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Foreword

The GEM SCIence Plan has been developed through a process mvolvmg the SCIentIfic and
TechnIcal AdVIsory CommIttee (STAC), the PublIc AdVISory CommIttee and the GEM HabItat
SubCOmmIttee wIth OPPOrtunIty for mput from the publIc and stakeholders The SCIence Plan IS
modeled closely after the GEM Program Document, WIth partIcular emphaSIS on Chapter 2 - the
Conceptual FoundatIOn and Chapter 4 - Program ImplementatIOn In addItIOn to thIs document,
the NatIOnal Research CounCIl (NRC) reVIew of the GEM program was also a pnmary source of
guIdance for the SCIence Plan For the sake of brevIty, the SCIence Plan does not reproduce
matenals aVaIlable m eIther of these documents, although some summarIes have been prOVIded
for the sake of context The GEM Program Document, as adopted by the Exxon Valdez 011 SpIll
Trustee CouncIl m July 2002, and the NRC reVIew, ongmally made aVaIlable m May, 2002, are
aVaIlable on the GEM webSIte, http //www ollspllI state ak us/gem/Index html

As explamed m the GEM Program Document and adVIsed by the NRC reVIew, the SCIence Plan
IS necessarIly a IIvmg document that WIll be regularly updated by usmg all the tools, strategIes
and management processes avaIlable to GEM The process ofbUIldmg and changmg the SCIence
Plan must be delIberate and carefully accomplIshed, guIded by GEM's conceptual foundatIOn
and new mformatIOn GEM IS an unprecedented opportunIty to do very long-term momtonng
and research on the marme ecosystems of the northern Gulf of Alaska WIth that m mmd, the
GEM SCIence Plan has been wntten m the spmt of provldmg a platform from whIch GEM can
both bUIld long-term data sets and adapt to changmg Ideas about detectmg and understandmg
changes m the valued manne-related resources of the Gulf of Alaska

PhIlhp R Mundy, SCIence DIrector
Gulf of Alaska Ecosystem Momtormg and Research Program
Exxon Valdez 011 SpIll Trustee CouncIl
Anchorage, Alaska
February 1, 2003
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Summary of GEM FY 04 Actions by projects and staff

The followmg lIsts of bullets summanze the major actions m each habItat type and IdentIfy the
ways m WhICh they are to be accomplIshed by project selected m response to the FY 04
InvItatIOn (proJect) or by staff (staff) Please see the mam document for detailed explanatIOns of
ratIOnales and out year schedules

Alaska Coastal Current

• MamtaIn support for the Seward GAKI time senes (proJect), PWS current momtonng
(proJect), contmuous plankton recorder (proJect), thermosalmograph, and fluorometer
(project) on vessels of opportumty Investigate possIbIlIties for real time data
extractIOn (staff)

• Evaluate optIOns for partnenng WIth the Alaska Marme HIghway System for
thermosalmograph, fluorometer, and eventually nutrIent momtormg on ferry routes
throughout the northern GOA (proJect)

• Contmue to momtor mtrate over the shelf and basm as part of the NMFS
OCC/GLOBEC salmon survey m July/August 2004 (project)

• Contmue development of mterdiscIplmary fishenes oceanography measurement
project at Anchor Pomt m Cook Inlet to understand dynamIcs of Alaska Coastal
Current m relatIOn to management of sockeye salmon fishery (proJect)

• Develop a web based system for dIstnbutmg mformatIOn and peer reVIewed, author
attrIbuted data sets from the GEM program (proJect)

• EstablIsh web pages for each habItat and the GEM Model (Cross HabItat actiVItieS)
on the EVOS web SIte, whIch would contam relevant EVOS publIcatIOns, reports,
data sets, and other mformatIOn (staff)

• ProVIde Imks to web SItes displaymg graphIcal mformatIOn WIth data from current
proJects, mcludmg Seward Lme StatIOn 1 (GAKl), Contmuous Plankton Recorder,
thermosalmograph and fluorometer (staff)

• ImtIate GEM bIOphySIcal model development (proJect)
• Contmue process of establIshmg operatIOnal fishenes oceanography programs m

Cook Inlet (staff) Develop relatIOnshIps WIth fishery managers m Cook Inlet m
preparatIOn for long-term development of fishery management tools, and to
coordmate GEM ecosystem model development With fishery management needs
(staff)

Nearshore

• EstablIsh web pages for each habItat and the GEM Model (Cross HabItat actiVItIes)
on the EVOS web SIte whIch would contam relevant EVOS publIcatIOns, reports, data
sets, and other mformatIOn (staff)

• Coordmate and faCIlItate mteractIOn among mvestIgators m nearshore projects to plan
for FY 05 InVItatIOn for Proposals (projects and staff)
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Watersheds

• Complete work and analyze cores of sediments from sockeye-beanng lakes on the Kenar
Penmsula and Pnnce Wilham Sound to understand the natural vanablhty of productIOn m
these systems m the distant past (up to 5,000y) (project)

• Identify and demonstrate statistically ngorous samplmg strategies for detectmg manne
Signals and prOXies from plants and ammals m the marme watersheds and nearby
nearshore areas (project)

• Identify and demonstrate cost effective commumty based samplmg strategies for Citizen
momtonng of manne-related vanables and prOXieS m watersheds and nearby nearshore
areas Demonstrate how to mcorporate proven approaches to commumty based
momtormg of the aquatic envllonment, mcludmg QAlQC of Citizen momtonng data
(project)

• Estabhsh web pages for the Watershed habitat and the GEM Model (Cross Habitat
actIVIties) on the EVOS web Site wmch would contam relevant EVOS pubhcatIOns and
reports and other mformatIOn (staff)

• Investigate opporturntIes to Improve and/or extend the quahty and avallablhty of eXlstmg
commurnty based data collectIOn projects for key physIcal, cheffilcal, and bIOlogical
vanables m coastal watersheds of the GEM regIOn (staff)

• Participate With regIOnal partners m developmg a strategiC plan to use and lffiprove
remote sensmg data acqulSltIOn, analySIS, and modelmg of coastal watersheds of the
GEM regIOn (staff)

Offshore

• ActIOns m the offshore are combmed With those ofthe ACC for FY 04

DRAFT - DO NOT CITE - EVOSTC/GEM 6
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GUide for Readers

The GEM SCIence Plan IS a workmg document for the reference of those who work WIth the
Program on a regular basIS, or who may have an mterest m reVlewmg the actIOns underway or
planned for program ImplementatIOn As a working document for a new program, some of the
sectIOns are currently place holders for matenals to be developed over time and may have very
httle content at present Readers who are famIhar WIth the GEM Program may skip dIrectly to
the sectIOn entItled "GEM SCIence Plan," whIle those who are new to the program should start
wIth the Background Matenals

Background matenals hIghhghtmg key features of the GEM Program Document are mcluded
here as a convemence For more complete mformatIOn the reader should see the full document
at http //www OllspIlI state ak us/gem/documents html

Background Materials

MIssIon and Goals

The 1ll1SSIOn of the Gulf of Alaska Ecosystem Momtonng and Research (GEM) Program, as
adopted by the Exxon Valdez 011 SpIll Trustee CouncIl m July 2002, IS to

Sustam a healthy and bIOlogically diverse marlne ecosystem m the northern Gulfof
Alaska and the human use ofthe marlne resources m that ecosystem through greater
understandmg ofhow Its productivity IS mfluenced by natural changes and human
activities

The goals of the GEM Program are to

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

2 Understand Identify causes of change m the marme ecosystem, mcludmg natural
vanatIOn, human mfluences, and theIr mteractIOn

3 Inform PrOVIde mtegrated and synthesIzed mformatIOn to the pubhc, resource
managers, mdustry, and pohcy makers ill order for them to respond to changes m
natural resources

4 Solve Develop tools, technologIes and mformatIOn that can help resource managers
and regulators Improve management ofmanne resources and address problems that
may anse from human actIVIties

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

DRAFT - DO NOT CITE - EVOSTC/GEM 7
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Global Context

As an emergmg regIOnal manne SCIence program, GEM must msure that ItS actIOns are
compatIble and complementary to natIOnal and global programs that serve the same purposes
Indeed, gIven the large spatial scales over wruch bIOlogical and phYSICal phenomena operate, It
would be ImpossIble to understand and predIct changes rn the regIOn's natural resources wIthout
the cooperatIOn and support of partners wIth broader geograpruc mandates The large spatIal
scales reqUIre ecosystem-based natural resource management to have a global perspective
Developrng a global context reqUIres developrng the understandrng of how phenomena at dIStant
localIties affect local condItions and bIOlogy For example, warmrng of the PaCIfic Ocean at the
equator early rn the calendar year may lead to weather changes rn the Gulf of Alaska rn the fall
and wrnter of the same calendar year and change the abundance of salmon five calendar years
later EstablIsrung the global context reqUITes lrnkrng events at wIdely dIvergent times and
places to explarn events rn the here and now

GEM IS one bUIldrng block rn a global observrng system currently under constructIOn (figure on
followrng page) GEM IS an rntegral component of the now-developrng Coastal Alaska
Observatory System (CAOS) and the US Integrated and Sustarned Ocean Observrng System
(lOOS), pIeces of the efforts are underway from the rntematIOnal to the regional governmental
level to make a global ocean observrng system (GOOS) a functIOnal analog to the system now rn
place for meteorology Due to the efforts of global organIzatIOns (e g, World MeteorologIcal
OrgamzatIOn), advances rn computer processrng speed, the growth of satellIte observrng systems,
and the growrng polItical awareness of the local consequences of global change, It IS now
realIstIc to enVlSlon GEM as a sIgmficant component oftrus global observrng system Lrnkrng
bIOlogICal and phySIcal observatIOns over thousands of mIles through models to understand
changes rn srngle speCIes IS a dauntrng task, but one that IS becomrng rncreasrngly possIble

DRAFT - DO NOT CITE - EVOSTC/GEM 8
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GEM's Place in the World Of Marine Observations
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As part of a larger ocean observing system, the challenge of the GEM Science Plan is to bring
the terminology needed in ocean observing into common use by the public. The meteorological
community has made household words out of terms such as barometric pressure, relative
humidity, wind direction and magnitude, air temperature and precipitation. While the public
does not know how models forecasting weather work, the public is comfortable with the
terminology and uses some of the information in daily planning. Words such as sea surface
temperature, salinity, sea level pressure, fluorescence, nitrates, and silicates are not household
words now; part of GEM's task is to make them recognizable. These are the variables that are
critical to creating the physical and biological models important in detecting and understanding
change over time. An equally important parallel role will be for GEM to assist the public in
understanding how these measurements can be used to understand and manage ecosystems.

GEM Conceptual Foundation

The GEM conceptual foundation is the backbone of the Science Plan. It is the broadest of a
cascading series of increasingly specific ideas about how marine-related ecosystems function
that form the intellectual framework of the GEM Program. This framework is composed of a
conceptual foundation, central hypothesis, habitat-specific hypotheses, research questions, and
ultimately, testable hypotheses based on the specific questions. The conceptual foundation
provides a verbal model of how the Gulf of Alaska (GOA) ecosystems produce biological
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resources As such, the conceptual foundatIOn IS not a testable hypothesIs, but rather, the ongm
of hypotheses and of the SCIence Plan

In summary, the GEM conceptual foundatIOn descnbes how

The GulfofAlaska and Its watersheds are part ofa larger oceanic ecosystem m which
naturalphySicalforces such as currents, upwellmg, downwellmg, precipitatIOn, and
runoff, actmg over large and small dIStances, play Important roles m determmmg basic
bIOlogicalproductiVity Natural physlCalforces respondpTlmaTlly to seasonal shifts m
the weather, and m partICular to long-term changes m the mtenslty and locatIOn ofthe
Aleutian Low m wmter Increased upwellmg offshore appears to mcrease mputs of
nutTlents to suiface waters, which mcreases productiVity ofplankton Increased wmds
appear to mcrease the advectlve transport ofzooplankton shoreward toward and past
the shelf-break How often and flOW much offshore zooplankton sources contTlbute to
coastalfood webs depends on naturalphySical and bIOlogicalforces such as predatIOn,
migratIOn, currents and structure ofthefronts,formatlOn and stability ofeddies,
degree and extent ofturbulence, and responses ofplankton to short and long-term
changes m temperature and salinity

GEM Central HypothesIs

IdentIfymg the forcmg factors, human and natural, that dnve bIOlogIcal productIOn reqUITes
frammg hypotheses and questIOns that pomt the way for a momtonng and research program
The central hypotheSIS fonnally states WIdely held belIefs about what dnves change m IIvmg
manne-related resources m tIme and space

Natural forces and human activitieS workmg over global to local scales brmg about
short term and long lastmg changes m the bIOlogical communities that support birds,
fISh, shellfISh, and mammals Naturalforces and human activIties brmg about change
by altermg relatIOnships among defining characterIStics ofhabitats and ecosystems
such as heat and salt dlStTlbutlOn, msolatlon, bIOlogical energyflow, freshwater flow,
bIOgeochemical cycles, food web structure,flShery Impacts, andpollutant levels

Habitat Types

To better orgaruze the GEM Program, four habItat types, representatIve of the GEM regIOn, have
been IdentIfied as themes around whIch the mterdIscIplmary momtonng and research actIVItIes
that address GEM's central hypotheSIS WIll be orgamzed The habItats are composed of
IdentIfiable, although not ngId, collectIOns of charactenstIc mIcrohabItats, reSIdent and mIgratory
speCIes, and phySIcal features Cross-habItat processes and transfers must be mcluded and
addressed The habIts are

• Alaska Coastal Current - a SWIft coastal current of lower salImtIes (25 to 31 psu)
typIcally found WIthm 35 km of the shore

• Nearshore (IntertIdal and SubtIdal) areas - brackIsh and salt-water coastal habItats that
extend offshore to the 20-m depth contour

• Watersheds - freshwater and terrestnal habItats from the mountaIns to the extent of a
nver's plume
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• Offshore - the contmental shelfbreak (between the 200-m and 1,OOO-m depth contours)
and the Alaska Gyre m waters outsIde the 1,OOO-m depth contour

The GEM program wIll sustaIn momtormg and database accumulatIOn (mcludmg relevant
metadata and data from partner agenCIes) of habItat and bIOtIC commumty vanables m these four
habItat types Each of these habItats has dlstmctlve enVIronmental processes and bIOta Each
reqUIres dIfferent expertIse and eqUIpment for gathenng sCIentifically credIble data, although
GEM's commumty mvolvement strategy recogmzes that not all such data need be gathered by
persons who are formally educated ecologICal profeSSIOnals

Community Involvement

Commumty mvolvement IS one of two key ImplementatIOn strategIes for GEM Smce ItS
mceptIOn, the Exxon Valdez 011 SpIll Trustee CounCIl has been commItted to publIc partICIpatIOn
and local commumty mvolvement m all aspects of the restoratIOn program The Trustee CounCIl
recogmzes the tremendous loss of lIvelIhood and cultural hentage caused by the 1989 oil spIll
and has devoted a maJor portIOn of the restoratIOn funds to the restoratIOn of natural and
archaeologIcal resources that are Important culturally and economIcally ThIs effort has mcluded
sIgmficant publIc and commumty mvolvement and outreach As the Gulf of Alaska Ecosystem
Momtonng and Research (GEM) program develops, the Trustee CounCIl WIll contmue to rely on
commumty mvolvement, use of local and tradItIOnal knowledge, publIc partICIpatIOn, educatIOn,
and outreach These WIll be major components of the Trustee COunCIl'S long-term effort to
restore and better understand the northern Gulf ecosystem

Sustammg a healthy ecosystem depends ultimately on the abIlIty and WIll to mfluence human
actiVIties m order to aVOId negatIve Impacts to the ecosystem and ItS resources The abIlIty to do
so IS constramed both by the lImIts of knowledge and understandmg and by the extent to whIch
human actiVIties can be managed The latter IS dependent largely on the wIllmgness of those
who use the ecosystem and ItS resources to help develop, support, and cooperate m management
and stewardshIp actIOns The degree to whIch the regIOn's commumtIes and affected
orgamzatIOns are mvolved m GEM WIll be a major factor m establIshIng the sense of cooperatIOn
and shared mISSIOn that WIll determIne the eventual success of GEM as a whole

Commumty mvolvement spans a broad spectrum, from recelvmg mformatIOn m useful and
comprehenSIble formats, to helpmg set program goals and obJectIves, to partlclpatmg m and
conductmg research and momtonng projects For commumty mvolvement to succeed, GEM WIll
need to prOVIde certam mfrastructure and other support Data management practices will need to
accommodate commumty-generated data and proVIde access for commumty members Research
and momtonng conducted m or near commumtIes or harvest areas WIll requITe structured
mteractIOns among SCIentists and commumty members and stakeholders to stlillulate Ideas, to
analyze and mterpret results, and to reach a common understandmg about how these efforts
contnbute to GEM's overall research and momtonng efforts The data and results from GEM
WIll need to be mterpreted and dlssemmated m comprehensIble form to commumtIes,
orgamzatIOns, and the general publIc to explam what GEM has accomplIshed and to promote the
applIcatIOn of ItS [mdmgs by those who use or mfluence the Gulf ecosystem

Commumty mvolvement IS thus an mtegral part of GEM as well as a dlstmct actiVIty requmng
dedIcated attentIOn and resources The effectIveness of mdlvldual commumty mvolvement
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actIvItIes WIll be evaluated on a regular basIs, as WIll the commumty Involvement component as
a whole ThIs process WIll allow the contInued refInement, adaptatIOn, and Improvement of the
commumty Involvement effort

Management Products

As an ImplementatIOn strategy, GEM data and InformatIOn are to be gathered wIth a VIew toward
theIr eventual applIcatIOn m natural resource management actIVItIes Over tIme GEM will
become a source of the lands of mformatIOn that resource managers can use to adVIse resource
dependent commumties of the pOSSIbIlItIes of changes In therr lIvelIhoods, as well as to nnmmize
the adverse effects of human actIVItIes on bIOlogIcal productIOn In so dOIng GEM WIll add
value to the natural resources for coastal commumties by helpIng conservatIOn efforts and by
enhancIng abIlItIes to antICIpate changes In natural resources The long-term record produced by
GEM WIll be a premIer tool m proVIdIng these management products

