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OVERVIEW OF THE GEM DOCUMENT 

The Gulf Ecosystem Momtonng (GEM) Program Document has been prepared m 
two volumes to more easily describe the basic momtormg and research program 
(Volume I) while provuimg access to the factual basiS for the program (Volume II) 
Volume I explams the basic motlvahons for the program, mformahon needs, and 
the strategtes for meehng these mformahon needs (see Table 0 1 below) Volume II 
presents the factual basts for the program, mcludmg the detailed descnphons of 
two rmportant components of the program (1) modelmg and (2) data management 
and mformahon transfer Table 0 lidentill.es the question addressed by each 
chapter and the products proVIded The Overview Figure, followmg the table, 
illustrates the structure of the GEM Program Document 

Table 0 1 Contents of the GEM Program Document 

Chapter Title & Question Addressed 

Volume 1-Stratag1c Plan for Monrtonng and Research 

2 

3 

4 

5 

6 

VISion 

Why do thts and what do we hope to 
acfueve? 

Human Uses and Acbvrtles 

What are the human acbvrbes m the regiOTI 
and thelf potenbal Impacts? 

GEM Information Needs 

What mformabon do we need? 

Program Components and Strategies 

How can we get the mformatron we neecJ? 

Momtonng Plan & Research Agenda 

What are we gomg to do to get the 
mformabon, when Will we do tt, and wrth 
whom? 

Program Management 

What are the processes and poliCies for 
monttonng and research? 

Products 

MISSIOn and goals 

Program context 

Issues of concern to the Trustee 
CounCil and public 

Specrlic quesbons and 
Information needs 

Key components and 
Implementation strategi9S 

Starting po1nt for Implementation 
process 

Tlle Gulf Ecosystem Monrtormg 
and Research Program 

Volume II-The H1stoncal Legacy Bulldmg Blocks for the Future 

1 Bwld1ng on Lessons of the Past Past expenence 

2 

3 

What do other regKmal manna setance 
programs have to 'teach us? 

L1ngenng Effects of the 011 Sp1ll 

IAihat does expenence from the 011 spt/1 teach 
us? 

SCientrtlc Background 

What 1s published that can help us? 

Hypotheses and strategies 

Past expenence 

Current knowledge of the Gulf of 
Alaska 

General research questions 
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Table 0.1 Contents of the GEM Program Document 

II 
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4 Conceptual Foundation 

How do we thmk the ecosystem works? 

5 Modeling 

What IS the role of modelmg m GEM 
1mplementat10n? 

6 Data Management and Information Transfer 

What are the roles of data management and 
mformaflon transfer m GEM 1mplementatJon? 

A Appendix A Acronyms and Web L1nks 

8 AppendiX 8 F1sh and Invertebrate Spec1es 
from 1996 Trawl Survey of 
the Gulf of Alaska 

C AppendiX C North Pacrfic Models of the 
Alaska F1shenes SCience Center and 
Selected Other Orgamzatlons 

D AppendiX D Gulf Ecosystem Momtonng and 
Research (GEM) Database 

E AppendiX E Glossary of Existing Agency 
Programs and ProJects 
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for program Implementation 
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program Implementation 
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Figure 0.1. An overview of the structure of the GEM Program Document showing the relation of 
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EXECUTIVE SUMMARY 

Tlus document provides the foundabon for the Gulf Ecosystem Morutonng 
(GEM) program, a long-term research and morutonng effort m the northern Gulf of 
Alaska (GOA) The Exxon Valdez Otl Spill Trustee Counctl (Trustee Counctl) has 
endowed tlus program as a fmal legacy of its nuss10n to restore the fish and 
wtldhfe resources lllJUied by the 1989 Exxon Valdez 011 spill (EVOS) 

Tlus document IS composed of two volumes plus supporting matenals 

• 

• 

Volume I explams the VlSIOn and mobvabons for the program, mformabon 
needed to understand the GOA ecosystem, and the strategies and plan for 
answering the quesbons posed about how the system works Also 
described are the process and pohcres to further develop the program 

Volume II presents the histoncal legacy of the program, mcludmg lessons 
from the EVOS restorabon program and other regional manne SCience 
programs The current screnbfic knowledge and current conceptual 
thntlang of the GOA are described m detail 

Together, the two volumes proVIde the overall framework for a program that 
includes an ongomg process of developing, reviewmg, and Implemenbng a 
morutonng and research plan ImplementatJ.on IS expected to begin m October 
2002 

Within the northern GOA (mcludmg Pnnce Wtlham Sound, Cook Inlet, Koillak 
Island, and the Alaska Penmsula), offshore and nearshore manne, estuanne, 
freshwater, and terrestnal envrronments interact with geologic, climatJ.c, 
oceanographic, and biologic processes to produce highly valued natural bounty 
and excepbonal beauty The GOA proVIdes habitat for diverse and abundant 
populabons of fish and shellfI.sh, manne mammals, and seabrrds It IS a InaJOr 
source of seafood for the entrre nabon, as well as for Alaska Nabves, who rely on it 
for subsistence and cultural purposes The GOA IS also a source of beauty and 
msprrabon for those who love nature and part of the "lungs" of the planet for 
recyclmg of oxygen and carbon to and from the atmosphere As a result of both 
human mfluences and natural processes, these rmportant attnbutes are conbnually 
changing 

More than half of the state's 621,000 permanent residents hve within the 
geographic area of the northern GOA and the nearby populatJ.on center of the 
greater Anchorage area Most of the more than 1 million tounsts that travel to the 
state each year VISit this region The pnvate-sector economy of Alaska depends 
heavily on extracbon of natural resources from tlus region, mcludmg petroleum, 
fish and shellfI.sh, mmerals, and bmber Crude 011 and fuel tanker traffic, 
mcreasmg tounsm and recreabonal use, expanded road building, and growmg 

../ commercral and sport fishmg pressure are all human acbVIbes that could affect the 
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manne resources and ecosystem of the northern GOA In addition, recent evidence 
of perslStent orgaruc pollutants and heavy metals rn fish and wtldhle hssues rn the 
GOA rndicate that this reg10n 1S not lIDIDune from worldwide concerns about 
potenhal effects of contamrnants on marrne organlSms and on human consumers, 
parhcularly Alaska Nahve subslStence users 

Populabons of rmportant marrne resources rn the northern GOA have 
undergone ma1or changes, especrally srnce the late 1970s Salmon catches of all 
species, especially sockeye, have remarned near record levels for two decades, with 
annual catches sigruficantly greater than those rn the three decades endrng rn 1979 
Shrrmp and red krng crab have fallen to extremely low levels rn the GOA srnce 
1980, rn sharp contrast to the very high levels rn the two pnor decades Kodiak's 
red krng crab fuhery, once among the world's nchest, has been completely closed 
srnce 1984 As shrrmp and crab have declmed, cod, pollack, and flatfish, such as 
arrowtooth flounder, have rapidly rncreased Some marrne mammals assoaated 
with the GOA, such as sea hons, harbor seals, and over-wrnterrng fur seals, have 
steadily dechned srnce 1980 Other species, such as sea otters and elephant seals, 
have been on the nse for more than a decade Colorues of seabirds, such as black­
legged kltbwakes, common murres, and cormorants, have shown dechnes smce 
about 1980 rn some coastal locahbes, such as PWS and central Cook Inlet, but not rn 
others Overall, many specres and populabons assOCTated with nearshore habitats 
rn the GOA have dechned srnce about 1977, whereas species and populabons 
havrng access to offshore gulf habitats have generally rncreased 

Understandrng the sources of these changes, whether natural or rnfluenced by 
human acbvihes, requires a sohd h.J.stoncal context Tius certarnly has been the 
lesson of the 1989 Exxon Valdez oil spill, a large-scale ecological disaster, resulbng rn 
hundreds of millions of dollars rnvested rn studies and restorahon projects rn the 
past decade From the knowledge and experience gamed through this program, 
the Trustee Council has dedicated approXImately $UO million to conbnue work on 
hngerrng otl-spill lil)ury and to endow long-term morutonng and research rn the 
world-renowned ecosystem of the northern GOA 

The mISSion of the GEM program 1S "to sustarn a healthy and b10logically 
diverse manne ecosystem rn the northern GOA and the human use of the marrne 
resources rn that ecosystem through greater understandrng of how its producbvity 
1S mfluenced by natural changes and human acbvibes " 

GEM has five ma1or programmabc goals These are to 

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

2 UNDERSTAND Idenbfy causes of change rn the marrne ecosystem, 
rncludrng natural vanabon, human mfluences, and their rnteracbon, 

ES-2 VOLUME I, ExEamvE SUMMARY 
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3 INFORM Provide mtegrated and synthesized mformabon to the public, 
resource managers, mdustry, and policy makers m order for them to 
respond to changes m natural resources, 

4 SOL VE Develop tools, technologies, and mformabon that can help 
resource managers and regulators nnprove management of manne 
resources and address problems that may anse from human acbvibes, and 

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

The annual earrungs from a $120 nullion endowment will not be able to fund all 
that needs to be done to aclueve the above goals Instead, the Trustee Counctl will 
focus a large part of its efforts on providmg leaderslup m idenb.fymg momtonng 
and research gaps and pnonbes, syntheslZing and mterprebng results to form a 
"big picture" of the GOA ecosystem, encouragmg efficrency and mtegrabon 
through leveragmg of funds, coordlnabon, and partnerslups, and mvolvmg 
stakeholders m local stewardslup by havmg them help gm.de and carry out parts of 
the program The GEM program must design its momtonng and research efforts to 
ensure therr applicabon to benefit conservabon and management of manne 
resources 

Recogruzmg that the gitlf ecosystem under considerahon IS extremely complex, 
consISbng of thousands of specres, 1t also will not be possible for GEM to answer 
all, or even most, of the questions that could be posed about the GOA GEM 
mstead will be focused, to a large extent, on key habitats and ecological processes 
m the system The four habitats-watersheds, mterhdal and subbdal, Alaska 
Coastal Current, and offshore-will be used as tools around wluch to orgaruze 
momtonng and research efforts Individual specres may be used to answer 
questions and will be selected on the basIS of ecological nnportance and their 
human relevance and ability to mdicate ecosystem disturbance, as well as therr 
nnportance for understanding the physical and biological bases for producbvity 
In the end, GEM must be JUStified on what It can teach policy makers, resource 
managers, and the public about opt10ns for drrecbng human behavior toward 
acluevmg sustainable resource management goals 

The GEM program will conbnue to work with resource managers, 
stakeholders, the saenhfic commumty, and the public to refme a common set of 
pnonhes for research, momtonng, and protecbon m the northern GOA To do that, 
there must be a shared understandmg of wluch manne resources of the northern 
GOA are valued and what stressors or potenhal threats could affect therr overall 
health The GEM program will butld a matnx of who IS momtonng what, where, 
and when and 1denhfy gaps m momtonng those thmgs that are nnportant GEM 
will work toward fillmg m the nnportant gaps 

The momtonng program developed by the Trustee Counctl IS mtended to be 
the "flagslup" of the GEM program and will be mamtamed even if fundmg levels 
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vary The morutonng program will mcorporate these elements use of a key 
quesbon for each habitat as a starbng pomt for developmg testable hypotheses, a 
proposed schedule and strategy for rmplementabon, possible partners and partner 
activibes, development of models to synthesize results, candidate core momtonng 
activib.es, and candidate core vanables 

The long-term momtonng element of GEM will be complemented by 
strategically chosen research pl"O)ects These projects will follow up on lmgenng 
effects of the Exxon Va"ldez 011 spill, explore quesbons and concerns that anse out of 
mterpretab.on of the momtonng data, espeaally m trymg to understand the causes 
of change, and provide key mformab.on and tools for management and 
conservahon 

The Trustee Counol beheves that encouragmg local and commuruty awareness 
and parb.crpab.on m research and momtonng enhances long-term stewardship of 
hvmg marme resources Trachb.onal and local knowledge can provide rmportant 
observahons and insights about changes m the status and health of manne 
resources and should be mcorporated mto GEM Cit:I.zen morutonng efforts are 
already under way m several commumhes m the GEM region and should be 
looked to for future collaborahon 

Independent peer review of the GEM program 1S essenhal for a high-caliber 
screnhflc program Parb.opabon m research and morutonng IS expected to be 

completely open to compehbon All data must be archived, mamtamed, and 
reachly accessible to other soenhflc users and the public In order for GEM to be 
successful, 1t will be necessary to mtegrate, synthesize, and mterpret morutonng 
and research results to form and present a "big picture" of the status of and trends 
m the northern GOA ecosystem One approach 1S through the use of periodic 
"State of the Gulf" and "State of the North Pacillc" workshops and reports 
Another IS use of the GEM Web site The Trustee Counctl 1S committed to pubhc 
mput and outreach as vital components of the long-term GEM program 
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1. VISION FOR GEM 
IN THE NORTHERN GULF OF ALASKA 

In This Chapter 

> Ongm of the GEM program 

> Explanahon of the ttuss1on 1denhfied for the program 

> Idenhficahon of goals, geograpluc scope, and fundmg 

A program rooted rn the scrence of a large-scale 
1.1 Introduction ecological disaster IS uruquely swted to form the 

foundahon for ecosystem-based management 
The knowledge and ~ence gamed dunng 10 years of b10logical and physical 
studies rn the aftermath of the Exxon Valdez otl spill (EVOS) confirmed that a solid 
lustoncal context IS essenhal to understand the sources of changes rn valued 
natural resources Toward tlus end, rn March 1999 the Exxon Valdez Otl Spill 
Trustee Council (Trustee Council) dedicated approXllilately $120 rmllion for long­
term morutonng and research rn the northern Gulf of Alaska (GOA) The new fund 
will be rn place by October 2002 and funchon as an endowment, with an annual 
program funded through rnvestment earnrngs, after allowrng for rnflahon-proofrng 
and modest growth of the corpus 

In makrng the deas10n to allocate these funds for a long-term program of 
morutonng and research, referred to herem as the Gulf Ecosystem Morutonng and 
Research (GEM) program, the Trustee Council exphatly recogruzed that complete 
recovery from the otl spill may not occur for decades 
and that through long-term observahon and, as needed, 
restorahon actions, the Injured resources and services are 
most likely to be fully restored The Trustee Council 
further recogruzed that conservahon and rmproved 
management of these resources and services would 
reqwre substanhal ongomg rnvestment to rmprove 
understandmg of the manne and coastal ecosystems that 

Prudent use of the natural 
resources of the sp1/I area 

reqwres inaeased knowledge of 
cntJcal ecological mfonnafJon 

about the northern GOA 

support the resources, as well as the people, of the spill region lmprovmg the 
quality of rnformahon available to resource managers should result rn rmproved 
resource management In addihon, prudent use of the natural resources of the spill 
area without compromISrng therr health and recovery reqwres rncreased 
knowledge of cnhcal ecological rnformahon about the northern GOA ThIS 
knowledge can only be provided through a long-term morutonng and research 
program that will span decades, If not centunes There are both Immediate, short-
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term needs to complete the understand.mg of the lmgenng effects of the otl spill 
and long-term needs to understand the sources of changes m valued natural 
resources 

The ongmal IlUSSlOn of the Trustee Counctl' s 
1.2 Mission Restorahon Program, adopted m 1993, was to 

"effJ.crently restore the envrronment 111Jured by the 
EVOS to a healthy, produchve, world-renowned ecosystem, while takmg mto 
account the rmportance of the quahty of hfe and the need for viable opporturuhes 
to estabhsh and sustam a reasonable standard of hvmg " 

ConsIStent with thlS nuss10n and with the ecosystem approach to restorahon 
adopted by the Trustee Counctl m 1994, the nuss1on of the GEM program IS to 

Sustain a healthy and bwlogr.cally diverse marine ecosystem in the 
northern Gulf of Alaska (GOA) and the human use of the marine 
resources tn that ecosystem through greater understanding of how 
its productivity ts influenced by natural changes and human 
acttvittes. 

In purswt of thlS rruss1on, the GEM program will accomphsh the followmg 

• Sustam the necessary mshtuhonal Infrastructure to proVIde SCientllc 
leadership m idenhfymg research and morutonng gaps and pnonhes, 

• Sponsor morutonng, research, and other proJects that respond to these 
idenhfied needs, 

• Encourage effJ.crency m and mtegrahon of GOA morutonng and research 
achVIhes through leveragmg of funds and mteragency coordmahon and 
partnerships, and 

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

In adophng this rmss10n, the Trustee Counctl acknowledges that, at hmes, 
sustammg a healthy ecosystem and ensurmg sustamable human uses of the manne 
resources may be m confhct In those mstances, the goal of achievmg a healthy 
ecosystem will be paramount The Trustee Counctl also acknowledges that, at tlus 
hme, clearly defined measures for assessmg "ecosystem health" are lackmg (NRC 
2000) These measures will be mcorporated mto the program as they are 
developed 
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·~~ Five ma1or goals have been 1dentilled as necessary 
1.3 Goals to accomphsh the GEM rmss1on Attanung all 

five, however, will requrre several decades Two 
of these goals may be attamable withrn the early decades of operatrng the GEM 
program, given suffi.crent fundrng and collaborabon with other partners 

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

2 Understand: Idenbfy causes of change m the marme ecosystem, mcludrng 
natural vanabon, human mfluences, and therr mteracbon 

Two other goals provide an essenbal piece of the foundabon for a long-term 
program Although these goals are likely to be fully reahzed only after the brst 
decade of operatrng the GEM program, shorter-term accomphshments should be 
achieved sooner 

3 Inform· Provide mtegrated and synthesized rnformabon to the pubhc, 
resource managers, mdustry and pohcy makers m order for them to 
respond to changes m natural resources, and 

4 Solve: Develop tools, technologies and rnformabon that can help resource 
managers and regulators rmprove management of marme resources and 
address problems that may anse from human acbVlbes 

The fifth goal IS mherently long-term and difficult to achieve, but of 
considerable potenbal value to resource users and managers It serves more as a 
long-range beacon to gwde the design of momtormg acbvibes, than as a goal to be 
attamed withrn the near term 

5 Predict Develop the capacrty to predict the status and trends of natural 
resources for use by resource managers and consumers 

During the process of learmng how to detect and understand change m the 
northern GOA, resource managers and the concerned pubhc should collect 
mcremental dividends on therr mvestment m GEM Ulbmately, however, the 
benefits will be maxmuzed over the long run To fully achieve its rruss10n, GEM 
must provide rnformabon that enables resource-dependent people, such as 
subsIStence users, recreabonahsts, and commercral fishers, to better cope with 
changes m marme resources The data and rnformabon produced by GEM dunng 
its frrst decade may not totally solve problems for the pubhc, commercral mterests, 
resource managers, and pohcy makers faced with envrronmental change 
Nonetheless, as rnformabon accumulates, the ability for GEM to provide problem­
solvmg rnformabon and tools can and must mcrease 

Given the SIZe and complex:t.ty of the northern GOA ecosystem and the 
available fundrng, 1t will not be posSible to meet these goals with only the data 
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collected by GEM Addressmg the program goals will reqmre acluevmg the 
followmg rmplementabon goals 

• 

• 

• 

• 

• 

• 

Lead the way m mtegrabng, syntheslZlilg, and mterprebng morutormg and 
research results to form and convey a "big picture" of the status of and 
trends m the GOA ecosystem, 

Track work of other enbhes relevant to understandmg b10logical 
producbon m the GOA and coordinate GEM with those efforts, 

Leverage funds to augment ongomg morutormg work funded by other 
enbbes, 

Involve other government agencres, non-governmental orgaruzahons, 
stakeholders, pohcy makers, and the general pubhc m a collaborabve 
process to achieve the nuss10n and goals of GEM, 

Increase community involvement and local and tradthonal knowledge m 
order to enhance long-term stewardship of hvmg marme resources, and 

Facilitate apphcahon of GEM research and morutormg results to benefit 
conservabon and management of manne resources 

The substanhal experience of the EVOS Restorabon Program mdicates that 
these SIX rmplementabon goals are reasonable, necessary, and attamable 

ConsIStent with the Restorabon Plan, GEM 
1.4 Geographic Scope program acbvlhes will occur withm the area 

affected by the 1989 otl spill, wluch IS generally 
the northern GOA, mcludmg Prmce William Sound (PWS), Cook Inlet, Kodiak 
Island, and the Alaska Penmsula (Figure 11) Recogruzmg that the manne 
ecosystems affected by the otl spill do not have discrete boundaries, some 
morutormg and research acbvihes may extend mto adjacent areas of the northern 
GOA 

The prrmary geograpluc focus of GEM will be the four habitat types that 
contam the ecosystems of the area affected by the otl spill, essenhally the northern 
GOA These habitats are the watersheds, mterbdal and subbdal, Alaska Coastal 
Current (ACq, and offshore (the conhnental shelf break and the Alaska Gyre) 
(Secbon 3 1 2) 

Although GEM has a regional outlook, the waters of the GOA are connected to 
adjacent waters Waters from the shelf and basm of the GOA eventually enter the 
Benng Sea and the Arcbc Ocean through the Benng Strait Waters from the west 
coast states (Califorrua, Oregon, and Washmgton), Canada and southern Alaska 
also feed mto the northern GOA Consequently, the program will be of vital 
rmportance m understandmg the downstream Benng Sea and Arcbc Ocean 
ecosystems, as well as the upstream southern GOA In addibon to the hnkages 
provided by the movements of ocean waters, the GOA IS hnked to other reg10ns by 
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Figure 1.1 Map of the spill area showing the location of communities. 

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

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

1.5 Funding and 
Governance 

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

Council will manage these funds as an endowment, with the annual program 
funded by investment earnings after inflation-proofing, thus providing for a stable 
program through time. The Trustee Council may choose to fund a smaller program 
in the early years to allow the corpus of the fund to build. The Trustee Council's 
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long-term goal IS to allow for additional deposits and donations to the fund from 
other sources to mcrease the corpus Acluevmg thIS goal rmght :requrre changes m 
state or federal legislation and possibly a change m the court-approved settlement 
and will be pursued at a later time 

Under eXIStlng law and court orders, three state and three federal trustees have 
been designated by the Governor of Alaska and the President of the Umted States 
to adnuruster the restoration fund, wlu.ch mcludes funding for GEM, and to restore 
the resources and services lilJured by the otl spill The State of Alaska trustees are 
the Comrruss10ner of the Alaska Department of Environmental Conservation, the 
Com:rrussioner of the Alaska Department of FJ.Sh and Game, and the Attorney 
General The federal trustees are the Secretary of the Interior, the Secretary of 
Agriculture, and the Adnurustrator of the National Ocearuc and Atmospheric 
Adnumstration, US Department of Commerce 

The trustees established the Trustee Counctl to adnuruster the restorab.on fund 
The state trustees serve directly on the Trustee Council The federal trustees each 
have appomted a representab.ve m Alaska to serve on the Trustee Council They 
currently are the Alaska Director of the US FISh and Wtldhfe Service (Department 
of the Intenor), the Alaska Director of the Nab.anal Manne FISheries Service 
(National Oceanic and Atmospheric Adnurustrab.on), and the Supervisor of the 
Chugach Nab.anal Forest (US Department of Agriculture) All decrsions by the 
Trustee Council are :reqmred to be unaru.mous 

It IS expected that the current Trustee Counctl will make pohcy and funding 
deo.sions for the GEM program It has been suggested that at some time m the 
future, a new board or oversight structure other than the Trustee Council be 
established to adnuruster or gmde the GEM fund It IS also possible that an exisb.ng 
board, either under its current structure or with nunor mochficab.ons, could take 
over management of the fund Use of a new governance structure, If JUSb.fied, 
would :requrre changes m law and the apphcable court decrees Such changes 
would take considerable time and are not anb.crpated m the near future 

1.6 References 

NRC 2000 Ecological indicators for the nation Nahonal Academy Press 
W aslu.ngton, D C 
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2. HUMAN USES AND ACTIVITIES 
IN THE NORTHERN GULF OF ALASKA 

In This Chapter 

»- Thscuss!on of the human rmpacts m the GOA 

~ Soaoeconorruc profiles 

»- Idenbftcabon of human acbvibes occurnng 

NOTE: This chapter is bemg reworked, and part or all of it will be included 
in the Scientific Background, Chapter 3, Volume IL This will provide better 
informabon to be used in developing speciftc questions and mformation needs, 
as begun in Chapter 3 (Volume I). 

