIng, on both temporal and
spatIal scales (multI-statlOn/multI-depth/multI-speCIes, mfaunal, epifaunal, pelagIc)
unprecedented m manne momtonng programs It IS cntIcal that this geographic core remam
unchanged for the lIfe of the GEM program

The committee recommends that the pnmary geographic focus of the GEM momtonng
program begm with Pnnce WillIam Sound (PWS) The PWS ecosystem received the greatest
amount of oIlmg from the spIll and might be expected to be among the last areas to recover As
such, PWS could be a useful mdlcator of wide-scale recovery of the area In additIOn, SInce PWS
will contmue to receive some degree ofanthropogemc Impact (e g, heavy commercial shIppmg
traffic, fishmg, harbor runoff, recreatIOnal boatmg), companson of data on the PWS ecosystem
with that collected at relatIvely non-Impacted sites would allow separatIOn of anthropogemcally
mduced changes from natural changes Importantly, data on the PWS ecosystem would be
Immediately useful to managers and of mterest to local fishers, mcludmg PWS subSistence
commumtIes, mcreasmg the lIkelIhood of strong commumty support for long-term momtonng of
thiS area as a startmg pomt

A focus on the Pnnce WIllIam Sound coastal ecosystem, defined accordmg to phySical
and ecological boundanes, IS logical The coastal zone IS the manne area most heaVIly affected
by human activities and IS typically the most productIve manne habitat It IS cntICal with respect
to Issues of larval transport, recrUItment, and growth for species IIvmg m, or passmg through, the
nearshore ecosystem The nearshore regIOn IS belIeved to be the most cntIcal habitat for salmon
and serves as an avenue for manne mammal migratIOns The manne ecosystem of the Sound IS
forced by offshore and along-shore mfluences, havmg responses that can be traced offshore to the
central Gulf of Alaska and along-shore to the equatonal PaCific It IS not well defined accordmg
to depth smce water depths of more than 200 meters are found throughout thiS coastal system
Other programs and agencies have as their miSSIOn research on fishenes and oceanography m the
more offshore waters of the Gulf Although thiS research IS probably not as well mtegrated or
synchromzed as would be deSirable, It would seem that use of GEM fundmg to carry out such
research would be duplIcatl\ e and less appropnate than focusmg on the coastal ecosystem

As momtonng programs progress, there IS a tendency to contmually expand ecosystem
boundanes Such boundanes must be ratIOnally establIshed based on resource lImitatIOns
SelectIOn CrIterIa for these boundanes should mclude not only contammant status (oIled or non
Oiled), but also the eXistence of data for these areas, and conSideratIon of the phYSICal (fronts and
currents), chemical (sources and fluxes) and bIOlogical (populatIOns) properties that delmeate
ecosystems

It IS ImperatIve that the PWS ecosystem be seen m the context of the larger Gulf of
Alaska and North PaCific ecosystems because It IS hypotheSized that these systems are strongly
lInked The sound IS mfluenced by oceanographic conditIons on the Gulf contmental shelf, which
are, m tum, lmked to even more distant oceamc and clImate conditIOns Clearly, GEM does not
have the resources to make measurements on ocean basm or global scales

Fortunately, the Importance of most shelf- and basm-based mfluences on the PWS
ecosystem dlmmlshes With distance from PrInce WIllIam Sound Also, such data are avaIlable
from other programs For example some hypotheses suggest that El Nino-Southern OSCillatIOn
processes m the tropical PaCific might mfluence marIne and clImate conditIOns m PWS GEM
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WIll be able to use data collected by NOAA's chmate programs to explore some of those
questlOns Whl1e an understandmg of the oceanographIc condItions on the shelf wIll be essential
to an understandmg of the seasonal and decadal changes m Pnnce Wl1ham Sound, other
oceanographIc samplmg programs such as OCSEAP, GLOBEC and ARGO' Global Ocean
Observmg System have been or wlll be carrymg out some of the cntIcal measurements GEM
must mtegrate Its observatlOns WIth these efforts and should base some of Its geographIc sIte
selectlOns on these programs and theIr eXIstmg time senes data

Smce no smgle person has the broad knowledge and background needed to select the
boundanes for thIS program, It IS recommended that an mterdiscIplmary workshop be held to
dISCUSS these boundanes It should mclude participatlOn from all disciphnes and from simllar
ecosystem momtormg programs elsewhere (e g , fishenes studIes m eastern and western Canada)

HIgh densIty, long-time scale data are essential to bUlldmg well-parametenzed dynamIc
ecosystem models The strength of such models IS determmed by the quahty and quantity of data
avallable to bulld them For the Gulf of Alaska, only GEM has the potential to mamtam a core,
geographIc momtonng area for whIch such umnterrupted, long-term data could be generated

DATA MANAGEMENT

As planmng for GEM proceeds, It WIll soon need to deal wIth essential practical Issues
One such cntIcallssue IS data management The success of GEM wIll be cntICally dependent on
a Data Management System (DMS) The DMS would be composed of a data manager and the
necessary mfrastructure to orgamze, dissemmate and archIve the data The data manager would
partIcIpate m the plannmg of the samplmg program, orgamzmg the data, assunng data quahty,
archlVlng the data and provIdmg data to the PIs and pubhc The data manager must coordmate
wIth researchers (e g , serve on the PICC) and provIde the "bIg pIcture' on vanables bemg
momtored (e g, penodlcally report to the PAC) These groups would develop a GEM data pohcy
whIch promotes the exchange of data between GEM mvestIgators, makes the data avallable to the
pubhc m a timely manner, and msures that the GEM data are properly archIved To achIeve the
goals of the GEM program, a strong commItment to data management IS reqUlred of the
partIclpatmg SCIentists In acceptmg support from the GEM program, each mvestIgator would be
obhgated to follow the data management requirements as an mtegral aspect of theIr partIcIpation
m the GEM program

The data sets would be orgamzed m a manner that w111 be useable to both GEM SCientIsts
and the publIc via the Web or future global commumcatIon networks Examples of these types of
data management actIvitIes and polICies can be found for other U S oceanographIc programs
(JGOFS = http IlusJgofs whO! edu, GLOBEC = http Ilcbl umces edu/fogarty/usglobec, CoOP =
http Iistarbuck SKIO Peachnet coop) There would be several levels of data archlvmg and data
management rangmg from mternatlOnal archIves to PI websltes The GEM data would also be
submitted to the NatlOnal OceanographIc Data Center (NODC) where It WIll be permanently
archived

There would be workmg data archIves withm the GEM program that contam the program
data plus other data sets or Web lmks to data sets that wlll be necessary for the analysIs of the
GEM data Examples ofpertment ancl1lary data sets are those from EVOS funded studIes,
NOAA's TAO (ENSO) data, PD~ estimates, the Gulfof Alaska GLOBEC program, and
hlstoncal reglOnal oceanographic and chmate data Another example IS the PICES TCODE

