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WHY GEM'? The northern Gulf of Alaska is one

of the world's most productive ecosystems. Biological

production in the gulf provides hundreds of millions

of dollars annually in income from the seafood, recre~

ation and tourism industries, as well as the subsistence

resources on which many Alaskans depend. The gulf

contains 25 species of marine mammals, 26 species of

seabirds and 287 known

species of fish, and the sur­

rounding area is home to more

than half of Alaslw.'s human

population. Ultimately, it is

our understanding of the Gulf

of Alaska and our ability to

share information that will

determine the future of the

gulf ecosystem and the human

activities that depend on it.

To continue these activities

into the future, we must be

able to detect environmental

change and distinguish

between human-caused impactS

and natural forces.

the Gulf of Alaska ecosystems. The program will also

include short- and long-term research using the latest

technological breakthroughs in marine science. With

these, the GEM program will provide a bener under­

standing of the complex processes in the ocean, an

understanding that will help us enjoy the great pro­

ductivity and biodiversity of Alaska's oceans for genet­

ations to come.

GuffofAlaska

­•
-'.-

--

Commullitits 0/the IIortMrn Gulf0/AUtsItIl

WHAT IS GEM '1 Imagine a marine research pro~

gram in one of the world's most productive ecosys­

tems that had indefinite, guaranteed funding. This is

the GulfofAlaska Ecosystem Monitoring and

Research (GEM) program, a long-term commitment

to gathering information about the physical and bio­

logical components that make up a world-renowned

marine erosysrem. What makes GEM unique is that

it incorporates interagency cooperation and collabora­

tion, public involvement and accessible, informative

data and information on the Gulf of Alaska ecosys­

tem. The flagship of the GEM program will be a corc

monitoring program, which, when combined with the

monitoring effortS of other resource agencies and

research entities, will help detect environmental

change over time and greatly expand understanding of
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GEM AT A GLANCE

COMMUNITY INVOLVEMENT. Extensive

community involvement will be ~nual to the GEM

program. Citizen volunteers will assist in observations

and data gathering and Alaska Natives will be consulted

for traditional ecological knowledge. Strong community

involvement will permit the program to compile a mort

extensive and expansive database.

• Annual budgel: approximatdy $5-6 million.

• The 1989 ExxOIl Va!Ja, oil spill led 10 a
record $900 million settlemenl 10 ~tore the
public's natural rcsoun;es injured by tbe spill.

• GEM program is 1110: ultimate legacy or Ihe
oil spill ~Ioration program.

• rtprc.scnt and examine complex relationships;

• distinguish variability from actual patterns;

• prioritize the most important fXtors in a system; and

• predict the likely course of future events.

The synthesis, gap analysis and modeling proasscs

will be: the primary tasks in the early implementation

phase of the GEM program. To prepare for long-term

monitoring, short-term rc.scarch projccts will hdp

determine how to answer the most important ques~

tions at the lowest cost. ShorHerm rcsc:arch will also
hdp revca..l the core variables, locations and methodol­

ogy to use in long~term environmental monitoring.

Other research will focus on food web dynamics,

plankton dynamics, weather, nutrient transport and

human impacts.

• GEM is Funded with $120 million endowment
from the remaining ExxOIl ~:tldn. oil spill
seltlemenl Funds.

Another important component of the GEM program

is the usc of computer models, which can:

Monitoring will provide multi-decadal data sets for sci~

emists, resour~ managers, conservation groups and

the public. Given the complexity and size of the Gulf

ofAlaska, GEM monitoring will include OOrt moni­

toring done by GEM scientists and partnership moni­

toring with other organizations A multi~purpose web­

site will provide raw data, maps. diagrams and graphs.
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HOW GEM COMPONENTS
FIT TOGETHER

HOW WILL GEM WORK? Beginningwith

the mission and goals developed by the Trustee

Council for the GEM program, a worlcing con~p[

about how the GulfofAlaska ecosystem works is

developed. Specific key questions about the worlcing

con~pt, or ~ntra.l hypothesis, will be: addressed in

each of four habitat rypcs thtough research and moni­

toring. The first tool for answering these: questions is

synthesis, which pulls IOgcther existing information

on a specific question. Synthesis serves a process called
"gap analysis" which involves idenrifying missing

information and locating institutional panners for

research, and evaluation and analysis of currell( scientif­

ic knowledge. A database also serves the gap analysis as

a 1001 to identify the projCCts that are already in place.
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GULF OF ALASKA FACTS

• Steep mountains along the coast of the

eastern Gulf of Alaska catch significant

rainfall.