The growmg populabon of Alaska and the exisbng and potentially greater 
human use of the resources of the northern GOA are rmportant cons1derabons for 
development of GEM To aclueve the GEM IDlSSIOn of sustanung a healthy 
ecosystem, as well as sustanung human use of the manne resources of the GOA, 1t 
IS essenbal to assess and understand the rmpacts that human acbvibes may have on 
rmportant full and wtldhle species, their habitat, and the northern GOA ecosystems 
overall 

The economy of Alaska depends heavily on extracbon of natural resources 
(pnmanly 011, fish, and shell.£ish, followed by trmber and rrunerals) and on 
recreabon and tounsm In the northern GOA, commeraal fishmg, recreabon and 
tounsm (rncludmg sport fishmg), otl and gas development, loggmg, roadbutldmg 
and urbaruzabon, manne transportabon, and subsIStence harvests are all acbvibes 
that have the potenbal to affect fish and wtldhle populabons and habitat 

Currently, the human rmpact on Alaska's manne ecosystems IS relabvely small, 
compared to rmpacts m most of the developed world Other regions are faced with 
marme dead zones caused by eutrophicat10n ( declme of a 
water body due to oxygen deficrency) from agnculture 
runoff (mcludmg pesticrdes), overfishmg and deplebon of 
fish stocks, senous mdustrial pollubon, and degradation 
of rmportant habitat such as coral reefs and coastlmes 
Alaska IS pIISbne m comparISon Even here, however, 
natural resource managers have concerns about localized 

Even in pnstme Alaska natural 
resource managers are 

concerned about 
the impacts of pol/ut:Jon on 

manne ecosystems. 

pollubon, the potenbal rmpacts of some fuilienes, extreme changes m some fish and 
wtldhfe populabons, and the httle known rmpacts of contarrunants and global 
warmmg 
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State and federal laws and pernutbng systems are designed to 1dentJ.fy and 
rmbgate the drrect rmpacts of these acbvibes Secondary and cumulabve rmpacts 
are not as roubnely assessed, however There IS concern that local problems, If left 
urudenb&ed or unmorutored, could grow rnto regional problems 

Expenence with the EVOS Restorabon Program has demonstrated that, unless 
an rmpact IS very large, 1t 1s often extremely d.If:ficult to ISOlate the human rmpact 
from the natural variability Because GEM will be a long-term program, however, 
1t IS rmportant to assess the potenbal rmpacts of human acbvihes on a regular basIS 
to deterrrune their rnfluence on changes rn the abundance and dIStnbubon of 
rmportant resources 

2.1 Socioeconomic 
Profile of the Northern 
Gulf of Alaska 

About 71,000 full-bme reSidents live withrn the 
area drrectly affected by the otl spill (Figure 11), 
and two to three bmes that number use the area 
seasonally for work and recreabon The spill area 
populabon, combrned with that of the nearby 

populabon centers of Anchorage and Wastlla, totals more than 60% of the state's 
627,000 permanent residents When the reSident populabon IS combrned with more 
than one mtlhon tourists who VlSlt the state each year, 1t becomes clear that the 
natural resources of the northern GOA cannot be lillillune to the pressures 
asSOCiated with human uses and acbvibes 

2.1.1 Prince William Sound 

PWS hes north of the GOA, south of the Chugach Mountarn Range, west of the 
Copper River, and east of the Kenai Penrnsula About 7,000 people live and make 
their hvrng rn thIS area The largest commurubes-Cordova, Valdez, and Whither­
are all coastal and predomrnantly non-Nabve, although Valdez and Cordova are 
home to Alaska Nabve village corporabons and tnbes Chenega Bay and Tabtlek 
are Alaska Nabve villages All five commurubes are accessible by arr or water, and 
all have dock or harbor factlibes In the north, the ports of Valdez and Whither link 
the area to the state's marn road system Whither has tram access, both passenger 
and cargo 

The econorruc base of the five commurubes rn PWS IS heavily resource 
dependent The Cordova economy IS based on commercial fIShrng, prrmartly for 
prnk and red salmon As the terrrunus of the Trans-Alaska Pipelrne System, Valdez 
IS dependent on the otl rndustry, but commercial fIShrng and fISh processrng, 
government, and tourism also are rmportant to the local economy Large 011 
tankers roubnely traverse PWS and the northern GOA to and from the Port of 
Valdez In addibon to workrng as otl rndustry employees, Whither residents also 
work as government employees, longshoremen, commercral fIShermen, and service 
providers to tourISts The people of Chenega Bay and Tabtlek augment commercial 
fIShrng, aquaculture, and other cash-based acbvibes with subsistence fIShrng, 
hunbng, and gatherrng 
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"\ 2.1.2 Kenai Peninsula 

The Keruu Perunsula, on the northwest margin of the GOA, separates Cook 
Inlet from PWS The central perunsu1a IS connected to the mam road system, only a 
few hours by car from the ma1or populabon center of Anchorage Homer and 
Kenai have Jet arr access from Anchorage, and Seward has tram access, both 
passenger and cargo Because of t:lus road connecbon to Anchorage, the Kenai 
Peninsula IS the fastest growing area m the northern GOA About 50,000 people 
live on the penmsula, with about two-thirds hvmg near the abes of Keruu and 
Soldotna The economy of thIS area depends on the 011 and gas mdustry, 
commeraal ftslung, and tourISm ThlS area was the Site of the f:trst ma1or Alaska otl 
stnke m 1957 and has been a center for otl and gas explorabon and producbon 
smce that bme Seward IS a seaport on the eastern Keruu Pemnsula near the 
western entrance of PWS It IS the southern termmus of the Alaska Railroad, wluch 
transports marme cargo and passengers to and from Anchorage 

The southern Kenai Penmsula contams the abes of Homer and Seldovia and 
the Alaska Natcve villages of Nanwalek and Port Graham Homer, on the north 
side of Kachemak Bay, IS the southern termmus of the state's mam road system on 
the pemnsu1a Seldovia, Nanwalek, and Port Graham, all located south of 
Kachemak Bay, are accessible only by arr and sea Nanwalek and Port Graham 
depend largely on subsIStence huntmg and ftslung and on village corporabon 
enterprises, such as the salmon hatchery, cannery, and logging enterprise at Port 
Graham Homer IS the econonuc and populabon hub of t:lus part of the penmsula 
and depends on commercral ftslung, toUTISm, and forest products 

Tourism IS an rmportant and growmg part of the Kenai Penmsula economy 
Manne sport fISlung out of Seward and Homer IS a ma1or attracbon for the tounst 
mdustry Cruise slups dock at the Seward haroor, and commercial vessels take 
passengers on tours of the nearby Kenai Fjords Nabonal Park The Kenai Rrver and 
its tnbutary, the RUSSlail River, are ma1or sport flslung nvers, attractmg tourists 
from Anchorage and all over the world 

2.1.3 Kodiak Island Archipelago 

The Kodiak Island archipelago hes to the west of the northern GOA ThlS 
region mcludes the aty of Kodiak and the six Alaska Nabve villages of Port Lions, 
Ouzmlae, Larsen Bay, Karluk, Old Harbor, and Akluok About 14,000 people hve 
m t:lus region, although the populabon swells m the fJ.slung season Commumbes 
on Kodiak Island are accessible by arr and sea Approx:rmately 140 nules of state 
roads connect commumbes on the east Side of the ISiand 

The economy of the archipelago depends heavily on commercial ftslung and 
seafood processmg Kodiak IS one of the world's ma1or centers of seafood 
producbon and has long been among the largest ports m the nabon for seafood 
volume or value of landmgs Village residents largely depend on subsIStence 
huntmg and flslung Kodiak Island also has a growmg recreabon and tounsm 
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economy and 18 home to a commeroal rocket-lannch facility that held its first 
successful lannch m 1999 The US Coast Guard Stabon near Kodiak IS a ma1or 
employer 

2.1.4 Alaska Peninsula 

The Alaska Perunsula IS on the western edge of the northern GOA Five 
commurubes on the south side of the Alaska Perunsula he withm the area affected 
by the EVOS Clugruk, Clugruk Lagoon, Clugruk Lake, lvanof Bay, and Perryville 
The populabon of the area IS about 450 year-ronnd residents, but doubles dunng 
the fIShmg season All five commurubes are accessible by rur and sea The cash 
economy of the area depends on the success of the fIShmg fleets 

Clugruk and Clugruk Lagoon serve as regmnal salmon-fIShmg centers, and 
Dutch Harbor, southwest of Perryville and outside the spill area, IS a ma1or center 
~or crab and other manne fIShenes In addibon to salmon and salmon roe, fISh 
processmg plants m Clugruk produce herrmg roe, hahbut, cod, and crab About 
half the permanent populabon of these commurubes 18 Alaska Nabve Subsistence 
on fish and caribou IS rmportant to the people who hve m Clugruk and Clugruk 
Lagoon 

Clugruk Lake, lvanof Bay, and Perryville are predorrunantly Alaska Nabve 
villages and mamtam a subsIStence hfestyle, relymg on salmon, trout, manne fISh 

I 
\ 

and shellfish, crab, clams, moose, caribou, and bear Commercral fishmg proVIdes r-

cash mcome Many residents leave durmg summer months to fISh from Clugruk ~-
Lagoon or work at the fish processors m Clugruk 

2.1.5 Will add section on Anchorage Basin and how It affects other 
parts of region. 

2.2 Desaiption of 
Human Activities 

2.2.1 Commercial Fishing 

Commercial fIShmg IS by far the predommant 
human acbVIty m the northern GOA and IS 

thought at thIS bme to have the potenbal for the 
most Sigruficant rmpacts on the GOA ecosystem Withm the GOA, the ID.aJOr 
commercial fishenes are salmon, Pacrfic hernng, pollock, cod, hahbut, and 
shellfISh Tens of thousands of mdividuals parbcrpate m these fIShenes 

The penod before the 1989 oil spill was a bme of relabve prosperity for many 
commercial fishermen Smee 1989, these drasbc changes have occurred m the 
commercial fishmg mdustry 

• Low pnces have reduced the value of the pmk and sockeye salmon 
flshenes 

• Sharp dechnes m hernng populabons m PWS, posSibly caused by disease 
related to the EVOS, have resulted m closures that have devastated the (-

fIShery "'----
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• The hstmg of the Steller sea hon under the federal Endangered Speoes Act 
has resulted m restrictions on groundflsh fishenes 

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

A rna1or ecological concern with all types of removals by fishrng activihes IS the 
sustamabillty of fish stocks, wluch could be affected by directed fisheries or as a 
result of dIScarded bycatch m other fishenes and lugh seas mtercephon Th.is 
concern dnves responsible fIShery management The predonunant fIShery stocks 
lustoncally fluctuate because of natural vanabillty and chrnate cycles, and for that 
reason, harvest rates are set at sustamable fractions of the available b10mass 
However, concern shll exists that sethng harvest rates without a complete 
understandmg of those fluctuahons could lead to unmtenbonal overharvest, 
resultmg m populahon declines that could take years to rebound 

In addihon, bycatch may have unmtended consequences on non-targeted fish 
populahons In many fIShenes, observers morntor the bycatch In addihon, 
bycatch 1s often only a small fraction of the overall mortality However, bycatch ts 

not morutored m all fIShenes, and may be Sigrnficant m some 

Another ecological concern with all types of fIShrng ts the removal of rnanne 
nutrients (rntrates, phosphates, iron) that are key to sustanung the long-term 
productivity of watersheds (Fmney et al 2000) Fishrng for a dommant 
anadromous species such as salmon may lower the productive capacrty of a 
watershed not only for salmon, but for a wide range of plants, fish, and mammals 
that are known to depend on rnanne nutrients When combmed with the loss of 
nutrients assocrated with development of npanan (nver and other waterfront) 
habitats and wetlands, the loss of rnanne nutrients may contribute to ohgotrophy 
or "starvahon" of the watershed Unfortunately, not enough morntormg data on 
manne nutrients m tributaries of the GOA are available to understand the degree to 
wluch ohgotroplucahon ts occurnng 

A third ecological concern with fIShrng IS the potenbal for unmtenhonal 
degradahon of habitats and attendant losses of plant and anrmal species Sport­
fIShrng achvihes m watersheds have substanbally 
degraded some npanan habitats m Southcentral Alaska, 
resultmg m lost vegetahon, lost fISh habitat, and stltahon, 
and necessitatmg walkways and management restrictions 
Vanous types of manne fIShrng methods and gear, such as 
pots and bottom trawls (very large bag-shaped nets), also 
have the potenhal for degradmg sea-bottom habitat and 
reducmg populahons of sedentary species such as corals 
and seaweeds 

More mformafJon on how t:o 
define cntJcal manne hablf:ats 

1s essenfJal t:o balanang 
fishing opportunt/Jes and 

protection of hablf:at 

Protechon has already been afforded to rnanne habitats m some sensihve areas 
by excludmg gear types that are thought to be lilJUOOUS to habitat For example 
most state waters are closed to bottom trawling In the eastern GOA, both state and 
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federal waters are now closed to trawlmg and dredgmg 111 part to protect coral 
habitats from possible trawlmg rmpacts There are numerous trawl-and-dredge 
closure areas near Kodiak Island, the Alaska Perunsula, and the Aleuhan Islands 
But not all areas of the Benng Sea and GOA (espeaally those that have sandy and 
sediment bottom types) are vulnerable to trawlmg rmpacts Given the amount of 
manne habitats already subJect to closure, more mformabon on how to define 
cnbcal manne habitats, a possible role for GEM, IS essenbal to balanong fishmg 
opportunibes and protecbon of habitat 

Commercial fIBhmg also has the potenhal to affect other elements of the manne 
ecosystem, such as brrd and marme mammal populabons Effects result either 
drrectly, through entanglement 111 fIBhmg nets or dlSturbance to haul-outs and 
rookenes, or 111drrectly, through rmpacts on food supphes Areas where marrne 
mammals feed and that are ad1acent to therr haul-out areas have been closed to 
commerci.al f.t.shmg 111 parts of the Benng Sea, Aleuhan Islands, and GOA A recent 
National Manne FIShenes Service (NMFS) Biological Oprmon (NMFS 2000) 
concludes that lack of food IS the reason why the endangered Steller sea hon IS not 
recovenng from senous declmes 111 the GOA and Benng Sea On the basis of th1B 
oprmon, NMFS has severely hrmted fixed-gear and trawl fIBhmg for several 
groundf.t.sh species, a ma1or food source for the Steller sea hon However, th1S 
oprmon has been extremely controverSial, and several 111dependent teams of 
SC1ence reviewers have concluded that there IS no evidence that sea hons are 
nutnbonally hrmted and no evidence that fIBhenes are caus111g prey deplebon 

Salmon fIBheries 111 the GOA are notable because hatcheries produce the 
ma1onty of some salmon speaes 111 some areas and, 111 specific f.t.shenes, the 
ma1onty of salmon harvested Btlhons of 1uverule salmon are released annually 
from hatchenes 111 three areas withm the northern GOA Cook Inlet, Kodiak, and 
PWS Withm th1S region, 56% of the salmon 111 the tradibonal commerci.al harvest 

were of hatchery ongm 1111999 The percentage IS higher if 

InforrnatJon on the mteradlons 
between hatchery and wild fish 

appears to be essential 

cost-recovery flBhenes are also mcluded In PWS 111 
parbcular, hatchery produchon provides a ma1onty of the 
pmk and chum salmon harvested and a substanbal fraci:lon 
of the sock.eye and coho salmon harvested In 1999, 
hatchery pmk salmon contributed 84 % of the number of 
pmk salmon harvested by commerci.al flBhenes m PWS 

12 

to long-tenn fishery 
management programs. 

Ecological concerns related to hatcheries 111clude reduced produci:lon of wtld 
fish because of compebbon between hatchery and wtld salmon dunng all stages of 
the life cycle, loss of genehc diversity 111 wtld salmon, and overharvest of wtld 
salmon dunng harvest operabons targetmg hatchery salmon Inform.ab.on on the 
mterachons between hatchery and wtld fIBh 111 speafic locatJ.ons, as well as on the 
rmpact of salmon produced m hatchenes m both Asia and North Amenca on food 
webs m the GOA, appears to be essenbal to long-term f.t.shery management 
programs 
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2.2.2 Recreation and Tourism 

Major recreahonal and tounst attracb.ons witlun the spill area rnclude Portage 
Glaaer, Kenai Fjords Nahonal Park, Columbia Glacier, Kachemak Bay, and KatmaJ. 
Nahonal Park World-class salmon fishrng attracts residents and VlSltors alike to 
the Kenai River, the Russian River, and other nvers on the Kenai Penrnsula 
Charter halibut fishrng IB an nnportant and groWing recreahonal acb.VIty, especrally 
for Seward and Homer More than 500 vessels are acb.ve rn this rndustry 
Camprng, lukrng, kayakrng, hunhng, and wildhle Viewing attract VISitors to the 
Kodiak Nahonal Wildbfe Refuge, the Chugach Nahonal Forest, and numerous state 
and federal park uruts and refuges witlun the spill area 

Growth of the Alaska populahon and rncreases rn nonresident VlSltahon to 
Alaska will rncrease the potenhal nnpacts of GOA resource use Between 1990 and 
1998 alone, the number of nonresident VlSltors to Alaska rncreased from 900,000 to 
135 m.tll.ion per year, averagrng a 5% annual rate of rncrease durrng this penod 
Crwse ship traffic to the state has been rncreasrng by more than 10% a year, 
although the rate may be sloWing somewhat 

Increased tounsm and recreahonal use could result rn a vanety of nnpacts on 
manne fish and wildlife and therr habitats Sport fIBhrng could contnbute to 
localized deplehon of fIBh stocks, as well as degradahon of streambank habitat rn 
watersheds Increased recreahonal boat traffic can dlSturb wildlife on therr 
rookenes and haul-outs, as well as rncrease oil and gas residue rn harbors and 
adjacent waters Cruise ships often carry more people than populate many Alaska 
towns, and cause concerns about therr disposal of garbage and other waste, rmpacts 
on arr quality, and potenhal for diesel fuel spills The groWing use of Jet skIB for 
recreahonal use and therr potenhal for dlSturbrng nestrng waterfowl has led the 
Alaska Department of FIBh and Game (ADF&G) to ban Jet ski use rn Kachemak 
Bay Increased lukrng and camprng on coastal areas and nverbanks can lead to 
tramplrng, erosion, and related rmpacts on local water quality The Whither road, 
opened rn 2000, IS expected to rncrease VlSltahon to northwestern PWS, with 
potenhal rmpacts to shorelrnes, udelands, and nearshore waters, as well as the fish 
and wildhle populahons that rely on these habitats 

2.2.3 Oil and Gas Development 

The oil and gas rndustry IS a rna1or econonuc force rn PWS and Cook Wet 
Crude oil pumped from fields on the North Slope IS transported by pipehne to 
Valdez, where it IS loaded onto tankers and shipped to the lower 48 states and 
abroad Tankers traverse PWS on the 1ourney south The number of tanker 
voyages from the Port of Valdez has declrned from 640 rn 1995 to 411rn1999, 
because of the sharp reducb.on rn North Slope crude oil producb.on Any 
addihonal North Slope development could rncrease tanker traffic 

DIBcovered rn 1957, the Swanson River otlfield rn the Kenai Nahonal Wildlife 
Refuge IB the site of the first modern-day commercial oil development rn Alaska 
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Much of the oil and gas development ill the Cook Inlet area occurs on offshore 
platforms Underwater p1pelmes transport oil and gas to ternunals on both sides of 
Cook Inlet Currently, all Cook Inlet produchon IS dellvered to a local refmery ill 
N IkISkI for processmg 

In April 1999, the State of Alaska offered for lease all available state-owned 
acreage (approXlillately 2 8 mtlhon acres) ill its frrst Cook Inlet Areawide Oil and 
Gas Lease Sale As a result of the frrst sale, oil and gas leases have been ISsued on 
about 115,000 acres of land Sales m August 2000 and May 2001 resulted m the 
lease of about 205,000 acres of land Additional sales are proposed m 2002 and 2003 

by the State of Alaska and the Mmerals Management Service 

The ma1or concerns about oil and gas development mclude the potential for oil 
spills from vessel traffic, as happened durmg the 1989 EVOS, as well as small, 
chrome spills, p1pelme corrOSion and subsequent leaks, disposal of dnlhng wastes 
and potential rmpacts on water quality, and the mtroduchon of exohc species from 
ballast waters 

The State of Alaska ISSUes leases and permits that stipulate s1te-speo.fic and 
achvity-specific rmhgahon measures The State also morutors exploration, 
development, and transportahon achvihes on state land and waters The Mmerals 
Management Service IS responsible for comparable federal regulation of offshore 
development under the Outer Continental Shelf Act For achvlties withm federal 
JurISdichon, the National Environmental Protechon Act provides for analysIS of 
environmental oil and gas development rmpacts All oil producers, shippers, and 
refmeries are reqwred to have approved contingency plans detatlmg response 
capabllihes and specific response achons ill the event of a spill In addition, the Oil 
Polluhon Act of 1990 created reg10nal crhzens adVISOry groups to oversee oil and 
gas achvities m PWS and Cook Inlet . 

2.2.4 Subsistence Harvest 

Fifteen predormnantly Alaska Nahve commuruties m the GEM region, with a 
total populahon of about 2,200 people, rely heavily on harvests of subsIStence 
resources such as fISh, shellfISh, seals, deer, and waterfowl SubsISten.ce harvests m 
1998 vaned among commuruties from 250 to 500 pounds per person, illdicahng 
strong dependence on subsIStence resources SubsIStence achvihes also support the 
culture and tradihons of these commuruhes Many families m other commuruhes 
also rely on the subSIStence resources of the spill area 

SubsIStence use IS a form of resource explmtation and must be considered as a 
factor potentially affecting resource abundance and distnbuhon It IS morutored 
under state and federal authonties SubSIStence harvest of manne mammals IS 

probably of greatest concern because manne mammals are an rmportant 
component of subsIStence diets m the GEM reg10n In addition, subsIStence 
harvests are the only legal take of manne mammals, have no regulatory 
restnchons, and may affect specres with small populahons 
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2.2.5 Timber Harvest 

No ma1or timber operahons are currently occurnng m PWS, but loggmg 
contmues on Afognak Island m the Kodiak archipelago and small-scale timber 
operahons are planned for parts of the Kenai Perunsula Of the three ma1or loggmg 
operators on Afognak Island, only Afognak Nahve Corporahon ts still loggmg ma 
ma1or way, with 30 nulhon board feet m 2000 and another 30 nulhon board feet 

planned for 2001 Poor lumber markets, mcreased compehhon, and a dwmdlmg 
trmber supply have all led to decreased loggmg actrvlhes on Afognak Loggmg 
operahons on Port Graham Corporahon lands on the southern Keruu Perunsula 
have concluded, but some loggmg may take place on Nahve allotments near Port 
Graham On the Alaska Penmsula, Nrmlcluk Nahve Corporahon and Cook Inlet 
Reg10n Inc are prepanng a ma1or loggmg operahon to begm m 2001 on the 
Crescent River, a maJOr Cook Inlet salmon producer 

The State of Alaska has a fIVe-year Schedule of Timber Sales for the Kenai 
Perunsula and Kodiak area from 2000 through 2004 One sigruficant factor affectmg 
forest plannmg m the Kenai area IS a ma1or epidemic of the spruce bark beetle The 
proposed timber sales are designed to use dead and dymg trmber or to harvest 
trm.ber with a lugh hkebhood of mfestahon m the next few years Dunng t1us 5-

year penod, the state plans to hold 31 timber sales on about 23,000 acres of state 
land on the Kenai Perunsula Harvest from these lands ts eshmated to be 
115 nulhon board feet of spruce and hemlock and 410,000 cubic board feet of birch, 
cottonwood, and aspen In 1999 m the Moose Pass area, one sale that totaled 153 
acres occurred In December 2000, three tracts m the Nrmlcluk/Clam Gulch area, 
totahng 1,604 acres, were r~ffered, however, no bids were recewed 

Concerns about loggmg mclude water quahty effects, long-term effects on the 
marme system of bark from log transfer faahhes, and rmpacts on anadromous 
streams from stltahon and habitat destruchon The Alaska Department of 
Envrronmental Conservahon (ADEq reported that 24% of the water bodies on the 
state's hst of polluted sites are due to some aspect of loggmg (ADEC 2000), (ADEC 
et al 2001) A Sigruficant ISSUe related to Ioggillg IS the mcreased access to 
prev10usly remote lands provided by loggmg roads Loggmg operahons on the 
Kenai Perunsula alone have added more than 3,000 mtles of roads m the region 
Tlus mcreased access has encouraged all-terrain velucle use m sensihve habitats, 
such as the headwaters of salmon streams 

2.2.6 Other Indusbial Activity 

Large spills hke the EVOS are rare More common are smaller discharges of 
refmed otl products, crude otl, and hazardous substances Small spills have been 
caused by a vanety of mdustries, such as otl and gas, timber, fishmg, and seafood 
processmg mdustries, as well as small commercral establIShments such as gas 
stahons and dry cleaners 
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Under state law, the release of hazardous substances and otl must be reported 
to ADEC In 1998and1999, 1,325 spills were reported m the EVOS region, 
resultmg ma total discharge of 218,000 gallons of refnled otl products, crude otl 
and hazardous substances Although small spills were reported throughout the 
spill area, by far the largest number of spills (1,037) and greatest volume of 
chscharge (198,000 gallons) occurred m the Cook Inlet region Most spills (87%) 
involved refmed otl products, accountmg for about 90% of the total volume 
chscharged Only 6,000 gallons of crude otl were reported spilled m the region 
from 1998 to 1999 (ADEC 2001) 