I OCSEAP IS the Outer Contmental Shelf EnVironmental Assessment Program GLOBEC IS the GLOBal
Ecosystems dynamiCs program ARGO IS an array oftemperature/sahmty profilmg floats and IS part of the
Global Chmate Observmg System
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(Technical Committee on Data Exchange) Web page that contams lmks to long-tenn,
mterdlsclplmary data sets for the North Pacific

Access to the data archives and software display will be an Important component to the
publIc outreach of the GEM program There would be multIple levels of complexIty to the data
access rangmg from users wIth lImIted backgrounds wIth these data, to use by the mvestIgators
who gathered the data The data archIves WIll be essentIal to ecosystem modelIng and synthesIs
of the GEM program

COMMUNITY INVOLVEMENT AND TRADITIONAL ECOLOGICAL KNOWLEDGE

The GEM program document (EVOSTC, 2000a) mdICates a clear desIre to mcorporate
commumty mvolvement and traditIonal ecologIcal knowledge (TEK) mto the overall GEM
program ThIs IS also seen ill an earlIer document (AppendIx A, EVOSTC 2000b), a specIal
editIon of the regular newsletter that IS dIstrIbuted to keep people abreast of GEM, WhICh
proVIdes even greater clanty as to the fundamental components envIsIoned for the GEM program
ThIS newsletter summanzed the GEM program by explammg that "GEM WIll have three mam
components

1 long-tenn ecosystem momtonng (decades m duratIOn),
2 short-tenn focused research (one to several years m length), and
3 ongomg commumty mvolvement, mcludmg traditIOnal knowledge and local

stewardship"

Although the ratIOnale for the thIrd component IS never clearly stated m the GEM
program document, the commIttee concludes that mvolvement oflocal NatIve, fishmg, and other
commumtIes IS an appropnate and necessary component of the GEM program QuestIOns about
the relatIOnships between local people and sCIentIfic researchers pervade the lIterature on TEK
(e g, Bames and Williams, 1993, Rose, 1993) and on local partIcIpatIOn (e g, Chambers, 1997,
Holland and Blackburn, 1998) The close correspondence between Issues present m the GEM
program plannmg context and themes m the general hterature suggests that the GEM program IS
not umque m tenns of the challenges It faces with TEK and commumty mvolvement Issues (see
Box 2-5) Because the GEM program has an extraordmanly long time frame and strong tIes to
local commumtIes, these challenges are lIkely to be exacerbated-not amelIorated-If left
unanswered over tIme

BOX 2-5

TRADITIONAL ECOLOGICAL KNOWLEDGE

As the pace of ecological change Increases so too does the need for baseline
information with which to direct conservation and restoration activities There are complementary
sources of knowledge about local ecosystems held by people whose lives are Interwoven In
complex ways with particular lands and waters Rich local knowledge accumulated over
generations, embedding observations and corresponding cultural adaptatIons proVides valuable
information within a context of long-term ecological change The language of Traditional
Ecological Knowledge IS not the language of SCientifiC discourse Mutual understanding requires
mutual respect an Investment of time and Willingness on the part of Western SCientists to accept
that TEK IS grounded In moral, ethical and spiritual worldvlews that are not out of touch With
reality (Martinez 2000)

23



The challenge then IS not whether commumty Involvement IS warranted, but rather how
to bUIld such Involvement In a meanIngful way With respect to the first two of the three
components Identified above, the committee has stressed the need to provide the GEM program
with a foundatIOn that IS Simple, robust, and adaptable Commumty Involvement needs a sInular
foundatIOn that permits the local Issues to be addressed In a meanIngful way from the very
begInnIng of the program

To proVide a foundation for commumty Involvement, there are three possible
arrangements to consider First, every project sponsored under the GEM program could be
reqUIred to feature commumty Involvement But thiS first approach IS fatally flawed because
such formulaiC InSistence on commumty Involvement In every project wIll do httle more than
encourage tokemsm Second, the GEM program could Include a separate, distInct "commumty
GEM program" that would operate With autonomy However, thiS approach IS vulnerable to the
Inevitable difficulties of allocatIng between commumtIes, and would hmlt Opportunities for
exchange between sCientific and local commumtIes

The committee therefore suggests an approach based on shared power and shared
opportumty between the sCientific and local commumtIes (Box 2-6) As envlSloned In Figure 2-2,
the committee sees creatIOn of a Commumty AdVISOry Council (CAC) that IS parallel In functIOn
to the SCience AdVISOry Council (SAC) The goal of real shared power reqUIres commumty
representation at the highest orgamzatlOnallevel below the chief sCientist For commumty
ongInated studies to be effective, these structural prOVISIOns of power to commumtIes must be
accompamed by opportumtles to gaIn fundIng Also, to ensure genUIne IncorporatIOn of
commumty Interests and local knowledge and expenence, the program should aVOId the
temptatIOn to fund only those proposals In the standard format and phrasIng of the sCientific
estabhshment to the exclUSIOn of proJects that reflect local Interests and knowledge This
approach to commumty Involvement would have to be regarded as a work In progress because
bUIldIng the necessary relatIOnships and developIng a process that works Will take time

In many respects, the GEM program Will be breakIng new ground In terms of IntegratIng
commumty Involvement Into a long-term sCience plan However, some pnnclples apply
throughout the structure envlSloned In Figure 2-2 The goal for the selectIOn of all projects
(whether through the SAC or the CAC) IS to have a process that IS open, fair, and accepted by all
The necessity to rotate membership on adVISOry groups apphes throughout the structure

In summary, the committee recommends that commumty Involvement be deSigned mto
the GEM program from the start In a manner that promotes meanmgful Involvement and proVides
for flexlblhty Into the future as the GEM program evolves
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BOX 2-6
AN EXAMPLE OF COMMUNITY INVOLVEMENT

THE FISHERMAN AND SCIENTIST RESEARCH SOCIETY

CommUnIty Involvement In SCientifiC research aimed at gaining a better understanding of
marine ecosystems can bring benefits However for community Involvement to succeed over the
long term It must be meaningful That IS, communItIes must have a role In helping to define what
will be done and how It will be done They must also be actively Involved In conducting the
research analYZing data and disseminating the results to members of the community and other
stakeholders

One example of this approach to community Involvement, and how long It can take to
develop, IS underway among coastal fishermen and fisheries biOlogists from the Canadian
Department of Fisheries and Oceans (DFO) In Nova Scotia, Canada The Fisherman and
SCientist Research Society was formed In the early 1990s to help develop a common
understanding of the status of commercially harvested fishes and Invertebrates on the continental
shelf off Nova Scotia Officers of the Society are fishermen elected by the membership The
Executive IS advised by Directors at Large, drawn from the membership and participating member
SCientists a CommunIcations Committee and a SCientific Program Committee More than 300
members from fishing communities across the province meet annually to discuss the results of
research undertaken In the prevIous year and to plan new major InItiatives The first several
years represented a difficult and uncertain period for the Society It takes time, hard work, and a
commitment to succeed to overcome eXisting biases and to bUild new relationships based on
mutual respect