• The Gulf of Alaska region is still tectonically
active, creating and altering habitats.

• The Aleutian Low Pressure system dominates

the Gulf of Alaska climate, influencing storm

tracks, air temperature, wind velocities and

ocean currents.

• Clouds cover the ocean 60 percent of the time.

• Glaciers cover 20 percent of the gulf

watersheds, forming the third largest ice field

in the world.

GEM SC IENCE. The GEM approach recognizes

that science-based management of marine resources

requires an ecosystem-wide approach that takes into

account complex processes and dynamic relationships.

This can best be accomplished through long~term

monitoring and studies repeated over time.

NATURAL CHANGES. It is becoming

increasingly clear that climate and oceanography play

major roles in controlling biological processes and

populations of fish and wildlife important to humans.

The set of climatic conditions - also known as the

"regime" - at any given time is determined by several

processes occurring simuhaneously, but on different

time scales. Most of these have [0 do with asnophysi-

cal cycles such as variability of the earth's orbit around

the sun, the tilt of the earth and the amount of solar

radiation entering the atmosphere. They include the

EI Nino/La Nina Somhern Oscillation, the Pacific

Oecadal Oscillation and global warming, all of

which operate on different time scales. The cycle

works this way:

I) Large-scale physical processes change the heat con­

tent of the almosphere and ocean, thereby

2) allering currents and climate, which in.turn

3) change populations of fish, birds and mammals.

Undemanding the relationships among these process­

es will provide a context for evaluating the pOlential

impacts of human activities.

POTENTIAL IMPACTS OF HUMAN

ACTIVITIES. Human activities playa prominent

role in the Gulf ofAlaska and may have unintended

consequences on the overall ecosystem dynamics.

Fishing may deplete nutrients and fish stocks, alter sea

floor habitat and even affect non-commercial species

such as the natural predators of these fish. Tourism

may disturb wildlife and add sewage and gray water

to marine habitats. Oil spills and chronic leaks occur

frequently on a small scale, putting harmful contami­

nants in the water. Subsistence puts pressure on

populations of marine mammals. The pressure may be
insignificant when populations are large, but have a

substantial effect when populations decline. The goal

is not to Stop people from these activities, but rather,

to help resource managers set reasonable standards

that ensure these activities are sustainable.



CHANGING POPULATION LEVELS

Heat and salt distribution. insolation, energy Bow.
biogeochem..ical c}-ding, food web st:ruet1ln:

•

( Natunl forcing factors

Populatioll illr"aus
Most Sillmon populations

Cod
PollOf;:k

F1alfish (arrowtooth flounder)
Sea Oilers (nol on Aleulians)
River oners

Bald eaglcs
Sea urchins
Sharks

Some species in the Gulf of Alaska appear 10 be doing
well, while others have declined and still others have
almosl disappeared:

Population d~clill~s

Shrimp
Red king crab
Black-legged kittiwakes
Common and thick-billed murres
Cormorants
Sea lions

Harbor seals
Fur seals
Beluga whales
Common loon
Some salmon populations

HABITATS COVERED BY GEM. The

GEM program will take place in watersheds, the

intertidal and subtidal zones, the AJaska Coastal

Current and offshore habitats. These systems are

highly interdependent.
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b..~1I. insoJM~n. mnvJlltw. b~ioJ ryJi", lUll!f-J wJ, SIn<C­

tim. Muum/Jiwrtf ,,""hunuur M1ivirin hrj"l"bnt rh.n:n mUN,...­
/.rtitms tlflri,Js, fish, JhtUjish ,,"" IfI4nImtI1s by~ tbtJr alnnmiDm.

(
Sinh. fish, shellfish, mammals )
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THE GEM CONCEPTUAL FOUNDATION.

Whilr Ihr nonhn-n GulfofAltukJl rcoryIlnn iI o:tmn~1y
comp/a Jlntl much mntIiN to br karnrd, IcirnNIIJ haW'
almu'} compikd an in.tkplh undmlanding oflhr
rrgion. The lUijaunl graphic illUJlratN Ih~ dynamic

imrrfau in thr GulfofAltuka bu~m [oreN on !And
anti at Ira. ThiI conuptualfoundation UrJKJ III a work·
ing hypotJJrJu[or how tIK «OJ]Itnn worn. It wiD IK
tNud anti Iubyqumtly updated through GEM monitor­

in: anti m~areh projms.