Figures reported to ADEC mclude spills onshore as well as discharges mto the 
manne envrronment The effects of these small spills depend on such variable 
factors as the volume of the discharge, its toXIcrty and persIStence m the 
envrronment, the hme of year the spill occurred and the Sigruficance of the affected 
envrronment m the hfe ill.story of specres of concern 

2.2.7 Road Building and Urbanization 

Commuruty growth and urbaruzabon often go hand m hand with loss of water 
quahty and fishenes habitat The greatest concentrabon of roads, subchVIS1ons, and 
other aspects of mcreased urbaruzabon affectmg the GEM region are withm the 
Murucrpahty of Anchorage and on the west side of the Kenai Perunsula In 1999, 
the Kenai Perunsula Borough approved plats for 250 subchvis10ns Most of the 
subdIVIS1ons were small, but a few were 40 acres or more The borough recently 
rmbated a road-pemuttmg program that will address placement and design of new 
roads 

Contmued expansIOn of urban areas and resultmg expansion of suburban 
zones mevitably degrade habitat Changes m land surfaces can change enbre 
hydrologic systems and add to water pollubon problems Urban growth leads to 
mcreasmg disposal of human wastes Even treated wastes may lead to changes m 
specres compos1bon and productivity m watersheds, estuanes, and nearshore 
areas 

Increased areas of rmpervious surfaces through new roads and subd!VIS1ons 
usually mcrease stormwater runoff Stormwater runoff IS the largest smgle source 
of pollubon m Alaska and IS caused by runoff and eroSion from pavement, parking 
lots and ditches, commercral and res1denbal construcbon, and septic systems 
Thrrty-e1ght percent of the sites on a 1998 state hst of polluted water are affected by 
such commuruty runoff The pollutants include chemicals, bactena, and excess sotl 

Increased stormwater runoff tends to lower base flows m streams and mcrease 
peak flows Stream macromvertebrates (large arumals that lack backbones) and 
fish populabons are sens1bve to these changes As part of its stormwater discharge 
permit through ADEC, the Murucrpahty of Anchorage IS mapping the rmperv10us 
surfaces withm its area and studymg the response of stream macroinvertebrates 
Under a US Environmental Protecbon Agency (EPA) 319 grant from ADEC, the 
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U S States Department of Agnculture Cooperabve Extens10n Service IS also 
studymg the effects of rmperv10us surfaces A ptlot pIOJect IS planned for the 
Anchorage area, and if successful, the methodology may be apphed to other areas 

m the future 

Increased urbaruzabon also results m ftlhng wetlands, wluch play an rmportant 
ecological role m ftltrabon for water quahty and stormwater protecbon The 
Murucrpahty of Anchorage has a wetlands plan, with lugh- and low-value 
wetlands identified There IS no plan dehneabng the extent of wetlands and 
analyzmg therr funcbon and values for the rest of the reg10n, however 

Human access to streams mcreases as the number of 
miles of road mcreases Tramphng of stream banks, 
changes m stream configurabon created by culverbng of 
roads, reducbon m npanan zone vegetat10n, and a 
mulbtude of other problems created by road butldmg and 
access lead to aquahc habitat degradabon and loss of basic 

Human access to streams 
usually leads to degradafJon 

of aquatic habtf:at 

producbVIty Increased human access to small nvers and streams contammg 
relatively large anrmals such as salmon and nver otters also usually leads to loss of 
aquabc specres through illegal taking, despite the best efforts of law enforcement 
Indeed, hmitabons m budgets usually lead resource management and protection 
agencres to focus scarce resources on sensibve areas durmg cnbcal seasons, leavmg 
degradat10n to take its course m less sens1bve locations 

2.2.8 Contaminants and Food Safety 

The presence of mdustnal and agncultural contammants m aquabc 
envrronments has resulted m worldwide concerns about potenbal effects on marme 
organisms and human consumers Polyaromabc hydrocarbons (PAHs), 
polychlonnated biphenyls (PCBs), and organochlonne pesticrdes, such as 
dichlorodiphenyltnchloroethane (DDT) and its denvabves, are distnbuted around 
the world m marme and coastal waters and m the nvers and watersheds that feed 
fresh water mto these envrronments Such pollutants can be transported great 
distances by wmds and ocean currents follOWing therr releases from mdustnal and 
agncultural sources, most of them far from Alaska In addibon, mercury and other 
metals, such as morganic arseruc, cadmmm, and seleruum, are naturally present m 
the enVIronment at low concentrabons, but man-made sources can contnbute 
additional quanbbes to the enVIronment 

The remoteness of the northern GOA from centers of mdustry and human 
population rmght be expected to protect much of tlus region from depos1bon of 
envrronmental contarmnants Nonetheless, there IB hmited evidence suggesbng 
wide geographic distnbutlon of persistent organochlonnes (DDT, PCBs, and 
dichlorodiphenyldichloroethylene [DDE]), other organic pollutants and heavy 
metals m the Arcbc, Subarchc, and areas ad1acent to the GOA (Crane and Galasso 
1999) For example, measurable amounts of organochlonnes have been found m 
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precrpitat10n and fishes of the Copper River Delta, a tnbutary of the GOA that 
forms the eastern boundary of PWS (Ewald et al 1998) 

A vanety of geophysical pathways bnng these materials mto the GOA, 
mcludmg ocean currents and prevatlmg wmds In parhcular, the prevailing 
abnospheric crrculat10n patterns transfer vanous materials as aerosols from Asia to 
the east across the North Paafic (Pahlow and Riebsell 2000) where they enter the 
manne environment m the form of ram or snow Some of these contaminants, such 
as PCBs and DDT, can bioaccumulate m hvmg manne organisms For example, 
research sampling of transient killer whales that had eaten marme mammals m 
PWS mdicated concentrations of PCBs and DDT derivatives that are many times 
higher than those concentrations found m fish-eating resident whales The sources 
of these contaminants are not specrfically known It has been established, however, 
that these contanunants are passed from nursmg female killer whales to their 
calves 

There IS also concern about the potential effects of contammants on people, 
especrally those who consume fish and shellfI.sh, waterfowl, and manne mammals 
At higher levels of exposure, many of the chemicals noted above can cause adverse 
effects m people, such as the suppression of the rmmune system caused by PCBs 

I 
\ 

The State of Alaska does not morutor envrronmental pollutants m the manne 
environment or m marme orgarusms on a regular basIS There IS no ongomg 
program for sampling food safety m subsIStence resources m coastal commuruties, c 
although the 011 spill proVIded the opporturuty to sample subsistence resources for -
hydrocarbons m the affected areas from 1989 through 1994 Federal fundmg for a 
JOint federal-state-Alaska Native rmtiative has been requested from Congress 
NOAA has annually measured chemicals m mollusks and sechments smce 1984 
The agency also has morutored chemical concentration m the livers of bottom-
dwellmg fIBh and m sedrments at the Sites of fish capture smce 1984 The Pnnce 
Wtlham Sound Reg10nal G.tizens AdVISOry Councrl has measured hydrocarbon 
concentrations and sources withm areas of PWS and the GOA ThIS program 
focuses on sampling of mtertidal mussels and nearby sedrments 

2.2.9 Global Wanning 

Although dnven by forces outSide the control of Alaska's natural resource 
managers, global warmmg IS an essential consideration for development and 
rmplementation of the GEM program The earth's chmate IS predicted to change 
because human actIVIties-the combustion of fosstl fuels and mcreased agriculture, 
deforestation, landfills, mdustnal production, and ffillliilg-are altermg the chemical 
composltion of the atmosphere through the butldup of greenhouse gases These 
gases are prrmanly carbon dioxide, methane, and rutrous made Therr heat­
trappmg property IS undisputed, as IS the fact that global temperatures are rISing 
Observations collected dunng the last century suggest that the average land surface 
temperature has nsen 0 45° to 0 6° C Precrpitation has mcreased by about 1 % over ( 
the world's continents m the last century, with high-latitude areas tendmg to see -
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more s1gruficant mcreases m ramfall and nsmg sea levels Tlus :mcrease IS 

consIStent with observat10ns that mdicate the northern GOA sea surface 
temperature has mcreased by 0 5° C smce 1940, and that precrp1tahon m Alaska 
(excluding the panhandle) mcreased 11 % from 1950 through 1990 

Increasmg concentrations of greenhouse gases are hkely to accelerate the rate of 
climate change The changes seen m the northern GOA and their relabonslup to 
other wamung and coohng cycles m the North Pacific and the combmed effects on 
global climate are nnportant for understanding how humans affect brnlogical 
production Some populations of fISh and marme mammals that show longhme 
trends, up or down, or sharp rapid changes m abundance, are actively managed 
through harvest restramts The extent to wruch harvest restramts may be effective 
m estabhshing or altermg trends m abundance of expl01ted species can only be 
understood withm the context of cbmate change 
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3. INFORMATION NEEDS 

In This Chapter 

~ Summary of general mformahon gaps m manne scrence 

~ Def:uuhon of a central question m terms of the four mam habitat types mtegral 
to the GEM program 

~ Startmg pomts for 1denhfymg mformahon needs for each habl.tat type 

A number of current and lustoncal momtonng 
3.1 Introduction and research pfOJects and data sets m the GOA 

and ad.Jacent waters will be of value m developmg 
the GEM program These are su.mmanzed m Appenillx D This chapter provides a 
"gap analysIS" of mformahon needed to answer the key questJ.ons of the conceptual 
foundation descnbed m Chapter 4, Volume II The key questions are designed to 
promote better understandmg of the ongms and tune-space scales of vanabl.hty m 
manne produchon and fluctuations of key manne-related species m the GEM 
reg10n The questions, and the mformahon needed to answer them, are still very 
broad To provide a more meanmgful gap analysIS, the key questions have been 
further expanded mto multiple spec:tfic questions for each of the four 
representative habitat types watersheds, mtertidal-subb.dal, Alaska Coastal 
Current (ACq, and offshore The specrfic questJ.ons are then followed by a 
descnption of the specllic mformahon needed to answer them Cnhcal ecological 
processes are also suggested for each habl.tat type to provide further context for the 
specmc questions and mformahon needs Together, these mformabon needs will 
form the starting pomt for developmg speafic hypotheses and desigmng the 
momtonng and research components necessary to test them as described m 
Chapter 5 (Volume I) 

The reader IS adVISed to consider the questions and mformahon needs below as 
the starting pomts for the process of rmplementmg the GEM plan All concepts for 
specrfic mformahon needs are subject to further development through the soent:t&c 
adVISory process descnbed m Chapter 6 (Volume I) The adVISOry process lS 

expected to mclude workshops and other meetings to gather the advice of experts 
m SCience, pubhc pohcy, management, and user group concerns Opportunities for 
data acqms1hon and partnerslups are discussed m Chapter 5 (Volume I) 

3.1.1 General Infonnation Gaps in Marine Science 

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

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

3.1.2 Filling Information Gaps for Representative Habitat Types 

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

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

• Intertidal and subtidal areas-brackish and salt-water coastal habitats that 
extend offshore to the 20-m depth contour. 
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• ACC- a SWlft coastal current of lower sahrubes (25 to 31 psu) typically 
found witlun 35 km of the shore 

• Offshore-the contmental shelf break (between the 200-m and 1,000-m 
depth contour) and the Alaska Gyre m waters outside the 1,000-m depth 
contour 

The four habitat types are used as a device around which to organize 
mterdiscrplmary morutonng and research actrvJ.bes that address GEM' s central 
hypothesis (Chapter 4, Volume II) A central question that explores the hypothesis 
m relabon to the Trustee Counctl' s IlllSSIOn of determmmg the relabve roles of 
natural forces and human actrvJ.bes IS used to identify the mformabon needs for 
evaluabng the central hypothesIS 

What are the relatwe roles of natural forces and human activities, 
as distant and local factors, m causing short-tenn and long-lastmg 
changes m the biological comtmmtties that support birds, ftsh, 
shellftsh, and mammals in the four key habitats of the GOA? 

The mformabon needs of each habitat type are idenb..hed as the answers to the 
quesbons formed by adaptmg the central questmn to the specrhc crrcumstances 
posed by the habitat 

To identify the mformabon needed m each habitat type, the central quesbon IS 

adapted to the habitat's C1I'C1lil1Stanc m the following sed:Ions lnformabon needs 
are identilled as the answers to specrfic forms of the central queshon for each 
habitat type 

3.2 Watersheds 3.2.1 General Watershed 
Information Needs 

The key quesbon for watershed habitats IS 

What are the relatwe roles of natural forces (such as climate) and 
human acti:m:hes (such as habitat degradation and ftshtng) as 
distant and local factors, m causmg short-term and long-lasting 
changes m marure-related biological productwn in watersheds? 

Long-term morutonng of manne-related producbvity m watersheds IS needed 
before the long-term effects of human acbvibes and other natural forces on 
producbvity can be fully understood Current morutonng acbvibes and hlstoncal 
records make it possible to detect changes m producbvity of promment specres 
witlun watersheds that are subject to relatively high levels of human acbvibes, such 
as the Kenai R.I.ver Understandmg the causes of changes IS not possible at thls 
bme, however, because a lack of basic measurements makes it nearly rmpOSSible to 
separate the effects of changes m manne producbvity from the effects of other 
factors such as human acbvibes and natural biological and geological forces 
Evidence of the Sigmficant role of manne nutnents m determmmg the producbvity 
of watersheds IS growmg However, morutonng of these lmkages m the northern 
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GOA IS noneXIStent to weak, based on the mformahon gathenng prOJeds descnbed ,r 
m the database (see AppendlX D) Measurements of certam kmds of human 
acilvJ.hes such as land development and fi.shmg m some watersheds are available, 
but the actual rmpacts of these actJ.vihes on productJ.on of natural resources are less 
certam Cumulabve rmpacts such as accumulahon of persistent contanunants may 
be of mterest at some pomt m the future as they relate to control of plant and 
anrmal producbon 

In add.loon, although there IS substanbal evidence of the potenbal role of the 
nucronutrient iron m controllmg manne produchvity, the degree to which 
watersheds may be contributmg iron to marme food webs m the GOA IS not bemg 
measured The nature of flows of marme nutrients mto watersheds, and the flow 
and d.Istnbubon of freshwater nucronutrients (such as iron) and carbon from the 
watersheds mto the manne environments remam poorly understood m the GOA 
Ftlhng watershed mformahon gaps would address long-term questJ.ons about how 
the transport of manne nutrients, terrestrial nucronutrients, carbon, and fresh 
water contribute to changes m productJ.vity and commuruty structure m 
watersheds and the manne environment and how human acilvJ.bes nught affect 
these processes 

3.2.2 Specific Watershed Questions and Information Needs 

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

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

Specific Informatwn Needs Levels of mtrogen-stable ISotopes m freshwater 
plants and arumals, and feasibility of studymg sources of precursors of reduced 
iron m watersheds with manne access 

W-2 What IS the annual variability m precrp1tahon and runoff m Alaska 
watersheds bordering the northern GOA? (Same question apphes to mterhdal­
subbdal and ACC habitats ) 

Specific Informatwn Needs Annual precrpitahon and runoff for all watersheds 
flowmg mto the northern GOA In some cases, where data gaps exist, 1t may be 
possible to use manne salmity data to supplement precrp1tahon and stream flow 
measures m esbmatmg total freshwater run off from land to the GOA Input of the 
amount of fresh water entenng the GOA from northern Bnhsh Columbia and 
Southeast Alaska would also be needed to use marme salrmty as a proxy for 
freshwater runoff 

W-3 What are the levels of contaminants entenng and leavmg watersheds 
along marme-related pathways? 
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Specific Injormatum Needs Levels of contanunants such as persistent orgaruc 
pollutants (POPs) m anadromous specres as adult rmnugrants and as 1uvemle 
emigrants of the watersheds ' 

3.2.3 Watershed Processes 

The watershed processes 1dent:J.fied as of mterest to the GEM program are those 
mvolved m hnkages between terrestnal and marme vanabihty, such as 
b:iogeocherrucal cycles 

3.3 Intertidal and 
Subtidal 

3.3.1 General Intertidal and Subtldal 
Information Needs 

The key question for mterttdal and subtldal 
ha bi tats 1S 

What are the relative roles of natural forces (such as currents and 
predation) and human achvihes (such as small-scale development 
and increased urbamzation), as distant and local fact.ors, tn 

causing short-term and long-lasttng changes tn the community 
structure and dynamu:s of the intertidal and subtidal habitats? 

Long-term momtonng IS needed to identify how human actrvlties can change 
the commuruty structure of the mterhdal and subtldal areas Current momtonng 
acbvities may make 1t possible to detect changes m commuruty structure that are 
the result of a combmation of human actrvities and natural forces m some localities, 
however, no program now produces the measurements suf&crent to determme the 
extent to which such changes are due to human actrvlties Evidence of the 
mcreasmgly rmportant role of human acbvities m changmg the commuruty 
structure of shallow nearshore environments IS growmg, however, momtonng that 
IS structured to separate human and natural effects m areas of growmg human 
rmpacts IS sporadic Momtonng IS needed to measure the natural vanablhty of the 
mterhdal and subtldal areas at places and tnnes that support detection of the effects 
of human acbvities Srmultaneous momtormg of currents and nutrients, bottom 
substrates, specres composition, and other rmportant natural forces m areas with 
chffermg degrees of chrome human actlvity IS needed Ftlhng mterhdal and 
subtldal mformation gaps would begm to address the long-term quesbons of how 
human actrvities combme with natural forces to cause changes m productlvity and 
commuruty structure m mtertidal and subtldal environments 

3.3.2. Specific Intertidal and Subtldal Question and Information 
Needs 

One specrfic mtertidal and subtidal (I) question and several related mformation 
needs are presented below 

I-1 What IS the van.ability of selected plant and anrma1 populations m the 
mtertidal and subtidal zones? 
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Specific Infannahon Needs 

• 

• 

• 

• 

• 

• 

• 

Vanabthty m numbers and diversity of fixed algae and mvertebrates m 
several reg1.0ns, such as PWS, Kachemak Bay, and Kodiak Island 

Relabve avatlabthty of larval dispersal stages 

Measures of the cyclmg of carbon, nutnents, and contanunants m key 
species such as Fucus 

A detailed map of mterbdal plant biomass dunng the growmg season on a 
wide spabal scale 

Morutonng of clam populabons 

Measurements of populabon processes of sea otters 

Idenbficabon and measurement of human nnpacts of concern 

3.3.3 Intertidal and SUbtidal Processes 

Processes m the mterbdal and subbdal habitat of mterest to the GEM program 
relate to vanabthty m commuruty structure and plant biomass of selected 
populabons and processes affecbng populabons 

3.4 Alaska Coastal 
Current 

3.4.1 General ACC Information Needs 

The key quesbon for ACC habitats IS 

What cn e the relahve roles of natural forces (such as the vanabtltty 
tn the strength, structure and dynamics of the ACC) and human 
achvthes (such as ftshtng and polluhon) tn causing local and 
distant changes tn produchon of phytoplankton, zooplankton, 
btrds, ftsh and mammals? 

Long-term morutonng acbvibes to detect seasonal changes m the ACC have 
perm.Itted a general, large-scale understandmg of crrculabon and lower trophic 
level producbvity m the ACC, but current morutonng does not permit the changes 
m the ACC to be related to the changes m commuruty structure or producbvibes m 
mterbdal-subbdal areas and watersheds Long-term morutonng IS needed to 
measure the natural seasonal and mterannual vanabthty of the ACC at locabons 
that are hkely to permit evaluabon of these relabonships Changes m annual 
producbon of some fIBh stocks are highly correlated with physical changes m the 
ACC, but ideas about the basIS for these apparent relabons cannot be evaluated 
from current morutonng acbvibes Ftllmg ACC mformabon gaps would begm to 
address the long-term quesbons of how human acbvibes combme with the 
transport of marme nutnents, terrestnal rmcronutnents, carbon, and fresh water to 
contribute to changes m producbvity and commuruty structure m watersheds and 
the manne environment 
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3.4.2 Specific ACC Questions and Information Needs 

Seven specmc ACC (A) quesbons and related rnformabon needs are presented. 
below 

A-1 What IS the annual vanabihty of strength, locat10n and dynamics of the 
ACC? 

Specific Information Needs Measurements of vanabllity rn temperature and 
sahruty with depth, on bme scales from days to multiple decades at locabons 
sufficrent to understand seasonal-scale vanabllity and at locahbes sufficrently 
widely dispersed to understand large-scale structure, rncludrng rntrus10n rnto bays 

A-2 What IS the vanabllity rn the supply of deepwater nutrients to the phobc 
zone of the ACC and therr concentrabons rn that zone on bme and space scales 
appropnate to understandrng annual prrmary produchon? 

Specific Information Needs Measurements of, or proporbonal to, macronutnents 
and nucronutnents at appropnate spabal scales 

A-3 What IS the vanabihty rn chlorophyll a concentrabons and phytoplankton 
specres composibon rn the photic zone of the ACC on time and space scales 
appropnate to understandrng annual prrmary produchon? 

Specific Information Needs 

• Chlorophyll a measurements 

• Informabon on phytoplankton specres composition 

A-4 What IS the vanabllity of zooplankton biomass and specres compOSibon rn 
the ACC on tlme and space scales appropnate to understandrng annual pnmary 
and secondary produchon? 

Specific Infonnation Needs Informabon about zooplankton biomass and specres 
composibon 

A-5 What IS the vanabllity rn the availability of forage fish to higher trophic 
levels (birds, fish, mammals) rn the ACO 

Specific Information Needs 

• 

• 

Analyses of the diets of selected higher-trophic-level orgarusms (birds, 
mammals, large predatory fish) 

Analyses of selected higher-trophic-level organisms (brrds, mammals, large 
predatory fish) for fatty acid composibon rn relabon to diet 

A-6 What are the ma1or factors affectlng long-term changes rn sea brrd 
populabons? 
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S-pecific Information Needs Annual colony and ch.J.ck productrvJ.ty counts of 
appropnate specres m selected GOA colorues See also mformabon needs for 
Quesbon A-5 above 

A-7 What are the rna1or factors affecbng long-term changes m harbor seal 
populabons? 

Specific Information Needs 

• 

• 

Annual surveys of molbng populabon m selected GOA haul-outs 

Fatty acrd profiles of mchvidual aruma1s and scat analySlS surveys m 
selected GOA haul-outs 

3.4.3 Alaska Coastal current Processes 

Processes m the ACC of mterest to the GEM program relate to vanabllity m the 
current structure and dynarmcs, nutnent supply, and selected populabons and 
processes a£fectmg populabons 

3.5 Offshore: The 3.5.1 General Offshore 
Infonnation Needs 

Outer Continental Shelf 
and Oceanic Waters The key quesbon for offshore habitats IS 

What are the relative roles of natural forces (such as changes m the 
strength of the Alaska Current and Alaskan Stream, mixed layer 
depth of the gyre, wind stress and dowtrwellmg) and 1tUman 
achvthes (such as pollution) in detenntnmg production of carbon 
and its shoreward transport? 

Long-term mformabon gathermg IS needed on the effect of the Alaska gyre on 
the natural vanabllity m seasonal and annual productrvJ.ty of the conbnental shelf 
and ACC Past mformabon gathermg IS suffi.aent to suggest that a strong 
relabonship between gyre and mner waters has eXlSted at bmes The gyre­
conbnental shelf-ACC relabonship appears to be based on movement of nutnents­
detntus and plankton Current mformahon gathermg, however, does not provide 
the long-term data sets needed to detect changes m the gyre that may be related to 
changes m the ACC, mterhdal and subhdal areas, or watersheds The same 
changes m annual produchon of certam fISh stocks that are highly correlated with 
physical changes m the ACC also appear to be correlated with changes m the gyre, 
but ideas about the apparent relabons between fish stocks, the ACC, and the gyre 
cannot be evaluated from current mformabon gathermg Ftllmg mformabon gaps 
on the gyre would begm to address the long-term questions of how ocearuc 
productiVIbes and processes m the GOA may contnbute to changes m productrvJ.ty 
and commuruty structure m watersheds and the manne enVIronment 
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3.5.2 Specific Offshore Questions and Information Needs 

Five specific offshore (0) questions and related information needs are 
presented below: 

0-1. What is the annual variability in the production of zooplankton in the 
offshore areas? 