Over the past 8 years however the Society has made tremendous strides It has
undertaken collaborative research wIth the DFO on a range of tOPiCS Including Inshore fish
abundance surveys fish tagging studies on fish diets and physical condition, lobster recruitment
and coastal ocean temperature The Impetus behind most of these studies has come from
questions posed by the membership with their direct Involvement at the communIty level As the
Society matures the range and scope of the research conducted continues to grow providing
fisheries SCientists and oceanographers with an opportunity to address questions that would be
difficult to address otherwise
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ConclusIOns and RecommendatIOns

The committee offers the followmg recommendattons as gUIdance to steer future
development of the GEM program

MISSION & GOALS

• While the GEM mission prOVIdes a good general statement of mtent, It IS unrealIsttc
to belteve that the program can address all five stated goals equally Certamly, some effort can
go toward each of the goals, but the program should focus on the goals most related to long-term
momtonng detectIOn of change and understandmg the causes of change Together, these Will
faCIlItate progress m learnmg to predict future changes, although the Trustee CounCil should be
cautIOus about havmg too high expectattons of predlctablltty from such a program The goal of
mformmg the publIc can be bUIlt around this core structure The goal of solvmg problems for
resource managers and regulators also can be addressed m parallel to some extent, but should not
dnve the conceptual foundatIOn of the program

STRUCTURE & APPROACH

• The sCience plan should be strongly based on a broad conceptual foundation to make
sure It IS soundly developed, has long-term vlablhty, and that It IS defenSible and Justifiable over
time The conceptual foundatIOn should be ecosystem-based It should mclude natural and
human-mduced changes and reciprocal mteractlOns between humans and the manne environment
It should be fleXible so It can accommodate changmg needs Without compromlsmg the core long
term measurements

• There are two ways to deSign a research program projects can be selected to
mvesttgate parttcular questions (hypotheses) or they can be selected to momtor specific vanables
Identified as Important to the goals The committee belIeves that the most useful approach for
understandmg the dynamiCS of an ecosystem Will be hypothesls-dnven, but we recognize that a
combmatlOn of these approaches may work best for GEM because of Its need to respond to pubhc
needs That IS, we beheve that GEM - based on a conceptual framework - should artICulate two
or three fundamental questtons about the ecosystem that then gUide the selectIOn of species and
other phySical and bIOlogical parameters to be momtored

• Although It IS properly mtended to be a long-term program, It IS wise for GEM to
mclude some short-term projects With clear management ImplIcatIOns The sCience plan needs to
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be flexible and able to accommodate changmg needs without compromlSlng the core long-term
measurements

ORGANIZATION AND GOVERNANCE

• All major SCience programs, espeCially those of the scope, duration, and complexity
of GEM, use a governance structure WIth layers of both staff and stakeholder mput to proVIde
dlrectlOn, set pnontles, and ensure that the program contmues to meet itS goals over time The
GEM orgamzatlOnal structure should be enhanced along the hnes of FIgure 2-2 (flow chart),
mcorporatmg mechamsms for mdependent program planmng, proposal reView, and commumty
mvolvement ThiS general approach mcorporates many of the mam features of most other
successful large SCience programs and seeks to ensure quahty, longevIty, mdependence, and
openness

• Gem should be prepared to plan a senes of small, focused workshops (held over
time) that WIll provIde the detal1ed gUidance needed to Implement the SCience plan For example,
workshops Will be needed to determme the boundanes of the core momtonng area, plan
mtegratlve modelmg of GEM systems to reveal nodal species and cntlcal measurements, plan
data management, and determme what samplmg tools Will be appropnate for the momtonng
program

GEOGRAPIDC SCALE

• Although the total domam to be covered by GEM is legitimately large, the long-term
GEM momtonng studies that form the core part of the program should focus on tractable areas
where cntlcal environmental data IS needed

• The pnmary geographic focus for momtormg should begm With Pnnce Wilham
Sound, because thiS ecosystem received the greatest amount of 011 and might be expected to be
among the last areas to recover, thus servmg as a useful mdicator of Wide-scale recovery At
some pomt, GEM Will need to define more clearly the ecosystem they are momtonng, perhaps
through a workshop that addresses what scale best supports the GEM core program

DATA MANAGEMENT

• GEM needs to have a major admmistratlve commitment to data management ThiS
mcludes mechamsms and procedures to ensure data quahty, provide data archiVIng, and take
steps that data are available mto the future as platforms and languages change over time There
should be mechamsms to make data available to the pubhc and among researchers

COMMUNITY INVOLVEMENT

• For the GEM program to be durable over time, the orgamzatlOnal structure needs to
mcorporate meanmgful commumty mvolvement ThiS mvolvement should occur at all stages,
from plannmg (e g , selectmg the questlOns to be addressed and vanables to be momtored) to
overSight and reVIew
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FINAL THOUGHTS

ThIS commIttee was charged to provIde feedback on the EVOSTC 2000a document But
as the commIttee held ItS meetmgs, the GEM program has been evolvmg and we have been kept
abreast of those changes as much as possIble We focused thIS report on the wntten EVOSTC
2000a document because that document IS, so far the most authontatIve, wntten descnptron of the
program and because It IS dIfficult to provIde advIce on orally presented Ideas that are stIll m the
process of evolvmg However, the commIttee wants to acknowledge that the plan for the GEM
program has changed much smce the EVOSTC 2000a document was dIstnbuted Thus the
followmg IS based solely on our mterpretatIOn of where It "sounds" lIke the GEM plan IS headed

The commIttee WIshes to express concern that the GEM program may be movmg toward
a pIece-meal, small-scale, proJect-dnven approach GEM appears to be evolvmg from bemg
onented toward Ideas and hypotheses, as expressed m the Apnl GEM document, to bemg
onented toward specIfic tasks, as emphaSIzed m subsequent dIscussIOns and draft matenals It
seems to be losmg SIght of ItS ecosystem focus as It selects mdividual speCIes for attentIOn We
understand that the creatIon of a complex new program can be a messy process, thus we remam
optImIstIc that the core mISSIOn of GEM IS stIll to provIde broad, ecosystem-based, long-term
momtonng and research that wIll lead to an mtegrated understandmg of the Gulf of Alaska
ecosystem
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EVOSTC RestoratIOn Update, Wmter 2000, Volume 7, Number 1
Elements of GEM

GEM wIll have three mam components

• long-term ecosystem momtormg (decades m duratton),
• short-term focused research (one to several years m length), and
• ongomg commumty mvolvement, mcludmg tradIttonal knowledge and local

stewardship

In additIon, GEM wIll require a strong sCience management effort and a concerted publtc
mformatlon and data management program

LONG-TERM ECOSYSTEM MONITORING

GEM will contribute to a core of strategic measurements taken over decades by many
agencies m order to track changes m the outer shelf and coastal regions of the northern Gulf of
Alaska Momtonng goals are to understand the factors mvolved m producttvlty of fish, birds, and
manne hfe, Improve our ability to dlstmgUlsh between natural and human-caused changes, and
accurately model and predict ecological change ThiS mformatlOn will be available to
organIzatIOns, agencies, UnIVerslttes, and mdlvldual stakeholders for the use, management, and
conservatIOn of manne resources