AssumptIons and Approaches

Key assumptIOns and approaches from the GEM Program document that figure prommently m
the SCIence plan are lIsted here

• Long-term data sets of phySIcal and bIOlogIcal observatIOns are essentIal to detect and
understand ecosystem change over tIme ObservatIOns are essentIal to understand how
ocean currents move food and energy Into the trophIc webs of seabrrds, marIne mammals
and fish Platforms for the observatIOns Include moonngs, vessel transects and surveys
that are relevant to speCIfic aspects of the marIne ecosystems of the northern Gulf of
Alaska

• The long-tIme senes data produced must prOVIde InfOrmatIOn on the status and future of
productIVIty m the northern Gulf of Alaska marIne ecosystem and be relevant to the
Interests of those concerned WIth balanCIng the management for human uses of ItS natural
resources WIth natural vanabIlIty, however, It IS recognIzed that such data schemes and
InfOrmatIOn denved from them WIll not be ImmedIately aVaIlable

• The InformatIOn IS to be collected over the long-term In geographIc areas not routInely
addressed by other InfOrmatIOn gathermg actIVItIes of state, federal and IntersectIng
mterests The vanables are to be those most common to methods of detenmrung the
status and future of manne ecosystems

• The 1ll1tIal approach to the SCIence Plan IS to place a pnonty on detectIOn of change
ImplementatIOn WIll be gUIded by the sequence of the goals of the program to first, attam
the abIlIty to detect changes m the envrronment, then to understand the ongIn of those
changes, to Inform about changes and theIr ongms, to use the InfOrmatIOn to solve
problems created by changes, and lastly to predIct changes

• AchIevmg the overallllliSSIOn of GEM ("Sustam a healthy and bIOlogICally dIverse
ecosystem m the northern Gulf of Alaska and the human use of manne resources m that
ecosystem") reqUIres applyIng the understandmg generated by GEM projects to
management and stewardshIp of the regIOn's resources ThIs In tum reqUIres long-term
mvolvement by commumtIes, trIbes, stakeholders, and affected orgarnzatIOns In the
regIOn As such, commumty mvolvement wIll be strongly encouraged and faCIlItated
throughout the development and ImplementatIOn of the GEM SCIence Plan

DRAFT - DO NOT CITE - EVOSTC/GEM 12



Internal RevIew Draft February 1,2003 - Not for attrIbution or citation

• The SCIence Plan wIll be developed IteratIvely, begmnmg as stated above WIth the near
term goal of IdentIfymg geographIcal samplmg SItes and phYSICal and bIOlogICal varIables
for momtormg Momtonng wIll be phased m as soon as practIcable, but always WIth
actIve SCIentIfic mvolvement m evaluatIOn of both the data and the ecosystems from
whIch It IS drawn For example, even a one-year tIme senes of data can charactenze
basIc seasonalIty for any gIven SIte, a three year senes WIll start to charactenze
mterannual vanabilIty, and a few decades of data WIll start to show the longer penods m
the spectrum of envIronmental change

• SelectIOn of SItes and vanables WIll reqUIre completIOn of tasks m a progressIOn
synthesIs of envIronmental mformatIOn already aVaIlable, mcludmg analysIs of gaps m
mformatIOn and theory, ImtIalidentIficatIOn of SItes and vanables, process and statIstIcal
modelmg WIth partIcular emphasIs on the samplmg requIrements and umt costs for
producmg useful long-term tIme senes, and IdentIficatIOn of partnershIps that WIll extend
the samplmg range and data productIOn capabIlIty of GEM

• ImtIaI efforts need to be largely focused on development of long-term momtormg
actIvItIes (1 e moonngs, statIOns, transects, surveys) m the habItat types of the nearshore
(mtertidal and subtIdal) and Alaska Coastal Current, as determmed by the gap analysIs,
the conceptual foundatIOn, and fiscal constramts Developments m the watersheds and
offshore areas need to follow further developments of the conceptual foundatIOn and
efforts of other partIes m the watersheds and offshore, as also mdicated by the gap
analySIS and fiscal constramts

BIbliography of key references on background materIals

Gem Program Document adopted July 2002
http //www Ollspill state ak us/gem/documents html

NRC 2002 A Century of Ecosystem SCIence Plannmg Long-Term Research m the Gulf of
Alaska CommIttee to ReVIew the Gulf of Alaska Ecosystem Momtonng Program, NatIOnal
Research CouncIl NatIOnal Acadeffiles Press, WashIngton, D C
http //www Olispill state ak us/gem/documents html
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GEM SCience Plan

Introduction

The SCIence Plan IS a workmg reference document that mcludes the mformatIOn on locatIOns,
objectives and ratIOnales for GEM projects m the context of current mformatIOn and actIvIties m
the regIOn The SCIence Plan contams the followmg mformatIOn

• GeographIc scope and scale WIthm whIch data acqulSltIOn occurs,
• Latest relevant sCIentIfic mformatIOn on habItat types and the processes that connect

them,
• Hypotheses across and WIthIn habItat types that orgaruze the mformatIOn mto coherent

explanatIOns of what controls change m the regIOn's populatIOns ofbrrds, shellfish and
mammals,

• Gaps m knowledge of populatIOn control mecharusms that need to be filled m order to
detect, understand and predIct changes m the regIOn's anImal populatIOns,

• Summanes and detaIls of the eXIstmg data collectIOn programs and how GEM efforts are
deSIgned to complement them,

• GEM work m progress,
• GEM work that needs to be done as soon as possIble,
• Current expectatIOns for work m the future, and
• Current and prospectIve status of the two GEM ImplementatIOn strategIes commuruty

mvolvement and management applIcatIOns and products

Overview

As a bnef overvIew, the largest mformatIOn gaps m the northern Gulf of Alaska relate to how
food and energy ongmatmg m the offshore manne enVIronments are transported through the
Alaska Coastal Current and nearshore areas to the watersheds Accordmgly, detectmg changes
m the vanables that charactenze the transfer of food and energy through the northern Gulf of
Alaska IS a top pnonty for the GEM Program The GEM Program calls for bUIldmg upward
from oceanography through food and energy toward the large body of mformatIOn that has
accumulated Withm the management agencIes over the past century on the abundance and
bIOlogy of smgle speCIes of large vertebrates such as seabIrds, pelagIC and anadromous fish, and
marme and coastal mammals In watershed and nearshore habItats where human actIvIties are
most promment, It IS Important to find measures of how anthropogemc factors combme WIth
human factors to mfluence these ecosystems By fillmg gaps m how phySIcal and human forces
alter the transport of food and energy, changes m the large vertebrate speCIes and promment
mvertebrates, such as buds, shellfish, fish and mammals, can be understood m relatIOn to a broad
array of bIOlogical and phySIcal observatIOns throughout the regIOn In the long run, thIS
comprehensIve understandmg of the ecosystems of the Gulf of Alaska IS mtended to lead to
predIctIOns of use to resource managers In terms of types of long tIme senes m these habItat
types, observatIOns on smaller to mIcrOSCOpIC speCIes of manne plants and ammals, and phySIcal
and chemIcal observatIOns from below the sea surface are WIdely lackmg (GEM Program
Document, AppendIX D)
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ImtIal efforts WIll focus on development of long-term moormgs, statIOns, transects, and surveys
m the nearshore and Alaska Coastal Current habItats, recogmzmg that the most expenSIve
samplmg zones to reach on a frequently recurrIng basIs are the ACC and, at some pomt m the
future, the offshore Gulf of Alaska The lImIts on GEM fiscal resources lIkely Will reqUIre
maXImum use of volunteer observmg shIps (VOS), whIch are commercial vessels that carry
vanous momtormg mstruments Preparmg for mstrumentatIOn ofVOS and establIshmg the
necessary relatIOnshIps wIth shIp operators and crews should be a pnonty early m the program

In addItIOn, a whole ecosystem (natural resource) model, the GEM model, as recommended by
the NatIOnal Research CounCIl (NRC 2002) would lmk bIOlogIcal and phYSIcal observatIOns
across the habItat types, as well as the North PaCIfic, m order to understand changes m smgle
speCIes of mterest to managers and concerned others ThIs ecosystem model must be developed
WIth a global perspectIve gIven the large spatIal scales over whIch bIOlogIcal and phySIcal
phenomena opelate

IdentIficatIOn and pnontizatIOn of the variables for the GEM program depend m large part on
what IS needed to operate the GEM ecosystem model HIgh pnonty vanables needed m the
GEM program are a composIte of the varIables essentIal to the workmgs of the GEM ecosystem
model and ItS components the ocean current model, the nutnent-phytoplankton-zooplankton
(NPZ) models, and the Sound Ecosystem Assessment (SEA) pInk salmon model (WIllette et al
2001, Patnck et al 2003) (see AppendIx F of the GEM Program Document) In assemblmg the
GEM ecosystem model, emphasIs WIll be placed on detectmg changes m the vanables that
charactenze the cunents and the transfer of food and energy throughout the north Gulf of Alaska
In thIs way, changes m the large vertebrate speCIes that are routrnely momtored by state and
federal government agenCIes can be better understood m relatIOn to a broad array of bIOlogIcal
and phySIcal observatIOns throughout the regIOn

GeographIc Scope and Scale

The end pornt for momt01rng IS a geographIcally dlstnbuted network that produces long-term
observatIOns on the state of the manne ecosystem m the GEM regIOn, usmg basIC spatIally
structured survey methods At some pomt rn the future the data stream from the geographIcally
dIstrIbuted network of samplmg actIVItIes IS expected to enable adaptIve approaches to data
acqUISItIon, such as usmg GEM's coupled bIOphYSIcal model m data aSSImIlatIOn mode The
GEM bIOphYSIcal model outlmed below IS an Important part of the program that prOVIdes
lmkages across habItat types The geographIcally dlstnbuted approach sets a broad spatial scale
for momtonng WIthIn the spIll affected area and adjacent waters, usmg a combmatIOn of GEM
actIVItIes WIth those of other entItles The trajectory of the 1989011 spIll prOVIdes a map for
orgamzmg the ImtIal samplmg program

GEM projects are expected to be organIzed around an envIronmental aXIS defined by the surface
trajectory of the 011 spIlled m 1989 (figure ACC-l) ThIs trajectory also defines the advectIve
transfers of many manne ecologIcal components m the northern Gulf of Alaska, and IS
comcldent WIth the path of the Alaska Coastal Current (ACC) rn the 011 spIll affected areas
Areas where the 011 came ashore emphaSIze the rntersectIOn between the ACC and the nearshore
habItat types The regIOn of mterest begrns rn Prmce WIllIam Sound (PWS), mcludmg ItS
watersheds and adjacent rntertldal and subtIdal areas The regIOn extends throughout the sound,
then emerges WIth the flow mto the regIOn of the buoyancy dnven Alaska Coastal Current
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(ACC). The ACC branches just southwest of PWS, with one limb flowing along the eastern
shore of Kodiak Island, while the other limb turns toward Cook Inlet, Shelikof Strait and the
Aleutian Peninsula (figure ACC-2). Because the ACC interacts with the offshore Alaskan
Stream, a major North Pacific boundary current, the region of interest extends seaward and out
into the main subarctic water mass of the Gulf of Alaska.

Figure ACC-I. The path of the 1989 oil spill. Driven by wind and currents, the pathway of the
oil from the Exxon Valdez highlighted the importance of advective transfers of momentum,
energy, nutrients and food in the northern Gulf of Alaska.

I =2 m/yr precipitation
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FIgure ACC-2 SchematIc surface cIrculatIOn fields m the Gulf of Alaska and mean annual
precIpItatIOn totals from coastal statIOns (black vertIcal bars) and for the central gulf FIgure
courtesy ofWemgartner and DanIelson after Baumgartner and Reichel (1975)

The GEM Model. Cross Habitat SynthesIs

The GEM program wIll organIze Its thmkmg usmg a model (GEM Program Document, Chapter
8, AppendIX F) of phySIcal and bIOlogIcal processes m the regIOn The phySIcal and bIOlogIcal
processes of the bIOgeochemIcal cycle umte the GEM habItat types The mfluences of clImate
and oceanography change the rates of transfer of food and nutnents, willch are parts of the
bIOgeochermcal cycle, to altel the structure of the food webs m the northern Gulf of Alaska As
Identified m the conceptual foundatIOn, the offshore habItat type - and partIcularly the central
Gulf of Alaska - are the ongm of nutnents and carbon that are destmed for the nearshore and
watersheds VIa the Alaska Coastal Current Some of the nutrIents and carbon WIll be returned
from the watersheds to return to the offshore agam Via the nearshore and ACC Throughout tills
bIOgeochemIcal cycle, the transport of nutnents and carbon both dnve and determme the
structure of food webs, stImulatmg pnmary and hIgher order productIOn witilln all the habItat
types

Transport mechanIsms that are cntIcal to ongmatmg and supportmg bIOlogIcal productIOn may
be used to charactenze the habItat types The offshore IS the upwellmg-downwellmg domam, the
ACC and watershed are advective domams, and the nearshore IS a combmed upwellmg
downwellIng and advective domam The nearshore and Alaska Coastal Current habItats are
central connectIOns between the watersheds and offshore Models created m response to short
term needs such as the SEA pmk salmon model, do not necessanly reqUIre that the "bIg pIcture"
be completely defined before they can be Implemented Issues of time and space scales WIll
need to be addressed when local solutIOns are coupled to other models In fact, knowledge of
how the smaller pIeces work IS needed m order to make the connectIOns to the bIg pIcture
models Among the "smaller short term solutIOns" are the SEA model of phytoplankton and
zooplankton productIOn and survIvals of]uvemle pmk salmon (pearcy 2001, EslInger et al 2001,
Patnck et al 2003) are of partIcular mterest

In addItIOn to the publIshed SEA models, a number ofphySIcal and bIOlogIcal modelmg efforts
are avaIlable as startmg pomts for the GEM model (GEM Program Document, Chapter 8) In
addItIOn, a number of Important bIOlogIcal and phySIcal models dIrectly applIcable to Pnnce
WIllIam Sound have recently been publIshed (see Pearcy 2001) In the Pnnce WIllIam Sound
work, known as SEA, mterdisciplInary models of the control of year class strength III herrmg and
pmk salmon have been developed and tested agamst a substantial body offield data (Cooney et
al 2001a) In the process of exammmg the surVIval mechamsms for herrmg and pmk salmon,
the models touched on phySIcal mechamsms that control the dIstnbutIOn of nutnents and food,
and how the dIstnbutIOns of nutnents and food determme trophIC relatIOnsillps that mvolve many
other speCIes For example, SEA's mathematIcal model of early marme SUrvIVal ofpmk salmon
was used to test and valIdate the productIOn control mechamsms of prey sWItchmg by predators,
salmon foragmg behaVIOr, and salmon SIze and growth as tested agamst field as mechanIsms
determmmg year class strength (WIllette et al 2001)

Another Important dIscovery of the modelIng work of WIllette et al (2001) and other
mterdiscIplmary SEA modelmg efforts that IS Important to bUIldmg the GEM model IS the lack
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of mdependence m the classIc concepts of "top down" and "bottom up" control of bIOlogIcal
productIOn The concepts are so mterdependent that they cannot be studIed separately to any
purpose that would prove meanmgful m natural resource management Studymg phYSIcS and
chemIstry (bottom up) or a smgle speCIes m relatIOn to ItS predator and food speCIes (top down)
m IsolatIOn from one another cannot unravel the mystenes of control mecharnsms for bIOlogIcal
productIOn A sound theoretical basIS for the control of bIOlogIcal productIOn, as artIculated m
explIcIt bIOphySIcal models that permIt testmg hypotheses, IS absolutely essential to understand
mecharnsms of control of bIologIcal productIOn (Cooney et al 2001b, WIllette et al 2001,
Eslmger et al 2001, Wang et al 2001) The pnmary challenge m producmg the GEM model IS
to develop the mterdlsclplmary workIng team necessary to artIculate a truly comprehensive
bIOphySIcal model of bIOlogIcal productIOn (Wooster 1987)

GEM Cross HabItat WorkIng Concepts

GEM's central hypothesIs (GEM Program Document, Chapter 22) was deSIgned to be broad
enough to contam subordmate hypotheses conSIstent WIth the latest SCIentific knowledge A less
elaborate verSIOn of the central hypotheSIS, the Cross habItat Workmg Concept, serves as the
baSIC SCientific guIde for the GEM program The current GEM Cross Habltat workmg concept
IS

Changes In advectlVe and upwelhng processes, brought about by perIOdIC and
aperIOdIC changes In chmate, and by perIOdIC changes In the Input of energy, control
productIOn of ammals and structures food webs across all the habItat types on
decadal scales In the northern Gulf of Alaska by hmItIng the amounts, dIstrIbutIOn
mechamsms and pathways for nutrIents and food

Changes m bIOlogIcal productIOn on large tIme and space scales are brought about pnmanly by
changes m energy passmg through the system, but the mechamsms for change are not known
Human mfluences, such as fishmg, aquaculture actIVIties and pollutIOn tend to functIOn on
smaller scales, but not necessanly (1 e global warmmg), and to be more dommant m the
watersheds and nearshore habItat types, but not exclUSIvely (GEM Program Document, Chapters
2, 6 and 7) VanatIOns m the mput of solar energy plays an Important role on annual and very
long term (lOOKy) vanabilIty m bIOlogIcal productIOn, and forcmg from lunar graVIty appears
related to changes m bIOlogIcal productIOn WIth tIme penods of about twenty years (l8 6y lunar
tIdal cycle) (Parker et al 1995, GEM Program Document, Chapter 7)