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

0-2. How are the supplies of inorganic nitrogen, phosphorus, silicon, and 
other nutrients essential for plant growth in the euphotic zone annually influenced 
by climate-driven physical mechanisms in the GOA? 

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

0-3. What is the role of the Pacific High pressure system in determining the 
timing and duration of the movement of dense slope water onto and across the 
shelf to renew nutrients in the coastal bottom waters? 

Specific Information Needs: Synoptic information on sea level pressure and 
horizontal and vertical structure of density and nutrients on the outer continental 
shelf and Alaska Gyre in relation to the ACC on appropriate time and space scales. 

0-4. Is freshwater runoff a source of iron and silicon that is important to 
marine productivity in the offshore and adjacent marine waters? 

Specific Information Needs: Levels of biologically available silicon and iron from 
offshore water in relation to the ACC on appropriate time and space scales. 

0-5. Does iron limitation control the species and size distribution of the 
phytoplankton communities in the offshore areas? 

Specific Information Needs: Levels of biologically available iron and species 
composition and size distribution of the phytoplankton communities from offshore 
water on appropriate time and space scales. 

3.5.3 Offshore Processes 

Processes of interest to the GEM program in the offshore habitat are variability 
in the strength and location of the Alaska Current and Alaskan Stream, gyre 
activity, and primary and secondary production. 

VOLUME I, CHAPTER 3 29 



Gulf ECOSYSIDt MONITORING AND RfsEAROf PROGRAM 

30 VOLUME I, OiAPTER 3 



~" 

~) 4. PROGRAM COMPONENTS AND STRATEGIES 
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In Tins Chapter 

);;>- Relabonslups and funcb.ons of tools for rmplemenbng the GEM program 

);;>- Strategies for program rmplementahon 

);;>- The ongomg role of gap analysIS 

4.1 Program 
Components 

Synthesis, research, morutormg, modelmg, and 
data management and mformabon transfer are the 
tools to be used m rmplemenbng the GEM 
program These tools are common to most 

programs for assessmg hvmg marme resources (Myers et al 2000) For 
orgaruz.ahonal purposes, retrospecbve analysIS and process studies are treated as 
forms of research As a common toolset for morutormg and research, the 
components are closely related, and their funcbons sometrmes overlap 

4.1.1 Synthesis 

The startmg pomt for developmg the GEM program IS synthesIS, because all 
good so.ence ulbmately mvolves synthesIS In the words of biologist, E 0 Wilson 
(1998) 

We are drowning in infunnahon while starving for wisdom The world 
henceforth will be run by synthesizers, people able to put together the nght 
infonnatwn, tlunk cnhcally about it, and make important chozces wisely 

SynthesIS builds on and updates the current understanding of the northern 
GOA It brmgs together existmg data from any number of di.scrplmes, hmes, and 
regions to evaluate chfferent aspects of the GEM program's central hypothesIS, key 
quesbons, and related ideas Synthesis has three broad uses First, 1t IS used to 
provide drrecbon for developmg hypotheses to be tested and, combmed with 
research and morutormg, to update and refme the conceptual foundahon described 
m Chapter 4, Volume II Second, 1t IS used as a tool-for example, m workshops, 
meetmgs, or pubhcabons-to Inform stakeholders and the pubhc about the 
developmg understandmg of the factors respoilSlble for change m the manne 
environment And tlurd, synthesIS IS used to solve resource management 
problems, by 1denbfymg new apphcabons of eXlSbng mformabon or by 1denbfymg 
opporturubes to solve exisbng problems through collecbon of new mformabon 
SyntheslB IS a logical place to begm the cycle of morutormg and research, but once 
used to rmbate a pI'O)ect or component, 1t logically becomes a compamon to ' 
research 
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For the purposes of the GEM program, synthesis IS defmed separately from .~ 

research and from retrospechve analysIS, a form of research SynthesIS differs from 
research rn the reqwrement that synthesis be rnterdiscrplmary or concerned with 
mulnple habitat types, or both Synthesis IS usually supported by vanous forms of 
retrospective analysIS ( dIScu.ssed below) The results of synthesis and research are 
often used together to solve problems 

4.1.2 Research 

Research collects relatlvely short tlme series of observations to evaluate some 
speo.fic aspect of the morutormg program or some testable hypothesIS relatmg to 
the central hypothesIS It may bwld on or use eXJstmg data and may also bwld 
models T esnng current understandmgs through research provides the basIS for 
making changes to the rnorutormg program and the assocrated components of 
modeling, data management and mformatlon transfer 

Retrospective analysts IS a specrahzed form of research that uses eXIBtmg tlme 
senes data to evaluate a testable hypothesis or other questlon of smular specrft.crty 
relatmg to morutormg, often supported by stabstlcal modeling Retrospective 
analysIS contributes to bwldmg numencal models and to synthesis 

Research, rn the form of process studies, plays a vital role rn movmg beyond the 
correlatlve relatlonships that anse from the morutormg efforts to understand the 
underlyrng mecharusms Process studies develop mformatlon on the mecharusms 
through which energy and matter are transferred across varyrng scales of tlme and 
space This cntlcal deeper understandmg IS essenbal to provide a framework and 
substance for the numerical modeling and synthesIS Large-scale process studies 
may encompass ecosystem-level processes occumng across multlple trophic levels, 
water masses, and habitat types, whereas small-scale studies may deal with 
mechanisms as speafic as the digestion rates of mdividual arumals Processes such 
as predation, nutrient transport, and heat transfer are cntlcal to understandmg 
changes rn hvmg manne-related resources Process studies support model 
bwldmg by defrmng relatlonships among rndividuals and species and between 
phenomena such as primary production and physical forcrng Process studies also 
contribute to other forms of research, such as retrospective analysIB, and to 
synthesis 

The short-term end pornt for GEM program synthesis and research is 
rmplementatlon of core morutormg activitles that are refmed as suggested by new 
mformatlon 

The contmumg roles for syntheSIS and research, as supported by modelmg, are 
to promote understandmg of the relatlonships among and withm the broad habitat 
types of the ecosystems, plant and animal specres, phySical and chenucal 
oceanographic processes, and climate rn the GOA Contmual refmement and 
testmg of hypotheses, synthesIS across geographic areas and speaes, and modehng 
of b10logical and physical processes are expected 
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4.1.3 Monitoring 

Morutonng IB the acbon of takmg long-time senes observabons at times and 
places designed to test hypotheses based on current understandmgs Morutonng IS 

essenbal to detecbng and understandmg change, because it proVIdes the startmg 
pomt for synthesIB, vanous forms of research, modelmg, and mformabon transfer 
How often and where to sample are important aspects of detectmg change, and, 
therefore, key cons1derabons m the design of morutonng They must be 
appropnate to the hypotheses being analyzed 

Morutonng m the GEM program will be orgaruzed mto core morutonng and 
partnership morutonng Core morutonng IS fully supported by the GEM program, 
partnership morutonng IS parbally supported 

The end pomt for morutonng IB a geographically c:hstnbuted network gathenng 
data on the state of the manne ecosystem These data are transformed mto 
mformabon for user groups by usmg synthesIS, research, modelmg, data 
management, and mformabon transfer Morutonng will use spabally structured 
survey methods 

4.1.4 Modeling 

Modelmg IS used to make the relationships between the parts and processes of 
the ecosystem clear Models are tools for orgaruzmg data and tellmg a story and 
can be wntten m a vanety of medra as verbal, VISUal, stabsbcal, or numerical 
models In the GEM program, the specific purposes of modelmg are to help 
accomplIBh the followmg 

• Inform, commurucate, and provide common problem defuubon, 

• Idenbfy core variables and relabonships, 

• Set pnonbes, 

• Improve and develop expenmental (morutonng) designs, and 

• Improve decISion-makmg and rISk assessment. 

Modelmg, morutonng, and data management strategies need to work m 
concert for each to be fully effecbve (Figure 41) Modelmg IS a p1votal lmk 
between morutonng and data management and mformabon transfer on the one 
hand, and synthesIS and research on the other Modelmg feeds back mformabon to 
the morutonng program m the form of recommendabons on how the morutonng 
system can be made more effecbve Modelmg also helps mterpret data for the use 
of synthesis and research acbVIbes Current modelmg efforts are considered m 
more detail m Chapter 5, Volume II The c:hscuss1on below provides a bnef 
mtroducbon to defmibons and strategies for modelmg m the GEM program 
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End-to-End Observing System 
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Figure 4.1 The End-to-End Observing System in which the monitoring observations are 
linked by data management and information transfer to end users, including modeling, 
synthesis, research, and management applications. (Adapted from Tom Malone [U.S. 
GOOS Steering Committee 2000)). 

As defined for the purposes of the GEM program, a model may be expressed in 
verbal, visual, statistical, or numerical languages. Verbal models are also known as 
11 qualitative" and 11 conceptual"; statistical models are also known as /1 correlative" 
and /1 stochastic"; and numerical models are also known as /1 deterministic" and 
"mechanistic." Note that "prediction," "simulation," and "analysis" are not types of 
models, but uses of models. For example, the use of any kind of statistical or 
numerical model to reproduce the behavior of a process, such as population 
growth, is known as a simulation (see Otapter 5, Volume II). The different media 
for models are explained below: 

• 

• 

• 

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

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

Statistical models and related mathematical techniques promote 
understanding of whether verbal models are worth considering further. By 
comparing combinations of measurements, such as fish growth rates at 
different water temperatures, statistical methods show the likelihood of 
relationships among phenomena, but not how or why they are related. 
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Figure 4 2 A visual model of the GEM conceptual foundation 

• Numencal models are mathematical translabons of verbal models 
descnbmg how and why phenomena are related Numencal models often 
rely on estabhshed pnnaples from phySics, chemistry, and b10logy 

All four types of models will be used m the GEM program In the near-term, 
however, models of brnlogical phenomena are expected to be mostly verbal, VISUal, 
and stabsbcal, whereas models of physical and chemical phenomena are hkely to 
be pnmanly numencal, m addibon to bemg verbal and stabsbcal 

Models are tools not only for understandtng, but also, for predictmg change 
Models organize and analyze momtonng observabons of plants and arumals, 
natural forces, and human acbvlbes With the use of the mathemabcs of modelmg, 
short-term predicbons can be made about how a particular aspect of the ecosystem 
works The ulbmate demonstrabon of understandtng a phenomenon, however, IS 

longer-term predicbon Covenng the vast distance between current understanding 
of the producbvity of livmg marme-related resources and predicbng changes on 
longer bme scales (weeks, months, and years) will reqwre thousands of small steps 
m understandtng ThIS progression will necessarily take a long bme Because of 
the bme required, idenbfytng the relabonsrup between current understandtng and 
probable changes m resource producbvity IS a reasonable goal for a long-term 
program such as GEM 

The long-term modeling end pomts for momtormg, syntheSIS, and research m 
GEM are workmg brnphysical models that make managers, pohcy makers, and 
resource users aware of changes m natural resources, help them understand the 
human and natural ongins of these changes, and give them some idea of what to 
expect m the future 
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4.1.5 Data Management and Information Transfer 

Data management and mformabon transfer are the processes of acqUU'lilg ill 
the field, rece1Vlllg ill the office, formatbng, and stonng data, providmg quahty 
control and assurance, developmg and managmg databases, and makmg the data 
understandable to users It mcludes the development of mformabon products 
based on mterpreted data and the delivery of these products, mcludmg user 
illterfaces The short-term obJecbve of data management and mformabon transfer 
m the GEM program IS to gam control of the data acqurred with EVOS funds 
Many of these data are m danger of bemg lost as the passage of bme leads to loss of 
prOJect personnel and mstltutlonal memory 

The long-term end pomt for GEM data management and mformabon transfer lS 

a system that manages the rapid and effiaent flow of data and mformabon based 
on core morutormg prOJects to end users, and that faahtates the flow of data and 
mformat10n between and among GEM partners and the user commuruty 

GEM data management lS a program support function illtended to accomplIBh 
the followmg 

• Support cross-discrplmary illtegratlon of phys1cat b10logical, and 
tradibonal knowledge within a structured, decrs10n-makmg framework, 

• Support synthesIS, research, and modelmg that evaluate testable 
hypotheses on the roles of natural forces and human activibes m controllmg 
b10logical production, and 

• Lay the groundwork for future use of distributed, Web-based analysIS and 
management tools as the morutonng program becomes fully operabonal 

By necessity, the data mcorporated illto the GEM program will denve from a 
vanety of sources and formats, which wtll illclude retrospective data sets and 
tradibonal knowledge and may contam spatial and temporal components 
SynthesIB and research W1ll need to mcorporate data not directly collected by the 
GEM program, such as satellite remote-sensmg mformabon and fIShery catch data 
Incorporatlon of these data mto regional models and decrsion-makmg systems will 
reqmre tools for data mgesbon and query, especially to faahtate modelmg (see 
Figure 4 1) Because the output from the GEM program will be used by people 
from a wide vanety of dlSClplmes and backgrounds, the user mterfaces must be 
easy to understand and accesSible through a distributed network, such as the 
Internet 

Data management and acqUIBihon policres are essential to ensure the rapid 
transfer of mformat10n to end users Although the data must flow through the 
system as qmckly as possible, quality control and assurance procedures and the 
prerogatives of SCienbsts to publIBh mterpretabons of the data need to be respected 
One approach that may prove useful lS the estabhshment of "peer reviewed" data 
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sets that allow the SCTenhsts mvolved to receive credit for therr efforts m the 
pubhcabons of other SCienhsts who may use the data 

Inform.anon transfer products will depend on the nature of the morutonng and 
research acbVIbes (see Chapter 5, Volume I) that are yet to be chosen Poss1bllibes 
for these products, based on the expenence of other morutonng and research 
programs, are discussed m Chapter 6, Volume II, and could mclude models and 
measures relevant to determmmg the productIVIty of key specres such as salmon 

4.2 Strategies for 
Implementation 

The SCienbfic strategy of the GEM program uses a 
central hypothesIS and key quesbons from the 
conceptual foundabon to estabhsh the rmbal 
drrect10n for the program From thIS starbng 

pomt, the GEM program follows a path of synthesLS, research, and morutonng to 
detect, understand, and, eventually, predict changes m hvmg manne-related 
resources of the GEM region As shown m the table below, the strategy calls for 
modehng and data management to closely support synthesIS and research 

The way to achieve predicbon m the long term IS to butld a body of knowledge 
on how and why the productIVIty of hvmg manne-related resources changes 
through time SynthesIB IS used to butld and mamtam a coherent and 
comprehensive understanding of the current state of knowledge Research tests 
current understandings Morutonng acbVIbes take long-hme-senes observabons at 
hmes and places designed to test hypotheses based on current understandings 
And at all stages of the program, an ongomg gap analySIS demonstrates when It IS 
possible to take advantage of the work of others (Figure 4 3) 

The basic sequence of acbvibes for estabhshmg the morutonng network IS 
enVIS10ned as follows 

Synthesis ~ Research ~ Morutonng 

Concurrent programs of modelmg and data management would support the 
sequence of synthesIS, research, and morutonng Table 4 1 illustrates thIS 
rmplementabon strategy 

The rmplementabon strategy shown m Table 4 1 uses the basic components of 
the program ma senes of three steps that lead gradually to the idenbficabon and 
estabhshment of a long-term morutonng program The frrst step IS mcreased 
syntheSIS of eXISbng mformabon, conbnumg the process started m prepanng the 
SCienbfic background (Chapter 3, Volume II) and m con1unction with exploratory 
research prOJects that butld on current synthesIS The GEM program IS now at thIS 
step, with ongomg synthesIS and prelmunary research expected to conbnue 
through FIScal Year (FY) 2002 The rmbal synthesIS act:Ivlbes, mcluding modehng, 
would support idenbbcabon and development of testable hypotheses Irubal 
research acbVIbes would explore the feasibility of measunng candidate vanables at 
vanous locahbes m the watershed, mtertidal and subbdal, ACC, and offshore 
lrubal synthesIS m the mterbdal and subbdal, ACC, and offshore areas would rely 
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38 

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

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

The third step is full implementation of a long-term monitoring program. As 
identified by the preparatory synthesis, research, and modeling, each core 
monitoring activity would collect data on a number of core variables that support 
evaluation of testable hypotheses. Partners may fund additional measurements at 
the location of core monitoring activities. For example, with proper planning it is 
usually possible to add monitoring equipment to moorings without disrupting 
existing activities for data acquisition. It may also be advantageous for partners to 
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Table 4.1 Strategy for lmplemenbng a Momtonng Network 

Example of bwldmg a momtonng actMty for the GEM program m 5 fiscal years through 
synthesis and research, supported by concurrent modeling and data management 

Momtonng Achvrty Data 
Fusca! Year Core Partners Model Management 

2003 Synthesis Monrtor Verbal(c) Prototype 

Research 

2004 Synthesis Monitor stabsbcal( c) Coordmabon (c) 

Research· Research Archivmg(c) 

2005 Research Monitor stabstJcal( c) Coordmabon (c) 

Research Numencal prototype (p) ArchMng (c) 

DJStnbubon (p) 

2006 Research Monitor Stabsbcal(c) Coord1nabon (c) 

Monrtor Research Numencal (p) ArchMng (c) 

D1stnbubon (p) 

2007 Monitor Monitor ArchMng (c) 

Research Numencal (p) D1stnbubon (p) 

Notes 

c = core (GEM program supported) activity 

p =partnership (Jointly supported) actMty 

mcorporate core morutonng locabons mto their own transects and other surveys 
The actual number of core morutonng acbvtbes at full rmplementabon at the end of 
FY 07 will depend on how much fundmg IS available and the needs demonstrated 
by the results of retrospecbve analyses, workshops, modelmg studies, synthesIS, 
and other preparatory research 

4.3 Gap Analysis: An 
Ongoing Strategy for 
Implementation 

The 1denbficabon of mformabon needs, or gap 
analysIS, IS an rmportant part of the process of 
1denbfymg the startmg pomts for momtonng and 
research (Chapter 5, Volume I) It will conbnue to 
be an rmportant part of rmplementabon In the 

process of startmg the GEM program, the available mformabon (Appendix D) was 
compared to the mformabon relevant to answermg the key quesbons (Chapter 4, 
Volume II) to see what mformabon was IlllSSlflg (Chapter 3, Volume I) ThIS 
process will conbnue dunng rmplementabon, with more general quesbons bemg 
replaced by mcreasmgly specr&c quesbons 

It IS rmportant to have a clear understandmg of how the nature of the quesbon 
determmes the nature and outcome of the gap analysis The gap analySIS has three 
essenbal parts a quesbon, 1denbficabon of mformabon necessary to answer the 
quesbon, and a survey of relevant available mformabon 
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The ft.rst part, the questJ.on, IS fundamental to the gap analysIS and defines the ~ 

survey of all relevant mformatJ.on needed to answer it A general questJ.on calls for \,, 
a general gap analySIS, and a more detailed questJ.on calls for a more detailed gap 
analysIS The gap analysIS concludes with a comparison of the mformabon needed 
to the mformabon available 

As the GEM program moves from general questions about what controls and 
connects biological production within and between habitats, and toward specrfic 
questions and testable hypotheses, the gap analysIB wtll become highly speafic 
Testable hypotheses will start to be developed during the second half of FY 02 
More detailed gap analySIS wtll be done when the process reaches the level of 
testable hypotheses, with highly specrfic queshons, m FY 03 

A conhnwng gap analySIS, supported by a conhnuously updated database of 
current and histoncal mformahon-gathermg pI'OJects m the GOA and ad1acent 
areas, IS essenhal to rmplemenhng the GEM program This analySIB wtll be key to 
fmdmg new partners for morutonng acbvihes, identlfymg new opporturuhes for 
research and synthesis, and providmg mcreased opporturuhes for collaborabon, 
without rISla.ng duphcabon 

The Immediate end pomt of the gap analysIB strategy 18 a database that 
supports idenhfymg mformatJ.on needs m the short term, as core morutonng 
vanables and locabons are selected In the longer term, the supporhng database 
wtll become a valuable tool for resource managers, pohcy makers, other SCientlSts, 
stakeholders, and the general pubhc 

4A Sb'ategies for 
Developing Resource 
Management 
Applications 

The GEM program 18 destgned to mcrease and 
enhance the mformahon managers and harvesters 
use to cope with changes m natural resources To 
accomphsh this, GEM will acquire data suitable 
for use m resource management apphcations, 
ensure that data IS converted mto useful 
mformabon ma timely manner, and mvtte 

research and synthesis pl'Ojects that both mvolve and benefit natural resource 
management agenaes 

Salmon flshery management illustrates management concerns that are common 
to most natural resources The typical salmon fishery operates on a resource that 
depends on a vanety of habitat types (freshwater, nearshore, and offshore) dunng 
the course of its hfe cycle (Figure 4 4) Management of the salmon fishery reqwres 
detecbng and understandmg the consequences for producbon of habitat 
management deCISJ.ons (Box 19, Figure 4 4) throughout the salmon's hfe cycle 
GEM seeks to provide data relevant to answermg specrfic questions about how a 
range of habitat types functlon to produce salmon and other specres The cychc 
nature of the salmon fishery m bme and space makes It clear that biological 
productlon m one habitat type cannot be understood m IBOlahon from producbon 
m the other habitat types m which the salmon completes its hfe cycle GEM 
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questions are directed at understanding not only specific mechanisms of 
production in representative habitat types, but the connections among habitat 
types. 

The management applications actually achieved will depend on a variety of 
factors, including the participation of resource managers in the review and 
implementation of the GEM program. 

The Salmon Fishery 
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Figure 4.4. Diagram of the salmon fishery with life cycle stages, harvest, and habitat 
management decisions in geographic and temporal contexts (Mundy 1998). 
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1 5. MONITORING PLAN AND RESEARCH AGENDA 

In This Chapter 

~ Elements of the phased approach for developmg a morutormg program 

~ Startmg pomts for research 

The morutormg program developed by the 
5.1 Introduction Trustee Counol IS mtended to be the "flagslup" of 

the GEM program and will be mamtamed even If 
fundmg levels vary SynthesIB, research, modehng, and data management will all 
be used to develop and refme morutormg actrvib.es A phased approach IS 
envIS10ned dunng a 5-year penod, from FY 03 to FY 07, and will mcorporate these 
elements 

• Use of the key question for each habitat as the starbng pomt for perfomung 
the necessary synthesIS and research for developmg testable hypotheses 

• A proposed schedule and strategy for implementahon, FY 03 to FY 07, for core 
and partnerslup acb.VIb.es, models, and data management 

• Lists of probable or prospectwe partners that are actively domg related 
morutormg or research m the broad habitat type 

• Development of models as a way to synthesize morutormg and research 
results and transfer mformab.on to end users 

• Candutate (possible) core momtonng achmhes recommended based on the 
COllJUilcb.On of partnerslup opportunib.es and opportunib.es for measunng 
b10logical and physical quanhb.es related to the key quesb.on and 
mformahon gaps 

• Candutate (possible) core vanables recommended based on approaches 
suggested by the hterature reviewed m the soentillc background (Chapter 
3, Volume II) 

Followmg a chscussion of data management, thIS chapter dt.sc:usses the above 
morutormg program elements for each habitat type The key questrons were 
mtroduced m Chapter 3 (Volume I) 

Because data management funcb.ons and products 
5.2 Data Management are genenc to all habitat types, the suggested 

rmplementab.on strategy provided m thIS secbon 
IS apphcable to all four habitat types Core data management will be prototyped m 
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FY 03 as core synthesIS and research proJects are rmbated and partnerslups formed 
The frrst core function IS to estabhsh coordmabon among parbes as soon as 
possible, but no later than FY 04, by such means as ftle transfer protocol (ftp) sites, 
Web sites, and e-matl hsts As data from core and partnerslup research proJects are 
produced, around FY 04, arcluvmg of data will be essenbal to serve research needs 
A partnerslup system of data distnbuhon will be designed to make mformabon 
products readily avrulable to partners and other user groups The ulhmate goal for 
all broad habitat types will be an end-to-end system, ill wluch a momtormg 
network provides data to models and other apphcahons that provide services to a 
variety of end users, illcludmg the ongoillg GEM synthesIS, research, and 
modehng 

5.3 Watersheds 5.3.1 Key Question 

What are the relative roles of natural forces (such as cltmate) and 
human achvthes (such as ftshmg and increased urbanization) that 
result in habitat degradation, as distant and local factors, in 
causing short-tenn and long-lasting changes in manne-related 
biological productton in watersheds? 