GEM will take advantage of eXlstmg projects bemg camed out by agencies and other
mstttutlOns Funds will be used to obtam measurements that are essenttal to takmg the pulse of
the Gulf of Alaska and that are not bemg obtamed reltably through other programs

SHORT-TERM RESEARCH

Strategically chosen research projects With relatively short-term goals will be funded as
needed Research will

• Follow up on Issues related to any lmgenng effects of the Euon Valdez 011 spill
ThiS research IS e'<.pected to dlmlmsh over time as Impacts from the spill become more and more
difficult to dlstmgUlsh

32



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

• Explore questIOns or concerns that anse out of the momtonng data Research would
focus more on mdlvldual species to understand how they are bemg Impacted by changes m the
ecosystem A sudden nse or declme m a species populatIOn IS one way to trigger such research

• PrOVide key mformatIon and tools for management and conservatIOn purposes This
would mclude, for example, Improved sCientific techniques and better technolOgies for stock
assessments of fishenes Research can also Identify sensitive habitats m the manne enVironment
so that this mformatlOn can be conSidered m management strategies

TRADITIONAL KNOWLEDGE, COMMUNITY INVOLVEMENT, AND LOCAL
STEWARDSHIP

The last 10 years of 011 spill research has proven that commumty mvolvement can
provide Important observatIOns and mSlghts about changes m the status and health of manne
resources Encouragmg local awareness and partiCipatIOn m research and momtonng enhances
long-term stewardship of livmg manne resources

Local momtonng, documentation, and stewardship projects must be linked under GEM
wherever pOSSible With other momtonng, research, and conservation projects to promote shanng
of mformatIOn and Ideas SCientific steenng committees, composed of academiC, agency and
local representatives, can Identify and oversee opportumtIes for productive collaboratIOn

The actual mechamsms for achlevmg thiS goal are not fully developed Several
approaches have been tned m the current restoration program and elsewhere m Alaska, and GEM
will draw on these expenences to deSign processes for mvolvmg commumtles and their expertise
One approach, the Youth Area Watch, has proven to be an effective and popular means of
mvolvmg and educatmg young people and their home commumtles about 011 spill research
Similar projects may be developed as part of GEM m coastal commumtIes throughout the OIl-spill
area

SCIENCE MANAGEMENT

It's expected that GEM will be governed by the Trustee Council until Impacts from the
011 spill are no longer discernible It would be admmlstered by the current RestoratIOn Office,
made conSiderably smaller to reflect the scope of the program

A semor staff sCientist will work With the executive director, Trustee CounCil, SCientific
commumty, resource managers, and stakeholders to Implement and evaluate GEM The program
wIll be admimstered conSIstent WIth the RestoratIOn Plan, adopted by the Trustee CouncIl m
1994

Public partiCIpatIOn and mdependent peer reVIew WIll be an essential part of the process
An mdependent panel of sCientists will fine tune the GEM program every five years

PUBLIC INFORl'1ATION, DATA MANAGEMEl'lT, AND INTEGRATION OF RESULTS

Gathering data IS one thmg Managmg and mamtammg that data IS a consistent form that
can be utilized eaSily by researchers IS another It IS essential that a strong data management
strategy be m place before long-term momtonng projects are mltIated

The data will be analyzed and mtegrated mto predictive ecosystem models Results will
be available to the public through penodic "State of the Gulf workshops and reports and thiS Will
be made acceSSible on the mternet Workshops and other forums Will bring together a vanety of
partICipants m the variOUS aspects ot GEM to stimulate diSCUSSions and spark new Ideas

33



The Trustee CouncIl IS commItted to publIc mput and publIc outreach as vItal
components of the long-tenn GEM program PublIc meetIngs, newsletters, annual reports,
mfonnatIOnal web sItes, and the 17-member PublIc AdvISOry Group are some of the ways the
publIc IS currently mfonned about restoratIOn actIvItIes

It's envlSloned that thIS effort would contmue, but to a lesser degree to reflect the smaller
GEM program The Trustee CouncIl WIll lIkely develop a senes of alternatIves on contmumg
publIc adVIce ill the next two years and then go out for publIc comment before takIng any final
actIOn
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"Gulf Ecosystem Momtonng A Sentmel Momtonng Program for the
ConservatIOn of the Natural Resources of the Northern Gulf of Alaska"

GEM SCience Program NRC Review Draft (Apnl 21, 2000)

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 of Alaska The Exxon
Valdez 011 Spill Trustee CouncIl (Trustee CouncIl) has endowed thIS program as a final legacy of
ItS mISSIOn to restore the fish and wIldlife resources mJured by the 1989 Euon 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 III 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 Accordmgly, SectIOn
IV attempts to be mcluslve of all the bIOlogical and phySIcal components of the GOA ecosystem

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

Wlthm the northern GOA (mcludmg Pnnce WIlliam Sound, Cook Inlet, KodIak Island
and the Alaska Penmsula), offshore and nearshore manne, estuanne, freshwater and terrestnal
enVIronments mteract With geologic, climatic, oceanographic, and bIOlogIC processes to produce
hIghly 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 msplratIOn for those who love nature and part
of the' lungs' of the planet for recycling of oxygen and carbon to and from the atmosphere As a
result of both human mfluences and natural processes, these Important attributes are contmually
changmg
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More than half of the state's 621,000 permanent resIdents hve withm the geographIc area
of the northern GOA and the nearby population center of the greater Anchorage area Most of the
more than one-milhon 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, mmerals, and tImber Crude 011 and fuel tanker traffic,
mcreasmg tounsm and recreatIOnal use, expanded road bUIldmg, and growmg commercIal and
sport fishmg 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 wIldhfe 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

Populations of Important 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 sIgmficantly greater than
those m the three decades endmg m 1979 ShrImp and red kmg crab have fallen to extremely low
levels m the gulfsmce 1980, m sharp contrast to the very hIgh levels m the two pnor decades
KodIak's red kmg crab fishery, once among the world's nchest, has been completely closed smce
1984 As 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 dechned smce 1980 Other speCIes, such as sea otters
and elephant seals, have been on the nse for more than a decade Colomes of seabIrds, such as
black-legged kittIwakes, common murres and cormorants, have shown dechnes smce about 1980
m some coastallocahtIes, such as Pnnce WIlham Sound and central Cook Inlet, but not mothers
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
actlVltIes, reqUIres a sohd histoncal context ThIS certamly has been the lesson of the 1989 Exxon
Valdez 011 spIll, a large-scale ecologIcal dIsaster, resultmg m hundreds of milhons 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 approxImately $120
milhon to complete work on lmgenng OIl-spIll Injury and to endow long-term momtonng and
research In the world-renowned ecosystem of the northern GOA