On the spatial scale of the northern Gulf of Alaska and on decadal time scales, GEM's workIng
concept IS regarded by the SCIentIfic communIty as a self-eVIdent truIsm, although much remams
to be learned about the details For smaller time and space scales the valIdIty of the workmg
concept IS unknown Nonetheless, human mterests, and espeCially those of natural resource
managers, are most certamly focused on the smaller time and space scales Hence the role of
GEM IS to test the workmg concept as thoroughly as budgets penmt on shorter time and space
scales, whIle helpmg regIOnal efforts to work out the details of how the "bIg pIcture" workIng
concept actually functIOns For example, It may be pOSSIble to IdentIfy localItIes m whIch
mecharnsms of bIOlogIcal productIOn functIOn m IsolatIOn from external forcmg for tIme pellods
long enough to set year class strength m a fishery, or to determme the fate of an endangered
speCIes In the long-term such localItIes are not unlIkely to be Isolated from external forcmg, nor
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are they lIkely to be msensitive to mItral or boundary condItIOns proVIded by phySIcal and
bIOlogIcal processes m adjacent habItats

In cases where less than decadal scale varIabIlIty IS of mterest, an alternative workmg concept
must be brought mto play In the upper trOphIC levels speCIes WIth lngher mobIlIty can overcome
the effects of boundary condItIOns and external forcmg by slIllply movmg to other areas Indeed
thIs IS the value of mIgration as an evolutionary strategy The relocatIOn processes, as measured
by short term abundance of mobIle large speCIes, could mask the forcmg, boundary and lll1tral
condItIOns proVIded by the transfers of energy, momentum and nutrIents from other localItIes and
forcmg from processes assocIated WIth solar and lunar energy mputs Tractable subsystems,
such as those Identified by the SEA pmk salmon model (WIllette et al 2001, PatrIck et al 2003),
need to be studIed and understood m order to learn how well the GEM Cross HabItat workmg
concept may apply on smaller scales

Whatever the valIdIty of the cross habItat workmg concept may be, It IS clear that the ACC IS a
key habItat type for studymg the cross habItat connections m the GEM regIOn DIstrIbution
mechamsms and pathways are thought to lInk the offshore to the nearshore and watersheds
through the Alaska Coastal Current (GEM Program Document, Chapter 763) For example, the
ACC potentIally IS Important to the CIrculatIOn dynamICS ofPWS, clearly, It IS a cntIcal
advective and mIgratory path for matenal and orgamsms between the GOA and PWS, and It IS
lIkely to play SImIlar pIvotal roles m energy and nutrIent transfer from the central GOA to lower
Cook Inlet, ShelIkof StraIt and eastern KodIak

GEM Cross Habitat Projects

GEM cross habItat projects gather data that are expected to be used m the deSIgn and locatIOn of
long-term momtonng projects In some cases these data have already been used m studIes that
have detected long-term changes m the cllIllate and bIOlogIcal productIOn of the GEM regIOn
DescnptIOns of these projects may be repeated m other sectIOns of the SCIence Plan, smce they
also figure prommently In the data gathermg m each of the habItat types m whIch they operate
The actIOns m FY 03 are summanzed below, for proposed actions m FY 04 and beyond see the
mdividual habItat sectIOns

ActIOns m FY 03

030614 - A feasIbIlIty study ofmomtonng near-surface temperature, sallll1ty, and fluorescence
fields m the Northeast PaCIfic Ocean - S Okkonen The objective for thIs proposed
research IS to a use a thermosalmograph and fluorometer to be mstalled on a crude 011
tanker, and to acqUIre contmuous, long-term measurements of the near-surface
temperature, sallll1ty, and fluorescence fields along the tanker route between Valdez,
Alaska and Long Beach, CalIforma

030624 - A CPR-Based Survey to Momtor the Gulf of Alaska and Detect Ecosystem Change-
s Batten ThIS project contmues, and further develops, the Contmuous Plankton
Recorder surveys from ShIpS ofOpportunlty begun m 2000 through the North PaCIfic
Marme Research Irutrative and contmued through 2002 under GEM (project 02624) The
project Will test the CPR as an almost real-tIme mdicator of ecosystem change across the
GOA (the ACC and offshore)

DRAFT - DO NOT CITE - EVOSTC/GEM 19



Internal RevIew Draft February 1,2003 - Not for attrIbutIOn or cItatIOn

030640 - Toward Long-Term Oceanograpluc Momtormg of the Gulf of Alaska Ecosystem - T
Wemgartner Project supports a moonng measunng temperature and sal1lllty at depth
mtervals at the SIte of the longest contmuous tIme senes of phySIcal oceanographIc data
m Alaska waters, GAKI (Seward Lme StatIOn One) Fluorescence has been added to the
surface observatIOns m response to a request for measure ofbIOloglCal actIvIty relevant to
understandmg dIstnbutIOn ofJuvemle pmk salmon

030654 - Surface Nutllents over the Shelf and Basm m Summer - Bottom up Control of
Ecosystem DIversIty - P Stabeno Tlus two-year project wIll measure mtrate over the
shelf and basm as part of the NMFS-OCC/GLOBEC salmon survey m July/August of
2003 and 2004 NutrIent maps Will be used to support NPZ models and satellIte-denved
models of mtrate and new productIOn, to examme mechamsms of nutnent supply such as
mIxmg over banks and transport up submanne canyons, and to assIst resource
management of salmon and other commerCially Important specIes

Tools and Strategies

IntroductIon

As explamed m the GEM Program Document, the SCIence Plan IS bemg developed are refined
mto a senes of1llltIal research questIOns through the use of tools (gap analYSIS, syntheSIS and
research, modelmg and data management, GEM PD Chapter 3) and the strategIes of supportmg
management applIcatIOns and fostermg commumty mvolvement and local knowledge Tools and
strategIes transcend habItat type boundanes and are mtegral to the attamment of all GEM goals

SyntheSIS Needs and Schedule

A syntheSIS of sCIentIfic lIterature and eXIstmg data gathenng programs IS needed to serve as the
mtroductIOn to the SCIence Plan sectIOns for three of the four GEM habItat types the Alaska
Coastal Current, nearshore and watersheds Bearmg m mmd that the boundarIes of habItats are
not ngidly drawn (Chapter 2, GEM Program Document), the syntheSIS effort should concentrate
on one habItat type, however, each proposal must address lInkages of ItS habItat type WIth the
other habItat types

FY 04 Proposed ActIOns

• Alaska coastal current (acc) syntheSIS would address recent advances m bIOlogy and
phySIcal SCIences relevant to the ACC, dISCUSS how recent advances mIght change
eXlstmg concepts, pomt out leadmg and emergmg hypotheses and descnbe how these
mIght support or change the SCIence Plan's workmg concepts for the habItat type

• Nearshore (IntertIdal/SubtIdal) syntheSIS document would bUIld on the SCIence Plan and
the deSIgn work of Schoch et al (2002a, see GEM SCIence Plan)to address recent
advances m bIOlogy and phySIcal SCIences relevant to the nearshore and pomt to the
opportunItIes and needs for estabhshmg a geograplucally dIstrIbuted network of
momtonng SItes

• Watershed syntheSIS bUIlds on the watershed sectIOns of the SCIence Plan and GEM
Program Document to mcorporate recent advances m bIOlogy and phySIcal SCIences It
would addiess OpportunItIes and needs for estabhshmg watershed momtormg SItes durmg
FY06
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Modeling Needs and Schedule

Bmldmg the GEM model reqmres startmg from eXIstmg phySIcal and bIOlogICal models, hence,
the means of cooperatIOn, coordmatIOn, mtegratIOn and acillevmg cost efficIencIes WIth eXIstmg
modelmg efforts Procedures and strategIes for mterdiscIplmary cooperatIOn need to be defmed,
as well as ways and means of commumcatmg the contents, functIOns and outputs from the model
to a vanety of dIfferent discIplmes and across a vanety of common operatmg systems Data
assImIlatIOn strategIes for selectmg tIme and space scales for bIOlogIcal and phySIcal momtonng
are essential

FY 04 Proposed ActIOns

• Bmld the mfrastructure necessary to create, develop and mamtam the GEM Model as an
mterdisciphnary team of modelers IS to be assembled With expenence m bIOlogIcal and
physIcal modelmg m the Gulf of Alaska

• Descnbe the process of Implementmg the smaller, but cntIcal, components of the GEM
model such as SEA pmk salmon survIval model, m all aspects mc1udmg field samplmg,
estImatIOn ofpaIameteis from data, softwaIe, hardware, and data management and
mformatIOn transfer

Community Involvement and Management Applications Needs and
Schedule

Projects m tills category are deSIgned eIther to enlIst the partIcIpatIOn of specIfic commumties m
developmg and/or lmplementmg the GEM Program

ActIons m FY 03

030636 - CommerCIal FIshmg Management ApphcatIOns - K Adams and R Mullms
Status ThIS project IS m the process ofbmldmg bndges between the sCIentIfic
commumty, willch IS descnbmg and attemptmg to predIct varIatIOn m bIOlogIcal
productIOn, and the commercIal fishmg commumty m Pnnce WIlham Sound, willch IS
attemptmg to find management apphcatIOns for tills new mformatIOn In addItIOn, the
project seeks to provIde a fishenes commumty presence to partIcIpate m GEM
development

030575 - GEM Commumty Involvement Team of commumty mvolvement specIalIsts IS
expected to dehver the followmg products more detailed CommunIty Involvement
sectIOns for each HabItat sectIOn and expanSIOn of the Commumty Involvement sectIOn
above to mc1ude (a) more detailed descnptIOns of those aspects of commumty
mvolvement that span all components of a proJ ect (e g , data management and the
dissemmatIOn of Iesults and mformatIOn) and (b) dIscussIOn of charactenstIcs shared by
most or all communIty mvolvement projects that may dIffer SIgnIficantly from projects
dnven by agenCIes or the academIc commumty
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Proposed ActIOns m FY 04

• Contmue development of mterdlsciplInary fishery management applIcatIOns m PWS,
extend to Cook Inlet

• Develop a small-scale sCIentific symposmm for coastal commumtIes to serve those who
are not able to travel to Anchorage for the annual EVOS sponsored sympOSia

• Produce GIS maps of resources for speCIfic coastal commumtles

Llngenng all Effects

Introduction

The Trustee CouncIl contmues to be concerned about Exxon Valdez 011 remammg m the marme
enVIronment and any effects It may be havmg on mJured resources Injured resources are
Identified and theIr current status descnbed on the Trustee COunCIl'S web SIte,
http //www O1lspill state ak us/facts/status htm! Current ObjectIves for the Lmgenng 011 Effects
sectIOn of the Trustee CouncIl's program are focused on exammmg the fate and effects of the
remammg 011 on mJured resources and servIces and especially populatIOns of two speCIes m
western Prmce WIllIam Sound, harlequm ducks and sea otters These populatIOns have shown
contmumg exposure to hydrocarbons m localItieS where potentially tOXIC forms of the 011 from
the Exxon Valdez are known to perSIst Objectives for FY 04 also mclude learnmg about the
status of SubSIstence uses of the mJured resources m the spIll affected areas for comparIson to an
earlIer survey

The reasons why some populatIOns of mJured speCIes m Pnnce WIllIam Sound have not met the
cntena establIshed for theIr recovery m the nearly 14 years smce the 011 spIll are still not clear
For some speCIes It has not been pOSSIble to clearly separate the pOSSIble tOXIC effects of O1lmg
from the pOSSIble effects of natural causes such as cllIDate change and predatIOn For thIS reason,
GEM projects that address Injured speCIes and ecosystems are deSIgned to understand the effects
of natural forces on populatIOns and theIr productIVIty The knowledge gamed may permIt at
least a retrospectIve understandIng of 011 mJury versus other Impacts for speCIes mJured by Exxon
Valdez 011, and prOVIde the background on natural forces necessary to understand effects of
OilIng m future 011 spIlls

Information gaps and questions

InformatIOn gaps and questIOns remaIn regardIng the fate and effects ofExxon Valdez 011 m
western Pnnce WIllIam Sound Proposals speCIfically addressmg these effects on populatIOns of
sea otters and harlequm ducks are of mterest Proposals are also requested to examme the status
of SubSIstence actiVIties m the spIll affected areas In addItIOn to the ObjectIves and examples
descnbed here, proposers may use thIs InVItatIOn to suggest other approaches to aId the recovery
of resources and servIces mJured by the 011 spIll However, the Trustee CounCIl's emphasIS m
FY 04 WIll be on development of the GEM Program as ItS pnmary restoratIOn actIVIty

Lingering 011 Research Needs and Schedule

Proposed actIOns m FY 04
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• IdentIfy bIOavarlabilIty of lmgenng 011 m Pnnce WIllIam Sound through studIes of sea
otters and harlequm ducks m the area

• EstablIsh a stIategy for morutonng persIstence of Exxon Valdez 011, and ItS relatIOnship to
other sources of contammatIOn m PWS

• Evaluate the status of SubsIstence uses by collectmg, analyzmg, and reportmg
mformatIOn about current SubsIstence uses m a subset of 011 spIll area commumtles usmg
methodology that IS comparable WIth prevIOUS research results

Alaska Coastal Current

Current SCientific thinking

The deep waters of the central Gulf of Alaska contam high levels of nutnents, but the ecologIcal
mecharusms whereby the nutnents of the deep offshore waters are transformed mto the arumal
bIOmass that fuels the human econOillles and cultures of southcentral Alaska are largely
unknown Much of the Gulf of Alaska IS a very deep (cIrca 4000m) reservOir of salty water
beanng carbon and nutllents that would fuel bIOlogIcal productIOn If transported to the surface
waters of the GEM habItat types ParadOXIcally, the ocean processes such as thermohalme
CIrCUlatIOn and upwellmg that transport deeper waters toward the relatIvely shallow depths
appear to be absent or short-lIved m the northern Gulf The OppOSIte condItIOn from upwellmg,
coastal downwellmg, IS usually the case m the Gulf, partIcularly m wmter It IS known that
cross-shelf, surface Ekman transport m wmter cannot account for the hIgh nutrIent
concentratIOns observed on the mner shelf m spnng (ChIlders 2000, WhItledge 2000) Other
mecharusms are pOSSIble In summer, when downwellIng relaxes, salty, nutrlent-nch water from
offshore mvades the mner shelf (Royer 1975) but the annual extent of the mvasIOn vanes, and It
may be controlled by forces WIth penods of approxImately two decades (parker et al 1995)
VertIcal mlxmg IS strong tmough the wmter and redIstrIbutes fresh water, salt, and pOSSIbly
nutnents throughout the water column, so perhaps a combmatIOn of mecharusms IS mvolved m
the annual nutnent re-supply to the mner shelf (GEM Program Document, Chapter 764)

Even though upwellIng appears to occur only bnefly m the Gulf (GEM Program Document,
Chapter 7 6 2, Royer 1982, 2000, Reed and Schumacher 1986), the northern and western Gulf
and adjacent waters are nonetheless highly productive ofbentmc, pelagIC and lIttoral vertebrates
(fish, bIrds and mammals) and benthIC mvertebrates such as crustaceans and mollusks (1 e Feder
and Jewett 1986, Cooney 1986, Martm 1997, WItherell 1999, Kruse et al 2000, Rogers et al
1986, Hlghsilllth et al 1994, Purcell et al 2000, Rooper and Baldorson 2000) Solvmg the
mystery ofthe mlssmg ecologIcal mechanIsms IS essential to explam how the mgredlents
necessary for bIOlogIcal productIOn ofplants and ammals (nutnents and food) are transported to
be converted mto the populatIOns of fish, shellfish, bIrds and mammals that are the centers of
attention for natural resource management agenCIes and coastal economIes

A reasonable workmg concept, to be more fully stated below, starts WIth the processes that
change the strength ofthe factors dnvmg the currents of the regIon (GEM Program Document,
Chapter 764) Both the area of the ACC and adjacent shelf and slope are strongly affected by
advectIOn (mostly honzontal transport of momentum, energy, and dIssolved and suspended
matenals by ocean currents), Implymg that cl1Illate perturbatIOns, even those occurrmg far from
the GEM study area, can be effiCIently commurucated mto the northwestern GOA by ocean
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CIrCUlatIOn (GEM Program Document, Chapter 762, p 130) The strong advectIOn also 1IllplIes
that processes occurnng as far upstream as northwestern Umted States nught substantially
Influence bIOlogIcal productIOn wlthm the GEM habItat types

Strong cIrcumstantial eVIdence lmks changes m factors govermng the strength of GOA CUlTents
m general, and the ACC m partIcular, to changes m bIOlogIcal productIOn m the all of the GEM
habItat types CorrelatIOns between tIme patterns of changes m phySIcal and bIOlogIcal
phenomena prOVIde some clues, but no solutIOns to our mystery Changes m populatIOns of
bIrds, fish and mammals mhabltmg the ACC have been shown to be correlated WIth temporal
changes m weather (Hare et al 1999, Mantua et al 1997, Anderson and Platt 1999, FranCIS et al
1998) and forcmg from the moon's gIavlty, lunar forcmg (parker et al 1995) Lunar tIdal
forcmg WIth a penod of 186 years has been assocIated WIth mgh latItude clImate fOlcmg,
penodlc changes m mtenslty of transport of nutrIents by tIdal nuxmg, and penodlc changes m
fish Iecrmtrnent (Royer 1993, Parker et al 1995) BIOlogIcal and phySIcal effects of the lunar
tIdal cycle may extend beyond effects aSSOCiated WIth tIdal mlxmg m the nearshore habItat type
About one-thud of the energy mput to the sea by lunar forcmg serves to mIX deep-water masses
WIth adjacent waters such as the ACC (Egbert and Ray 2000)

Lunm forcmg may remforce the effects of weather patterns such as the PaCIfic Decadal
OscIllatIOn, PDO, or the EI Nmo Southern OscIllatIOn, ENSO, on delIvery of food and nutnents
to surface waters of the ACC The lunar tIdal cycle appears to be approx1Illately synchronous
WIth the PDO Changmg weather patterns also alter the expreSSIOn of the ACC (Royer 1981a)
and can profoundly alter aspects of CIrculatIOn (1 e upwellmg, downwellIng) and stabIlIty of the
photIc zone (vertIcal mlxmg) (GEM Program Document, Chapter 7 2 2 3)