5.3.2 Schedule 

Development of watershed momtonng activity will be led by a core synthesIS 
effort ill FY 03, butldmg on preparatory core research ill FY 02 to estabhsh an 
approach to measuring levels of manne mfluence ill aru:mals and plants of the 
watersheds Core synthesIS will assl.St ill developillg hypotheses by about FY 04 

that can be tested and refined by core research ill FY 05 and FY 06 At least one 
core momtonng stahon will be rmbated by FY 06, but may not be fully operabonal 
until FY 07 

Table 5 1 presents the proposed schedule and strategy for rmplementabon 

5.3.3 Prospective Partners and Partner Activities 

Partner achVlbes ill FY 03 are expected to be the supportmg momtormg 
programs already ill place, such as enumerabon of aru:mals and plants, water 
quahty momtonng, exishng hydrology models, illcludmg annual and seasonal 
runoff, and permithng of human achvlbes such as resource harvests and land 
development Startmg ill FY 04, partners will be encouraged to asSISt ill fundmg 
research to further Site selection Tlu.s activity will extend through FY 06, 
termmahng after the momtonng stabons are fully operabonal Because an 
analogous research program IS underway at the Waslungton Department of FISh 
and Wtldhfe (WDFW), that agency may be wtlhng to share mformabon and the 
costs of process studies of mutual illterest 
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Table 5 1 Proposed lmplementabon Strategy for Watershed Habitat 

Momtonng AcbVlty 

Fiscal Year Core Partners 

2003 Synth9SIS Monrtor 

Research 

2004 Synthesis Monrtor 

Research Research 

2005 Research Monitor 

Research 

2006 Research Monrtor 

Monrtor Research 

2007 Monrtor Monrtor 

Research 

Notes 

c = core (GEM program supported) acbvrty 

p = partnership Oomtly supported) acbvrty 

Data 
Model Management 

Verbal(c) Prototype 

Stabstlcal( c) Coordmabon (c) 

ArchMng(c) 

Stabsbcal(c) Coordmabon (c) 

Numencal prototype {p) ArchMng (c) 

Dtstnbubon 

Stabsbcal(c) Coordination (c) 

Numencal (p) ArchMng (c) 

Dtstnbubon 

ArchMng (c) 

Numerical (p) Dlstnbubon (p) 

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

'\ Washington Department of Fish and Wiidiife (WDFW) 

Candidate core monrtormg aciMbes Kenai Rrver watershed, Kariuk River watershed 

Candidate core vanabl:es JSOtopes of nrtrogen m aquabc and npanan plants and animals, 
precursors of reduced iron m water, and anadromous fish 

5.3.4 Models 

Models of the relabonslup between manne producb.vlty and watershed 
producb.vlty (Finney et al 2000) will likely be verbal as of FY 03 Stabshcal 
modelmg to descnbe the strength of relabons among vanables and power analysIS 
to gwde samphng should start m FY 04, conbnumg through the evaluabon of the 
rmbal morutonng stabon m FY 06 The end pomt of modelmg will be a numerical 
model of the geocherrustry of the core vanable(s) m the watershed to the boundary 
of the mtertJ.dal and subbdal areas Tiu.s model will be rmbated m about FY 05 and 
operabonal (m some sense) by FY (JJ It IS recogruzed that a number of partner 
morutonng acbvibes m addibon to the core acbvity will be needed to create 
parameters for a numencal model If numerical modelmg proves mtractable, 
stabshcal modelmg would be extended m the mtenm 

5.3.5 Candidate Core Monitoring Activities 

Candidate core morutonng acbvibes will be chosen to bmld on extSbng long 
hme senes of data collected by prospective partrters The Kenai and Karluk nvers 
are two hkely candidates For the Keruu River watershed, three decades of data on 
adult salmon returns to the spawrung grounds of the watershed can be used as 
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esbmates of manne mfluence In addibon, salmon catch data span more than five ( 
decades The proxmuty to Anchorage places the Keruu River watershed under ~ 

heavy pressure from human acbvibes and therr assoaated rmpacts, many of wluch 
are documented by government regulators Mulbple prospecbve partners have 
extensive programs m place to momtor vegetabon, terrestnal anrmals, lrmnology, 
and other vanables of potenbal relevance to the key quesbon The Kaduk River 
watershed IS umque m haVIng a publIShed record of more than 300 years of 
changes m manne mfluence m general, and marme mtrogen m particular (Fmney 
et al 2000) In addibon, the prospecbve partners have collected more than eight 
decades of counts of salmon returns for the watershed 

5.3.6 Candidate Core Variables 

Isotopes of mtrogen m plants and anrma1s and sources of reduced rron are 
candidates for core vanables, based on work descnbed m the SCienbfic background 
under marme-terrestnal connecbons (Secbon 3 3, Volume II) and chemical 
oceanography (Secbon 3 5, Volume II) In watersheds of the GEM reg10n, where 
mtrogen lrmits producbVIty, marme mtrogen m anadromous fish speoes, 
pnncrpally salmon, could be an rmportant dnver of watershed producbvlty 
Phosphorus and rron from salmon may also be rmportant to watershed 
producbvity, but direct measures of the ongm of these elements are not available 
Indirect measures rmght be, for example, phosphorus or Iron concentrabon per 

gram of fish bmes average fish weight bmes return number A decade of work on (-· 
the role of rron m pnmary producbvity m marme areas suggests that geophySICal ~ _ 
and b1ological processes m watersheds may contnbute to manne producbvity 
Processes m the watersheds may lrmit manne productivity by controllmg the 
avatlabllity of precursors of reduced Iron 

5.4 Intertidal and 
Subtidal 5.4.1 Key Question 

What are the relative roles of natural forces, such as currents and 
predation) and human achvihes (such as small-scale development 
and mcreased urbamzation), as distant and local factors, tn 
causing short-tenn and long lasting changes tn the community 
structure and dynamu:s of the tntertulal and subtulal habitats? 

5.4.2 Schedule 

Development of the mterbdal and subbdal momtonng activlbes IS expected to 
begm with a planmng workshop m FY 02 and an mtense core synthesis effort m FY 
03 that mvolves extensive preparatory core research The Inherently lugh 
vanabllity of the commumty structure of the mterbdal and subbdal habitat-and its 
vulnerability to the effects of predabon and human degradabon-may make it 
difficult to develop a des1gn that can separate human acbvibes from natural forces, (~ 
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forestalling rmplementahon of rmbal morutonng unb.l FY 06 Core synthesis IS 

planned to provide hypotheses by about FY 05 that can be tested and refined by 
core research m FY 06 and FY 07 The rmbal schedule calls for at least one core 

morutormg stabon to be rmbated by FY 06, but it may not be fully operahonal 
unblFY07 

Table 5 2 presents the proposed schedule and strategy for rmplementabon 

Table 5.2 Proposed Implementation Strategy for Intertidal and Subt1dal Habitat 

Momtonng ActMty 

Fiscal Year Core Partners 

2003 Synthes JS Monitor 

Research 

2004 Synthes JS Monitor 

Research Research 

2005 Research Monrtor 

Research 

2006 Research Monrtor 

Monitor Research 

2007 Mom tor Monrtor 

Research 

Notes 

c = core (GEM program supported) acbvrty 

p =partnership (Jointly supported) acbvrty 

Data 
Model Management 

Verbal(c) Prototype 

Stabsbcal(c) Coordmabon (c) 

Verbal(c) Coordmabon (c) 

Stabsbcal(c) ArchMng(c) 

Verbal(c) Coordination (c) 

Stabsbcal(c} ArchMTlQ ( c) 

Distnbubon (p) 

Stabsbcal(c) Coordmabon (c) 

ArchMng (c) 

DJStnbubon (p) 

Stabstical(c) Archiving (c) 

Numencal prototype (p) DJStnbubon (p) 

Prospecbve partners ADF&G (Kachemak Bay Nabonal Estuanne Research Reserve [KBNERR]), 
NOAA (National Ocean Service) UAF, Cook Inlet Regional Crtlzens AdvJSOrY Council (CIRCAC), 
Pnnce Wiiham Sound Regional Crtlzens Advisory Council (PWSRCAC), USFS, EPA-ADEC 
(EMAP), Alyeska Plpehne Service Company 

Candidate core monrtonng acbvrties Kachemak Bay (lower Cook Inlet), Green Island (PWS) 

Candidate core vanables substrate type and drstnbubon, spec1es composibon and d1Stnbubon, 
recruitment 

5.4.3 Prospective Partner Activities 

Partner acbvibes m FY 03 will be the supporbng morutormg programs already 
m place, such as morutormg of mdividual specres for basic biology and 
contammant loads, surveys of specres compos1bon and distnbubon, surveys of 
substrates, and measurements of physical oceanography (see Table 5 2) Starbng m 
FY 04, partners will be encouraged to assISt m fundmg research to further site 
selecbon These acbvibes will extend through FY 06, termmahng after the 
morutormg stabon IS fully operabonal m FY 07 
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5.4.4 Models 

Models of changes m commuruty structure of the mterbdal-subbdal areas m 
response to human activibes and natural forcmg are expected to be prunanly 
verbal from FY 03 to FY 05 Stabsbcal modelmg, parbcularly power analySIS to 
gwde samplmg, IS expected to be operable as soon as FY 03, because of experience 
gamed m the EVOS coastal hab1.tat program and related damage assessment and 
restorabon work Stabsbcal modelmg will conbnue through the evaluabon of the 
rmbal morutormg stabon m FY 06 The end pomt of a numencal model to combme 
physical forcmg and human activibes for descnbmg commuruty structure IS a very 
ambibous undertakmg for a core activity withm a 5-year bme frame and may not 
be feasible at all without substanbal partner support 

5.4.5 candidate Core Monitoring Activities 

Candidates for core morutormg activibes will be selected based on substanbal 
partnering opportunibes, chances for assessmg human activibes and rmpacts, and 
logISbcs Likely candidates are Kachemak Bay m Lower Cook Inlet and Green 
Island m PWS Kachemak Bay IS close to the crty of Homer and becommg a 
developed recreabonal desbnabon In addibon, the bay has the presence of coastal 
habitat assessment programs already m place withm the Kachemak Bay Nabonal 
Estuarme Research Reserve (KBNERR), as well as nearby moormgs takmg 
oceanographic measurements The USFS has a long-term ecological morutormg 
Site at Green Island, which IS sbll seemg effects from the 1989 011 spill A new 
weather stabon IS bemg mstalled nearby at Applegate Rocks, and addibonal 
oceanographic moormgs m nearby Montague Strait are hkely 

5.4.6 candidate Core Variables 

Commuruty structure m the mtertidal and subbdal areas IS detemuned by 
substrate type and amount, as well as by physical oceanographic features, such as 
wave action Specres composlbon and distnbubon are fundamental to determmmg 
commuruty structure, as IS the recrwtment rate of key species such as barnacles, 
mussels, and clams, dependmg on substrate 

5.5 Alaska Coastal 
Current 5.5.1 Key Question 

What are the relahve roles of natural forces (such as the vanalnltty 
tn the strength, structure, and dynamtcS of the ACC) and human 
activities (such as ftshtng and pollution) in causing local and 
distant changes m produchon of phytoplankton, zooplankton, 
bmls, fish, and mammals? 
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5.5.2 Schedule 

Development of ACC morutonng will requrre a penod of synthesIS and 
research that mvolves collaborabon between physical and b10logical screnbsts to 
decrde on how to best detect changes m annual and seasonal producbon and 
transfer of energy to rugher tropruc levels The determmabon of what phySical­
chenucal processes are most rmportant to measure for prrmary and secondary 
producbon will requrre a synthesIS that combmes exisbng physical and biological 
mformabon and hypotheses Specmc seasonal quesbons such as what controls the 
bmmg, durabon, and magrutude of the sprmg bloom on the mner conbnental shelf 
need to be carefully cast as testable hypotheses before commitbng to long-term 
morutonng Havmg the SEA, APEX, GLOBEC Northeast Pacillc Nabonal Estuary 
Program (NEP), FOCI, OCC, and NP AFC programs precede and parallel the GEM 
program IS extremely fortuitous for development of this component The 
expenence and lessons from these programs will be extremely beneficral m helpmg 
GEM butld its core morutormg components For these reasons, development of 
ACC morutormg acbvity will begm with a core synthesIS effort that IS closely 
coordmated with the ongomg research and morutormg efforts menboned above 

Understandmg how best to measure b10logical productivity and tropruc 
transfer m the ACC will take longer to develop than the approach to physical 
measurements, wruch could be developed m a relabvely short penod of hme The 
long-term observation program bemg earned out m PWS and across the shelf m the 
northern GOA under GWBEC started m 1997 and will extend through 2004 
Intense process studies are scheduled for 2001 and 2003 It will take some hme to 
dIShll the large amount of mf ormabon available from such studies and other 
programs to the pomt of recommendmg a full smte of core b10logical 
measurements for core GEM program morutormg m the ACC 

Table 5 3 presents the proposed schedule and strategy for rmplementabon 

5.5.3 Prospective Partner Activities 

NOAA' s mterest m the ACC conbnues to be rugh, as demonstrated through its 
particrpabon m the GWBEC and OCC programs and some conbnumg work m the 
FOO program m Shehkof Strait It IS almost certam that the GAKl stabon and lme, 
maintamed and morutored by the Uruvers1ty of Alaska and m place now for 
decades, will play a central role m future morutormg of the phySical structure of the 
ACC based on temperature and salrmty measures Recently added b10logical 
measures, mcludmg chlorophyll a, will hkely be maintamed and supplemented 
Other opportunlbes for partnersrups mclude GLOBEC's more recently establIShed 
stabons from PWS across the conbnental shelf and one of the Imes used m the 
FOCI program m the Shehkof Strait The USGS, wruch has an establIShed set of 
seabrrd morutormg colorues spaced at about 500-km mtervals around the GOA and 
mto the Benng Sea, IS another strong candidate for a partner Oose coordmabon 
with methods of the colorual seabird program of the USFWS Alaska Manhme 
Refuge IS enVIS10ned to make seabird data consIStent around the coast of Alaska 
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Table 5.3 Proposed Implementation Strategy for Alaska Coastal Current 
Habitat 

Momtonng ActMty Data 
Fl&C81Year Core Partners Model Management 

2003 Synthesis Morutor Stabstical( c) Coord1nabon (c) 

Research Numencal 

2004 Synthesis Monitor Stabstlcal( c) Coorchnabon (c} 

Research Research Numencal (p) ArchMng(c) 

2005 Research Monrtor Stabstlcal(c) Coordmabon (c) 

Research Numencal prototype (p) ArchMng (c) 

D1stnbubon 

2006 Research Monitor Stabstlcal(c) Coordmabon (c) 

Monitor Research Numencal (p) ArchMng (c) 

D1stnbubon (p) 

2007 Monrtor Monitor Archiving (c) 

Research Numencal (p) D1stnbubon (p) 

Notes 

c = core (GEM program supported) activrty 

p = partnerstnp (Jomtly supported} acbvrty 

Prospecbve partners UAF (IMS, School of Fishenes and Ocean Sciences [SFOS]), U S 
Deparbnent of lntenor (DOI} (National Park S8f'Vlce [NPS], USFWS, USGS), North Pecrfic 
Research Board (NPRB), NOAA (NMFS/Nabonal Ocean Service [NOS]), EPA-A.DEC EMAP 

candidate core momtonng actrvllles GAK1. Hmchmbrook Entrance, Montague Strait 

candidate core vanables temperature, salm1ty, fluorescence, plankton, forage speaes 

For measunng forage specres vanability, populabon abundance data from the 
ADF&G on Pacmc hemng m PWS and also for populabons at Kod.J.a.k Island and m 
Karrushak Bay, although not complete, may be useful Startmg m FY 04 and 
extendmg through FY 06, partners will be encouraged to assist m fund.mg research 
to further Site selecbon for momtormg the ACC 

( 
'--

Plankton measurements (settled volume) are now bemg taken by potenbal 
partners at SIX hatcheries m PWS On the basis of past correlabons of plankton­
settled volume with annual pmk salmon returns and decadal-scale herring 
abundance, these data could provide mformahon about producbvity of the ACC 
system of relevance to mulhple spectes under certam condihons Extensmn of the 
"plankton watch" to hatchenes mother areas and local cornmurubes throughout 
the northern GOA may be a worthwhile and potenbally econormcal way to 
mamtam long-term data sets and arcluves of plankton Other opporturubes to 
collect samples and analyze plankton cornmurutJ.es may mclude cnuses with net 
and hydroacoustJ.c samplmg, as well as satellite nnages Also of possible merit are 
the use of ships that offer opporturubes, for example, the conbnuous plankton 
recorder IS recommended to be deployed on 011 tankers travelmg from Valdez to 
Long Beach under EVOS sponsorship m FY 02 Certamly any satellite nnages of (-
the sea surface that measure chlorophyll a concentrabons provide very useful 
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synopbc pictures, even takmg mto account the !mutations that cloud cover and lack 
of subsurface data present Decrs1ons will be made with the guidmg philosophy of 
collectmg data of relatively low frequency m space and time so that decadal scale 
change can be resolved 

Perhaps the largest challenge for the ACC habJ.tat will be developmg 
morutonng acbvitles to measure vanabillty m forage &sh populations and 
associated predator populations Some opbons for exploration of partnerships for 
assessmg forage fish abundance and associated phenomena mclude the followmg 

• 

• 

• 

• 

• 

• 

• 

Larval surveys butldmg on the databases and archived specimens from the 
FOCI program 

Use of forage fish occurrence m the stomachs of large fish collected m the 
sport fishery-or m some of the large fishery assessment programs 
conducted by NOAA and ADF&G-as an mdex of relative abundance (The 
Trustee Counctl sponsored a successful study of these occurrences of forage 
fish m the sport fishery for halibut out of Homer ) 

Small mesh trawl surveys conducted by ADF&G around Kodiak Island and 
lower Cook Inlet to assess shnmp abundance (A large database from this 
program extends for some locations back to the 1960s for a large vanety of 
specres on the mner shelf ) 

Aerial surveys with the use of conventional photography or other sorts of 
Imagmg (such as LIDAR) of shallow water aggregations of JUVerules or 
adults 

Hydroacoustic sensors mounted on var10us ships of opportunity and fixed 
moonngs 

AnalySIS of food items brought back to the nests of colorual seabrrds (such 
as puffms) as an mdicatlon of the relative abundance of vanous forage &sh 

specres m particular areas 

Other net samplmg programs that may be under way or contemplated 

5.5.4 Models 

Several hydrographic and crrculatlon models have been or are bemg developed 
for the ACC (see also Chapter 5, Volume II, and Appendix q A crrculatlon model 
workshop IS planned m FY 02 to consider approaches most l.J.kely to be useful to the 
GEM program Models of the relationship of manne planktoruc producbon to 
water column structure were developed m the EVOS SEA program (Eslmger et al 
2001) and are expected to eventually be further developed under the GEM 
program 

The GLOBEC nutnent-phytoplankton-zooplankton (NPZ) 1-D and 3-D models 
are a smte of coupled b10logical-phys1cal models concerned with the coastal region 
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of the GOA They address effects of concern to the GEM program m the ACC and r,.,--
offshore cross-shelf transport, upstream effects, local product10n, and condibons ~c 
conduave to swtable JUVerule salmon reanng habitat 

Models of parbcular mterest from the FOCI program are the 1-D and 3-D 
vers10ns of the Shehkof NPZ models, and the GOA Walleye Pollock Stochasbc 
Switch Model (SSM) (see Chapter 5, Volume II, and Appendix q The Shehkof 
NPZ models are a set of coupled (b10logical and physical) models designed to 
exam.me hypotheses about pollock recrmtment m the Shehkof Strait region The 
Pollock SSM IS a numencal srmulabon of the process of pollack recrwtment Of 
parbcular mterest to the GEM program IS the idenbficabon by the SSM of three 
speafic agents of mortality wmd moong, ocean eddies, and random effects 
Ecopath models developed by Okey, Pauly, and others at the Uruversity of Bnbsh 
Columbia are also of mterest, espeaally for PWS, but also for the GOA conbnental 
shelf and slope (excluding fjord, estuarine, and mterbdal areas) (see Appendix q 

5.5.5 candidate Core Monitoring Activities 

It appears that the physical oceanographers have developed a level of 
understanding about mner-shelf dynamics that will allow the GEM program to 
idenbfy a core set of measurements, locabons, and frequenaes that address 
quesbons relevant to the GEM program A core morutonng acbVIty based on the 
partnership at the GAKl stabon IS likely Others may be added m FY 04 to FY 07 
as idenbfied by synthesIS and the results of other programs (GWBEC and FOCI 
stabons and moonngs) and as fundmg allows Full core morutonng m the ACC 
may not be fully operabonal unbl FY 07 

5.5.6 candidate Core Variables 

The key vanables m measunng the producbVIty of the ACC are temperature, 
rnsolabon, salmity, fluorescence, and abundance of key forage speaes, mcludmg 
fish and zooplankton 

5.6 Offshore: Outer 
Continental Shelf and 
Oceanic Waters 

5.6.1 Key Question 

What are the relahve roles of natural forces (such as changes m the 
strength of the Alaska Current and Alaskan Stream, mixed layer 
depth of the gyre, wind stress, and downwelltng) and human 
actnnttes (such as pollutwn) tn detennmmg productwn of carbon 
and its shoreward transport? 
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5.6.2 Schedule 

AB with the ACC porbon of the program, results of GLOBEC research need to 
be carefully col1Sldered before rmplementabon of long-term morutonng m tlus 
broad habJ.tat type Tlus deliberate approach IS reflected m the emphasis on 
synthesIS for tlus habitat type m the early years of the proposed schedule and 
strategy for rmplementabon (Table 5 4) 

Table 5.4 Proposed lmplementabon Strategy for Offshore Habitat 

Momtonng Activrty Data 
FISCal Year Core Partners Model Management 

2003 Synthesis Monitor Stabsbcal(c) Coordination (p) 

Research 

2004 Synthesis Monitor StabstJcal( c) Coordination (p) 

Research ArchMng(p) 

2005 Synthesis Monitor Stabsbcal(c) Coordination (p) 

Research Numencal prototype (p) ArchMng (p) 

Dlstnbubon (p) 

2006 Synthesis Monitor? Stabsbcal(c) Coordination (p) 

Numencal (p) ArchMng (p) 

Dlstnbubon (p) 

2007 Synthesis Monitor? ArchMng (p) 

Numencal (p) Dlstnbubon (p) 

Notes 

c = core (GEM program supported) acbvrty 

p = partnership {JOlntly supported) acbvrty 

Prospecbve partners NPRB, NOAA (NMFS/NOS), Canachan Department of F1Shenes and 
Oceans (CDFO), Japan Fishery Agency 

Candidate core monrtonng actMtles GLOBEC stattons, Valdez-Long Beach Lme, and other 
ships of opportunity 

Candidate core vanables nutnents, detntus and plankton, temperature, and sahruty 

5.6.3 Prospective Partner Activities 

Support of partners m eXISbng morutonng projects may be necessary to obtam 
sufficrent mformabon for design of a morutonng program Because of the expense 
of rmbabng most offshore samplmg programs, careful selecbon of partners and the 
use of long-term, low-frequency data gathenng will be key strategies for 
understandmg decadal-scale changes m tlus environment Current efforts to apply 
the continuous plankton recorder (CPR) technology on slups of opportunity m the 
GOA offer partnership opportunibes Extel1Slon of exl.Sbng slups of opporturuty 
programs to mclude measurement of variables of mterest to the GEM program IS 
also a possibility 
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5.6.4 Models 

The GWBEC NPZ 1-D and 3-D models are discussed above m SectJ.on 5 5 4 A 
broader model addressmg NPZ for the entrre North PaCifJ.c IS the North PaCifJ.c 
Ecosystem Model for Understandmg Regional Oceanography (NEMURO), m 
wluch fluxes of rutrogen, silicon, and carbon will be tracked (see Append.IX q 

5.6.5 Candidate Core Monitoring Activities 

A reasonable oceanographic program m the ACC can probably be extended 
across the shelf break with the use of eXIStmg GLOBEC, FOCI, and OCC samplmg 
stabons, moormgs, and transects The use of the Valdez-Long Beach lme with otl 
tanker-mounted fluorescence and zooplankton samplmg gear appears to be an 
attracbve strategy for long-term, low frequency samplmg over large spabal scales 

5.6.6 candidate Core Variables 

Particularly crucial aspects of the offshore environment are physical processes 
and attendant biological responses at the shelf break and front (for example, extent 
of deep-water mtrusion onto the shelf m the late summer and fall), the nuxed layer 
depth m the Alaska Gyre m the sprmg-summer, and Ekman transport of offshore 
producbon onshore Measurements of basic vanables are essenbal to 
understandmg the role of these offshore aspects m affectmg producbvity of other 
habitats These variables mclude temperature, salmity, nutrients, detritus, and 

plankton (_ 

The GEM program will use strategically 
5.7 Starting Points for chosen synthesIS and research projects with 

Research relabvely short-term goals to help develop the 

long-term morutonng component of GEM AB 
startmg pomts for selecbng research m support of morutonng, four general areas of 
research are discussed, followed by a synopsis of past and current research 
conducted to aid the transibon to GEM 