For plannIng 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 dIverse
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 Influenced by natural changes
and human activIties"

GEM has five major programmatic goals These are to
DETECT Serve as a sentInel (early warnmg) system by detectIng annual and long-term

changes m the manne ecosystem, from coastal watersheds to the central gulf,
UNDERSTAND IdentIfy causes of change In the manne ecosystem, mcludmg natural

vanatIon, human mfluences, and theIr Interaction,
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 publIc, resource

managers, Industry and polIcy makers In order for them to respond to changes In natural
resources and
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SOLVE Develop tools, technologIes, and mformatlOn that can help resource managers
and regulators Improve management of manne resources and address problems that may anse
from human actiVIties

The annual earnmgs from a $120 milhon endowment w111 not be able to fund all that
needs to be done to achIeve the above goals Instead, the Trustee Councl1 w111 focus alarge part of
Its efforts on provldmg leadershIp m IdentIfymg momtormg and research gaps and pnontIes,
encouragmg effiCIency and mtegratlOn through leveragmg of funds, coordmatlOn, and
partnershIps, and mvolvmg stakeholders m local stewardshIp by havmg them help gUIde and
carry out parts of the program

Recogmzmg that the gulf ecosystem under consideratlOn IS extremely complex,
conslstmg of thousands of speCIes, It also w111 not be pOSSIble for GEM to answer all, or even
most, of the questlOns that could be posed about the GOA GEM mstead w111 be focused, to a
large extent, on key speCIes and ecologIcal processes m the system These w111 be selected on the
baSIS of ecolOgical Importance, human relevance, and theIr ablhty to mdlcate ecosystem
dIsturbance, as well as theIr Importance for understandmg the phySIcal and blOlogIcal bases for
prodUCtiVIty In the end, GEM must be Justified on what It can teach pohcy makers, resource
managers and the pubhc about optlOns for dlrectmg human behavlOr toward achlevmg sustamable
resource management goals

The GEM program w111 contmue to work WIth resource managers, stakeholders, the
SCIentIfic commumty and the pubhc to refine a common set ofpnontIes for research, momtonng
and protectlOn m the northern gulf In order to do that, we must share an understandmg of whIch
manne resources of the northern gulf are valued and what stressors or potential threats could
affect theIr overall health The GEM program WIll bul1d a matrIX of who IS momtonng what,
where, and when and IdentIfy gaps m momtonng those thmgs that are Important to us GEM WIll
work towards filhng m the Important gaps

The long-term momtonng element of GEM w111 be complemented by strategIcally chosen
research projects These projects WIll follow up on Imgenng effects of the Enon Valdez 011 spIll,
explore questions and concerns that anse out of mterpretatlOn of the momtonng data, especIally
m trymg to understand the causes of change, and prOVIde key mformatlOn and tools for
management and conservatlOn

The Trustee Councl1 believes that encouragmg local awareness and partIcipatlOn m
research and momtonng enhances long-term stewardshIp of hvmg manne resources TraditlOnal
and local knowledge can prOVIde Important observatlOns and mSIghts about changes m the status
and health of manne resources and should be mcorporated mto GEM CItizen momtonng efforts
are already underway m several commumties m the GEM reglOn and should be looked to for
future collaboratlOn

Independent peer reVIew of the GEM program IS essentIal for a hlgh-cahber SCIentific
program PartIcipatlOn m research and momtonng IS expected to be completely open to
competitlOn All data must be archIved, mamtamed, and readl1y accessIble to other SCIentific
users and the pubhc In order for GEM to be successful, It w111 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, penodlc "State of the Gulf' and "State of the North PaCIfic' workshops and
reports, and a GEM webSite The Trustee CounCIl IS committed to pubhc mput and outreach as
VItal components of the long-term GEM program
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Committee Comments
on the SCientific Elements Supportmg GEM 2000 Program

In general, the commIttee attempted to focus Its comments on the broad Issues for GEM
However, m our delIberatIOns we dId at times comment qUIte speCIfically on the GEM document,
and especIally on the sCIentIfic framework descnbed m SectIOns IV C, D, and AppendIX C
Feedback on the sCIentific framework was requested speCIfically by the program staff ThIS
appendIX provIdes these more detaIled comments and IS lIkely most useful to program staff

Based on our readIng, It appears that GEM program planners see the PaCIfic
Decadal OSCIllatIOn (PDO) as the core of the SCientific framework, or conceptual
foundation, underpInnIng GEM ThIS chOIce IS based on recent eVIdence that the PDO IS
an Important IndIcator of ecosystem change In the Gulf of Alaska

However, the commIttee IS concerned that the program's relIance on the PDa concept
wIll prove controversIal over time ThIs emphasIs mIght constram research and prevent
exploration of alternative hypotheses There also appears to be a dIsconnectIOn between what
appears to be a strong offshore focus and the GEM's broader mISSIOn The mISSIOn emphaSIzes
recIprocal lmks between humans and the manne envIronment, many of whIch occur close to
shore If the PDa IS mamtamed as the centerpIece of the plan, GEM should commIt to
coordmatmg samplmg of bIOphysical condItIOns throughout the Northeast PaCIfic and partIcularly
at offshore fronts because of theIr proposed Importance m transfernng production among regIOns

The mshore-offshore mverse production regIme and lInkage to the PDa IS not firmly
estabhshed, and therefore It IS not WIse to base an entire research program on It Not only may
the hypotheSIS be mcorrect, but It would constram all research to be centered on a smgle over
archmg hypotheSIS that was not generated by researchers, hmItmg sCIentific creativIty
AddItIOnally, It IS not logIcal to base the entire GEM program on a hypotheSIS that centers on
offshore fronts To address the hypotheSIS that IS detaIled here, a very large, long-term (50 years
at least) offshore momtonng program would be necessary Not only would the cost of such an
Immense mvestIgatIOn be beyond the finanCIal capablhtIes of GEM, but also GEM IS a nearshore
based program That fact conflIcts WIth the ablhty to address the hypotheSIS

In the followmg sectIOns, we comment first on the explanatIOn of the PDa prOVIded m
the GEM document We then tum to other sCientific Issues raised m sections IV C, D and
AppendiX C The eventual conceptual framework developed for GEM WIll undoubtedly need to
be able to mcorporate both the PDa and other factors leadmg to ecosystem change

THE PD~ AS FACT OR HYPOTHESIS?