OCEANOGRAPHY AND CLIMATE.

TIN bounJary mountain! un !Atui cakh prrripitlition
ana airborN conti/minanlJ fmm tIN Akutian Low

PrmU" systml. Fmhwala nmoffurmgthms tlK Almht

OHutal Currrm ana carrin runoffand contllminantI

fmm tIN watn1lKm. M~Jlnwhik. 1«" YllSlJnI11
upl«/Iing antipn-hapI hmmforcing bring nutrinltI ana
obi CJlrbon upwartiI Ihrough thr photic bounJary wbn?

wintl..Jriwn mixing anti IUrfiur OITTr7lIJ bring thnn to
wlNrr tlNrr iI mough Iunlight for phytoplankton to 14M

tht nutrimtI in photosynthniI. ThiI ofim 0«1111 whm
tbn? a" untkrwala struaurn CJllkd ·sil1.I- that push

currrnlJ toward tIK surfaa. WinJs fmm tIK Akulian
Low PlnSU" sysum c"au two counuractingforen.
Turbuknu kups nutrimtI in tlu photic zonr. whik
sboTtward transpon CJlusrs MwnWt'/ling. which camt'S
nutrimt! andplankton out ofthr photic zon~.

THE F 0 0 D WEB. Zoop"mkton /ink thiI pri­
mary produetivilJ to llu produc/ion offoragr fUh. which

a" thr baJiI for production oftarg"fih. bird!. marinr
mammals and human!. As !urfier animals dir, they

btcomr thr d~tritus that !inkI to th~ oc~an jlMr to Iud
!p«itJ in bmthic, or bottom-dwe//ing, communiti~!.

Throughout their liftcyde. !almon(!hown in pink) link
diffirmt part! ofthis «O!J!um. migrating il! fry from
the watmlmu a/l th~ way to tbr fitr offihorr rtgion and

tbm blUk again to Ipllwn III adullJ.

HUMAN ACTIVITIES. Meanwhik, human

aetivitin Ulch il! toumm. T«'"ation. commercial and
Iport fUhing. anti Iub!uunce aU tkpmd on tlNs~ systmu
antipromJn occurring in tbr gulf At the JIIme time,
tbry activiti~I affect tlNse PT'OC(!jtJ by removing marine
organiJTtlJ. altering cOll!tJlI habitat, changing animal
bmaViOT anti dqHI!iting WllIt~ anti contllminalltJ into
tIN marin~ nlJJironmmt.
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DESCRIPTION. Watersheds are freshwater and

terrestrial habit:l.ts from me mountains to the extent of

a river's plume. Links between watersheds and marine

areas have been recognized for a long time. but new

discoveries are heightening awareness of how Strong
these links are. The AJaska Coastal Current, for exam~

pie, is completely dependent on incoming freshwater

from rivers, streams and non-point runoff in the gulf.

CONNECTIONS. Watersheds provide rearing

habitat for anadromous fish and seabirds such as

murrclcts and their rivers are pathways for nutrient

exchange between terrestrial and marine ecosystems.

Woody debris and vegetation from land are also

imported to the marine environment, providing a

carhon source and habitat for some species. Rivers
also deposit iron, sediments and sometimes polhnion

and contaminants, all ofwhich have varying effects

on the sea life downstream. As rocks are worn down

by glaciers and weathering, rivers carry minerals and

silt to the ocean. Development and dear CUt logging

can affect watersheds by removing vegetation and

increasing soil erosion. Contaminants found in water­

sheds may be of local origin, and indeed, most con­

taminated watersheds are located near towns and

cities. However, contaminants also are brought by

atmospheric processes from as far away as Asia. So far,

contaminants from far~away sources have been detect­

ed only at very low levels.

Examples of walershed monitoring topics;

• Two-way nutrient and contaminant flow between

watersheds and ocean

• Variation in precipitation and stream flow in

Gulf ofAlaska watersheds

• System-wide effects of physical variables on aquatic

and marine organisms
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OESCRIPTION.lmenidal

and subtidal areas of the nearshore

habitat arc: brackish and salt-water

coastal habitats which extend off­

shore to 20 meters in dc:pth. These

shallow areas are some of the

most productive habitats in the

GulfofAlaska and may be: the most

threatened. These habitatS wen~ the

most severely affected by the

Exxon Valda oil spill and many

still harbor oil. In general, these

areas have abundant invertebrates

such as barnacles, crabs and shell·

fISh and juveniles of many species.