5.7.1 General Areas of Research 

Lingering Injury from the Oil Spill: Research specrfically related to the effects 
of the EVOS may be needed m the first few years of the GEM program, but the 
need for t1us type of research IS expected to dnrurush through bme Types of 
research that may be conducted mclude explormg the contmumg, low-level effects 
of hydrocarbon exposure on the survival and reproducbon of fish and wikllife 
resources and the idenbficabon of pathways of such exposure General restorabon 
projects that relate drrectly to restorahon of 011 spill lilJUlY may also be needed m 
some cases 

Defining Testable Hypotheses· In many, or even m most, habitat types, 
suffi.crent mformabon may not eXISt to defme the testable hypotheses around wluch 
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morutonng projects can be designed In these and srmtlar cases, synthesis and 
research will be needed to define testable hypotheses 

Exploring Questions with or Generated by Monitoring Data:_As the effects of 
EVOS fade and as GEM matures, research p!OJecis will mcreasmgly anse from the 
results and needs to rmprove the long-term morutonng program Some of tlus 
research will mvolve specral analyses and modelmg of data obtamed through the 
core morutonng program (mcludmg current and retrospective data) and/ or 
partnership and mdependent morutonng efforts m the GOA 

Management, Conservation, and Sensitive Areas and Seasons: GEM research 
will mclude prOJecis designed to ftll gaps m the mformabon necessary to manage 
and conserve natural resources Examples of tlus type of research mclude 
rmprovmg techruques, tools, or technology for stock assessments of frshenes 
resources, gathenng basic mformabon on specres' hfe iustones, and stock 
idenbhcation of manne mammal, seabird, or fish populanons GEM data may be 
apphed to identify sens1trve areas and seasons m the manne environment so that 
tlus Information can be coilSldered m the development of management and 
conservation strategies 

5.7.2 Synopsis of GEM Transition Projects 

Some of the past and current Trustee Councrl acbvities are particularly 
appropnate to serve as starbng pomts for des1grung research m support of GEM 
(Table 5 5) Comnuttees and work groups withm each habitat type will use the 
results of these "GEM trans1bon" projects (conducted m fiscal years 2000 to 2002) as 
starting pomts for developmg testable hypotheses and synthesis and research 
recommendations 

Note that GEM transition pfOJects have been orgamzed m Table 5 5 mto 
categones that correspond to GEM program components synthesis (mcludmg 
workshops), research, and modelmg (mcludmg aspects of data management and 
Information transfer) Abstracts for each prO)ect are provided below If a pfOJect 
has been m operation a number of years, the abstract refers to the most recent 
acbvities of the prOJect and its current status 

210. This prOJect 1mks students m the area affected by the otl spill with research 
and morutonng pfOJects funded by the Trustee Councrl The project involves 
students m the restorabon process and provides these mdividuals the skills to 
parhcrpate m restoration now and m the future Youth conduct research overseen 
by prmcrpal investigators who have mdicated mterest m workmg with students 
Youth Area Watch fosters long-term comrrutment to the goals set out m the 
restorabon plan and IS a poSitive commuruty investment m that process 
Particrpating commwuties m FY 02 will be Tatitlek, Chenega Bay, Cordova, 
Nanwalek, Port Graham, SeldoVJ.a, Seward, Valdez, Wh.Itber, and Kodiak 
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Table 5.5 GEM Transition Activities, F1&cal Years 2000-2002 
( Listed With pfOject number and tJt/es of activittas 

Habitat Synthes18 and 
Type Workshops Research Modeling 

Watershed 612 Kenai River 567 Contammants monrtonng (FY 00) 391 Cook Inlet 
Manne-Terrestnal 

649 Reconstrucbng sockeye (FY 02) 
lnformabon System (FY 

Links (FY 02) 00, 01) 
667 Citizens' Environmental Momtonng 455 Data system for GEM 
Program (FY 02) (FY 00) 
668 Water quality database (FY 02) 1 

Intertidal- 374 Hemng 210 Youth Area Watch (FY 00, 01, 02) 391 Cook Inlet 
Subbdal recommendabons 385 Kachemak Bay Momtonng (FY 01) lnformabon System (FY 

(FY 00) 501 Seabird monrtonng protocols 00, 01) 

395 Workshop on (FY 00) 455 Data system for GEM 
intertidal 509 Harbor seal expenmental design (FY 00) 
monrtonng (FY (FY 01) 

02) 510 Intertidal monrtonng 
recommendabons (FY 00) 
538 Hemng stock rdentJficabon (FY 01, 
02) 

556 Mapping mterbdal (FY 02) 1 

567 Contammants monrtonng (FY 00) 

ACC 374 Hemng 210 Youth Area Watch (FY 00, 01, 02) 389 3-D Ocean state 
recommendations 340 GAK1 (FY 00, 01, 02) 

S1mulabon modeling (FY 
(FY 00) 

404 Archrval tag tesbng (FY 01, 02) 
00, 01) 

630 Workshop on 493 Sampling strategies for GOA trawl 391 Cook Inlet , 
modeling survey (FY 00) lnformabon System (FY ~ arculabon {FY 501 Seabird rnonrtonng protocols (FY 00, 01) 
02) 00) 455 Data system for GEM 

538 Hemng stock 1denbflcabon (FY 01, (FY 00) 
02) 

603 Ocean C1rculabon 552 Exchange between PWS and GOA 
Modehng (FY 02) 1 

(FY 00, 01, 02) 1 

561 Community based forage fish 
sampling (FY 02) 

567 Contaminants rnorutonng (FY 00) 

584 Airborne remote sensing (FY 02) 

614 Physical data from tankers (FY 02) 

671 Ships of opportunity in Lower Cook 
Inlet (FY 02) 

Offshore 630 Workshop on 567 Contaminants monrtonng {FY 00) 389 3-D Ocean state 
modeling 

614 Physical data from tankers (FY 02) 
S1mulabon modeling (FY 

circulabon (FY 00, 01) 
02) 624 Ships of opportunity CPR (FY 02) 

391 Cook Inlet 
lnformabon System (FY 
00, 01) 

455 Data system for GEM 
(FY 00) 

603 Ocean C!rculabon 
Modeling (FY 02)1 

1 Funding deast0n deferred to 12/01 
,,-

( 
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340. Interannual vanahons rn temperature, salnuty, and therr verhcal 
distnbuhon on the northern GOA shelf reflect envrronmental changes that nught 
affect tlus manne ecosystem Tlus vanabillty needs to be quantilled and 
understood based on extended hrne senes such as the 30-year record at 
hydrograpluc stahon GAK1 near Seward Tlus pI'O)ect marntarns tlus hrne senes 
and will conhnue to quanhfy the vanabillty and understand the sources of 
variability It will also begrn to document rnterannual vanahons rn near-surface 
(upper 10 m) stratillcahon and the hmrng of the spnng bloom on the rnner shelf 
The data and associated analyses are suggested as berng an rmportant component 
to the development of the GEM program 

374 Much of the data already collected under EVOS fundrng on hernng needs 
to be analyzed There are many components to hernng research that need to be 

synthesized Tlus project will evaluate all aspects of past research rncludrng, but 
not hnuted to, stock structure, year-class strength, and disease structure A 
workshop of hernng researchers will be conducted to discuss ideas for addiuonal 
hernng research and morutonng The results of the workshop and wnhngs will be 
analyzed to idenhfy rmportant queshons that remarn about hernng and to <lea.de 
wluch ones can and cannot be addressed Recommendahons will be developed for 
pnonhes and research direction for hernng rn the future, wluch may serve as a 
basis for a saence plan for hernng 

385. The rncreasrng number of stresses on manne and estuarrne ecosystems has 
challenged SCTenhsts and resource managers to frnd methods for deternurung 
temporal rates and spahal extents of ecological responses to changes rn 
envrronmental condihons ThIS prOJect will provide the necessary matclung funds 
for the Kachemak Bay Nahonal Estuanne Research Reserve to estabhsh a 
morutonng program of oceanograpluc envrronmental attnbutes rn Kachemak Bay 
Results of ongorng studies will then be able to lmk patterns of oceanograpluc 
changes to patterns of biodiversity rn the manne and estuarrne rnterhdal and 
subhdal habitats of Kachemak Bay 

389. Usrng the observed data collected from 1995to1998 rn PWS and the 
forCing of ode, coastal current rnflow /outflow, freshwater chscharge, and wrnd 
stress, a 3-D PWS model developed under the Sound Ecosystem Assessment (SEA, 
Project 320) will be used to produce conhnuous 4-year, 3-D fields of velOCity, 
temperature, salnuty, and nuxrng coefficrents for resource managers, fishrng 
rndustry, and b10logical apphcahons In addihon, the rnterannual vanability of 
PWS ocean crrculahon, temperature, and saluuty due to rnterannually variable 
atmosphenc forcrng will be studied Tius will allow idenhficahon of the key 
envrronmental parameters to be rncluded rn a long-term morutonng program to 
assISt resource managers 

391. The Cook Inlet Informahon Management/Morutonng System (CIIMMS) 
will provide a wide range of users the opporturuty to share and access valuable 
rnformahon and data about the Cook Inlet watershed and Cook Inlet-related 
acbVIhes CIIMMS potenhal users rnclude educators, SClenhsts, students, 

VOWME I, OiAPTER 5 



GULF EcosYsTEM MONITORING AND REsEAACH PRoGRAM 

58 

researchers, resource managers, pnvate orgaruzabons, and mchv1dual obzens 
CIIMMS will provide an mterachve Web Site for the Cook Inlet commuruty to 
effJ.oently and effechvely contnbute, 1denbfy, and access relevant mformabon from 
a chstnbuted network of providers 

395 Tius proJect will produce a draft nearshore momtonng plan that provides 
a framework for future momtonng A prelmunary draft plan will be developed by 
the pnnc1pal mvesbgators that mcludes cons1derabon of eXISbng programs m the 
Lower 48 (such as FICES and PISCO and Alaska (such as PWS and Cook Inlet 
Regional C1bzens1 Advisory commISS10ns) Tlus draft will then be reviewed by a 
panel of four to five mdependent experts m nearshore manne ecology represenbng 
vanous mterests and chsoplmes A reVISed plan will be produced and presented to 
agencres, stakeholders, and other mterest parbes at a workshop held m COilJUilchon 
with the EVOS Annual Workshop m January 2002 

404. Archive tags with temperature and hght-geolocabon sensors will be 
momtored for post-smolt coho salmon m Cook Inlet Light/locabon relationships 
speofic to the GOA developed under ProJect 00478 will be apphed m this study of 
movement and nugration paths for coho salmon durmg maturabon m ocean 
environments m Cook Inlet Salmon for this study will be reared m captivity (at 
the ADF&G hatchery at Fort Richardson) to 1 +year of age (200 to 250 mm) and 
released m Cook Inlet as part of the department's Ship Creek sport-fishmg hatchery 
release FY 01 mcludes ptlot studies of tag retenbon, behavior, and growth for coho 
m capbvity Ship Creek coho will be tagged nud-May A spnng release 
expenment m the first year will be conbngent on the successful nnplementabon 
and retenbon of these tags Surveys for early Jack recovenes will be done at the 
Ship Creek werr and among sport fishers Momtonng for adult tag recovenes will 
be done m the coho commercial fishery m Cook Inlet and the derby sport fishery on 
Ship Creek Archive tagged fish will be used to document coho salmon use of 
manne habitats, nugration routes, contnbubon to the sport fishery, and 
hatchery /wtld mterachons for salmon m Cook Inlet 

455. Tius p!O]ect will report on the data system ISSUes related to GEM, , the 
Trustee Counctl1s long-term momtonng and research program In adchbon to the 
data collechon effort, data dehvery will prove to be a cnbcal component of the 
success of GEM Therefore, the data system ISSUes need to be part of the planmng 
process Tius pro1ect will outlme some of the key data and user ISSUes and produce 
a report analyzmg exisbng systems that dehver s1Il11lar data In adchbon, 
strawman proposals will be developed for a range of data systems that could meet 
the needs of the GEM program 

493. Tius proJect IS an mtegrated study of mechamsms controllmg changes m 
commuruty structure m the GOA ecosystem The ma1or goal for this fiscal year 1s 
to review the eXISbng GOA small-mesh trawl survey database and develop a 
stahstlcally based and cost-effechve strategy for long-term samplmg and future 
momtonng It IS anbopated that any developed samplmg scheme or strategy will 
then be employed m future momtonng survey designs Proper and consIStent 
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samplmg should lead to a more comprehenswe understandmg of biological­
phySical couplmg and dynamics of the GOA ecosystem 

501. Seabrrd populabons will need to be morutored for many years to assess 
both recovery and ecological condibons affectmg recovery Detailed studies of 
IDdividual seabrrd colorues and manne ecosystems ID the GOA have been 
conducted by the USGS and USFWS under the auspices of damage assessment and 
restorabon programs of the Trustee Counol Much has been learned about factors 
mfluencmg seabrrd populabons and therr capaoty to recover from the spill ID the 
GOA As the restorabon program moves toward long-term morutonng of 
populabons, however, protocols and long-term morutonng strategies that focus on 
key parameters of IDterest and that are IDexpenSive, pracbcal, and apphcable over a 
large geographic area need to be developed 

509. The producbon and survival of young harbor seals are cnbcal to reversal 
of the long-term declme of seals ID PWS, and to ulbmate recovery of the populabon 
from damage due to the 011 spill Sigrubcant IDter-annual differences ID diet and 
body condibon of young seals were documented m 1997 to 1999 This project will 
obtam addibonal mformabon on the populabon condibon (such as diet and percent 
body fat) of pup, yearlmg, and sub-adult harbor seals, the age classes most hkely to 
be hrmted by food availability Data obtamed on harbor seal populabon condibon 
from tlus prOJect and from 1997to1999 will be compared with concurrent 
populabon abundance data to assess the status of harbor seals relabve to carrymg 
capaoty, and subsequently denve more comprehensive and reahsbc expectabons 
for populabon recovery 

510. This prOJect will exanune the state of recovery of key habitats and 
representabve IDjured speoes withm the IDterbdal zone ID PWS FY 00 will coilSlst 
of a stabsbcal companson of the NOAA Hazmat and Coastal Habitat (pnmanly 
Project QUA) data and idenbficabon of cost-effecbve measures for morutonng 
mterbdal commurubes 

538. This project will perform a comparabve IDvesbgabon of two proIDlSIDg 
stock idenbficabon techruques for Pacrfic herring-elemental analysIS of otohths 
and fatty acrd profile analysIS of select soft bssues Lmuted samples from Sitka 
Sound, PWS, Kanushak Bay, Kodiak Island, and Togiak will be collected and 
analyzed to determme if stock differences are detectable by each procedure, and at 
what scale Successful results from tlus ptlot study should be followed up with 
future evaluabons of the temporal and structural (sex, age, maturity) stability of 
these biomarkers 

552. One of the least understood physical processes that mfluence the 
biological components of PWS IS the exchange between the northern GOA and 
PWS This prOJect will document the IDterannual vanabllity ID water mass 
exchange between the sound and the adjacent northern GOA at Hmchmbrook 
Entrance, and identify mecharusms goverrung tlus exchange The project will 
deploy an upward-lookmg ADCP (Acousbc Doppler Current Profiler) moonng ID 
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Hmchmbrook Entrance to create bme senes of velOCibes spanrung 3 years The 
moonng will be eqwpped with a CTD (conductivity temperature versus depth) to 
create a bme senes of deep temperature and sahruty To idenbfy the dommant 
factors that govern PWS/GOA exchange, the moonng velOCity and deep 
ternperature/sahruty bme senes will be combmed with meteorological and 
physical data collected. under other research programs already m progress 

556. Groups, md.Ividuals, and programs as drverse as natural resource 
agencres, local governments, researchers, conservabon advocates m Cook Inlet and 
Kachemak Bay, and GEM can benefit from a comprehensive, high-resolubon 
database of shorelme and nearshore habitats, and from mformabon on the phySical 
changes seen through tlme At present, no such detailed database or momtonng 
program exists withm the GOA This project wtll use a method adopted along the 
US west coast to gather such habitat mformabon m a cost-effective yet detailed 
manner The method rehes on a nested hierarclucal nearshore classi&cabon based 
on the phySics of the envrroi;mient to select replicate shore sites for momtonng algal 
and mvertebrate diversity 

561. This p!Oject IS based on the recently completed 5-year ptlot study, 
conducted as part of APEX (Alaska Predator F.cosystem Expenment, Project 163), 
that used stomach contents from sport-caught halibut to sample forage fish 
populabons The prOJect will momtor long-term trends m forage fish populabons 

,--
( 

\., 

m several regions of the spill area dunng GEM The project wtll provtde ( 
mformabon to help assess and understand the types and levels of commumty ~ 

parbcrpabon that may be available for long-term forage fish momtonng studies 
Also, If p!Oject results are favorable, the mformabon can be used to begm desigmng 
cost-effecbve, commumty-based forage fish momtonng studies to track long-term 
trends m capelm and sand lance stocks m the Kachemak Bay /lower Cook Inlet, 
Resurrection Bay, Kodiak Island, and PWS regions 

567. This p!Oject will assess needs and pnonbes for momtonng envrronmental 
contanunants m the northern GOA, mcludmg the area directly affected by the otl 
spill It will evaluate mformabon on water quality, manne specres' sensibvtbes to 
pollutants, and contammants that pose potenbally adverse effects to the ecosystem 
and to human health Recommendabons wtll speafy pnonbes for momtonng of 
contarrunants m order to track lmgermg otl spill lllJUIY, trends, and potenbal effects 
of pollutants 

584. This p!OJect will evaluate airborne remote sensmg tools for GEM, 
mcludmg a biological/ ecological mterpretabon of the data collected The 
mstrument package conSISts of (1) a pulsed LIDAR (Light Detecbon and Rangmg) 
to map subsurface biological features day to a maxmmm of 50 m, (2) an m£rared 
radiometer to map SST (sea surface temperature) day (srmtlar to A VHRR, 
Advanced Very High Resolubon Radiometer), (3) two three-clup digital vtdeo 
systems to map ocean color (chlorophyll), birds, mammals, surface fish schools, 
and ocean frontal structure, and (4) an mfrared digital vtdeo to map birds and C 
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mammals at mght The project will use shipboard and buoy data for vahdabon 
and 111terpretabon of remote sensed data 

603. Tius project will estabhsh a 3-D ocean crrculabon model 111 the GOA to lay 
down a foundabon for GEM 111 order to couple tlus model to a hydrological model 
and a biological model Tius model will cover the enbre GOA, 111cludrng PWS and 
Cook Inlet The honzontal resolubon of tlus model IS 4 by 2 mrnutes (about 3 7 km 
at 60° N Tius model will be forced by bdes, the Alaska Current rnflow /outflow, 
freshwater discharge, and wrnd stress denved from the Nabonal Center for 
Envrronmental Predicbon 

612. Tius pl'Oject will provide matclung funds for a coordrnator to serve a 
mulbdiscrphnary team of agency-supported screnbsts that IS desigmng a study of 
marrne and terrestnal nutnent cyclrng 111 the Kenai Rrver watershed The otl spill 
curtailed commercral fIShrng on the nver 1111989, caus111g changes 111 producbVlbes 
of sockeye salmon and other species, 111 addibon to allowrng a massrve 111put of 
marrne nutnents borne by the unharvested salmon The watershed IS also at some 
nsk from anthropogemc acbvibes, 111cludrng habitat degradabon, 111creased 
ubhzabon, and 111VasIVe specres Studies on watersheds of the Paafic Northwest 
suggest there may be cascadrng rmpacts when manne derived nutnents normally 
supphed by salmon carcasses are diverted from an ecosystem When nutnents 
normally supphed by salmon are withdrawn, producbvity of the enbre watershed 
IS expected to be dmurushed 

614. Tius prOJect will use a thermosahnograph and fluorometer, to be rnstalled 
on a crude otl tanker, to acqurre conbnuous, long-term measurements of the near­
surface temperature, sahmty, and fluorescence fields along the tanker route 
between Valdez, Alaska, and Long Beach, Cahforma 

624. Tius prOJect presents the rabonale for develop111g a plankton momtonng 
program for the GOA by us111g ships of opportumty Plankton are a cnbcal hnk 111 
the manne food charn whose dynamics are poorly understood, but respond rapidly 
and unambiguously to chmate change and form the 1rnk between changes 111 the 
atmosphere and valuable upper trophic level populabons, such as salmon, hernng, 
shnmp, and groundfish The proposal reviews the evidence that many of the most 
valuable marrne resources 111 the GOA are strongly rnfluenced by changes 111 ocean 
chm.ate Slups of opportumty are a cost effecbve platform for large-scale 
momtonng, and tlus prOJect will build on recent expenence gamed with CPR 
(conbnuous plankton recorders) 111 the North Paafic to prepare for GEM 

630. In FY 02, tlus prOJed, which funds Trustee Counctl staff and the Cluef 
Screnbst to develop the GEM plan, will 111clude a workshop on modehng 
crrculabon 

649. Tius prOJect will reconstruct the last 2,000 years of changes 111 sockeye 
salmon abundance 111 Eshamy Lake (PWS) and Upper RUSSlan Lake (Kenai River 
watershed) by analyzrng 15N 111 lake sediments These new data will be synthesized 
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with ongomg studies at Kaduk Lake (Kodiak Island) The research question IS 
What IS the normal vanab:ility m sockeye salmon populat10ns m the GOA? ThlS 
research will contnbute to development of the GEM program by providmg a 
lustoncal persped:lve on current conditions and by developmg new hypotheses 
about the chmatic causes of population fluctuations m GOA salmon Work at 
Dehght and Desrre lakes on the outer Keruu Perunsula coast will also be conducted 

667. ThlS prOJect will analyze 5 years of past data from Cook Inlet Keeper1s 
G.tizens1 Environmental Momtonng Program, the first consIStent, credible, and 
coordinated commumty-based water quahty momtonng program m Alaska 
Keeper1s stream ecologIBt will determme If samplmg frequency, methods, 
parameters, and Site selection are effechve at meeting the momtonng obJectives of 
detecting s1gruficant changes m water quahty through tlme The results will assISt 
Cook Inlet Partners (Kenai Watershed Forum, Anchorage Waterways Counctl, 
Wasilla Sotl and Water Conservation Distnct) m refuung therr commumty 
momtonng efforts and may lead to future commumty-based momtonng programs 

668. The pro_Ject partners have come together to form a database committee to 
create a consIStent data management system m which all crhzens groups and 
agenaes can equally share, report, and review therr water quahty and habitat data 
The c0mm1ttee' s obJective IS to make data more accessible and more useful to 
deasion makers, stakeholders, resource managers, and the pubhc The committee 
will uphnk a shared mteractive database on the Internet, where it can be viewed ( 
and quened with GIS watershed maps, photographs, and graphs so that it IS user- \ 
fnendly, educational, and meanmgful Access to these data will help facrhtate a 
better understandmg about threats to, and solutions for, water quahty and habitat 

671. Cook Inlet Keeper and the Kachemak Bay Research Reserve will organize 
a network database of local commumty volunteers for the purpose of collecting 
oceanographic data from reg10nal ships of opportumty An outreach program will 
be undertaken to identify and construct a database of pnvate and commeraal 
vessels makmg frequent tnps m the Kachemak Bay, lower Cook Inlet, and GOA 
regions A thermosahnograph, mstalled on a vessel at the Kachemak Bay Research 
Reserve, will be used to clanfy regions for future data collechon These data will 
also be correlated with existing stationary sensors and volunteer-momtonng 
prOJects to expand spahal and temporal knowledge of water quahty and moong 
patterns and therr relationship to the chspersal of larvae and pollutants m the 
region 
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6. PROGRAM MANAGEMENT: PUBUC ADVICE, 
SCIENTIFIC GUIDANCE, AND DATA POUCIES 

In This Chapter 

};>- DlSCUSSlon of a reconsbtuted Program AdV1.SOI}7 Cornm.Ittee to proVIde pubhc 
advice 

»- Description of the process for mvibng, reVIewmg, approVIng, and adopting 
pI'O_Jects 

»- Prehnunary descnptions of the processes for getting adVIce from experts and 
thepubhc 

};>- Prehmmary data management and mformabon transfer pohaes 

The rmportance of pubhc parbcrpabon m the 
6.1 Public Advice Trustee Counctl process, as well as establishment 

of a pubhc adVISory group to adVISe the trustees, 
was specmcally recogmzed m the Exxon Valdez settlement and IS an mtegral part of 

) the agreement between the state and federal governments Figure 6 1 illustrates the 
role of pubhc parbapabon m the GEM program 

The exJ.Sbng Pubhc AdVISory Group (P AG) has 17 members represenbng 
12 mterest groups and the pubhc at large, as well as two ex-offi.ao members from 
the Alaska Legislature The charter for tlus group must be renewed m January 
2003 At that bme, it would be appropnate to change the makeup of the PAG to 
mclude the parbapabon of addibonal mterests Prehnunary mput from the current 
P AG and from some of the commuruty faahtators represenbng tnbal mterests calls 
for a reconsbtuted Program AdVISOry Committee (P Aq, represenbng a broad 
range of stakeholder mterests and commurubes and mcludmg a number of 
screnbsts with broad VISion and stature 

One possible scenano IS a group of 20, with five saenbsts and 15 commuruty 
and stakeholder representabves A deas10n would need to be made on whether 
specillc seats would be formally designated This group would meet at least twice a 
year and provide broad program and policy guidance to the Trustee Counctl and 
staff on the overall development and progress of the GEM program The group 
would take an acbve role m setbng pnonbes and ensunng that the overall program 
IS responsive to public mterests and needs 
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PROGRAM MANAGEMENT OUTLINE 

EVOS Trustee Council 

• GEM Program ......._ 'Director & Staff ......._ Worh Plan 
Document ~ · · · ,-, 

.•.. · ~-':f. ,;,_:#;,' 

Technical~' 
& Ac:Mc:e /<: ,, +·· "" 

PAC . ,,. ~,Core Collaboration & coordination 

=~~ ·'~lttee IM~r:=:::!no:-

•.._ ~J l~ " 
Ad hoc ACC Watershed Intertidal/ Offstiore 
wortring Sub- Sub- Subtidal Sub-

Public 
Review& 
Comment 

,orcq>~ committee cor1u111ttee Sub- committee 
conwnittee ~ ~ 

---- ... ,.._•-••&••u•• 
Figure 6.1 The flow of information to the Trustee Council in GEM program management comes 
from the director and a staff, the Public Advisory Committee (PAC), and the public at large. The 
director and staff link the Trustee Council to information from technical review and advice and 
with other marine resource programs. 