In addItIOn to the correlatIve eVIdence, strong dIrect eVIdence from major programs such as
FOCI and SEA, as well as from mdependent mvestIgatIOns, lmks changes m factors govermng
the strength of ocean currents to changes m bIOlogIcal productIOn m the GEM habItat types
(Bmley et al 1999, Pearcy 2001, GEM Program Document, Chapter 7 104) The ever expandmg
body of SCIentIfic observatIOns has been valIdated m mathematIcal models of the couplmg
between processes of bIologIcal productIOn (1 e pnmary productIOn, tropmc transfers such as
grazmg and predatIOn and phySIcal processes such as vertIcal nuxmg and advectIOn) (GEM
Program Document, Chapter 7 104,8, and AppendIX F) Taken as a whole, these new mSIghts
on how speCIes of larger vertebrates mteract WIth prey, predators and competItors, as well as how
these aSSOCiatIOns among speCIes are ultImately mfluenced by smfts m ocean cl1Illate and human
actIVItIes, form a new gateway to understandmg the ecosystems of the GEM habItat types The
mechanIsms IdentIfied, measured and valIdated so far all pomt to factors aSSOCiated WIth the
dynamICS ofthe Alaska Coastal Current and adjacent waters as sources of the ecologIcal
mecha111sms controllmg bIologIcal change m the GEM habItat types These mecha111sms work
through control of the rate of mput and dlstnbutIOn of nutnents and food, WIth concomitant or
subsequent effects on grazmg and predator-prey relatIOnsmps

The Sound Ecosystem Assessment Program, SEA, measured ocean condItIOns, pnmary
productIOn, dlstnbutIOns of food and predators m the nearshore and ACC habItat types of Pnnce
WIllIam Sound Samplmg was defined by hypotheses regardmg regulatIOn of food productIOn
and tropmc transfers, and the hypotheses were tested through modelmg Forcmg by spnng wmds
was found to be mstrumental m determmmg the magmtude m upper-layer zooplankton bIOmass
dunng the 1990s, and ovelall, between 1981 - 1997 It IS lIkely that the standmg stock of
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zooplankton m PWS was mfluenced by both penodic advectIOn and nutnent-constraImng
processes (Eslmger et al 2001) Lmkages of wmd forcmg, nutrIent delIvery mechamsms, and
advectIve processes to Juvemle pmk salmon survIval were IdentIfied through the profound effects
of zooplankton densIty on feedmg behaVIOr of the salmon's predators, and on the growth and
behaVIOr of salmon (WIllette et al 2001) Processes of starvation and predatIOn vary as the
leadmg mechamsms of mortalIty for PacIfic hernng, Clupea pallasl, and pmk salmon,
Oncorhynchus gorbuscha, although the tImmgs of cntical events dIffered substantIally between
the speCIes (Cooney et al 2001a) Further dIrect eVIdence lmkmg changes m factors govermng
the strength of ocean currents to changes m bIOlogIcal productIOn m the GEM habItat types
comes from the Fishenes Oceanography Coordmated InvestIgatIOns, FOCI, m the ShelIkof
StraIt area near KodIak FOCI has achIeved an understandmg of the effect of oceanographIc
condItions as mechamsms controllmg survIval and recrUItment of a commercIally explOIted fish
speCIes (walleye pollock, Theragra chalcogramma) The understandmg IS suffiCIently well
developed to allow It to contnbute to the management of the speCIes (Megrey et al 1996)

ACC Working Concept

The workmg concept that WIll be used to gmde research and momtormg m the GEM ACC
habItat IS

The Alaska Coastal Current IS the regIon of the GOA through whIch momentum,
energy, nutrIents and food orIgInatIng III deeper waters, waters farther offshore,
and upstream are dIstrIbuted to surface waters, the nearshore, downstream and
ultImately to watersheds DIstrIbutIOn mechalllsms for nutrIents and carbon and
pathways are thought to lInk the offshore to the nearshore and watersheds through
the Alaska Coastal Current (GEM Program Document, Chapter 7 6 3) Changes In
advectIve processes WIthIn the ACC, brought about by perIOdIC and aperIOdIC
changes In clImate, and by perIOdIC changes In the Input of energy, control
productIOn of alllmals and structure food webs across all the habItat types on
decadal scales by lImItIng the amounts, dIstrIbutIOn mechalllsms, rates of
dIstrIbutIon, and pathways for nutrIents and food

The ACC potentially IS Important to the CIrculatIOn dynarmcs ofPWS, clearly, It IS a cntIcal
advectIve and 1ll1gratory path for matenal and orgamsms between the GOA and PWS, and It IS
lIkely to play SImIlar roles m lower Cook Inlet, ShelIkof Strait and eastern KodIak A collectIOn
of related research questIOns and hypotheses IS mcluded m the GEM Program Document
AppendIX H Some statements that follow from the ACC workIng concept are as follows

• Ocean and coastal currents control aVailabIlIty and long-term average rate of delIvery of
the basIC factors essential to anmIal growth food and energy

• PopulatIOns of bIrds, fish and marme mammals m south-central Alaska are deteflllllled by
cross-shelf transport of nutnents

• Changmg envIronmental condItions dIrectly alter pnmary productIOn, whIch IS reflected
up through the food cham to affect harvests by top predators, mcludmg man

• Orgamsms are adapted to certam envIronmental condItIOns Altered enVIronmental
condItions shIft the balance and effiCIency of ecosystems Via survIval or 1ll1gratIOn to
affect harvests by top predators
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• Data collected from technology placed on vessels of the Alaska Manne HIghway system
can IdentIfy relatIOnshIps between the ACC and populatIons of key speCIes and can detect
change m these populatIOns as a result of changes m the ACC

InformatIon gaps and questIons

At present a relatIvely large number of relevant surface atmosphenc, and marme data gathermg
projects are actIve m the ACC habItat type, however most ofthese are ofuncertam duratIOn
GEM presently supports two long tIme senes moormgs to collect temperature, salImty,
fluorescence, and current vectors below the sea surface GEM IS developmg a project to enhance
abIlItIes to use OptICal data from satellItes for modelmg efforts TIme senes from a ShIp of
opportumty for temperature, salImty, fluorescence, zooplankton, and phytoplankton are
supported by GEM m the ACC and offshore Other agencIes support a vauety of plOJects of
lImIted duratIOn or annually appropnated whIch collect a wealth of mformatIOn on phySIcal and
bIOlogIcal oceanography, mcludmg currents, phytoplankton, zooplankton, and Juvemle salmon

Nonetheless, IelatIvely few long-term momtonng projects collectmg data below the sea's surface
are actIve, although the NatIOnal Weather ServIce marme statIOns and satellIte coverage provIde
long-term momtonng on atmosphenc and sea surface condItIOns Some types of satellIte
observatIOns can be occluded by clouds, whIch IS a common event m the Gulf of Alaska (see
GEM Program Document, AppendIX D and sectIOns below on EVOSTC and Non-EVQSTC
ACC-related projects by agency) Measurements of the phySIcal and bIOlogIcal propertIes and
ecologIcal mechamsms that control ammal populatIOn growth are major gaps m knowledge that
need to be filled before the goals of the GEM Program can be attamed In a reVIew offishenes
oceanography lIterature, Cooney et al (200 1b) concluded that most studIes of fish populatIOn
recrUItment dynamICS were unable to explam mechamstic lInkages between fish productIOn and
changes due to eIther human actIOns or natural forcmg Where do we look to fill the gaps?
Detectmg and understandmg temporal changes m the strength of downwellmg, upwellmg
vertIcal mIxmg, and theIr effects on the dIstnbutIOns of food and nutnents are essentIal to
understandmg changes m populatIOns of bIrds, fish and mammals Correspondmg changes m the
dIstnbutIOn of food and nutnents are expected to be expressed m changes m sal1ll1ty,
temperature, marme current vectors, surface wmd vectors, and sea level, and are expected to be
essentIal to understandmg changes m populatIOns of bIrds, fish and mammals

Gaps m knowledge on the effects ofthe ACC and factors that are covarIates and prOXIes for the
dIstnbutIOn ofnutnents and food m the GEM habItat types extend to Important adjacent water
bodIes, Prmce WIllIam Sound (PWS), Cook Inlet, and ShelIkof StraIt For example, much ofthe
aVailable eVIdence pomts to PWS as an Important part of the GOA ecosystem (cf Eslmger et al
2001), but the bIOlogIcal and phySIcal mechamsms whIch enable numerous speCIes of orgamsms
and nutnents to be exchanged between shelf waters and PWS are poorly understood PWS has a
large central basm of about 60 by 90 km WIth depths of 350 - 750 m that has been shown to
serve as a repOSItory for nutnents and food transported from the ACC and Alaska Current, but
the seasonalIty and sources of VariabIlIty mfluencmg thIs exchange are largely unknown
(SchmIdt 1977, NIebauer et al 1994, Gay and Vaughan 2001, Cooney et al 2001b)

Gaps m knowledge of water cIrCUlatIOn patterns WIthIn and nearby PWS lImIt the understandmg
of what controls bIOlogIcal plOductIOn Ofll1gh profile speCIes such as pInk salmon and herrmg m
PWS (Cooney et al 2001a) The baSIC concept that flow of surface waters through PWS IS
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geneially counterclockwIse wIth shelf waters entermg through Hrnchmbrook Entrance m the
east and eXItrng through Montague StraIt rn the west appears to be an Ideal that IS often vIOlated
(Vaughan et al 2001) The knowledge of the extent and seasonahty of commumcatIOn of PWS
water masses wIth the contrnental slope through Hrnchmbrook Entrance Via Hmchrnbrook
Canyon IS VItal to understandmg ongrns of bIOlogICal productIOn rn PWS, as well as to
understandrng the mechamsms by whIch the nch nutnents and food of the Alaska Current and
SubarctIC Gyre reach the ACC, nearshore, and watershed habItats (NIebauer et al 1994,
Vaughan et al 2001) Is the Hrnchrnbrook Canyon an advective pathway lrnkrng the offshore to
the other GEM habItat types? Rehable transport estImates of mass and property exchanges
between the sound and the shelf are not aVailable Is It pOSSIble to venfy the observatIOns of
NIebauer et al (1994) that suggest that as much as 40 percent of the sound's volume IS
exchanged m summel (May - September) and 200 percent of the volume IS exchanged rn wmter
(October through Apul)?

Example Research QuestIOns What are the relatIve roles oflocal nutrzent recyclmg
versus deep-water supply and cross-shelftransport m PWS, Cook Inlet and
KodIak Island? Does the mtense upwellmg m outer Cook Inlet vary
sIgnificantly mterannually or mterdecadally ? Do long-term changes m some
tIdal nodes (e g , an 18 6-year nodal cycle) affect nutrzent supply m tillS
regIOn? Are PWS, Cook Inlet and the Kodzak shelfnet Importers or net
exporters ofnutrzents, carbon and energy? (See GEM Program Document,
AppendIX H for addItIOnal examples)

Example Research QuestIOns What combmatlOns ofphySIcal condItIOns and
pnmary and secondary productIOn lead to favorable condItIOns for Illgher
troplllc level consumers (fzsh, bIrds, mammals), and what zs the spatzal and
temporal varzabllzty andfrequency ofoccurrence ofthese combmatlOns?
(Consult GEM Program Document AppendIX H,for other examples)

GEM ACC Research Needs and Schedule

GEM research and momtorrng m the ACC has two basIC needs The ftrst need IS to estabhsh
long-tIme senes of phySIcal and bIOlogIcal measurements (temperature, sahmty, fluorescence,
mtrates, sIhcates, zooplankton, nekton) on the role of the ACC rn transportmg nutnents and
mfluencrng prImary and secondary productIvIty The varIables WIll be chosen to serve m the
GEM model, whIch serves to develop a comprehensIve understandmg of the Gulf of Alaska's
ecosystems As the cost of makIng these basIc measurements becomes clear through
assImIlatIOn of data mto the GEM model, the frequency and spatial scale of samplmg may be
adjusted The second need for the GEM ACC program IS to develop the GEM model (GEM
Program Document, Chapter 8, NRC 2002) through developmg the abIhty for GEM to
collaborate wIth eXIstrng programs and models

GEM research needs rn the ACC are

Detect ImtIate development of the long-tIme senes of physIcal and bIOlogIcal measurements m
the ACC m support of the GEM ecosystem model The GEM Program WIll contrnue to work on
developmg a method for collectmg data on the flow of currents rnto and out ofPnnce WIlham
Sound
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ActIOns m FY 03

• Further develop the Contmuous Plankton Recorder, thermosalmograph and
fluorometer surveys from ShIpS of Opportumty

• Momtor mtrate over the shelf and basm as part of the NMFS-OCC/GLOBEC
salmon survey m July/August 2003

Proposed ActIOns m FY 04

• Mamtam support for the Seward GAKI tIme senes, PWS current momtonng,
contmuous plankton recorder, thermosalmograph, and fluorometer on vessels of
opportumty InvestIgate possIbIlItIes for real tIme data extractIOn

• Evaluate optIOns for partnenng With the Alaska Manne HIghway System for
thermosalmograph, fluorometer, and eventually nutnent momtormg on ferry
routes throughout the northern GOA

• Contmue to momtor mtrate over the shelf and basm as part of the NMFS
OCC/GLOBEC salmon survey m July/August 2004

Detect Develop synoptIc data on phySIcal oceanography and fishenes dynamIcs of the ACC m
preparatIOn for long-term development of the abIlIty to apply phySIcal oceanographIc data to
operatIOnal fishenes management problems m Cook Inlet

ActIOns m FY 03

• ImtIate development of mterdiscIplmary fishenes oceanography measurement
project at Anchor Pomt m Cook Inlet to understand dynamICS of Alaska Coastal
Current m relatIon to management of sockeye salmon fishery

Proposed ActIOns m FY 04

• Contmue development of mterdiscIplmary fishenes oceanography measurement
project at Anchor Pomt m Cook Inlet to understand dynamICS of Alaska Coastal
Current m relatIOn to management of sockeye salmon fishery

Understand

Proposed ActIOns m FY 04 and beyond

• Long-term understandmg Will be developed through an ecosystem model that
lmks bIOlogIcal and phYSIcal observatIOns across the habItat types and the North
PaCIfic to understand changes m smgle speCIes of mterest to managers and
concerned others The understandmg mcludes how natural changes (e g , clImate
change) WIll affect the ACC and how changes m the ACC WIll m tum affect key
orgamsms, I e bIrds, fish and mammals, and actIvItIes, e g , fishenes, of mterest
to humans

Inform
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ActIOns m FY 03

• BuIld bndges between the SCIentIfic commumty, whIch IS descnbmg and
attemptmg to predIct vanatIOn m bIOlogIcal productIOn, and the commercIal
fishmg commumty m Pnnce WIllIam Sound, whIch IS attemptmg to find
management applIcatIOns for thIS new mformatIOn

• Develop partnershIps wIth fishery managers m Cook Inlet to apply synoptIc
physIcal oceanography and fishery catches to regulatory process

Proposed ActIOns m FY 04

• Develop a web based system for dIstnbutmg mformatIOn and peer revIewed,
author-attnbuted data sets from the GEM program

• EstablIsh web pages for each habItat and the GEM Model (Cross HabItat
actIvItIes) on the EVOS web sIte Web page to contam relevant EVOS
publIcatIOns, reports, data sets, and other mformatIOn

• PrOVIde lmks to web sItes displaymg graphIcal mformatIOn With data from current
proJects, mcludmg Seward Lme StatIon 1 (GAKl), Contmuous Plankton
Recorder, thermosalmograph and fluorometer

Proposed ActIOns m FY 05 - FY 07

• Make all data from the ACC projects aVaIlable as soon as practIcable over the
web m a format convement to most users

Solve

Proposed ActIOns m FY 04

• ImtIate GEM bIOphySIcal model development
• Contmue process of establIshmg operatIOnal fishenes oceanography programs m

Cook Inlet Develop relatIOnshIps WIth fishery managers m Cook Inlet m
preparatIOn for long-term development of fishery management tools, and to
coordmate GEM ecosystem model development WIth fishery management needs

Proposed ActIOns m FY 05 and beyond

• Combme data on human Impacts on fish speCIes (catch) WIth oceanography and
clImate to prOVIde adVIce on when to schedule fishIng penods m Cook Inlet

• Develop adVIce to fishery and hatchery managers m Pnnce WIllIam Sound on
prospects for adult returns of pmk salmon

PredIct All GEM efforts are pomted toward developmg a comprehensIve understandmg of the
ecosystems of the Gulf of Alaska that WIll permIt predIctIOn of changes m abundance of valued
manne resources

Proposed ActIOns m FY 05 - FY 07
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• Routme short-term predIctIOns, such as t11TIl11g of arrIval of fish on fishIng
grounds m response to weather patterns shortly before the start of the season,
should be possIble WIthIn about five years, wIth the first predICtIOns commg as
early as FY 05

• PredIctIOns of levels of pmk salmon returns to Pnnce WIllIam Sound one year
ahead may be possIble wlthm the FY 05 - FY 07 tIme frame, dependmg on
avaIlabIlIty offundmg Note that the uncertamtIes assOCIated With a one-year
ahead forecast are many tImes greater than WIth a forecast covenng a few days or
weeks

• ExtenSIOn of forecastmg to other speCIes, and to longer tIme frames Will reqUIre
decadal scale efforts and patIence

EVOSTC ACC-related prOjects

030614 - A momtonng program for near-surface temperature, salImty, and fluorescence fields m
the Northeast PaCIfic Ocean - S Okkonen The ObjectIve for thIS proposed research IS
to mamtam and upgrade a thermosalmograph and fluorometer, mstalled on a crude 011

tanker, to contmue research on acqulSltIOn of contmuous, long-term measurements of
the near-surface temperature, salImty, and fluorescence fields m the Alaska Coastal
current and offshore areas of the Gulf of Alaska