The background section (IV C) and framework sectIOn (IV D) of EVaSTC (2000a)
Imply a stronger consensus or eVidence about the PDa than actually eXists Many manne
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sCientIsts agree that the posItIve PD~ (strong low pressure cell over the GOA) IS associated With
mcreased algal and zooplankton productIOn m the central Gulf, and this posItIve PD~ has also
been correlated With higher salmon productIOn, and possibly lower forage fish productIOn
(mshore taxa) However, there IS not yet consensus or eVidence to explam why productIOn
mcreases offshore, nor If there IS an mverse relatIOn With forage fish productIOn onshore (as
stated on p 73, para 3, lme 2) There IS some eVidence that decreased mixed layer thickness can
cause an mcrease m pnmary productIOn through the alleviatIOn ofhght-hmltatIOn of algae (e g,
Polovma et al 1995) The GEM document suggests that mcreased productlon IS mamly due to
offshore transport of nutrients because of mcreased precipitatIon over land -- essentially, the
document hypothesizes that more ram leads to greater runoff, more nutnents, and higher fish
productIOn ThiS hypothesIs would reqUire that the Circulation of the offshore North Pacific
would be enhanced With the mcrease m the runoff and that additIonal onshore flow of subsurface
waters would accompany the mcrease m offshore flows at the surface However, thiS has not
been shown to be the case m thiS system With respect to salmon stocks, the model reqUires that
mcreased pnmary productIOn result m more zooplankton (which Brodeur et al 1996 suggest IS
the case) and that thiS zooplankton abundance IS what regulates salmon production
Unfortunately, data are hmlted and Ideas on these Issues are still evolvmg Also, Brodeur et al
(1996) only address zooplankton m central (offshelf) Gulf of Alaska Certamly, there IS eVidence
of higher salmomd escapement dunng the posltlve PD~ (and higher zooplankton abundance)
phases, but the difference m fish productIon IS not necessanly due to havmg more food ThiS IS a
logical and pOSSible scenano, but It could as eaSily be related to changes m predator abundance as
the salmon pass through the nearshore regIOn (Ifthe mverse off-nearshore fish productIon
oscillatIOn IS true), changes m survival because of altered sahmtIes, temperatures, or other factors

The background sectIOn lmks GOA productlVlty to the shelf-break and oceanographic
fronts, but fails to focus on these areas for research and momtonng The Importance of shelf
break areas IS suggested on p 60 (lme 33), 64 (lme 32), 69 (lme 33), 70 (lme 19) and 74 (Ime 40)
However, a plan that focuses on the nearshore-as GEM probably Will-will not be able to
answer many potentlally Important questIOns about observed patterns m the GOA A
comprehenSive oceanographic program for the Northeast PaCific would be very useful, but thiS IS
not GEM's role New technologies might permit a broad samplmg scheme (e g , remote sensmg)
and a few well placed moonngs might be used The cross-shelf versus alongshore flux of heat,
salt and nutrients needs to be mvestIgated, and process expenments on seasonal time scales With
some mterdlsclplmary modehng might shed Itght on these questIOns The PD~ and associated
large-scale changes m productIVity represent hypotheses, therefore they must be exphcltly tested
Wlthm the GEM document, data collectIOn at fronts only appear as a pnonty m the AppendiX of
SCientIfic questIOns

SectIOn IV D of the GEM document develops a set of speCific mterrelated phYSical and
bIOlogical changes expected to follow from the PD~ These mterrelated changes come across as
fact, yet the statements on pages 70-73 are mostly hypotheses, which have not been proven

For mstance, regardmg the Items Itsted on page 70-71

Item 1 There IS a very strong seasonal change m the wmd stress, but a Similar acceleratIOn has
not been observed m the Alaska Current or gyre
Item 2 The mcreased wmd stress should mcrease mid-gyre upwellmg but not necessanly
upwelltng to the ocean surface, only mto the upper layers
Item 3 The mterdependence of the Alaska and Cahfornla Currents has yet to be proven, though
satelhte altimeter data should prOVide the eVidence If It IS true
Item 6 suggests an mcrease m runoff and orgamc carbon and anthropogemc mputs, which have
not been proven or even studied Pnor eVidence suggests that runoff here IS nutnent hmlted
(Reeburgh and Klpphut 1986)
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Item 10 Where IS the eVIdence for the deepenmg of the Alaska Coastal Current nearshore? An
mcrease m the ACC transport could be accomplIshed by mcreased speed and/or WIdth

Regardmg the Items lIsted on pages 71-73, the commIttee provIdes the followmg comments

Item 1 The mIxed layer depth could be shallower ThIS shoalmg of the mIxed layer depth could
be caused by mcreased upwellmg rather than warmmg Also, changes m salmlty of the upper
layer salmlty can also affect the stratification Once agam, thIS section gIves the ImpreSSIOn that
much more IS known about the phySIcal and bIOlogIcal processes m the Gulf of Alaska than IS
actually the case These hypotheses are reasonable but unproven
Item 5 OrganIc matter does not ongmate m the Gulf but rather IS transported there by global
thermohalme CIrculatIOn, where It mIght be upwelled mto the upper layers It IS uncertam
whether the nutnent-nch water IS advected across the shelf m the upper layers or deep layers or
whether It downwells more strongly before It reaches the coast
Item 6 The Idea that organIC matter downwells on the outer shelf and slope to supply benthIC
COmmUnItIes IS an mterestmg Idea but IS unproven
Item 7 The connectIOn between bIOoceanographic vanables and the abundance and dlstnbutIon
of speCIes on the shelf and slope remams a hypotheSIS, requmng field study and measurements to
prove or dIsprove It The plans presented later m the GEM document do not call for such
measurements m thIS regIon of the gulf

Fmally, the questions m AppendIX C, sections c, d, and e appear to be speCIfic to the
PDO foundation and therefore may mhlblt SCIentific creatIVIty and progress

PROBLEMS RELATED TO REPRESENTATION OF THE LITERATURE

As noted earher, Trustee CouncIl staff saId that the commIttee could be of help both by
provldmg broad, general gUIdance and by IdentIfymg speCIfic problems or errors In readmg the
GEM document, the commIttee IdentIfied a number of statements that were msufficlently or
mcorrectly CIted, or that appeared to lack a SCIentific baSIS The followmg IS a lIst of these Issues

• p 63, bottom Concepts attrIbuted to Hollowed and Wooster (1992) and
Brodeur et al (1996) are unlIkely to have been stated as mterpreted

• p 64, first sentence Zheng and Kruse IS a study of crabs, but the document
makes statements about groundfish eggs and larvae

• P 61, paragraph 1 and Figure 8 Brodeur's work dId not refer to the PDO
HIS figures show zooplankton, not plankton m general

• P 71, paragraph 3 the waters of the Alaska Coastal Current are not known to
be nutrIent lImIted

• Page 61 Lme 47 There are msufficlent nutnent data to conclude that Gull
Island seabIrd food chams mIght be supported by "nutrIent supply from deep water enabled
by exceptIonally strong, topographIcally focused, tIdal-mduced mlxmg m lower Cook Inlet

• Page 62 lme 3 The "contmumg mcrease of average surface-water
temperatures m the North PaCIfic" IS not supported by references and may not be valId

Page 63 lIne 4 What IS the eVIdence of movement of the ACC away from the coast?