6.2 Program 
Management and 
Administration 

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

The GEM program will be administered by a 
core professional staff that is not directly affiliated with any particular agency, 
institution, or program, as is currently the case with the management of the Exxon 

Valdez Oil Spill Restoration Office (Figure 6.1). An executive director will oversee 
the financial, program management and administration, scientific, and public 
involvement aspects of the program. The executive director and staff, while 
housed for administrative purposes in a single government agency, will work 
under a cooperative agreement for all six trustees. The Trustee Council and staff 
will actively solicit advice on science and policy matters, including review of 
monitoring and research activities, from experts and from the public, including the 
PAC. 
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6.2.1 Proposal Evaluation Process 

The basic work plan process will have the followmg elements or steps, wlu.ch 
are also shown rn Figure 6 2 AB rmplementabon of GEM begrns, however, these 
steps may be modilled. as effi.aencres and rmprovements are found 

• 

• 

• 

• 

• 

• 

A uState of the Gulf' workshop will be held penodically, at wlu.ch the 
current status of the health of the GOA ecosystem will be assessed PrOJect 
rnvesbgators, peer reviewers, resource managers, stakeholders, and the 
pubhc will be rnvited to t1u.s meetmg, at wlu.ch research and morutorrng 
results will be presented. and discussed In some years, t1u.s workshop will 
be replaced. by or augmented. with a process of consultabons and 
workshops with various committees and work groups of SCience adVISOrs 
to evaluate and affirm or revise pnonbes 

An Invitahon to Submit Proposals, wlu.ch will speafy the types of proposals 
that are pnonbes for considerabon to rmplement the rmss10n and goals of 
the GEM program, will be ISsued penodically Research proposals are 
envis10ned to be of £mite durabon and have short-term goals (for example, 
2 to 5 years) Morutorrng pIOJects will be evaluated and renewed on longer 
bme scales (such as once every 5 years) The Inmtahan(s) will be the velu.cle 
for nobfyrng the SCienbllc commuruty and others that proposals will be 
considered dunng a certarn penod of bme 

Proposals received. rn response to the Inmtahon will be crrculated. for peer 
review (see below) Peer review comments and recommendabons will be 
summanzed by staff and provide a basIS for a prehnunary recommendabon 
by the execubve director Proposals will be reviewed. for their ability to 
contribute to the rnformabon-gathenng needs of the central hypothesis and 
quesbons, and also for how they contnbute to meetmg the programmabc 
goals and pohcres of the Trustee Counctl (see Chapter 1, Volume I), such as 
promobng commuruty rnvolvement, developrng resource management 
apphcabons, and leveragrng funds from other sources Past performance of 
pnnapal rnvesbgators will be assessed Staff will also review all budgets 
In addibon, the comments from the PAC and the general pubhc will be 
so hated 

The execubve director will develop a recommendabon on each proposal 
based on the peer review, staff review, and pubhc and SCienbllc advice 

A reasonable penod of bme for pubhc comment will be bwlt rnto the 
proposal review process, rncludrng review by the PAC 

The Trustee Counctl, after receiving advice from its pubhc and soenbfic 
adVISors and staff, will vote on wlu.ch proposals to fund 
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CEM Proposal Evaluation Process 

INVJTATION -PROPO'SAL 

PUBLIC REVIEW TECHNICAL REVIEW 
•Program Advisory • Peer Review 

Committee •Committees 
• Ceneral Public • Staff _.. 

WORK PLAN 

~ 
TRUSTEE COUNCIL 

ADOPTION _... • STAFF 
RECOMMENDATION 

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

6.2.2 The Work Plan 

A Work Plan will document the current activities that implement the program. 
As projects for monitoring and research are approved by the Trustee Council, they 
will become part of the Work Plan. The Trustee Council may be asked to adopt a 
new Work Plan each year or they may be asked to adopt new groups of projects 
into the Work Plan on a periodic basis. 

6.2.3 Reports and Publications 

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

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

6.2.4 Peer Review 

Each project, as well as some annual and all final reports, will be peer-reviewed 
by appropriate experts identified by staff who, as a rule, are not also conducting 
projects funded by the Trustee Council. The peer review may be either paid or 
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·~, volunteer, wluchever IS most expedibous and appropnate The external peer 
reVIew process will proVIde a ngorous cnbque of the saenbfic ments of all 
morutonng and research proposals and selected reports Review funcbons may be 
earned out m wntmg, by telephone and occasionally on site or m person 

Speaal reVIew panels may be convened from bme to bme to evaluate and make 
recommendabons about aspects of the GEM program At other bmes, special 
panels may meet with p!OJed mvesbgators and others to fully explore parbcular 
topics, problems, or projects Penodic reVIew by an outside enbty, such as the 
Nabonal Research Counctl, may be appropnate 

6.3 Guidance on GEM Program Development and Implementation 

In addibon to peer reVIew and pubhc review and advice, a committee and 
work group approach will be used to gwde GEM program development and 
rmplementabon ThIS approach may mclude a core committee, subcommittees, and 
work groups 

6.3.1 Core Committee 

The core committee would have four purposes 

1 ProVIde leaderslup m idenbfymg and developmg testable hypotheses 
relevant to the central quesbons of the GEM plan, corunstent with the 
rmssion, goals and pohcres of the Trustee Counctl 

2 Support habitat subcommittees and ad hoc work groups (see below) m 
idenbfymg and helpmg rmplement core vanables and core morutonng 
stabons 

3 Help idenbfy and recommend syntheses, models, process studies, and 
other research acbvibes for the Invitation to Submit Proposals 

4 Assist staff m idenbfymg peer reviewers and possibly parbcrpate m the 
peer review 

The core committee would be composed of ementus and seruor screnbsts and 
others selected pnmanly for experbse and leaderslup m a field of study The 
screnbsts serving on the PAC would also serve on the core committee, as would the 
charrs of each of the habitat subcommittees (see below) In general, the core 
committee members would not be pnncrpal mvesbgators for GEM projects 
Insbtubonal and professional affihabons would also be of mterest m selecbng 
members, because connecbons to other manne scrence programs will be valuable 
for ensunng collaborabon and coordinabon on GEM program rmplementabon 

6.3.2 Subcommittees 

Subcommittees would be orgaruzed around the four broad habitat types 
watershed, mterbdal and subbdal, ACC Current, and offshore (Outer conbnental 
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shelf and Alaska gyre) The charrs of each subcomrmttee would serve on the core 
comrmttee 

The purposes of the sulx:omrmttees would be to 

• Recommend to the core comrmttee testable hypotheses, Items for mvitahon 
and peer reviewers m therr broad habitat type, 

• Idenhfy and help gwde rmplementahon of core morutormg stahons and 
vanables that are relevant to the key queshons and testable hypotheses, and 

• POSSibly conduct peer review on proposals and reports m therr broad 
habitat type 

The sulx:omrmttee would be composed of soenhsts, resource managers, and 
other experts selected pnmanly for discrplmary expertise and fanuhanty with the 
broad habitat type (watersheds, mtemdal and subhdal, ACC, and offshore) 
Inshtuhonal and profesSional aff:illahons would also be of mterest m selectmg 
members to promote collaborahon and cooperahon 

6.3.3 Work Groups 

Ad hoc work groups may be penodically formed to develop specrfic products 
as requested by the core comrmttee and sulx:omrmttees Work groups could also 
be charged with solvmg a parhcular problem m a fuute amount of hme, such as the (_ 
proper locahon of an oceanograpruc moormg , 

6.4 Data Management 
and Infonnation 
Transfer Policies 

Data management and mformahon transfer 
pohcres are an mtegral part of GEM program 
management Oear and effective approaches to 
gathermg mformahon and makmg It widely 
available m understandable formats are essenhal 

to the successful operahon of the GEM program Because the program IS a regional 
program with goals of cooperahon, coordmahon, and mtegrahon with existmg 
manne SCience programs, data pohcres are to be compah.ble with, and slffillar to, 
existm.g norms for state, federal, and nongovernmental manne saence programs 
Whenever possible, existmg norms will be adapted or adopted for use by the 
Trustee Counctl Standards adopted by the Federal Geospahal Data Comrmttee 
(FGDC), GWBEC, and the EPA's EnVIOOnmental Morutormg and Assessment 
Program will be used as starhng pomts for developmg GEM data pohcres 
(Ophons and procedures for data management and mformahon transfer are 
conSidered m more detatl m Chapter 6, Volume II ) 

From the fundamental premises stated here, data pohcres will evolve to 
support GEM p!'O)ects as they are rmplemented (see Chapter 5, Volume I) In the 
GEM program workmg defuuhons, udata" are basic observahons on the state of the 
system, and u mformahon" IS data processed to be both understandable and of 
Immediate use to specrahsts and the pubhc 
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The GEM data policres mcorporate 10 broad elements 

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

2 Full and open shanng of data at low cost, after venficahon and vahdahon 

3 Trmely availability of data, dependmg on the type of data Some data will 
be available almost rmmediately, other data may be available withm 24 
months 

4 Availability of data on the GEM public Web site 

5 Idenhficahon of the ongm of all data with a crtahon 

6 Adherence to data collecbon and storage standards 

7 ProVIS10n of crtahons to the GEM Bibliography 

8 Encouragement of actrve parhcrpahon m the GEM Web site for all 
parhcrpants 

9 Long-term archivmg of all data m a designated storage facility 

10 Acceptance of and adherence to the data policres as a condihon for 
parhcrpahon m the GEM program and receipt of fundmg 
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Note Not all of these acronyms and Web lmks are referenced m the GEM Program 
document Many are mcluded for general reference purposes 

ABC Acceptable B10logical Catch 
ABWC Alaska Beluga Whale Comnuttee 
ABSC (USGS) Alaska B10logical Saence Center (B10logical Resources D1VIS10n, 

U S Geological Survey) 
http //www absc usgs gov/research/seabrrd&foragefish/mdex html 

AC Alaska Current 
ACC Alaska Coastal Current 
ACCE Atlanhc Chm.ate and Crrculabon Expenment 
ACIA Arcbc Chm.ate Impact Assessment 

http //www acra uaf edu 
http/ /www llll'C uaf edu/structure_of_IARC html 

ACDP Acousbc Doppler Current Profilers 
ACT Alliance for Coastal Technologies 
ADCED Alaska Department of Commumty and Econorruc Development 
ADEC Alaska Department of Envrronmental Conservabon 
ADEOS-II Advanced Earth Observmg Satellite-II 
ADFG Alaska Department of FIBh and Game 

ThvIS10n of Commeraal FIBhenes http/ /www cl adfg state ak us/ d_home htm 
ThvISion of Habitat http / /www state ak us/ adfg/hab1tat/hab_home htm 

Drvision of Subs1Stence 
http / /www state ak us/local/ akpages/FISH GAME/ subsISt/ subhome htm 

D1VIS1on of SubsIStence Whiskers Database 

http / /www state ak us/local/ akpages/FISH GAME/ subsist/ subhome htm 
Th.VIS1on of Sport FIBh 

http //www state ak us/local/akpages/FISH GAME/sportf/sf_home htm 
ADHS.S Alaska Department of Health & Social Services 
ADNR Alaska Department of Natural Resources http / /www dnr state ak us/ 
Th.V1Slon of Parks and Outdoor Recreabon http/ /www dnr state ak us/ parks 
Th.VIS10n of Mnung, Land and Water http/ /www dnr state ak us/mlw 
ADOT Alaska Department of Transportabon 
AEPS Arcbc Envrronmental Protection Strategy 

http/ /arcticcrrcle uconn edu/NatResources/aeps html 
AEWC Alaska Eskrmo Whaling ComrrusSion 
AFSC Alaska FIShenes Scrence Center (NOAA/NMFS) 

http / /www afsc noaa gov/ generalmfo htm 
AIS Archival Informabon System 
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AMAP Archc Momtonng and Assessment Programme 
http //www amap no 

AMHS Alaska Manne Highway System 
AMMC: Aleut Manne Mammal Comnussion 
AMMTAP Alaska Manne Mammals TISsue Arcluval Project 
AMNWR Alaska Mantlme Nahonal Wildlife Refuge 
AMOS Advanced Modelling and Observmg System 
AMSR Advance Microwave Scannmg Rad10meter 
ANHSC Alaska Nahve Harbor Seal CoillilUSSlon 
APEX Alaska Predator Ecosystem Experrment 
ARC Atlanhc Reference Center 
ARCUS .Arctlc Research Consorhum of the Umted States 

http / /www arcus org 
ARGO Array for Real-time Geostrophic Oceanography 
ARGO OPN ARGO Ocean Profilmg Network 

http //www argo ucsd edu 
ARIES Australian Resource Informahon and Environment Satellite 
ARLlS Alaska Resources Library and lnformahon Service 
ARMRB Alaska Regional Manne Research Board 
ARMRP Alaska Regional Manne Research Plan 
ARP A .Arctlc Research and Pohcy Act (1984) 
ASLC Alaska SeaLife Center 

http / /www alaskaseahfe org/ 
ASP Amnesrac Shellft.sh P01.somng 
ASIF Alaska Scrence and Technology Foundahon 

http / /www astf org 
ATSDR Agency for Toxic Substances and Disea.se Registry 
A TV All Terram Vehicle 
AUV Autonomous Underwater Vehicle 
A VHRR Advanced Very High Resoluhon Radiometer 
A VSP Alaska VISltor Stahshcs Program 
AWC Anchorage Waterway Counctl 

http //www anchwaterwayscounctl org 
AWQ ThVISlon of Arr and Water Quahty, ADEC 
BAHC Biosphenc Aspects of the Hydrological Cycle (IGBP) 
BASS Task Team Basrn Scale Studies Task Team (PICFS) 
BBMMC BrIBtol Bay Manne Mammal Counal 
BBNA BrIStol Bay Nahve Assocrahon 
BOS Biodiversity Conservahon Informahon System 
BDY Beach Dynamics 
BIO Biological Oceanography Comnuttee (PICFS) 
BOOS Balhc Operahonal Oceanographic System 
BRD Biological Resources Drvlslon 
CAAB Codes for Australian Aquahc Biota 
CACGP Conmussion on Atmospheric ChemIStry and Global Polluhon 
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CalCOFI Cahforrua Co-operahve FIShenes Inveshgahon program 
CAOS Co-ordmated Adnahc Observmg System 
CARIACO Carbon Retenhon m a Colored Ocean Program 
CARICOMP Canbbean Coastal Manne Produchvity 
CB"MP Chesapeake Bay Morutonng Program 
CCAMLR CoillilllSSlon for the Conservahon of Aptarchc Manne Lrvmg Resources 

http / /www ccarnlr org 
CCC Cod and Climate Change (ICFS/GLOBEq 
CCCC Ormate Change and Carrymg Capacity (PICFS/GWBEq 
CCF One hundred cufuc feet 
CCS Cahforrua Current System 

http //globec ace orst edu/groups/nep/mdex html 
CDFO Canadian Department of FIShenes and Oceans 
CDOM Coloured Dissolved Orgaruc Matter 
CDQ Commuruty Development Quota 
CEMP CCAMLR Ecosystem Morutonng Program 

http/ /www ccarnlr org/EnglISh/e_SCienhftc_comnuttee/e_ecosysterrLmorutonng/e_ec 
"osys_n10rutonng_mtro htm 

CENR Comnuttee on Envrronment and Natural Resources 
CEOS Comnuttee on Earth Observahon Satellites 
CGOA Coastal Gulf of Alaska 

http// globec ace orst edu/ groups/nep/mdex html 
) C-GOOS Coastal Panel of GOOS 

GIL Chlorophyll 
CI-IM: Oeanng-House Mecharusm of the Convenhon on Biological Diversity 
OF AR Cooperahve Inshtute for Archc Research 

http //www Cifar uaf edu 
http/ /www Cifar uaf edu/fishenes html 

C£IM:MS Cook Inlet Informahon Management and Morutonng System 
http / /www dnr state ak us/ ssd/ cnmms/ cnmms_sum2 html 

OK Cook Inlet Keepers 
CIMI Computer Interchange of Museum Informahon 
CIRCAC Cook Inlet Regional Citizens AdVISory Counctl 
CISNet Coastal Intensive Site Network 
CLEMAN Check LISt of European Manne Mollusca 
CUC Ormate and Cryosphere 
CLIV AR Ormate Vanabihty and Pred.Ictabihty Program 
C-MAN Coastal Marme Automated Network 
CMED /GMNET Consortium for Manne and F.stuanne Disease/Gulf of Mexico Network 
CMI (MMS) Coastal Marme lnshtute 
CMM CommISSion for Manne Meteorology (of WMO) 
CNE.5 Centre Nahonal d'Etudes Spahales (France) 
COADS Comprehensive Ocean-Atmosphere Data Set 

http / /www cdc noaa gov/ coads 
CODAR Coastal Radar 
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COWRS COastal region Wng-term measurements for colour Remote Sensmg development -
and vahdahon ( 

COMBINE COoperahve Morutormg m the Balhc Manne Environment 
CoML Census of Manne Life 

http //core ssc ere msstate edu/ censhome html 
CONNS Coastal Observmg Network for the Near Shore 
COOP Coastal Ocean Observahon Panel 
CoOP (NSF) Coastal Ocean Processes 
COP Coastal Ocean Program 
CORE Consorhum for Oceanographic Research and Educahon 

http //core ssc ere msstate edu/ corehmpgl html 
COSFSPO Coastal Observmg System for the Eastern South PaafJ.c Ocean 
COTS Commercial off the shelf software 
CPR AdVISOry Panel on Conhnuous Plankton Recorder Survey m the North Pacrfic (PICFS) 

CPTEC Center for Weather Forecasts and Ormate Studies (Brastl) 
CRIS Court Registry Investment System 
CRP Comprehensive Rahonahzahon Program 
CSCOR Center for Sponsored Coastal Ocean Research 
CSIRO Commonwealth Screnhfic and Industnal Research Orgaruzahon 
CTD Conduchvity temperature versus depth 
CTW Coastal Trapped Waves 
CVOA Catcher Vessel Operahonal Area 
CZCS Coastal Zone Colour Scanner 
DARPA Defense Advanced Research Projects Agency 
DBCP Data Buoy Cooperahon Panel 
DBMS Database Management System 
DDE Dlchlorodiphenyldichloroethylene 
DDT Dlchlorodiphenyltnchloroethane 
DEOS Deep Earth Observatones on the Seafloor 
DFO Department of FIShenes and Oceans, Canada 
DMS Dlmethylsulphide 
DNMI Norwegian Meteorological lnshtute (Det norske meteorologiske mshtutt) 
DO Dissolved Oxygen 
DOC US Department of Commerce 
DoD U S Department of Defense 
DODS Dlstnbuted Oceanographic Data System 

http/ /www urudata ucar edu/packages/ dods/ 
http I I dod.s gso un edu/ 

IX>E U S Department of Energy 
IX>I U S Department of the Intenor 
IX>N QUIJOTE Data Observmg Network for the QuIJOTe 
EA/RIR Environmental Assessment/Regulatory Impact ReVIew 
EASy Environmental AnalysIS System 
EC European Commuruty 
ECDIS Electroruc Chart and Display Informahon Systems 
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EC/IP Executive Comnuttee / Implementation Panel for CCCC (PICFS) 
ECMWF European Center for Med.mm Range Weather Forecasting 
ECOHAB (NSF) Ecology of Harmful Algal Blooms 
EDY Estuanne Dynamtcs 
EEZ Exclusive Econonuc Zone 
EEZ(A) European Econonuc Zone (Area) 
EFH Essential FISh Habitat 
EGB (NSF) Envrronmental Geochenustry and B1ogeochenustry 
EIOA European Oceanographic Industry Assoclation 
ELOISE European Land-Ocean Interact10n Studies 
EMAP Envrronmental Momtonng and Assessment Program 

http //www epa gov emap/ 
http //yosermte epa gov/rlO/oea nsf/l 887fc8b0c8f2aee8825648fil0528583/f7a660b35e 
5d96df882568790053fclO?Openl)ocutnent 

ENSO El Nifio Southern Oscillation 
EOSDIS EOS Data and Information System 

http// spsosun gsfc nasa gov /NewEOSDIS_Over html 
EPA US Envrronmental Protechon Agency 
ERMS European Register of Manne Specres 
ERS-1 European Remote Sensmg satelhte-1 
ERS--2 European Remote Sensmg satalhte-2 
FSH (NSF) Manne Aspects of Earth System History 
FSIP F.arth Scrence Information Partners Federation 
ESP Eastern South Pacrfic 
ESRI Envrronmental Systems Research Insbtute 

ArcIMS system http / /www esn com/ software/ arcrms/ mdex html 
ETL tools Extrachon, Transformation, and Load.mg tools 
EU European Umon 
EUMETSAT European Orgaruzation for the Exploitation of Meteorological Satellites 
EuroGOOS European GCX:::>S 
EuroHAB European Harmful Algae Bloom 

EVOS Exxon Valdez Otl Spill http/ /www otlsptll state ak us/ 
B1bhography http/ /www otlsptll state ak us/B1bho/b1bho htm 
Fmal and Annual Reports http //www otlsptll state ak us/reports/clusters htm 

F & A Fmance and Admrmstration Comnuttee (PICFS) 
FCCC Framework Convention on Chmate Change 

Federal Geographic Data Comnuttee metadata reqwrements 
http/ /www fgdc gov /metadata/metadata html 

Federal SubsIStence FIShery Morutonng Program, Federal Subsistence Management Program 

http/ /www r7 fws gov/ asm/home html 
FGDC Federal Geographic Data Comnuttee 
FIS FIShery Saence Comnuttee (PICES) 
FIShbase, FIShGopher, FIBhNet searchable flSh databases managed by multiple orgaruzations 
FMP FIShery Management Plan 
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FOO FISh.enes Oceanography Inveshgabons 
http //rho pm.el noaa gov/ card/long/home_page html 

F-R Fundraismg Comnuttee (PICFS) 
FY FISCal. Year 
GAIM Global AnalysIS, Interpretabon and Modelling (IGBP) 
GAK Gulf of Alaska 
GAP Gap AnalySIS Program 
GARP Genebc Algonthm for Rule-set Producbon 
GBIF Global B10diversity Informabon Facllity 
GC Goverrung Council (PICFS) 
GCM Global Orm.ate Model 
GCN Global Core Network 
GCOS Global Orm.ate Observmg System 

http //193135 216 2/web/gcos/pub/drm_vl_l html 
GCRMN Global Coral Reef Momtonng Network 
GCTE Global Change and Terrestnal Ecosystems (IGBP) 
GEF Global Envrronmental Facllity 
GEM Gulf Ecosystem Momtonng 
GEO Global Eulenan Observabons 
GEOHAB Global Ecology of Harmful Algal Blooms 
GHL Gwdelme Harvest Level 
GIPME Global Invesbgabon of Pollubon m the Manne Envrronment 
GIS Geographic Informabon System 
GIW A Global Internabonal Water Assessment 
GU Global Imager 
GLOBE Global Learmng and Observabons to Benefit the Envrronment 

http/ /www globe gov 
GLOBEC Global Ocean Ecosystem Dynanucs 

http/ /cbl umces edu/fogarty/usglobec/ 
GLOB EC NEP GLOBEC Northeast Pacmc 

http// globec ace orst edu/ groups/nep/mdex html 
GLORIA Geologtcal Long-Range Inchned Asdic 
GLOSS Global Sea-Level Observmg System 
GMBIS Gulf of Manne B1ogeograpruc Informabon System 
GNP Gross Nabonal Product 
GOA Gulf of Alaska 
GODAE Global Ocean Data Assmulabon Expenment 
GOES Geostabonary Operabonal Environmental Satellite 
GOOS Global Ocean Observmg System 

http / /www gos udel edu 
GP A/LBA Global Programme of Acbon for the Protecbon of the Manne Envrronment from 