030624 - A CPR-Based Survey to Momtor the Gulf of Alaska and Detect Ecosystem Change
s Batten ThIs project contmues, and further develops, the Contmuous Plankton
Recorder surveys from ShIpS of Opportumty begun m 2000 through the North PaCIfic
Manne Research ImtIatIve and contmued through 2002 under GEM (project 02624)
The project wIll test the CPR as an almost real-tIme mdlcator of ecosystem change
across the GoA (the ACC and off-shore)

030654 - Surface nutnents over the Shelf and Basm m Summer - Bottom up Control of
Ecosystem DIverSIty - P Stabeno ThIS two-year project Will momtor mtrate over the
shelf and basm as part of the NMFS-OCC/GLOBEC salmon survey m July/August of
2003 and 2004 Nutnent maps WIll be used to support NPZ models and satelllte
denved models of mtrate and new productIOn, to examme mechamsms of nutnent
supply such as mlxmg over banks and transport up submanne canyons, and to aSSIst
resource management of salmon and other commerCially Important speCIes

030636 - CommerCial FIshIng Management ApplIcatIOns - K Adams and R Mullms
Status ThIs project IS m the process of buIldmg bndges between the SCIentIfic
commumty, whIch IS descnbmg and attemptmg to predIct vanatIOn m bIOlogIcal
productIOn, and the commerCial fishIng commumty m Prmce WIllIam Sound, whIch IS
attemptmg to find management applIcatIOns for thIS new mformatIOn In addItIon, the
project seeks to prOVIde a fishenes commumty presence to partICIpate m development
of GEM

030640 - Toward Long-Term OceanographIc Momtonng of the Gulf of Alaska Ecosystem - T
Wemgartner Project supports a moonng measurmg temperature and sal1ll1ty at depth
mtervals at the SIte of the longest contmuous tIme senes of phySIcal oceanographIc data
m Alaskan waters, GAK1 (Seward Lme StatIOn One) Fluorescence has been added to
the surface observatIOns m response to a request for measure of bIOlogIcal actIVIty
relevant to understandmg dlstnbutIOn ofJuvemle pInk salmon
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Non-EVOSTC prOjects

Narrative
The momtonng and research efforts of GEM should be VIewed wIthm the context of
complementary data gathenng actIvItIes, retrospectIve data sets and models of potentIal partner
agenCIes m the Coastal Gulf of Alaska Persons submIttmg proposals, reVIeWIng proposals, and
adffillllstenng ongomg research and momtonng projects should routmely compare proposed and
ongOIng actIvItIes to the lIst ofNon-EVOSTC projects by agency, as a first step toward the
cOOldmatIOn and leveragmg goals of GEM for all projects When SImIlar Items are found,
addItIonal mformatIOn on the projects IS aVaIlable m databases of GEM and other databases and
agenCIes (1 e CIIMMS, PMEL and PICES) through lInks on the GEM webSIte or dIrectly flom
the agenCIes A bnef mtroductIOn to non-EVOSTC data sources and how they may be used In
the GEM ACC Program follows

In the Alaska Coastal Current, projects of the NatIOnal Marme FIshenes ServIce, NMFS, prOVIde
a wealth of hIstoncal and current observatIOns on occurrence and abundance of a large number
of fish and mvertebrate speCIes In addItIOn NMFS has models of phySIcal and bIOlogIcal
oceanography m relatIOn to fishenes, m cooperatIOn WIth other parts of the NatIOnal Oceamc and
Atmosphenc Adm1illstratIOn, NOAA Of partIcular mterest for controllmg the costs of
momtormg m the ACC IS the aVaIlabIlIty of research ShIp tIme onto wmch addItIOnal
observatIOns mIght be added Long-term stable research cruIses ofmterest are the vessel-based
transects of the Ocean Carrymg CapaCIty Study (NMFS) whIch cross the contmental shelf and
shelf break m the Gulf of Alaska, the area and depth stratIfied trawls of the NMFS bIennIal
survey whIch cover the shelf and the shelf break to a depth of 1000m, and the vessel-based
surveys of the InternatIOnal PaCIfic HalIbut CommISSIOn, IPHC on the shelf and coastal
embayments throughout the GOA

ACC projects should be cogmzant of the opportumtIes presented by the long-term, real trrne
atmosphenc and surface ocean phySIcal data of the NatIOnal Weather SerVIce (NWS) NWS
mamtams weather statIOns of potentIal mterest to GEM on both mool1ngs and coastal land SItes
The potentIal for partnenng WIth NWS through the NatIOnal Data Buoy Center (NDBC) by
addmg mstrumentatIOn to moonngs and coastal statIOns that can be commumcated through the
real-tIme data commumcatIOn systems should be conSIdered when plannmg new projects or re
evaluatmg ongomg projects

LImIted trrne length efforts funded by the NatIOnal SCIence FoundatIOn (NSF) and other federal
entItIes should be consulted m the preparatIOn and evaluatIOn of GEM proposals and projects
For example the short-term efforts of the GLOBEC program (multI-mstItutIOnal NSF and
NOAA-funded) are producmg plankton, fish, phySIcal and chemIcal observatIOns m the ACC
and offshore habItat types through calendar 2005 Other NSF-funded programs, such as Gulf of
Alaska ReCIrculatIOn Study (GARS) prOVIde a wealth of mformatIOn for syntheses, mcludmg
retrospectIve analyses, and modelmg Another source fixed-term oceanographIc and
atmosphenc data for the Gulf of Alaska IS the Oceamc and Atmosphenc Research (OAR) arm of
NOAA, whIch has ongomg research mterests m the Gulf of Alaska

Remote sensmg data sources should be routmely consulted as a means to reduce long-term data
acqUISItIon costs for proposed and ongomg GEM actIVItIes For example the NatIOnal
AeronautIcs and Space AdmImstratIOn (NASA) has compIled tIme senes mformatIOn on surface
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sea surface condItIOns m the Gulf of Alaska through Its U S Global ClImate Research Program
(USCGRP) The NatIOnal EnvIronmental SatellIte Data ServIce (NESDIS - NOAA) has onlme
terrestnal, coastal and marme data aVailable as free downloads from Its NatIOnal GeophysIcal
Data Center (NGDC) web SIte

List by agency
IPHC - Long lme fishmg gnd surveys of coastal Alaska
NESDIS - NatIOnal GeophysIcal Data Center (NGDC), GSHHS - A Global Self-consIstent,

HIerarchIcal, HIgh-resolutIOn Shorelme Database
NMFS - Ocean Surface Current Smmlator Model (OSCURS)
NMFS - Ocean Carrymg CapacIty Study (OCC)
NMFS - Master OceanographIc ObservatIOnal Data Set (MOODS), ExtensIve OceanographIc

Profile Data, All Oceans
NMFS - West Coast Upwellmg IndIces Data FlIes
NMFS - PavlofBay Temperature Recordmg Moonng
NMFS - ShelIkof Strait FOCI
NOAA - GLOBEC Northeast PacIfic Program RetrospectIve AnalYSIS of Growth Rate and

RecruItment for Sablefish, Anoploma fimbna, from the Gulf of Alaska and the
CalIforma Current System

NOAA - GLOBEC Northeast PacIfic Program AnalySIS ofIchthyoplankton Abundance,
DlstnbutIOn, and SpecIes ASSOCiatIOns m the Western Gulf of Alaska

NOAA - GLOBEC Northeast PacIfic Program Long-term VanabilIty m Salmon Abundance m
the Gulf of Alaska and CalIforrua Current Systems

NOAA - GLOBEC Northeast PacIfic Program A RetrospectIve Study of Top Predator TrophIc
POSItIOns, ProductIVIty, and Growth m the Gulf of Alaska for 1960-75 and 1975-90

NOAA - GLOBEC Northeast PaCIfic Program Patterns, Sources and Mechamsms of Decadal
Scale EnVIronmental VariabIlIty m the Northeast PaCIfic A RetrospectIve and
Modelmg AnalySIS

NOAA - GLOBEC Northeast PaCIfic Program Remote Sensmg of the Northeast PaCIfic
RetrospectIve and Concurrent Tlffie Senes AnalySIS Usmg MultIple Sensors on
MultIple Scales

NOAA - GLOBEC Northeast PaCIfic Program PhYSIcal-ChemIcal Structures, Pnmary
ProductIOn and DIstrIbutIOn of Zooplankton and Planktlvorous FISh on the Gulf of
Alaska Shelf

NOAA - GLOBEC Northeast PaCIfic PlOgram RetrospectIve AnalySIS ofNortheast PaCIfic
Microzooplankton

NOAA - GLOBEC Northeast PaCIfic Program Coupled BIO-Physical Models for the Coastal
Gulf of Alaska

NOAA - GLOBEC Northeast PaCIfic Program Coupled BIO-physical Models for the Coastal
Gulf of Alaska

NOAA - GLOBEC Northeast PaCIfic Program RetrospectIve AnalySIS ofNortheast PaCIfic
Mlcrozooplankton A Wmdow on PhySIcal Forcmg of Food Web Structure

NPRB - A contmuous plankton recorder morutormg program for the eastern North PaCIfic &
southern Benng Sea

NWS - Buoy ObservatIOns
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NWS - Coastal-Marme Automated Network (C-MAN)
NWS - Moored Buoys
NWS - SeaBreeze CD-ROM
OAR (NOAA) - DIstnbutIOn and Elemental CompOSItIOn of Suspended Matter m Alaskan

Coastal Waters
OAR (NOAA) - On Exchange of Water Between the Gulf of Alaska and the Benng Sea through

UmmakPass
OAR (NOAA) - Gulf of Alaska CTD Data Collected under the EnvIronmental ServIces Data and

InformatIOn Management (ESDIM ) Data Rescue
OAR (NOAA) - Benng Sea and Gulf of Alaska Wmds (1946-1982)
NSF - Gulf of Alaska ReCIrculatIOn Study (GARS)
NSF - Uppel Ocean CIrculatIOn m the Subpolar and Northern SubtropIcal PaCIfic
USGCRG - Repeat Hydrography and SpeCIal AnalySIS Centre
USGCRG - One-Time Survey CruIse 17N
USGCRG - Subsurface Floats
USGCRG - Surface Dnftmg Buoys
USGCRG - Jomt AIchIve for ShIpboard ACOUStIC Doppler Current Profilers (ADCP)
USGCRG - Upper Ocean Thermal Data
USGCRG - Sea Surface SalImty
USGCRG - Surface MeteorologIcal Data and Surface Fluxes
USGCRG - TIde Gauges
UAF - GAK 1 TIME SERIES
UAF - Process modelmg of the Alaska Coastal Current
UAF - PhySIcal forcmg of manne productIVIty momtonng moormgs on the Gulf of Alaska shelf

Nearshore

Current SCIentIfIC thInkIng

BaSIC SCIentIfic concepts of how ecosystems m the mtertidal and subtIdal are structured by
phySIcal and bIOlogIcal phenomena have been well developed for some time (GEM Program
Document, Chapter 7 9, Ricketts 1939) For the organIzatIOn of samplmg strategIes the most
fundamental substratum dIstmctIOns are hard bottom (rocks, boulders, cobbles) and soft bottom
(mobIle sedImentary habItats lIke sands and muds) Withm these two types, geomorphology
varieS substantially, WIth bIOlogIcal ImplIcatIOns that often mduce further habItat partitIOmng
(page et al 1995, Sundberg et al 1996)

Intertidal
The rocky mtertidal ecosystem may represent the best understood natural commumty of plants
and ammals on earth EcologIsts realIzed more than forty years ago that thIs system was
unIquely well SUIted to experImentatIOn because the habItat was acceSSIble and baSIcally two
dImensIOnal and the orgamsms were mampulable and observable Consequently, ecologIcal
SCIence has used SOphIstIcated experImental manIpulatIOns to produce a detaIled understandmg
of the complex processes mvolved m determlll1ng patterns of dIstnbutIOn and abundance of
rocky mtertidal orgamsms (Pame et al 1996, Dayton 1971, Connell 1972, Underwood and
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Denley 1984) Plants and anImals of temperate rocky shores exlu.blt strong patterns of vertIcal
zonatIOn rn the rntertldal zone PhySIcal stresses tend to lIilllt the upper dlstnbutIOllS of speCIes
populatIOns and to be more Important hIgher onshore, competItIOn for space and predatIOn tend
to lImIt dlstnbutlons lower on the shore Surface space for attachment IS potentially llillltrng to
both plants and anImals rn the rocky rntertldal zone In the absence of dIsturbance, space
becomes lIillltrng, and competitIOn for that lIilllted space results rn competitive exclUSIOn of
rnfenor competitors and monopolIzatIOn of space by a competitIve dOilllnant PhysIcal
dIsturbance, bIOlogrcal dIsturbance, and recrmtment lImItatIon are all processes that can serve to
mamtarn densItIes below the level at whIch competItIve exclusIon occurs (Menge and Sutherland
1987) Because of the Importance of such strong bIOlogIcal rnteractIOns rn determmrng the
commumty structure and dynamIcs m thIs system, changes m abundance of certam keystone
speCIes can produce rntense dIrect and rndIrect effects on other speCIes that cascade through the
ecosystem (Menge et al 1994, Wootton 1994, Menge 1995, Parne et al 96)

IntertIdal commumtIes occupymg unconsolIdated sedIments (sands and muds) are qmte dIfferent
from those found on rocky shores (Peterson 1991) These softbottom commumtIes are composed
of rnfaunal (buned) mvertebrates, mobIle mIcroalgae, and abundant tranSIent consumers, such as
shorebIrds, fishes, and crustaceans (RafaellI and Hawkms 1996) Macroalgae are sparse, and are
found attached to large shell fragments or other stable hard substrata In very low energy
enVIronments, large plants, such as salt marsh grasses and forbs hIgh on shore and seagrasses
low on shore, occur m mtertldal soft sedIments (Peterson 1991) The large stretch of mtertldal
soft-sedIment shore m between those vegetated zones has an empty appearance, whIch IS
1ll1sleadmg The plants are mIcroscopIC and productive, the mvertebrate anImals are buned out
of SIght The soft-bottom mtertldal habItat represents a cntlcally Important feedrng ground,
espeCially for shorebIrds, because the flat topography allows eaSIer access than IS provIded by
steep rocky coasts and because mvertebrates WIthout heavy protectIve calCIum carbonate shells
are common, partIcularly polychaetes and amphIpods (peterson 1991)

The mtertldal shorelmes of the GOA exhIbIt a WIde range of habItat types True soft-sedIment
shores are not common, except m Cook Inlet Marshes, fme-gramed and coarse-gramed sand
beaches, and exposed and sheltered tidal flats represent a small fractIOn of the coastlme m the
GOA Sheltered and exposed rocky shores, wave-cut platforms, and beaches WIth varymg
mIxtures of sand, gravel, cobble, and boulders are the dommant habItats m thIs regron (page et
al 1995, Sundberg et al 1996) Abundance, bIOmass, prodUCtIVIty, and dIverSIty ofmtertldal
commumtles on the shores of the eastern GOA WIth nearby glaCIers are depressed by proXImIty
to sources of runoff from glaCIer Ice melt The Islands m PWS and the Aleutian Islands, for
example, have ncher mtertldal commumtles than the mamland of the northeast GOA, and the
mtertldal commumtles of KodIak and Mognak tend to be ncher than those of the Shehkof StraIt
mamland on the Alaska Pemnsula (Bakus 1978, Hlghs1ll1th et al 1994) GlaCIer Ice melt
depresses mtertldal bIOtic commumtles by mtroducmg turbIdIty and freshwater stresses

Wrnter Ice scour seasonally denudes epibIOta along the Cook Inlet shores (Bakus 1978) Intense
wave exposure can cause substratum mstabilIty on mtertldal cobble and boulder shores, thereby
removmg mtertldal epibIOta dIrectly through abraSIOn (Sousa 1979) Shores WIth well rounded
cobbles and boulders have accordmgly poorer mtertldal bIOtas than those WIth reduced levels of
phySIcal dIsturbance BashIng from logs also represents an agent of dIsturbance to those rocky
shores exposed to mtense wave actIOn m thIs regIOn (Dayton 1971) Consequently, exposed
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lOcky coastlmes may expenence more seasonal fluctuatIOns m epibIOtic coverage than
commuruties on sllmlar substrata m protected fjords and embayments (Bakus 1978)

Subtidal
Although narrow, the shallow subtIdal zone m WhICh pnmary productIOn does occur IS of
substantIal ecologIcal sIgmficance Many of these vegetated habItats, espeCIally seagrass beds,
macrophyte beds, and kelps, provIde nursery grounds for marme ammals from other habItats,
umque habItat for a resIdent commuruty of plant-assocIated anImals, feedmg grounds for
Important consumers, mcludmg marme mammals, seaducks, and many fishes and shellfishes,
and asource of pnmary productIOn for export as detntus to the deeper unlIt seafloor ecosystem
(SchIel and Foster 1986, Duggms et al 1989) In the spIll area, eelgrass (Zostera marma) beds
are common m shallow sedunentary bottoms at the margms ofprotected embayments (McRoy
1970), whereas on shallow rocky subtIdal habItats, the kelps Agarum, LammarIa, and
Nereocystis form dense beds along a large fractIOn of the coast (Calvm and EllIs 1978, SAl
1980, Dean et al 1996a) ProductIVIty estImates m wet weIght for larger kelps NereocystIs and
Lammana m the northeastern GOA range up to 37 to 72 kg/m2/yr (O'Clmr and Zunmerman
1986) In thIs shallow subtIdal zone, pnmary productIOn also occurs m the form of smgle-celled
algae These mIcrobIal plants mclude both the phytoplankton m the water column and benthIC
microaigae on and m the sedIments and rocks of the shallow seafloor Both the planktomc and
the benthIc ffilcroalgae represent ecologIcally unportant food sources for herbIvorous marme
consumers The typIcally hIgh turnover rates and hIgh food value of these ffilcroalgal foods m
the shallow subtIdal zone helps explam the hIgh productIOn of mvertebrate and vertebrate
consumers m thIs envIronment