BEYOND THE PDO COMMENTS ON OTHER PORTIONS OF THE SCIENTIFIC
FRAMEWORK
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The mshore/offshore mverse production model IS too narrow to provide a conceptual
foundation It could, however, be one hypothesIs withm a larger framework that seeks to
understand spatial and temporal vanablhty and forcmg factors (natural/ anthropogemc, top-down!
bottom-up)

Top predators are assumed to act as mtegrators of environmental factors (espeCIally
productlVlty and stress) and, thus, to be good mdlcators of change But thIS assumption IS not
supported and leads to some faulty statements For example, p 67 states "the rates of recovery of
these apex predators from heavy explOitation offer mSlghts mto many aspects of the trOphIC
structure' This IS a general statement, but It has no meanmg without follow up On p 67, thIrd
paragraph, the document states that "harbor seals should be conSidered candIdates "However,
not only does thIS concept not belong m that paragraph, there IS no explanatIOn to explam why
harbor seals should be momtored

The framework focuses on oceamc and climatiC phenomena This focus IS not "wrong,"
but It Ignores nearshore mtertidal and subtidal areas that receive some of the most dIrect human
Impacts A tremendous amount of attentIOn was paid to mtertldal and shallow subtidal areas after
EVOS because much of the 011 washed up onshore Yet the sectIOn on benthos mcludes
essentially none of thiS work Even If the speCifics are too numerous to be mcluded, there are
some excellent conceptual foundatIOns that could be employed to focus research In fact, many of
the testable hypotheses about commumty processes (top-downlbottom-up control, keystone
predation, supply SIde/post-recrUitment control, faclhtatlOn m stressful enVIronments) were first
developed and explored m mtertldal systems

Some Impacts from human activity Will mteract With natural change at the scale of the
entire Gulf (for mstance, chmate warmmg, persistent orgamc pollutants, some fishenes) Many,
however, are hkely to have Impacts pnmanly on near-coastal areas (such as Impacts from nutrIent
loadmg, aquaculture, forestry, eroSIOn, subSistence harvest, and some fishenes Currently m the
program, manne-terrestrIal lmkages refer almost exclUSively to the transport of manne nutrIents
upstream by salmon Clearly there may be many other processes occurrmg at thiS ecotone

The North PaCIfic Manne SCience Program (known as PICES) may proVIde a good
research model for mtegratmg the oceanographic and shoreline components of GEM
«http //plces lOS bc cal»~, as may the Partnership for Interdlsclplmary Studies of the Coastal
Ocean (PISCO) For mstance, It IS essentially unknown whether recruitment and growth of
mtertldal and shallow subtidal orgamsms reflect offshore regIme shifts It IS even pOSSible to
Imagme reciprocal lmkages m which nearshore commumties affect oceanographic condItions For
mstance, nearshore food webs have been shown to have a role m manne productiVity In the
Aleutians, the presence or absence of sea otters can alter energy sources and growth rates of
mtertldal filter feeders through an mdlrect trophiC pathway-mussels consume greater quantities
of plankton when otters are rare, and consume more kelp detrItus when otters are abundant
(SImenstad et al , 1978, Duggms et al , 1989)

In the SCIentific questions m AppendiX C, part b mcludes speCific nearshore locations that
are absent from questions m other sectIOns (although PWS, Cook Inlet, and Kodiak shelf must be
Imphed locations for studies of seabirds, some mammals, benthiC and mtertldal commumtIes)
Many anthropogemc Impacts dIsproportIOnately affect nearshore areas, and Important Impacts
appear to be absent from AppendiX C, section f This sectIOn currently mcludes questIOns about
contammants Other human Impacts should be conSidered, mcludmg aquaculture, removal of top
predators, mtroduced species and eutrophicatIOn

Fmally, as a last vanatlOn on the theme of better mcorporatlOn of nearshore areas m the
sCientific framework, the questIOns on benthiC and mtertldal commumtIes might be more usefully
tramed as
a) What are sources and rates of natural disturbance to these commumtles, and what are rates and
patterns of recovery)
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b) How vanable IS recruItment m space and tIme, and among planktomc specIes?
c) What IS the relatlOnship between recruItment rates and growth rates of filter feeders? Algae?
Predators?
d) What are pnmary energy and nutnent sources of mtertIdal and benthIc commumtIes-m SItu,
upwelhng, offshore, terrestrial runoffl
e) Under what condItIOns are populatIOns lImIted by recruItment, food, space, natural dIsturbance,
temperature, predators, competItors, dIsease?

The Trustee CounCIl was ImpreSSIvely far-SIghted m settmg aSIde a portIOn of the
settlement from the Exxon Valdez 011 spIll for long-term research and momtonng m the area
affected by the spIll One of the mam sCIentIfic messages of the spIll was that It IS dIfficult to tell
whether ecologIcal change has or has not occurred when baselme data are spotty or unavaIlable
(Pame et al 1996) Clearly, momtonng wIll Improve the capacIty to detect future trends and
ShIftS, WIth the caveat that the changes most hkely to be detected are strong ones supenmposed
on a basehne of low mtnnsiC or observer-based vanabIlIty The delIberate approach to developmg
the GEM plan, whIch has mcluded workshops, reports from consultants, and the mitIal Program
development, seems entirely m keepmg WIth the long time frame of the plan

The program begms to descnbe enVIronmental SCIence m the Gulf of Alaska m terms of
both what IS known and how It IS bemg studIed As the summanes of work performed m PWS
over the past 10 years are developed, they WIll contrIbute to ecologIcal knowledge AppendIX
Table 1, whICh summanzes mformatIon-gathenng programs m the GOA, IS a useful matnx of
proJects, data collectIOns, and study areas, WhICh can help mvestIgators make connectIOns among
discIplmes and locatIOns It may also prove pOSSIble to proVIde lmks to the data sets that emerge
from thIS vanety ofproJects
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BIOgraphIcal Sketches of the CommIttee's Members

Michael Roman (chair) IS Professor at Horn Pomt Environmental Laboratones at the Umverslty
System of Maryland's Center for EnvIronmental SCiences HIs research mterests are bIologIcal
oceanography, zooplankton ecology, food-web dynamics, estuanne and coastal mteractIOn, and
the carbon cycle m the ocean Dr Roman was chair of the Coastal Ocean Processes (CoOP)
Steenng CommIttee for the National SCIence Foundation and has expenence leadmg a
multidIscIplInary actIvIty He bnngs a broad ecologIcal perspective to thIS settmg

Don Bowen IS a research sCIentist at the Manne FIsh dIvIsIOn of the Bedford Institute of
Oceanography's Department of Fishenes and Oceans HIS research has focused on the populatIOn
dynamICS, foragmg ecology, and ecologIcal energetics ofpmmpeds ObjectIves of these studIes'
are twofold FIrst, to understand the dIverSIty ofpmmped lIfe histones and second, to understand
the nature of competitIve mteractIOns between seals and commercial fishenes Smce 1997, Dr, --'
Bowen has also conducted ecologIcal research on the northern nght whale wIth the aIm to foster,
the recovery of the species