Land-Based Acbvibes 
GPO GOOS Project Office 
GPS Global POSibonmg System 
GSC GOOS Steenng Comnuttee 
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GTOS Global Terrestrial Observmg System 
GTS Global Telecornmurucabons System 
GUI Graplucal User Interface 
HAB harmful algal bloom 

http / /www redbde whm edu/hab 
HABSOS Harmful Algal Bloom Observmg System 

http //www habhrca noaa gov 
HA.PC Habitat Areas of Parbcular Concern 
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HELCOM Helsmki CommISs10n-Balbc Manne Envrronment Protecbon CommISS10n 
HMAP History of Manne Arum.al Populabons 
HMS Hydrometeorological Service 
HNLC lugh rutrate, low chlorophyll waters 
HOTO Health of the Oceans 
HPLC High Performance Llqwd Chromatography 
IABIN Inter-Amencan B1odivers1ty lnformabon Network 
IAI Inter-Amencan lnsbtute 
IARC lnternabonal Arcbc Research Center, Uruvers1ty of Alaska 

http/ /www J.a1'C uaf edu/ 
IARPC Interagency Arcbc Research Pohcy Comrmttee 

http/ /www nsf gov/ od/ opp/ arcbc/iarpc/ start htm 
IBOY lnternabonal B10divers1ty Observabon Year 
IBQ Individual Bycatch Quota 
ICAM Integrated Coastal Area Management/ Integrated Coastal Area Management Programme 
ICFS Internabonal Council for the Explorabon of the Sea 
ICLARM Internabonal Center for Llvmg Aquabc Resources Management 
ICM Integrated Coastal Management 
ICSU Internabonal Council for Scrence 
ICZN Internabonal Code of Zoological Nomenclature 
IFEP Iron Ferbhz.ahon Expenment Panel (PICES) 
IFQ Individual FISlung Quota 
IGAC Internabonal Global Atmosphenc Chemistry Project (IGBP /CACGP) 
IGBP lnternabonal Geosphere-B10sphere Programme 

http //www igbp kva se/ 
IGBP-DIS Data and lnformabon System (IGBP) 
I-GOOS IOC-WMO-UNEP Comrmttee for the Global Ocean Observmg System 
IGOS (NASA) Integrated Global Observing System 
IGOSS Integrated Global Ocean Services System 
IGS lnternabonal GPS Service for Geodynamics 
IGU lnternabonal Geograpluc Uruon 
IlIDP Internabonal Human Drmens1ons Programme on Global Envrronmental Change 
IIP lnternabonal Ice Patrol 
I-LTER Internabonal LTER 
IMS Insbtute of Manne Saence, Uruvers1ty of Alaska 

1 lnfoBCXJS BCX>S lnformabon System 
I 
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INPFC Internat10nal North Pacrfic FIBhenes Comnuss10n 
http/ /www npafc org/mpfc/mpfc html 

IOC Intergovernmental Oceanographic Comnuss1on (of UNESCO) 

http/ /10c unesco org/1yo/ 
IOCCG Internat10nal Ocean-Color Coordmatmg Group 
IODE Internabonal Oceanographic Data and Informahon Exchange 

http //10c. unesco org/lode/mdexhtm 
IOOS Integrated Ocean Observmg System 

http/ /core ssc ere msstate edu/oceanobs html 
IPCC Intergovernmental Panel on Climate Change 
IPHAB Intergovernmental Panel on HABs 
IPHC Internabonal Pacrfic Halibut Comnuss10n 

http //www 1phc washmgton edu/) 
IPSFC Internabonal Pacillc Salmon FIBhmg Comnuss10n 
IRFA Iruhal Regulatory Flexibility AnalySIS 
IRIU Improved Retenbon/Improved Utllizabon 
ITAC Irubal Total Allowable Catch 
ITIS Integrated Taxonormc Informabon System 
TISU IOC Tsunami W arrung System m the Pacrfic 
IUCN The World Conservabon Uruon 
Japanese ADEOS-2 satellite http //seawmds JPl nasa gov 
JCOMM Jomt Techrucal Comnuss10n for Oceanography and Manne Meteorology 
JDBC Java Database Connecbvity 
JDIMP Jomt Data and Informabon Management Panel 
JGOFS (NSF) J omt Global Ocean Flux Study 

http// ads smr mb no/Jgofs/Jgofs htm 
KBRR Kachemak Bay Research Reserve 

Kachemak Bay Ecological Charactenz.ahon study 

http //www state ak us/adfg/habitat/genmfo/nerr/kbec/mdex htm 
KRSA Kenai River Sportfislung Assocrabon 
LAMP Local Area Management Plan 
LA TEX Lomsiana-Texas shelf study 
LEO Long-term Ecosystem Observatory 
LE0-15 Long-term Ecosystem Observatory at 15-m depth 
LExEn (NSF) We m Extreme EnVIronments 
LIDAR Light Detecbon and Rangmg 
List of oceanographic data servers http //gcmd gsfc nasa gov/pomters/oceanhtml 
LLP License Llrmtabon Program 
LMR Llvmg Manne Resources 
LOICZ Land-Ocean Interacbons m Coastal Zone 
LTER Long-term Ecological Research (NSF) http //lternet edu/ 
LTOP Long-Term Observabon Program 

http// globec ace orst edu/ groups/nep/mdex html 
LUCC Land Use/Cover Change (IGBP /IHDP) 
MABNET Man and the Biosphere Network 
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MARBID Manne BiochverSity Database 
MARGINS (NSF) Conhnental Margins 
MarLIN Manne Laboratones lnformat10n Network 
MAROB Manne Observat10n 
MAST Manne Scrence and Technology 
MBARI Monterey Bay Aquanum Research Institute 

http //www mban org/about/ 
MBF One thousand board feet 
MBMAP AdVISory Panel on Manne Brrds and Mammals (PICES) 
MBNMS Monterey Bay National Manne Sanctuary 

http/ /boruta mbnms nos noaa gov /research/mb_workshop/mdex html 
MEHRL Manne Envrronmental Health Research Laboratory 

http //www cofc edu/-gnce/mehrl 
MEL Master Envrronmental Library 

http / /www-mel nrlmry navy mil/ 
MEQ Manne Envrronmental Quality Committee (PICFS) 
MERIS Medmm Resolution Imagmg Spectrometer 
MetOp Meteorological Operahonal 
MFS Mediterranean Forecashng System 
MMP A Manne Mammal Protectlon Act 
l\.1MRC The North Pacrfic Uruversities Manne Mammal Research Consortium 

consortium@zoology ubc ca 
MMS Mmerals Management Service 
MMS OCSFS Outer Conhnental Shelf Envrronmental Studies 
MODEL Conceptual/ Theoretical and Modelmg Studies Task Team (PICES) 
MODIS Moderate Resolution Imagmg Spectrorachometer 
MONITOR Morutor Task Team (PICFS) 
MOOS Ocean Observmg System of the Monterey Bay Aquanum Research Institute 

http/ /www mban org/ default htm 
MOS Modular Optoelectroruc Scanner 
MP A Manne Protected Areas (DOC/DOI) 

http/ /www mpa gov 
MRB Maximum Retamable Bycatch 
MSFCMA Magnuson-Stevens FIBhery Conservation and Management Act 
MSY Maxnnum Sustamable Yield 
mt Metnc tons 
NA Northern Adnahc 
NABIN North Amencan Biodiversity Information Network 
NABIS National Aquatic BiodiverSity Information Strategy 
NAML National AsSOCiation of Manne Laboratones 
NAO North Atlantic Osallation 
NASA National Aeronauhcs and Space Admirustration 
NASA/ AMSR Advance Microwave Scanrung Radiometer 

http / /wwwghcc msfc nasa gov/ AMSR/ 
Earth Scrence Enterprise http / / www earth nasa gov 
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NASA/GRACE Gravity Recovery and Ormate Experiment 
http / / essp gsfc nasa gov/ essprruss10ns html 

NASA/NASDA Tropical Ramfall Measurement Miss10n 
http/ /ltpwww gsfc nasa gov /MODIS/MODIS html 

NASA/Salnuty and Sea Ice Workmg Group 
http/ /www esr org/lagerloef/SSiwg/ssiwgrepl v2 html 
NASA/Sea WiFS http / / seawifs gsfc nasa gov 
Naval Oceanographic Office 

http/ /128160 23 51/noframe/select products htm 
NAWQA Natrona! Water Quality Assessment Program 
NCAR Natrona! Center for Atmosphenc Research 
NCDC Natrona! Ormate Data Center 

http / / www ncdc noaa gov/ 
NCEP Natrona! Centers for Envrronmental Protection 
NDBC Natrona! Data Buoy Center 
NDVI Normalized Difference Vegetatron Index 
NEAR-GOOS North East Asian GOOS 
NEMO Naval Earth Map Observer 
NEODAT Inter-Instrtutronal Database of FIBh Biodiversity m the Neotrophics 
Nil' Natrona! Estuarary Program 
NERR Natrona! Estuarme Research Reserve 
NFSDIS Natrona! Envrronmental Satellite, Data, and Informatron Service 
NGO Non-governmental orgaruzatron 
NGOA Northern Gulf of Alaska 
NIST Natrona! Instrtute of Standards and Technology 

http / /www rust gov/ 
NIWA Natrona! Instrtute of Water and Atmosphere Research 
NMFS Natrona! Manne FIBhenes Service 

http/ /www nmfs gov/ 
NMMHSRP Natrona! Marme Mammal Health and Strandmg Response Program 

http / /www nmfs gov/ prot_res/ overview/ mmhealth html 
NMML Natrona! Marme Mammal Laboratory 

http //nmml afsc noaa gov/ AlaskaEcosystems/sslhome/FILEINFO htm 
NOAA Natrona! Oceanic and Atmosphenc AdmmIStratron 
NOAA HAZMAT Haz.ardous Matenals Program 
NOAA NOS Natrona! Ocean Service 
NODC Natrona! Oceanographic Data Center 

http / /www node noaa gov 
NOlS Natrona! Outdoor Leadership School 
NOPP (NASA) Natrona! Ocean Partnership Program 

http //core ssc ere msstate edu/NOPPpgl html 
NOPPO Natrona! Oceanographic Partnership Program Office 
NORLC Natrona! Ocean Research Leadership Counctl 
NORP AC North Pacrfic, an mformally orgaruzed group of saentrsts responsible for collatrng 

and pubhshmg much of the oceanographic data collected m the North Paafic Ocean durmg 
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the penod of approxrmately 1930 to 1965 These data were published m several volumes by 
the Uruvers1ty of Cahforrua Press Tius data set is collectively known as the NORP AC data 

NOS Nabonal Ocean Service 
http / /www nos noaa gov/ 

NP AFC North Pacmc Anadromous Fish CommlSS1on 
http /I www npafc org 
http //www pac dfo-mpo gc ca/SCI/pbs/pages/NPAFC htm 

NPDE.S Nabonal Pollubon Discharge Ehmmabon System 
NPFMC North Pacmc Fishery Management Council 
NPO North Pacific Osctllabon 
NPOFSS Nabonal Polar-Orb1bng Envrronmental Satellite System 
NPS Nabonal Park Service 
NRC Nabonal Research Council 
NRT Near Real Trme 
NS&T Nabonal Status and Trends Program 

http// ccmaserver nos noaa gov /NSandT /New __NSandT html 
NSF Nabonal Scrence Foundabon 
NSIPP (NASA) Seasonal-to-Interannual Predicbon Program 
NURP (NOAA) Nabonal Undersea Research Program 
NVODS Nabonal Virtual Ocean Data System http/ /nvods org/ 
NVP Nearshore Vertebrate Predator prOJect 
NWP numencal weather predicbon 
NWS Nabonal Weather Service 

http / /www nws noaa gov/ 
OAR Office of Ocearuc and Atmosphenc Research (NOAA) 

http /I oar noaa gov I 
OBIS Ocean B10geographical Informabon System 

wwwcomlorg 
OCC Ocean Carrymg Capacity 
OCSEAP Outer Conbnental Shelf EnvJ.ronmental Assessment Program 
OCTS Ocean Color and Temperature Scanner 
OE (NOAA OAR) Office of Ocean Explorabon 

http / / oceanpanel nos noaa gov/ 
OECD Orgaru.zabon for Econorruc Co-operahon and Development 
OFP Ocean Flux Program 
OMB Office of Management and Budget 
OOPC Ocean Observabons Panel for Chmate 
OOSDP Ocean Observmg System Development Panel 
OPA 90 Otl Pollubon Act of 1990 

http / /www pwssc-osn org/ docs/ opa90 html 
OPR Office of Protected Resources 

http I I www nmfs gov I prot_res/ prot_,res html 
ORAP Ocean Research AdVISory Panel 
ORNL Oak Ridge Nabonal Laboratory 

Mercury http / /betja-flor ornl gov Iba/ 
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OSNLR Ocean Scrence m Relahon to Non-LIVlng Resources 
OSP ARCOM Convenhon for the Protection of the Manne Envrronment of the North-east 

Atlanhc 
OSRI Pnnce Wllliam Sound Otl Spill Recovery Insbtute 

http / /www pwssc-osn org/ IIUSSion/ nussion fr html 
OSSE Observation System Srmulahon Experiments 
OSTP Offi.ce of Scrence and Technology Policy 
OY Optrmum yield 
P AG Public Advisory Group 
PAGES Past Global Change (IGBP) 
P AH Polyaromahc hydrocarbons 
PAR Phosynthebcally Available Radtahon 
PC Pubhcahon Committee (PICES) 
PCAST President's Comrmttee of AdVISOrs on Scrence and Technology 
PCB Polychlormated biphenyls 
PCC Pollock Conservahon Cooperahve 
PDQ Pacrftc Decadal Osctllahon 

PICES Data Bases http //piceS 10s be ca/data/webhst/webhsthbn 
PICES North Pactftc Manne Scrence Orgaruz.ahon (not an acronym) 

http //pices 10s be ca/ 
PICES Techrucal Comrmttee on Data Exchange http/ /ptces 10s be ca/ data/ data£ hbn 
PIRATA Ptlot Research Array m the Tropical Atlanhc 
PISCO Partnership for the Interdtscrphnary Study of Coastal Oceans 

http/ /www plSCoweb org/ 
PMEL Pactftc Manne Envrronmental Laboratory 

http / /www pmel noaa gov/ 
PMEL Bermg Sea and North Pacrftc Ocean Theme Page www pmel noaa gov /benng 
POC Physical Oceanography and Chmate Comnuttee (PICFS) 
POLDER Polanzahon and Dtrechonality of the Earth's Reflectances 
POM Princeton Ocean Model 
PORTS Physical Oceanographic Real-Time System 
PORTS/VI'S PORTS/Vessel Traffic Services 
POST Pactftc Ocean Salmon Trackmg Project 
PRODAS Prototype Ocean Data Analysis System 
PROFC Programa Regional de Oceanografta FISica y Chma 
PSC Pactftc Salmon Conmuss1on 

http //www psc org/Index htm 
PSMFC Paaf:t.c States Manne FIShenes CoimIUSSlon 

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

http / /www mus org/ mdex html 
PSP Paralytic ShellfISh P01sorung 
PST Pactftc Salmon Treaty 
PWS Prmce Wllliam Sound 
PWSAC PWS Aquaculture Corporahon http/ /www ctcak net/-pwsac/ 
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PWSRCAC PWS Reg10nal G.hzens AdVISory Counctl 
PWSSC Pnnce Wilham Sound Saence Center 

http / /www pwssc-osn org/ 
QAQC Quality Assurance and Quality Control 
QC quality control 
QUIJOTE Qwckly Integrated Jmnt Observmg Team 
R&D Research and Development 
RACE Resource Assessment and Commuruty Ecology 
RAMS Reg10nal Atmosphenc Modehng System 
RCAC Regional G.bzens AdVISory Counctl 
RCRA Resource Conservabon and Recovery Act 
RDP Ribosomal Database ProJect 
REX Reg10nal Expenments Task Team (PICES) 
RIIXill (NSF) Ridge Interchsaphnary Global Expenments 
RLDC Responsible Local Data Center 
RLDC Responsible Local Data Center 
RMI Remote Method Invocabon 
RNODC RespoilSlble Nabonal Oceanographic Data Center 
RSN Red.Sur Network 
Sl Sess10n 1 - Science Board Symposmm on Subarctic gyre processes and their mteracbon with 

coastal and transibon zones phySical and biological relabonships and ecosystem rmpacts 
(PICES) 

S2 Sess10n 2 - BIO Topic Sess10n on Prey consumpbon by higher trophic level predators m 
PICES regions rmphcabons for ecosystem studies (PICES) 

S3 Session 3 - J amt BIO / CCCC Topic Session on Recent progress m zooplankton ecology study 
m PICFS reg10ns (PICFS) 

S4 Session 4-FIS Topic Sess10n on Short hfe-span qmd and frsh as keystone specres m North 
Paafic manne ecosystems (PICFS) 

SS Session 5 - POC Topic Sess10n on Large-scale crrculabon m the North Paafic (PICES) 
S6 SesSJ.on 6 - Jomt POC / BIO Topic Sess10n on North Pacific carbon cychng and ecosystem 

dynamics (PICFS) 
S7 Sess10n 7 - CCCC Topic Sess10n on Recent fmdmgs and compansons of GLOBEC and 

GWBEC-hke programs m the North Pacrfic (PICES) 
S8 Session 8 - MEQ Topic Sess10n on Envrronmental assessment of Vancouver Harbour results 

of an mternabonal workshop (PICFS) 
S9 Sess10n 9 - MEQ Topic Sess10n on Scrence and technology for environmentally sustamable 

rnanculture m coastal areas (PICFS) 
SAFE Stock Assessment and FIBhery Evaluabon Document 
SAR Synthebc Aperture Radar 
SB Science Board (PICES) 
SBIA (NSF) Shelf-basm Interacbons m the Arcbc 
SCAMIT Southern Callforrua Assocrabon of Manne Invertebrate TaxonoffilSts 
SC(-IGBP) Scienbfic Comrmttee for the IGBP 
SCICEX (NSF) Science Ice Exercrse 
SCOPE Screnb&c Comrmttee on Problems of the Environment 
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SCOR Saentillc Comrn.Ittee on Ocearuc Research 
SCS South Chma Sea 
SEA Sound Ecosystem Assessment 
SEARCH Study of Envrronmental Arcbc Change 
SEAS Slupboard Envrronmental Data Acqmsibon System 
SeaWIFS Sea-viewmg Wide Field-of-view Sensor 
SEI Specral Events Imager 
SEPOA Southeast Pacmc Ocean Array 
SFOS School of FIShenes and Ocean Scrences 
SG SeaGrant 

http / / www nsgo seagrant org/ 
SGI State of the Gulf Index 
SHEBA (NSF) Surface Heat Budget of the Arcbc Ocean 
SIMBIOS Sensor Intercompanson and Merger for B10logical and Interchsaphnary Ocearuc 
Studies 
SIMoN Sanctuary Integrated Momtonng Network 

http/ /www mbnms nos noaa gov /Research/ srmon/ srmon htm 
SLFMR Scanmng Low Frequency Microwave Rad10meters 
SO-GWBEC Southern Ocean Programme (GWBEC) 
SOIREE Southern Ocean rron release expenment 

http/ /kabpo mwa en I1Z/-hadfield/ gust/ rron 
SOLAS Internabonal Convenbon for Safety of We at Sea 
SP ACC Small Pelagic FISh and Clnnate Change (GLOB EC) 

Specrmen Bankmg Project 
http //www nwfsc noaa gov/pubs/tm/tm16/tm16 htm 

SQuID Structured Query and Informabon Dehvery 
SSC So.entillc and StatISbcal Committee 
SSE (NOAA) Sustamable Seas Expedibon 
SSF Storm Surge Forecast System 
SSH Sea Surface Height 
SSM/I Specral Sensor Microwave/Imager 
SSS Sea Surface Salrmty 
SST Sea Surface Temperature 
ST AMP Seabrrd TISSUe Archival Momtonng PrOJect 
START Global Change System for AnalysIB, Research and Trarmng (IGBP) 
STD Sahmty Temperature Depth recorder 
STORET System (EPA) 

http //www epa gov/owow/STORET 
SW AO South Western Atlantic Ocean 
TAC Total Allowable Catch 
TAO Tropical Atmosphere Ocean (buoy array) 

http/ /www pmel noaa gov /toga0tao/review98/ data html 
TASC Transatlanbc Study of Calanus finmarchicus (EU) 
TCODE Techmcal Comrn.Ittee on Data Exchange (PICES) 
TCP Tropical Cyclone Programme 
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TEMA Trarmng, Educahon and Mutural AssIStance (IOC) 
TOGA Tropical Ocean and Global Atmosphere 
TOPEX/Poseiden http / / topex-www JPl nasa gov 
T/P TOPEX/Poseidon 
UAA Uruvers1ty of Alaska, Anchorage 
UAF Uruvers1ty of Alaska, Farrbanks 
UN Uruted Nahons 
UNCED The Uruted Nahons Conference on Envrronment and Development 
UNCLOS Uruted Nahonal Convenhon on the Law of the Sea (Montego Bay, 1982) 
UNEP Uruted Nahons Envrronmental Programme 
UNESCO Uruted Nahons Educahonal, Screnhflc and Cultural Orgaruzahon 

http / / 10c unesco org/ 1ocweb / 
UNFCCC Uruted Nahons Framework Convenhon on Chm.ate Change 
USARC US Archc Research Coillill18Slon 
USCG U S Coast Guard 
USDA U S Department of Agriculture 
USDHHS US Department of Health and Human Services 

http //www os dhhs gov/ 
USPS U S Forest Service 
USGCRP (NASA) US Global Chmate Research Program 
US GWBEC (NSF) U S Global Ocean Ecosystem Dynanucs 

http //cbl umces edu/fogarty/usglobec/ 
USGS US Geological Survey 

http / /www usgs gov/ 
USNO U S Naval Observatory 

http / /www usno navy rml/ 
VBA Vessel Bycatch Accounhng 
VENIS (NOAA) Vents Program 
VIP Vessel Incenhve Program 
VOS Volunteer Observmg Ships 
W1 Workshop 1- MONITOR Workshop on Progress m morutonng the North Pacillc (PICES) 
W2 Workshop 2- REX Workshop on Trends m hernng populahons and trophodynamics 

(PICFS) 
W3 Workshop 3 - MODEL Workshop on Strategies for couplmg higher and lower trophic level 

manne ecosystem models (PICFS) 
W4 Workshop 4 - BASS Workshop of Development of a conceptual model of the Subarchc 

Pacillc basm ecosystem(s) (PICFS) 
W5 Workshop 5 - IFEP Planrung Workshop on Designmg the rron ferhhzahon expenment m 

the Subarchc Paabc (PICFS) 
W6 Workshop 6- (BIO/ MBMAP) -The baSis for eshm.ahng the abundance of manne birds 

and mammals, and the rmpact of their predahon on other organisms (PICF5) 
W7 Workshop 7-C02 Data SynthesIS Symposmm (PICES) 
W AM Wave Model 

WCRP World Chmate Research Program (ICSU /IOC/WMO) 
WES Waterways Experrmental Stahon 
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WESTPAC IOC Sub-Cornnuss1on for the Western Pacrf:tc 
WG Workmg Group (PICFS) 
WHOI Woods Hole Oceanographic Inshtuhon 
WMO World Meteorological Orgaruzahon 
WMS Open GIS Consorhum's Web Mappmg Server 

http/ /www opengis org/techno/specs/01-047r2 pdf 
WOCE (NSF) World Ocean Crrculahon Expenment (WCRP) 

http/ /www soc soton ac uk/OTI-IERS/woce1po/lpo html 
http/ /www ems udel edu woce/ 

WODC World Oceanographic Data Center 
WOOD World-wide Oceans Ophcs Database 
WWW World Weather Watch 
XBT expendable bathythermograph 
XCDT expendable conduchvity, depth and sahruty devices 
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