The sessIle or slow-movmg benthIc mvertebrates on the seafloor represent the bulk of the
herbIVore trophIc level m the subtIdal ecosystem ThIs benthIc mvertebrate fauna m the shallow
subtIdal zone dIffers markedly as a functIOn of bottom type (Peterson 1991) Rocky bottoms are
mhabited by epIfaunal benthIc mvertebrates, such as sponges, bryozoans, barnacles, anthozoans,
tumcates, and mussels Sand and mud bottoms are occupIed largely by mfaunal (buned)
mvertebrates, such as polychaete worms, clams, nematodes, and amphIpods The feedmg or
trophIc types of benthIc mvertebrates vary WIth envIronment, espeCIally WIth current flow regune
(Rhoads and Young 1970) Under more rapId flows, the benthos IS dommated by suspenSIOn
feeders, ammals extractmg partIculate foods out of suspenSIOn m the water column Under
slower flows, deposIt feed~rs dommate the benthos, feedmg on orgamc matenals deposIted on or
m the seafloor

The benthos also mcludes some predatory mvertebrates, such as sea stars (for example, leather
star, DermastellaS Imbncata, and sunflower star, Pycnopodla hellantholdes), crabs (for example,
helmet crab, Telmessus chelragonus), some gastropods, and some scavengmg mvertebrates
(Dean et al 1996b) BenthIC mvertebrates of soft sedIments are dIstmgUIshed by SIze, WIth
entIrely dIfferent taxa and even phyla occurrmg m the separate SIze classes Macrofauna mclude
the most WIdely recogmzed groups such as polychaete worms, clams, gastropods, amphIpods,
holothunans, and seastars (Hatch 200 1, Dnskell et al 1996)

Mewfauna mclude most prommently m the GOA nematodes, harpactIcoid copepods, and
turbellarians (Feder and Paul 1980) Fmally, mIcrofauna mclude most prommently
foramimfera, CIlIates, and other protozoans Because the actual speCIes compOSItIOn of the
benthos changes WIth water depth, the shallow and deep subtIdal benthIc faunas m the spIll zone
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hold few speCIes In common Soft sedIment commumtles of Alaska are best descnbed and
understood In vanous locatIOns WIthIn PWS, as a consequence of the Intense study after the 011
spIll

The shallow subtidallOcky shores that are vegetated also mclude SUItes of benthIc Invertebrates
umque to those systems These benthIc Invertebrates eIther dIrectly consume the large plants,
such as sea urchIns, or else are assocIated WIth the plant as habItat Those speCIes that depend
upon the plant as habItat, such as several speCIes of amphIpods, crabs and other crustaceans,
gastropods, and polychaetes, often are grazers as well, takIng some mIxture of macrophytlc and
epIphytIC algae In theIr dIets Glazmg by sea urchms on kelps IS suffiCIently Intense In the
absence of predatIOn on the urchIns, espeCially by sea otters In the spIll area, to create what are
known as "urchIn barrens" In whIch the macrophytlc vegetatIOn IS vIrtually removed from the
seafloor (Estes and PalmIsano 1974, Simenstad et al 1978) In fact, thIs shallow subtIdal
commumty on rocky shores of the GOA represents the best example In all of marIne ecology of a
system controlled by top-down predatIOn Sea otters control abundance of the green sea urchIn,
Strongylocentrotus droebachIensIs When released from that otter predatIOn, sea urchIn
abundance Increases to create fronts of urchIns that overgraze and denude the kelps and other
macroalgae, leaVIng only crustose forms behInd (SImenstad et al 1978) ThIS loss of macroalgal
habItat then reduces the algal assocIated Invertebrate populatIOns and the fishes that use the
vegetated habItat as nursery These reductIOns In tum can mfluence prodUCtIVIty and abundance
OfpISCIVOroUS seabIrds (Estes and PalmIsano 1974) Recently, reductIOn of tradItIOnal marIne
mammal prey of kIller whales has Induced those apex consumers to SWItch to eatIng sea otters m
the AleutIans, thereby extendIng thIs trophIc cascade of strong mteractIOns to yet another level
(Estes et al 1998, Estes 1999) Consequently, the shallow subtIdal commumty on rocky shores
of the GOA IS stlOngly mfluenced by predatIOn and proVISIOn ofbIOgemc habItat (Estes and
Duggms 1995) Human dIsruptIOn of the apex predators by huntIng them (as hlstoncally
occuned on sea otters [Snnenstad et al 1978]) or by redUCIng theIr prey (as may conceIvably be
occumng In the case of the Steller sea lIons and harbor seals through overfishIng theIr own prey
fishes [NRC 1996]) has great potentIal to create tremendous cascadIng effects through the
shallow subtIdal benthIc ecosystem Furthermore, If concentratIOn and bIOmagmficatIOn of
orgarnc contamInants such as PCBs, DDT,,DDE, and dIOxms In the tIssues of apex predators, In
partIcular In tranSIent kIller whales (MatkIn unpublIshed data), causes Impaired reproductIve
success, then human Industnal pollutIOn has great potentIal to modIfy these coastal subtIdal
commumtIes on rocky shores

The shallow subtIdal commumty on rocky shores of the GOA IS also strongly Influenced by
larval dlstnbutIOn and Iecrmtment Recent studIes by PartnershIp for the InterdISCIplInary Study
of Coastal Oceans (PISCO) (see GEM Program Document, AppendIX A for web lInk) have
shown that not only aIe the effects of competItIOn and predatIOn nnportant In structunng benthIc
commumtIes, but the sources and SInks of larvae are equally Important Larval abundance and
behaVIOr, where they come from, how they respond to ocean condItIOns, where they are retaIned,
where they are reflected, and the dynamICS regulatmg theIr recruItment are all nnportant
processes that ultImately control what lIves where Furthermore, knowledge about lIfe hIstones
IS InSuffiCIent to make broad generalIzatIOns about the successes and failures of recruItment
events

The shallow subtIdal benthIC commumtles m soft sedIments of the GOA regIOn functIon
somewhat dIfferently from theIr counterparts on rocky substrata These commumtIes are
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Important for nutnent regeneratIOn by mIcrobIal decomposItIOn and for productIOn ofbentluc
mvertebrates that serve as prey for demersal shnmps, crabs, and fishes In some protected areas
wIthm bays, however, the shallow subtldal benthos IS structured by emergent plants, specIfically
eelgrass m the GOA These eelgrass beds perform ecologIcal functIOns sImIlar to those of
macrophyte-dommated rocky shores, namely nursery functIOns, phytal habItat roles, feedmg
grounds, and sources ofpnmary productIOn (Jewett et al 1999) In the vegetated habItats of the
shallow subtldal zone, the demersal fish assemblage IS typIcally more dIverse than and qUIte
dIfferent from the demersal fishes of the deeper subtldal zone (Hood and ZImmerman 1986) In
eelgrass (Zostera) beds as well as m the beds of small kelps and other macrophytes (Agarum,
Nereocystls and Lammana) m the GOA, Juvemles of many specIes that lIve m deeper waters as
adults use thIs envIronment as a nursery for theIr young because of hIgh productIOn of food
matenals and protectIOn from predators afforded by the shIeldmg vegetatIOn (Dean et al 2000)
Fmthermore, several fishes are assocIated wIth the plant habItat Itself, mcludmg especIally
pIckers that consume crustaceans and other mvertebrates from plant surfaces, a mche that IS
unavaIlable m the absence of the vegetatIOn Both types of vegetated habItats m the shallow
subtldal zone of the GOA contam larger predatory mvertebrates, specIfically seastars and crabs
In some cases, the same speCIes occupy both eelgrass and kelp habItats (Dean et al 1996)

Nearshore workIng concept

The workIng concept that WIll be used to gmde research and momtonng m the GEM nearshore
habItat IS

BIolOgIcal productIOn and the structure of food webs m nearshore enVIronments are
controlled by local prImary productIOn, Import of nutrIents and food from
watersheds, the Alaska Coastal current and the offshore, as mfluenced by predation,
phySIcal, and anthropogemc factors

InformatIon gaps and questIons

The consequences of change caused by vanous natural and human-dnven factors on the structure
and dynamIcs of the rocky mtertIdal commumtles are not well developed m the sCIentIfic
lIterature For example, human harvest by fishenes or SubSIstence users of Important apex
predators that exert top-down control on mtertIdal commumtles could cause substantIal
cascadmg effects through the system But the seastars and gastropods that are the stlong
predatory mteractors m thIs commumty m the GOA regIOn are not targets for harvest The
mussels that are taken m SubSIstence harvest prOVIde Important ecosystem servIces as structural
habItat for small mvertebrates (Suchanek 1985), as a dommant space competltor (Pame 1966),
and as a WIdely used prey resource (Peterson 2001), but mussels do not appear lImIted m
abundance m the GOA regIon Perhaps some other harvested seSSIle mvertebrate speCIes, such
as the black gumboot, would proVIde a more sensItlve measure of long-term human Impacts?

LIttle mformatIOn eXIsts on the dynamICS of long-term change m structure and compOSItIOn of
mtertIdal commumtles m soft sedIments anywhere Some of the best understandmg of lillportant
processes actually comes from the northern GOA regIOn The Alaska earthquake of 1964 had a
tremendous mfluence on soft-sedlillent mtertIdal communItIes because of the geomorphologIcal
modIficatIOns of habItat (NRC 1971) UplIft of the shorelme around Cordova, for example, was
great enough to elevate the sedImentary shelf habItat out of the depth range that could be
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occupIed by many speCies of clams Clam populatIOns m Cordova, a town once called the clam
capital of the world, have never recovered from the earthquake The re-InVaSIOn of sea otters has
Similarly caused tremendous changes m clam populatIOns m shallow soft-sediment commurutles
ofthe northern GOA, mostly m subtidal areas, but also m mtertIdal sedunentary enVIronments
(Kvitek et al 1992)

Long-term nearshore momtormg programs eXist m Cook Inlet (Kachemak Bay and Kasltsna
Bay) and Pnnce Wilham Sound (PWSRCAC multiple 10cahtIes, Alyeska Valdez Arm, NatIOnal
Mussel Watch multiple 10cahtIes) No program that IS coordmated throughout the GEM regIOn
IS presently operatIOnal EXlstmg projects are targeted at human effects, or natural effects, but
not both m the same locahty

Current sCientific thInking on what to study m the nearshore for GEM IS gUIded by the results of
an expert consultatIOn and pubhc mvolvement process (Schoch et al 2002a)

Answers are needed to the followmg questIOns

Is long-term momtonng of attnbutes (plants, ammals, sediments, phySical oceanography) of soft
substrates, hard substrates, or some combmatIOn of the two hkely to prOVide the best Signal of
decadal scale VarIablhty due to natural sources?

In conSideratIOn of eXlstmg programs and samphng strategies (NMW, PWSRCAC, OSRI,
KBRR, USGS, PISCO), what are the appropnate locahtles and varIables for detectmg decadal
scale changes m speCies diverSity and productiVity m the GEM regIOn?

What are the best measures of human unpacts over decadal scales what are these unpacts, other
than harvest, tramplmg, hydrocarbon pollutIOn and orgamc ennchment?

How much more detailed shore zone mappmg of which portIOns of the nearshore IS needed m
order to select GEM nearshore momtonng Sites?

GEM Nearshore Research Needs and Schedule

The baSIC need for nearshore Iesearch and momtonng actiVities IS a geographIcally distributed
network capable of measurmg decadal scale changes m oceanographIc varIables, habitat type,
benthIc commumty structure, human use, contammant levels, and abundance of selected manne
plants, mammals, birds, shellfish and fishes GEM needs to develop a combmatIOn of synoptIC,
mtenslve, and extenSive Sites to momtor the above components at nested scales of space and time
(Schoch et al 2002b) IntenSive Sites would be used for process onented studies and to address
questIOns lmked to Gulf-Wide hypotheses bearmg on Cross Habitat connectIOns The purpose of
extensive Sites IS to momtor key components of the ecosystem over larger spatial scales, 1 e
study more Sites less mtensIVely These Sites would be used for pattern onented studies and for
addressmg Issues of concern to the local commumty Developmg means of matchmg samplmg
frequency to the appropnate temporal scale for the vanables of mterest IS essential Some
portIOn of the samphng effort may be event dnven

Vanables selectIOn m the nemshore Will be gUIded by the GEM model (GEM Program
Document, Chapter 8, NRC 2002), whIch serves as a repOSitory for the current comprehensive
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understandmg of the Gulf of Alaska's ecosystems As the cost of makmg these baSIC
measurements becomes clear through assIID1latIOn of data mto the GEM model, the frequency
and spatIal scale of samplmg may be adjusted

In chronologIcal order, GEM research needs are

Detect To detect decadal scale changes m speCIes dIversIty and productIVIty m the nearshore m
the GEM regIOn, m consIderatIOn of eXIstmg programs and samplmg strategIes (NMW,
PWSRCAC, OSRI, KBRR, USGS, PISCO) and usmg the best sIgnal of decadal scale VariabIlIty
due to natural sources What are the appropnate localItIes and vanables for detectmg changes m
attrIbutes (plants, arnmals, sedIments, phySIcal oceanography) of soft substrates, hard substrates,
or some combmatIOn of the two?

ActIOns m FY 03

• Develop a comprehensIve mstoncal perspectIve of locatIOns and types of past
studIes conducted m the nearshore marme commuruties Withm Gulf of Alaska,
and develop estImates of costs for each element of a proposed momtormg
program

• ImtIate nearshore bIOdIversIty studIes along a pole-to-pole latitudmal gradIent by
applymg protocols developed under the Census of Marme Life program

• Evaluate the relatIve roles of natural factors (predatIOn, grazmg & natural
VariabIlIty) and anthropogemc Impacts (harvest) m altenng mtertIdal commumty
structure, usmg the black cmton, Katharma tunzcate, as a model

• Collect baselme hydrocarbon data m mussel tIssue and subtIdal sedIments that can
be used to detefIDllle human Impacts on the ecosystem

• Develop pIlot momtonng project for soft bottom habItats
• Work WIth partners to IdentIfy coastal habItat mappmg needs

Proposed ACtIOns m FY 04

• ProVIde habItat mappmg as necessary to support SIte selectIOn for nearshore
momtonng

• Contmue projects to develop nearshore samplmg SItes
• Contmue mvestIgatIOns of measures of human Impacts (harvest and PAH)

Inform Develop a web based system for distributmg mformatIOn and peer revIewed author
attnbuted data sets from the GEM program

Proposed ActIOns m FY 04

• EstablIsh web pages for each habItat and the GEM Model (Cross HabItat
actIVItIes) on the EVOS web SIte Web page to contam relevant EVOS
publIcatIOns, reports, data sets, and other mformatIOn

• Coordmate and faCIlItate mteractIOn among mvestIgators m nearshore projects to
plan for FY 05 InVItatIOn for Proposals
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EVOSTC nearshore projects

A large growth m knowledge of the benthos of the GOA regIOn was tnggered by the EVOS m
1989 ThIS work had broad geographic coverage of the rocky mtertIdal zone The area recelvmg
the most mtense study was PWS, where the spIll ongmated GeographIc coverage also mcluded
two other regIOns, the Kenai Pemnsula-lower Cook Inlet and the KodIak archipelago-Alaska
Pemnsula (Page et a1 1995, GIlfillan et a1 1995a, GIlfillan et a1 1996b, HIghsmIth et a1 1994,
HIghsmIth et a1 1996, Houghton et al 1996a, Houghton et al 1996b, Sundberg et al 1996)
Some of this benthic study followmg the 011 spIll was conducted m other habItats (soft substrata
[Dnskell et al 1996]) and at other depths (shallow and deep subtIdal habItats [Houghton et a1
1993, Armstrong et al 1995, Dean et al 1996a, Dean et al 1996b, Dean et a1 1998, Dean et a1
2000, Feder and Blanchard 1998, Jewett et al 1999]) Herrmg Bay on Kmght Island m PWS
was a SIte of espeCially mtense momtonng and expenmentatIOn on rocky mtertIdal commumtIes
followmg the 011 spIll (van Tamelen et al 1997)

030687 - Momtonng m the Nearshore A Process for MakIng Reasoned DeCISIOns - J Bodkm
andJ Dean
Status ThIs IS a one-year project that began m FY 03 This project Will develop a
comprehensIve hlstoncal perspectIve of locatIOns and types of past studIes conducted m
the nearshore marme commumtIes Wlthm Gulf of Alaska, and develop estImates of
costs for each element of a proposed momtormg program

030666 - Alaska Natural Geography m Shore Areas An ImtIaI FIeld Project for the Census of
Marme LIfe - B Konar
Status ThIS IS a 3-year project whIch wIll receIve ItS first year offundmg m FY 03
The project wIll ImtIate near-shore bIOdIversIty studIes along a pole-to-pole latItudmal
gradIent by applymg protocols developed under the Census of Marme Life program

030647 - InvestIgatmg the RelatIve Roles ofNatural and Shorelme Harvest m Altenng the
Commumty Structure, DynamICS, and DIverSIty of the Kenai Penmsula's Rocky
IntertIdal - J Ruesmk
Status ThIS IS a 2-year project that began m FY 03 This project WIll evaluate the
relatIve roles of natural factors (predatIOn, grazmg & natural varlablhty) and
anthropogemc Impacts (harvest) m altenng mtertldal commumty structure of the black
chIton, Katharma tUnlcata

030623 - PWSRCAC-EVOS Long Term EnVIronmental Momtonng Program - J Devens
Status This project was funded for one year begmmng m FY 03 The project
objectIve IS to proVIde a program for the collectIOn of baselme hydrocarbon data m
mussel tIssue and subtIdal sedIments that can be used to detefffillle Impacts of 011
sources on the ecosystem It IS expected that the data from thIS project WIll aSSIst m
IdentIfymg potentIal momtonng SItes for the GEM nearshore program