Adria A Elskus IS AssIstant Professor of EnvIronmental PhYSIOlogy at the T H Morgan School
of BIOlogIcal SCIences at the Umversity of Kentucky Her sCIentIfic background mcludes work m
endocrmology, geochemIStry, bIOchemIstry, and phYSIOlogy, and she has worked as a consultant
m mdustry (Energy Resources Company), as a tOXIcologISt and chemIst m government (US
EPAINarragansett lab), and m academIa Her research mterests mclude the fate and effects of
contammants m aquatIC ecosystems, partIcularly effects on reproductIOn, adaptatIOn to
envIronmental contammants, orgamc pollutant metabolIsm and the mterplay of hormones and
pollutants, and the bIOchemICal mechamsms of pollutant effects

John J Goermg IS Professor Ementus and former ASSOCIate Director of the Institute of Manne
SCIence, Umversity of Alaska FaIrbanks He IS well-known as one of the first to make sIgmficant
dlscovenes m the areas of the manne mtrogen cycle, the SIlIcon cycle, and SIlIcon and mtrogen
aSSImIlatIOn by phytoplankton He has served as VIce-PreSIdent and later PreSIdent of the PaCIfic
Section of the Amencan SOCIety of Limnology and Oceanography, as chaIr of the 011 Spill
Recovery Institute SCIence AdVISOry CommIttee, and as a member of the North Slope Borough
SCIence AdVISOry Committee and the Coastal Manne Institute Techmcal AdVISOry Committee

George Hunt IS Professor of Ocean Ecology and Manne OrnIthology at the Umversity of
CalIfornIa, Irvme HIS research group focuses on the trophiC transfer of energy withm manne
ecosystems, particularly as It pertams to the foragmg and reproductive ecology of manne birds
Manne birds proVide useful models for mvestIgatIOn of the mteractIOns of physIcal and bIOlOgIcal
processes m the ocean that result m concentratIOns of prey Colony-based studIes of seabIrd
reproductive ecology and food habits are also used as sources of mformatIOn about the effects of
clImate change on the structure and functIOmng of manne ecosystems In thIS work, he
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emphasizes the Importance of physical processes m determmmg the structure and functIOn of
J

manne ecosystems

Seth Macmko an ASSistant Professor m the University of ConnectIcut's Department of
Geography ( Previously he was a Social and Economic Policy Analyst at the Alaska Department
ofFish and Game He also fished commerCially off Alaska from 1979 to 1983 HIS research
mterests are broadly focused on the mtersectlOns between natural resource management
I' r I U(especially manne resources), environmental hiStOry, and political ecology He IS partIcularly

mterested m the role of l~stltutlOnalarrangements and culture m resource management Current
proJe~ts are focused on dlstnoutlOnallssues mvolvmg access to manne resources property nghts

I! I
m manne fishenes, the role of place and community m property nght reformatIOns, and linkages
between manne resources and community development I

Donal T Manahan IS an environmental phySIOlogist from the University of Southern California
where he IS the Director of the Manne BIOlogy SectIOn m the Department of BIOlogical SCiences
He IS actIve m many areas of sCience m the AntarctIc, as well as m temperate regIOns and deep
sea hydrothermal vents HIS research mcludes phySIOlogIcal ecology of early stages (larvae) of
animal development, animal/chemICal mteractIons m the ocean, and the genetIc bases of
phYSiological processes In educatIOn, he IS currently the director of an mternatlOnal trammg
course (Ph D level) m Antarctica, "IntegratIve BIOlogy and AdaptatIOn of AntarctIC Manne
Organisms" Dr Manahan IS the chair of the Polar Research Board and serves as the Board's
liaison to thiS actIVIty

Brenda Norcross IS ASSOCiate Professor ofFlshenes Oceanography at the Institute of Manne
SCience, University of Alaska, Fairbanks Her research focuses on fish and their habitats,
mcludmg human mduced effects on the enVIronment She has studied flatfishes m Alaskan
waters, mcludmg definmg habitats and developmg models for nursery areas of five speCIes of
flatfishes m Alaskan waters based on depth, sediment type, temperature and other environmental
factors Dr Norcross also worked on the herrmg component of the multI-mvestIgator Sound
Ecosystem Assessment (SEA) project, which mvestIgated the environment ofPnnce William
Sound followmg the Exxon Valdez 011 spill She has studied dlstnbutlOn ofJuvenile fishes and
their availability to manne mammals, espeCially Steller sea lions, and seabirds

J Steven PICOU IS a professor of SOCIOlogy m the Department of SOCiology and Anthropology,
University of South Alabama HIS research mterests mclude technological disasters, community
change, and applied SOCIOlogy He directed an mterdlsclplmary team of researchers studymg the
economiC, SOCial, cultural, and psychological Impacts of the Exxon Valdez oil spill

Thomas C Royer holds the Samuel and Fay Slover dlstmgUlshed chair m Oceanography at Old
DommlOn UniVerSIty m Norfolk, VA, and IS a leadmg authonty on the oceanography of the Gulf
of Alaska HIS research mterests are m deep ocean and coastal hydrography and currents, long
time senes measurements, and air-sea mteractIons He was at the University of Alaska for several
decades, where he was one of the cornerposts of their academiC and research programs and where
hiS dIscovery of a slgmficant coastal current along the coast of Alaska, dnven by freshwater
discharge, allowed a reasonable predictIOn of the trajectory of the 011 released dunng the 1989
E\ '(On Valdez 011 spill He represented the University of Alaska FaIrbanks m UNOLS for many
years and led the UAF ship program He has a very broad view of manne SCience, and he has
seen extensive service on many panels, boards, and committees

Jenmfer Ruesmk IS ASSistant Professor of Zoology at the UniVerSIty of Washmgton Her areas
of academiC mterest mclude community ecology, espeCIally food web mteractIons, speCIes
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mvasIOns, the conservatIOn of bIologIcal dIversIty, and ecosystem functlOnmg She has studIed
the ecologIcal Impacts'of the Exxon Valdez 011 spIll on the ecology of tIdal commumtIes m Prhlce
WIlham Sound, mcludmg work wIth NAS member Dr Robert Pame ' "
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Karl TurekIan, a member of the NatIOnal Academy of SCIences, IS SIlhman Profes~or of'
J J \

Geology and GeophysIcs at Yale UmversIty He also IS the DIrector of the InstItute of
BIOsphenc StudIes and the DIrector of the Center for the Study of Global G~ange HIS ~eseaJ;:chl
areas mclude manne geochemIStry, atmosphenc geochemIstry of cosmogemc, radon daughter an.d

... \ 1 I J

man-made radIOnuchdes, surfiCIal and groundwater geochermstry of radIOnuchdes, planetary I

degassmg, geochronology based on uranIUm decay cham and radIOcflrbon of the PleIstodene1 ~
J

osmIUm Isotope geochemIStry, meteonte ongms m relatIOn to planetary systems, oceamc _ ,
upwellmg, and chmate change Dr TurekIan serves as a member of the Ocean StudIes Board and

Cl
as a member of the CommIttee on Global Change Research of the NatIonal Research CouncIl
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