030556 - HIgh ResolutIOn Mappmg of the IntertIdal and Shallow SubtIdal Shores m Kachemak
Bay - C Schoch
Status This IS a contmuatIOn of a field mappmg project started m FY 02 ThIS project
WIll complete the field mappmg and begm buIldmg a database of the geomorphology
and phySIcal attrIbutes of shallow subtIdal and mtertldal habItats for the greater
Kachemak Bay/Lower Cook Inlet area It IS expected that the data from this project
WIll aSSIst m IdentIfymg potentIal momtormg SItes for the GEM nearshore program

02613 - Mappmg Manne HabItat -Pnnce WIlham Sound to McCarty Fjord - J Harper
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Status ThIS project conducted aenal VIdeo mappmg of the coastal areas of the outer
KenaI coast (McCarty Fjord to Pnnce WIllIam Sound) at extreme low tIdes employmg
the shore zone mappmg protocols of the Washmgton ShoreZone mappmg project,
mcorporatmg all of theu features and new ones appropnate for Alaska The results of
thIs project WIll be avaIlable m December 2002 It IS expected that the data from thIs
project wIll assIst m Identlfymg potentIal momtormg SItes for the GEM nearshore
program

02395 - Planmng for Long-Term Momtormg m the Nearshore Deslgmng StudIes to Detect
Change and Assess Cause - C Schoch
Status ThIs project produced a draft nearshore momtonng plan that prOVIdes a
framework for future momtormg that focuses on tractable components of the nearshore,
and IS statIstIcally sensItIve to temporal and spatIal change The plan IS currently
undergomg peel reVIew

Non-EVOSTC prOjects

Narrative
The momtonng and research efforts of GEM should always be VIewed through the
complementary data gathenng actIVItIes, retrospectIve data sets and models of potentIal partner
agenCIes m the Coastal Gulf of Alaska Persons submlttmg proposals, revlewmg proposals, and
admmIstenng ongomg research and momtormg projects should routmely compare proposed and
ongomg actIVItIes to the lIst ofNon-EVOSTC projects by agency, as a first step toward the
coordmatIOn and leveragmg goals of GEM for all projects When s1ll11lar Items are found,
addItIOnal mformatIOn on the projects IS aVaIlable m databases of GEM and other agenCIes
(CIIMMS, PMEL and PICES) through lmks on the GEM webSIte or dIrectly from the agenCIes
A bnef mtroductIOn to non-EVOSTC data sources and how they may be used m the GEM
nearshore habItat type follows

Understandmg of commumty compOSItIOn and seasonal dynamICS of GOA benthos was greatly
enhanced over the past thIrty years by research related to exploratIOn and development of the 011
and gas resources of the regIOn MMS, NOAA NMFS, and Alyeska funded geographIcally
focused benthIc survey and momtonng work m the 1970s ThIS work prOVIded the fust wmdows
mto the quantItatIve benthIC ecology ofthe regIOn Focus was most mtense on lower Cook Inlet,
the AleutIan Islands, the Alaska Pemnsula, KodIak Island, and northeast GOA, mcludmg the
Valdez Arm m PWS (Rosenberg 1972, Hood and ZImmerman 1986)

Currently long-term nearshore momtormg programs eXIst m Cook Inlet (Kachemak Bay and
Kasltsna Bay) and Prmce WIllIam Sound (pWSRCAC multIple localItIes, Alyeska Valdez Arm,
NatIOnal Mussel Watch multIple localItIes)

List by agency
ADF&G - KItOl Bay Momtormg Center for Alaskan Coastal StudIes - Coast Walk program for
Kachemak Bay
NOAA - Mussel Watch Project
KBRR - NOS momtonng
UAF - Kasltsna Bay momtonng
PWSRCAC - PAHs m mussels
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Watersheds

Current SCIentIfIc thInkIng

The Importance of manne mputs to the watershed phase and of terrestrIal mputs to the manne
phase of regIOnal bIOgeochemIcal cycle (GEM Program Document, Chapter 7 4 2 3 and 7 5) has
been Iecogmzed for some tIme (MathIsen 1972, ChIsholm 2000) For further dIscussIOn of
effects of terrestnal exports to the marme enVIronment see the "Current sCIentIfic thInlang"
sectIOn m the nearshore habItat type Companson of paleoecologIcal records spanmng 2,200 yrs
before present from anadromous and nonanadromous lakes usmg prOXIes of salmon abundance
(15 N and dIatom speCIes compdsItIOn) to the northern Gulf of Alaska (Karluk and Fraser Lakes
on KodIak Island) show the potentIal Impact of salmon denved nutnents on freshwater
ecosystems m the regIOn (Fmney et al 2002) The hIgher mCIdence of 15 N mdIcatIve of hIgher
salmon abundance m Karluk Lake was COInCIdent WIth speCIes of dIatoms that are favored by
eutrophIc condItIons OlIgotrophIc speCIes of dIatoms were COInCIdent WIth lower 15 N Levels
of 15 N were much lower In the nonanadromous Fraser Lake, where dIatom speCIes charactenstIc
of olIgotrophIc CIrcumstances were prevalent for almost the entIre 2,200 year record ArtIfiCIal
IntroductIOn of salmon to Fraser Lake, startIng dunng the 1950s, were COInCIdent WIth nses In
15N and changes m speCIes composItIOn of dIatoms In an earlIer paleoecologIcal study of the
same localItIes, Fmney et al (2000) speculated that commercIal fishenes that started at the end
of the mneteeth century were responsIble for the downward trend m observed levels of 15 N m
Karluk Lake from the late 1800s to present

The results from paleoecologIcal studIes are confrrmed by empmcal eVIdence from expenments
and dIrect observatIOns m artIfiCIal and natural streams Chlorophyll a and the bIOmasses of the
bIOfilm (bactena and molds) and aquatIC macroInvertebrates, such as msects, Increase as the
amount of salmon carcass bIOmass Increases Chlorophyll a has been observed to mcrease over
the full range of carcass bIOmass, whereas Increases In macroInvertebrates stop at some lImItmg
value of carcass loadmg (WIpflI et al 1998, WIpflI et al 1999) Salmon carcasses stImulate
productIOn of multIple trophIc levels, mcludIng decomposers, In watersheds by provIdmg carbon
and nutnents In earlIer studIes of an Alaskan stream contaImng Chmook salmon, PIOrkowskI
(1995) supported the hypothesIs OfWIpflI et al (1998) that salmon carcasses can be Important m
structunng aquatIC food webs In partIcular, mIcrobIal compOSItIOn and dIverSIty may detennme
the abIlIty of the stream ecosystem to use nutnents from salmon carcasses, a pnncIpal source of
marme mtrogen (GEM Program Document, Chapter 7 5) Manne nutnents and carbon move
from the manne enVIronment mto terrestnal speCIes m the watersheds of the GOA (WIpflI et al
1999), as has been shown to be the case m anadromous fish-bearmg watersheds elsewhere m the
north PaCIfic regIOn (BIlby et al 1996)

All aVaIlable eVIdence supports the concept that freshwater food webs m anadromous watersheds
In the northern Gulf of Alaska and elsewhere are lIkely to be dependent to some extent on mputs
of marme denved nutrIents (MDN) It has been shown that a WIde vanety of terrestnal speCIes
that occur m the regIOn bear MDN cr 5 N), such as nver otter (Ben-DaVId et al 1998b), coastal
mInk (Ben-DavId et al 1997a), nvenne mInk (Ben-DavId et al 1997), w01f(SzepanskI et al
1999), and marten (Ben-DaVId et al 1997b), and npanan plants such as trees (BIlby et al 1996)
In a recent study of a salmon bearmg stream m WashIngton State, Jauquet et al (2002)
documented the feedmg of30 speCIes of buds, mammals, mvertebrates, and fungI on chum
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salmon carcasses In theory, any terrestnal plant or anImal specIes that feeds m the marme
enVIronment or receIves nutnents from anadromous fish, such as Harlequm duck or SItka spruce,
IS a pathway to the watersheds for marme carbon and other elements m the form of nutrIents

Human actIvItIes m watersheds can change the amounts and tImmg of release of nutnents m
watersheds from the terrestnal system mto nvers and lakes by changmg the seasonal and
geographIc patterns of runoff (Gordon et al 1992, Leopold et al 1995), destroymg habItat for
nodulated (mtrogen fixmg) plants such as alders and lIchens (Gunther 1989, Helfield and
NaIman 2002), applymg fertIlIzers to lawns and crops, and removals of anadromous fish such as
eulachon and salmon The mtrogen assocIated WIth human actIvItIes comes from atmosphenc
sources e4N), WIth the exceptIOn of Impacts on anadromous sources, whIch mvolve changmg
levels of J5N

Studymg the levels of manne denved Isotopes IS the most certam way to dIstmgUIsh between the
bIOlogIcal effects of marme and freshwater processes Watersheds and the adjacent marme areas
of the nearshore, the Alaska Coastal Current and the offshore are subject to common clImatIc
forcmg The effects of the cool ACC and the warmer Alaskan Stream moderate aIr temperatures
GOA ocean temperatures are Important m determmmg clImate m the fall and early wmter m the
northern GOA and may be mfluentIal at other tImes of the year Because the cool glaCIally
mfluenced waters ofthe ACC moderate au temperatures along the coast, the strength and
stabIlIty of the ACC are Important m determmmg clImate m adjacent land areas, WhICh means
both watersheds and marme ecosystems are subject to common clImatIc forcmg Pnmary natural
forces are wmds, tIdes, precIpItatIOn, and msolatIOn

Smce many of the major watersheds m the GEM regIOn are m populated areas, they tend to be
areas of relatIvely mtense data collectIOn by many dIfferent publIc and pnvate entItIes
Nonetheless, a major gap m knowledge that IS not presently bemg addressed by anyone IS the
extent to whIch the functIOnmg of specIfic watersheds m the GEM regIOn may depend on marme
mputs The aVaIlable body of sCIentIfic eVIdence makes It clear that manne denved nutnents and
carbon can be very Important to the structure and functIOn of ecosystems m the watersheds
However, very lIttle relevant data have been collected m watersheds of the GEM regIOn that
permIt detectIOn and understandmg of these lmkages

Watershed workIng concept

The workmg concept that wIll be used to gUIde research and momtormg m the GEM watershed
habItats IS

Ocean and coastal currents, espeCIally the ACC, Influence bIologIcal productIOn In
coastal watersheds by controllIng avaIlabIlIty and long-term average rate of delIvery
of marIne nutrIents and carbon to watershed flora and fauna and by controllIng
avaIlabIlIty of nutrIents and food In the marIne habItats frequented by watershed
specIes In turn, watersheds Influence bIOlogIcal productIon In nearshore
enVIronments through the export of nutrIents, food and pollutants

Watershed research and momtonng actIVItIes WIll be focused on estabhshmg the degree to whIch
levels of the Isotopes common m the marme enVIronment (carbon, mtrogen and sulfur), as
measured m the tIssues of plants and ammals m watersheds, vary annually m response to annual
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vanatIOns m the mput of anadromous speCIes A component of the nearshore research IS to look
at the mfluence of watersheds on the nearshore

The followmg statements are based on the workmg concept

• Levels of the Isotopes of carbon, mtrogen and sulfur common m the marme envIronment,
as measured m the tIssues of plants and ammals m watersheds, vary annually m response
to annual vanatIOns m the mput of anadromous speCIes

• Plant and ammal speCIes may vary m the ratIO of manne to non-manne Isotopes (C, N, S)
WIthm watersheds due to theIr feedmg habIts and preferred feedmg localIty withm the
watershed Examples of some speCIes of mterest wmch are expected to be dIfferent from
one another m ISOtOPIC composItIOn are Willow (Sallx spp ), banded kmgfisher (? ), dIpper
(?), northern pIke (Esox spp ), and sockeye salmon (Oncorhynchus nerka)

• Plant and arumal speCIes may vary m the ratIO of marme to non-marme Isotopes (C, N, S)
among watersheds due to the relatIve magmtude of terrestnal or atmosphenc mputs,
whIch IS m turn related to the speCIes composItIOn and abundance ofplant speCIes For
example, the relatIve lillportance of atmosphenc mtrogen IS proportIOnal to the actIVIty of
nodulated (mtrogen-fixmg) plant speCIes such as alders SpeCIes such as Juvemle
sockeye salmon and stIckle backs should dIffer m ISOtOPIC composItIOn among
watersheds m hIghly forested watersheds such as the Kenm RIver, and m recently
glaCiated watersheds such as Dehght and Desue Lakes

• EXIstmg water qualIty momtonng programs may have mformatIOn on mtrates and
ammomum that would serve to estabhsh manne lmkages Elevated mtrates and/or
ammomum at certam localItieS and tImes of the year may proVIde an mdicatIOn of levels
of spawnmg anadromous fish

• Nounshment of watershed flora and fauna from marme sources means that freshwater
productIOn can be determmed to some extent by the magmtude of manne mputs to
freshwater habItats

• Nearshore productIOn and commumty structure are mfluenced by transfers from the
watershed of water, lIillltmg nutnents, sedIment, and organIsms These exchanges are
measurable, for example, as SIgnatures m ISOtOPIC composItIon, sedIment records, tree
nngs, otolIths, and populatIOn records The tIilllng of glaCiatIOn, through ItS effect on
abundance and speCIes composItIOn of nparian and other terrestnal vegetatIOn m the
watershed, should deterilllne the relatIve composItIon of manne Isotopes m the tIssues of
plants and ammals

Information gaps and questions

No momtonng projects for manne-related lmkages are presently operatIOnal, and only one
research project (02649 Reconstructmg Sockeye PopulatIOns m the Gulf of Alaska over the Last
Several Thousand Years The Natural Background to Future Changes) IS duectly measunng
marme-related phenomena m the GEM area watersheds ThIS IS a retrospectIve study of sockeye
abundance m Pnnce WIllIam Sound and the Kenm RIver watershed usmg the stable Isotope
tracers present m the sedIments of spawnmg lakes The goal IS to descnbe changes m sockeye
salmon abundance over the last several millenma and to relate these changes to smfts m the
chmate/ocean system of the GOA and to human actIVItIes
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A second project (02612 Detectmg and Understandmg Manne-Terrestnal Lmkages m a
Developmg Watershed Nutnent CyclIng m the KenaI RIver Watershed) has recently been
completed TIns project has developed a draft KenaI RIver Watershed Study Plan that descnbes
an mtegrated and mterdiscIplmary approach for understandmg nutnent and energy pathways and

I

terrestnal-aquatic lInkages m the KenaI RIver Watershed When fmal, the study IS expected to
contrIbute to the deSIgn of samplmg for marme-related nutnents and food sources m the KenaI
RIver watershed

GEM Watershed Research Needs and Schedule

The focus of the GEM watershed program WIll be to conduct research on how to measure the
known manne related mdicators stable Isotopes of carbon, mtrogen and sulfur (C, N, S) and
prOXIes for marme related sources of nutnents and food Answers are needed to the followmg
questIOns What are the best mdicators? Are C, N, and S equally useful as mdICators of marme
lInkages m all types of watersheds? Are concentratIOns of mtrates and arnmomum m freshwater
SUItable proXIes for stable Isotopes? Are there other SUItable proXIes for marme-related
mdICators? What IS the vanabIlIty of marme related mdicators m bodIly tIssues among speCIes
Withm watersheds? WhIch speCIes or speCIes guilds are best SUIted to measunng manne
lInkages? How do SUItable speCIes vary among dIfferent types of watersheds, 1 e , heavIly
forested, anadromous, non-anadromous, recently glaCIated, heavy human development, pnstme,
and so forth? What are the mdicators ofterrestnal mfluences m nearshore marme enVIronments?

Detect In concert WIth the development of the GEM bIOphysIcal model, a momtonng program
to detect annual changes m levels of marme nutnents and carbon on bIOlogIcally meanmgful
tIme and space scales m selected watersheds IS to be deSIgned and developed Samplmg of
terrestrial SIgnals m nearshore areas adjacent to watersheds may be mcorporated Samplmg
strategIes must show how, If key vanables are measured, recorded and made aVaIlable to
researchers WIth the proper spatIal scale, temporal scale, cost effectIveness and technology, they
WIll detect changes m the GEM ecosystem Watersheds should be selected to permIt such
compansons as volcamc to non-volcanIc, heaVIly forested to recently glaCiated, anadromous to
non-anadromous, and developed to pnstme

ActIOns m FY 03

• PrOVIde bndge fundmg for NImlchIk RIver water flow gauge to allow trrne for permanent
non-GEM fundmg to be obtamed for stream flow recordmg

• Use cores of sedrrnents from sockeye-bearmg lakes on the KenaI Penmsula and Pnnce
WIllIam Sound to understand the natural vanabIhty of productIOn m these systems m the
dIstant past (up to 5,000y)

• PartICIpate m multI-InstItutIOnal effort to plan watershed research m the KenaI RIver
watershed m order to IdentIfy Iesearch opportumtIes and partners for GEM

Proposed ActIOns m FY 04

• Complete work and analyze cores of sedIments from sockeye-beanng lakes on the KenaI
Pemnsula and Prmce WIllIam Sound to understand the natural vanabilIty of productIon m
these systems m the dIstant past (up to 5,000y)
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• IdentIfy and demonstrate statIstIcally ngorous samplmg strategIes for detectmg marme
sIgnals and prOXIes from plants and anImals m the manne watersheds and nearby
nearshore areas

• IdentIfy and demonstrate cost effectIve commumty based samplmg strategies for CItIzen
morutormg of manne-related varIables and prOXIes m watersheds and nearby nearshore
areas ActIOn IS to demonstrate how to mcorporate proven approaches to commumty
based morutol1ng of the aquatIc enVIronment, IncludIng QAlQC of CItIzen morutormg
data

Proposed ActIOns m FY 05

• In those mstances where the marme sIgnal can be relIably and precIsely measured,
perform statIstICal deSIgn work, based on the data already collected to allow
understandmg of how much It would cost to field morutonng studIes to detect changes of
certam magrutudes m the manne sIgnal on varIOUS temporal and spatIal scales

• IdentIfy and develop measures of human effects that can be applIed m all watersheds
where manne related vanables are bemg developed

Proposed ActIOns m FY 06 - 07

• Usmg statIstIcal methods and the watershed component of the GEM bIOphYSICal model
determIne the efficacy of ISOtOPIC and proxy measures of MDN as an mdicator of change
m key watersheds across the GEM region

• Use watershed component of GEM bIOphYSICal model to begin development of a plan
and cost estImates for a broad based systematIc network to collect marIne-related
variables and prOXIes and essentIal phySIcal data that focuses comprehensIve coverage
(many vanables, hIgh preCISIOn) on a few key watersheds and synoptIC coverage (few
varIables, lower preclSlon) on a WIde varIety ofwatersheds across the GEM regIOn

• Promote and faCIlItate partnershIps WIth agenCIes, NGOs, and commuruty groups to close
gaps m comprehensIve data collectIOn of manne related vanables m key watersheds
IdentIfied by the bIOphySIcal modelmg Understand To understand ongms of long-term
natural val1atIOn m key phYSIcal, chemIcal, and bIOlogIcal varIables In coastal watersheds
of the GEM regIOn

Understand To understand If proxImate human mfluences are perturbmg key phYSIcal,
chemIcal, and bIOlogIcal varIables beyond the range ofnatural vanatIOn m coastal watersheds of
the GEM regIOn

Proposed ActIOns m FY 05

• IrutIate development of watershed component of the GEM bIOphySIcal model to adVIse
on samplmg strategIes for marIne related nutrIents and food m watersheds In support of
GEM watershed modelmg, develop, obtam, or IdentIfy a readIly acceSSIble GIS or web
based database of eXIstmg anadromous fish productIVIty data m the GEM regIOn and
determIne where there are gaps m the spatIal coverage, variables measured, and qUalIty of
data
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Proposed ActIOns FY 06 -07

• Implement more detailed modelmg and data asslimlatIOn expenments BasIC statIstIcal
and ecosystem modelmg of the speCIes and processes mvolved m the mput ofmanne
nutnents and carbon IS unplemented to refme the concepts of bIOlogIcally meamngful
marme related vanables, and to assImIlate data to refine the samplmg desIgn

Inform Develop a web based system for dIstnbutmg mformatIOn and peer revIewed author
attrIbuted data sets from the GEM program

Proposed ActIOns m FY 04

• EstablIsh web pages for the Watershed habItat and the GEM Model (Cross HabItat
actIVItIes) on the EVOS web SIte Web page to contam relevant EVOS publIcatIOns and
reports and other mformatIOn

Proposed actIOns m FY 05 - 07

• Hold regular work-sessIOns where researchers of GEM watersheds can collaborate on
methods, analysIs, and modelmg efforts

Solve Develop tools, technologIes and mformatIOn that can help resource managers and
regulators collect data on key phYSIcal, chemIcal, and bIOlogIcal vanables m coastal watersheds
of the GEM regIOn and unprove management ofmanne resources and address problems that may
arIse from human actIvItIes

Proposed ActIOns m FY 04 - 07

• InvestIgate opportunItIes to Improve and/or extend the qualIty and aVailabIlIty of eXIstmg
commumty based data collectIOn projects for key phYSIcal, chemIcal, and bIOlogIcal
varIables m coastal watersheds of the GEM regIOn

• PartICIpate WIth regIOnal partners the development of a strategIC plan for use and
unprovements to remote sensmg data acqulSltIOn, analysIs, and modelmg of coastal
watersheds of the GEM regIOn

Proposed ActIOns m FY 07

• Apply models to begm process of developmg watershed management products m
cooperatIOn WIth commumty groups and management agencIes

EVOSTC watershed-related projects

In FY 03, complete KenaI RIver Watershed planmng effort FY 04 mitIate research efforts to
measure basIC manne sIgnals m selected watersheds

02612 Detectmg and Undeistandmg Manne-Terrestnal Lmkages m a Developmg Watershed
NutrIent Cyclmg m the Kenai RIver Watershed - A Mazumder
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Status A draft KenaI RIver Watershed Study Plan has been prepared and IS undergomg
peer reVIew

02649 Reconstructmg Sockeye PopulatIOns m the Gulf of Alaska over the Last Several
Thousand Years The Natural Background to Future Changes - B Fmney
Status EqUIpment faIlure has delayed completIOn of the cormg untIl Sprmg 2003

Non-EVOSTC prOjects

Narrative
The momtormg and research efforts of GEM are to be VIewed through the complementary data
gathenng actIvItIes, retrospectIve data sets and models of potential partner agenCIes m the
Coastal Gulf of Alaska Persons sub1lllttmg proposals, revIewmg proposals, and admimstermg
ongomg research and momtormg projects should routmely compare proposed and ongomg
actIVItIes to the lIst ofNon-EVOSTC projects by agency, as a first step toward the coordmatIOn
and leveragmg goals of GEM for all projects When sI1llllar Items are found, addItIOnal
mformatIOn on the projects IS aVaIlable m databases of GEM and other agenCIes (CIIMMS,
PMEL and PICES) through lmks on the GEM websIte or drrectly from the agenCIes A bnef lIst
of the dommant non-EVOSTC data sources for watersheds m the GEM regIOn follows as an
entry pomt to the larger data bases

List by agency
Cook Inlet Keepel Lower KenaI Penmsula Watershed Health Project
ADF&G - Sonar EnumeratIOn of Returmng Adult Salmon
ADF&G - Catalog of Waters Important for the Spawmng, Reanng, or MIgratIOn of Anadromous

FIshes
ADF&G - WeIrs and Countmg Towers for EnumeratIOn of Returnmg Adult Salmon,

Escapement
ADF&G - Aenal I Foot Surveys ofSpawmng Streams, Salmon Escapement
USDOI - HydrologIC Data Collechon and Inveshgahons

Offshore

The offshore program for the foreseeable future WIll consIst of observatIOns on plankton,
temperature, salmity and fluorescence collected from ShIpS of opporturuty, as descnbed m the
Alaska Coastal Current (ACC) habItat The development ofthe offshOle program needs to aWaIt
further developments of data m the other habItat types and the development of the GEM model

Data Management and Information Transfer

The GEM data management project presents a uruque challenge for data-systems development
When fully Implemented, GEM WIll be a long- term morutormg program annually producmg a
large array of datasets whIch need to be mcorporated mto a system wmch prOVIdes selectIve
accessIbIlIty to the data contamed WItmn The GEM system must supply users and other data
warehouse systems a transparent VieW of the data outSIde of the confines of the mdividual
datasets The system must be hIghly scalable and flexIble but still prOVIde structured descnptors
m lookup tables for expedItmg all mclusive quenes ThematIc, semantIC, and syntactIc metadata
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and geo-referencmg must be mcorporated as an essential part of the arcmtecture of the system
The system must also act as a robust and concIete data arcmve to ensure mtegnty and longevIty
of the data Itself

The GEM data management system must address the Issues related to the data types supplIed by
the observatIOnal component and the demand placed by the applIcatIOns component As such,
the data management system IS posItIOned between these two components and must develop and
mamtam an mterface to both In addItIOn, modelmg and map creatIOn applIcatIOns WIll generate
new data that WIll also be archIved and delIvered by the GEM data system More detaIled
mformatIOn on data management and mformatIOn transfer can be found m Chapter 9 of the GEM
Program Document

Pnmary System ReqUIrements

FleXibility
For the most part, GEM data sets WIll be non-homogenous, mdependent, and umque from each
other Datasets could consIst of phYSICal measurements, taxonomIc measurements, m addItIOn to
unforeseen types, or combmatIOns of all three The GEM data system must be able to
accommodate foreseen data m addItIOn to allowmg for the absorptIOn of unknown data and
mformatIOn types The system must be able to absorb all GEM data m structured form
assocIated WIth descnptIve syntactic and thematic meta-data to allow faCIlItatIOn of quenes

Scalability
Due to the nature of the GEM project, ItS data system must be capable of eaSIly absorbmg
multIple heterogeneous datasets each year Over the years the number of datasets could nse mto
the thousands and compnse a data warehouse of a bIllIon or more records The data system must
be mherently scalable and capable of eaSIly absorbmg new datasets mto the system WIth ffillllmal
reqUIred mamtenance Data mcorporatIOn must be SImple, automatIC and straIghtforward

Metadata
Data IS useless m today's SCIentIfic world WIthout ItS complementary metadata Syntactic,
semantIC, and thematIC metadata must be an mtegral part of the GEM data system and
acceSSIbIlIty to It must eXIst VIa SImple pathways SyntactIC Metadata descnbes
programmatIc/computatIOnal techmcal charactenzatIOn of data and can mclude but not lImIted to
data type, measurement umts, and assocIated measurement error Semantic metadata can
descnbe contextual mformatIOn about the mdIvIdual data and can mclude descnptIons lIke
measurement type and measurement deVIce ThematIC metadata can mclude descnptIOns wmch
define the context of the study wmch produced the data and could mclude mformatIOn detaIlmg
prmcIpal mvestIgator, speCIes aSSOCIatIOn, study hypotheSIS, etc InformatIOn descnbmg the
context of the measurement, data collectIOn deVIce, umts, and spatial temporal relatIOnshIps are
Just a few of the descnptIve quantitIes wmch must be contamed wItmn the system The metadata
must be standardIzed and structured (1 e , contamed m lookup tables chosen for umversal usage)
to asSIst m data extractIOn, data mmmg, and data formattmg functIOnalIty Metadata
speCIficatIOns must meet WIth Federal Government Data CommIttee (FGDC) requIrements

Transparency, Aggregation, and Data Mmmg
Though the GEM data system WIll be composed of multIple heterogeneous data sets, useIS of the
system must mterface It as If they are accessmg a smgle dataset The abIlIty to generate subsets
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of data from both mdividual and multIple sets IS an absolute necessIty of the system Tills abIlIty
to aggregate data from mdependent datasets mto a homogenous representatIOn must be a core
property of the system Projects wIll of course produce unIque datasets Many measurements of
each mdependent dataset wIll be of the same semantIc type but may very well be represented m
drlfermg umts and data types Structures must eXIst withm the data system to Isolate those
semantIc homogeneItIes and format and aggregate those measurements to produce a contmuous
transparent VIew of the dIstnbuted data Users should be able to data mme the system for
mformatIOn willch conforms to theIr search cntena

Data mterchange between other data warehouse systems
A paramount requIrement of the GEM data system IS that It be able to mteract, extract, and
contnbute to other data systems The facIlItatIOn of these tasks wIll be through the use of
middleware products whIch must be mherently complIant WIth charactenstIcs of the data system
The system should also be capable of mterfacmg wIth current oceanograpillc data sharmg
protocols such as OPENDAP

GIS and WEB functionality
The system selected for the storage of GEM related data must be both WEB and GIS enabled
wIthout the applIcatIOn of extravagant measures to do so Both of these technologIes have
become pnmary sources for the representatIOn and dissemmatIOn of modem InformatIOn and
havmg a system whIch IS conducIve to the creatIOn of ports to these technologies IS a
fundamental reqUIrement of any contemporary InformatIOn system

GEM Data and Meta Data Archive System
The GEM data system must act as a robust and concrete data archIvmg system to msure backup
and mtegnty of the data contamed withm It ThIs wIll mclude all data, metadata and
computatIOnal structures

Current DeSign
The core of the GEM data system lIes m the mherent charactenstIcs of the data and metadata
archIve system The archIve system IS the programmatIc structure whIch holds the actual
numenc values contamed wIthIn by the vanous datasets whIch are supplIed by GEM funded
projects The system IS also responsIble for orgamzmg thIs data through the use of mherent
metadata system structures mto categones and aSSOCiatIOns whIch will be useful m provIdmg
gateways to the InformatIOn to future researchers The archIve system IS the foundatIOn of the
entIre GEM data system and, m thIS sense, reqUIres much care and foresIght m ItS development
The capabIlItIes of the GEM data system wIll draw upon the functIOnalIty Imbedded m the
archIve structure, conversely, mtnnsiC flaws m the archIve structure wIll be perpetuated on every
level of the GEM data system

The relatIOnal database methodology has been chosen as the framework for the development of
the foundatIOnal archIve system because It can provIde the functIOnalIty requIrements of the
GEM data system lIsted above The methodology for developmg data archIve structures usmg
the relatIOnal desIgn has remamed vIrtually unchanged smce ItS advent m the late 1960s Many
software products whIch facIlItate web access, GIS representatIOn, and mformatIOn
dissemmatIOn are deSIgned to mterface dIrectly wIth relatIOnal database systems In addItIOn,
data sharmg protocols such as OPENDAP have been ported to relatIOnal database systems whIch
ensure mterconnectivity wIth systems such as GOOS, IOOS, and OBIS An mherent
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charactenstIc of relatIOnal systems IS ItS abIlIty to ensure robust data mtegnty Below IS a
dIagram portraymg the proposed relatIOn desIgn of the archIve system for GEM phySIcal
oceanographIc data

GEM PHYSICAL DATA
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The above topologIcal database dIagram dIsplays the mteractIOn between mdIVIdual tables
descnbmg thematIc, syntactIc, and semantIc metadata charactenstIcs of phySIcal GEM datasets
All table structures are normalIzed accordmg E F Codd's rules of normalIzatIOn and predIcate
lOgIc TopologIes for the absorptIOn of speCIes speCIfic and general taxonoImc study data are
currently under development and wIll have topologIcal structures analogous to the structure
shown above

Due to the data archIve system's adherence to the relatIOnal model, the system can be quened,
sorted, and filtered by any of the fields contamed WIthm It Of course thIS also mcludes the
abIlIty to perform compound quenes (1 e, searchIng by multIple fields) and more sophIstIcated
dnll down quenes (1 e , selectmg subsets from preVIOusly quened subsets)

GEM Data System Plan

Once the GEM data archIve system has been developed, tested, and Implemented, It WIll be
pOSSIble to start buIldmg the secondary and tertIary structures on top of the foundatIOnal
components These components WIll allow the actual dIssemmatIOn of mformatIOn from the
archIve system to the user In addItIOn, a component to mterface WIth other data systems, such as
OBIS, GOOS, and IOOS, WIll be developed to share data usmg OPENDAP or other mIddleware
products Although development of these components IS prOjected to occur m FY 05 and
beyond, we can ensure a certam level of system functIOnalIty WIth the use of current computer
technology The followmg IS a rough template of baSIC core functIOnalIty components whIch
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WIll be provIded by the GEM data system, and IS expected to be modIfied by both user need and
future technologIcal mnovatIOn

Web Interface
Data stored m the GEM data-system wIll be aVailable for download over the mternet The
mternet applIcatIOn wIll be dynamIc m nature and data dnven to accommodate Issues of
scalabIlIty The web mterface wIll accommodate complex query requests and create a fnendly
mtUItIve mterface for users to process theIr requests Query functIOnalIty WIll eXIst on the
mdlvldual record level allowmg users to create subsets of mdIVIdual datasets Downloads WIll
be avaIlable m a multItude of formats (1 e comma delImIted, tab delulllted, excel spreadsheet,
etc) Downloads WIll also mclude a metadata document generated from relevant entnes m the
relatIOnal database ThIs metadata document wIll contam the data type, uruts, samplmg deVIce
(when relevant) for every field m the dataset download, and any known quantItatIve errors
associated WIth the samplmg deVIce The document WIll also contam mformatIOn specIfic to the
mcluslve dataset (1 e , pnnclpal mvestlgator, descnptIOn ofproject whIch generated report, table
descnptIOn as documented by PI, field descnptIOn as documented by PI, and dIrectIOns on how
to find more mformatIOn on the project ItSelf) The web mterface wIll be wntten m Cold FUSIOn
and NET web servIces

Spatial/Temporal Geo-referencmg
All data Will be spatIally and temporally documented as defmed by the GEM data polIcy ThIS
wIll mclude latItude, longItude, depth, and tIme when relevant The spatial fields WIll be
mterfaced through a GeographIc InformatIOn System (GIS) and mdexed appropnately usmg
SpatIal Data Engme (SDE) or Oracle SpatIal dependmg upon the backend database platform
Current development IS occurrmg on SQL Server 2000 and would therefore use SDE A GIS
query mterface WIll of course be mtegrated mto the web mterface to faCIlItate spatIal query,
aggregatIOn, and analySIS functIOns

OOSC Chent Connecttvlty
Certam users WIll reqUIre dIrect connectIVIty to the system VIa theIr clIent SIde software analySIS
packages Users WIll be able to connect analySIS packages such as matlab, arCVlew, and SPS
dIrectly to the database Via Ordmary Database ConnectIOns (ODBC)

Large Scale System Data Sharmg
A cntIcal component of the GEM data system IS ItS abIlIty to communIcate, dlssemmatel absorb
mformatIOn, and mteroperate WIth other SCIentIfic data storage systems ThIS process WIll be
faCIlItated through the ImplementatIOn of OPENDAP and other mlddleware products

The followmg page dIsplays a template for the technologIcal structure of the future GEM data
system as It IS seen now by the Data Management sectIOn

GEM Data Management and InformatIon Transfer Needs and Schedule

ActIOns m FY 03

• Define pnmary system level reqUIrements (staff)
• ImtIate development of data archIve system (staff)
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Proposed ActIOns rn FY 04

• Construct a database of meta-data descnbrng manne-related databases from the northern
Gulf of Alaska relevant to GEM (proJect)

• Develop pIlot project to apply OBIS WIthIn the GEM regIOn (project)
• FInIsh development and test the GEM data system archItecture for pnmary level

functIOnalIty (staff)
• Define metadata descnptors for use III definrng varIOUS current GEM datasets (staff)
• Research technology for hIgher order data system functIOnalIty (staff)

Proposed ActIOns III FY 05 and beyond

• Isolate secondary and tertIary requrrements and ensure that hIgher order system
functIOnalIty (1 e presentatIOn and analySIS of data) be rncorporated IlltO the growrng data
system
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Figure DMIT-2 Technological structure of GEM data system and commUnICatIOn components
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