5 I G N IFICA NeE. Nearshore habitats provide
irnpon3m feeding grounds for larger animals.
lerresrriaJ and aquatic birds, mammals, invertebrates,

large fish and even humans depend on food from these

rich meeting places of sea and rivt:f nutrients. In addi­
tion to their importance as feeding grounds, these areas

provide nurseries for young marine organisms, unique

habitats for specialized animals and are major sources of

seaweed production. At the same time, contaminants

such as persistent organic pollutants (POPs) may be
round in high concentr.Hions in several invertebrate

species of the inter· and subtidal wnes, providing pach­
ways and potential threats [0 wildlife and human

hc:a.lth. For research purposes, some invertebrate species

make excellelll biological pollution indicators.

Examples of nearshore monitoring topics:

• Species abundance and composition over time

• How larvae of intertidal animals use currents to

disperse throughout the intertidal and subtidal

• Origin and fate of contaminants in shellfish and

other invertebrates
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DESCRIPTION. JUSt beyond the subtidal7.0ne

up to aoom 30 miles offshore flows the Alaska

Coastal Currcm. This Jow-salinity channel extends

from the mouth of the Columbia River to the end of

the Alaska Peninsula. The current is shaped by the

tremendous influx of freshwater from the glaciers and

thousands of streams flowing into the gulf. Because it

is fed in part by ice melt, the current flows at its max­

imum in late summer and at its minimum in winter.

The Alaska CoastaJ Current is an ever-changing part

of the gulf that plays many important ecological

roles. For example, it supplies plankton to Prince

William Sound and carries fish and invertebrate eggs

from one place to another. However, the same coastal

flow that benefits so many species may also distribute

marine pollutanrs as seen in the Exxon Vtllda oil spill.

A future toxic spill could be spread across the entire

gulf by this current.

A KEY H A BITAT. The success of many species

depends on the specific shape of the current. which is

influenced by dimate. season and sea-floor topography.

Juvenile pollock are kept in areas rich in food supply by

eddies, circular side currems formed as larger currents

move around land masses. Oceanographic features can

have a majot influence on biological production in the

water column, so understanding how they work pro­

vides an important piece of the ecological puzzle.

Examples of coastal current monitoring tOpics:

• Variability of its physical anributes over differenr

time scales

• Effects of climate on currenr shape and behavior

• Nutrient supply to the photic zone where

phytoplankwn may uptake them

• Effects of currem behavior on productivity

• Effects of current behavior throughom the

food web

• Populations and feeding behavior of fish, seabitds

and marine mammals
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As tJu NIJnh Pacific C..1'Ttnt mlWn tast tIJWard rht coast, m~h ofit
b«IJmtt tht nIJnhward-j/tJw;ng AlAska C..runr whuh floWt wm along
Iht continental shtifb"ak tIJward tht Ak..t;an Islands.

DESCRIPTION. The offshore region refers (0

the continental shelf break and the Alaska gyre, a

largc~scale counterclockwise circulation off the coast.

Most large animals of the outer continental shelf and

deep sea are fish, the most common being flounder,

ocean perch, pollock, halibut and cod. Salmon also

use this habitat before they return to the watersheds

to spawn. One of the most important processes in this

pan of the gulf is upwelling, which occurs slowly in

the middle of the gyre and at a higher rate in the

summer ovet the shelfbreak, This upward lift pulls

rich deep~sea nutrients to the surface where they can

be used by photosynthetic phytoplankton, the pri­

mary producers of the marine ecosystem. This process

is mediated by climate, especially the Pacific Decadal

Oscillation, which can slow down or speed up the

wind-driven tnllsport (and perhaps the supply) of

deep water nuuients across the shelf to support

inshore production. Offshore currents may also carry

polltltams originating from as far away as Asia or from

deep-ocean dumping and accidents at sea.

Offshore research and monitoring are more difficulr

due (0 distance from shore. However, instruments

located on ferries, tankers and cruise ships may be

useful to obtain offshore data on temperarure, salinity,

decrirus and ocean nurrients. Collected over the long~

term, this type of data can pUt (Ogether a big picture

of the oceanographic characteristics of the Alaska gyre

and the way it changes. A clearer picture of the gyre

will permit better understanding of how offshore

changes might affect productivity throughout the gulf

ecosystem.

Examples of offshore monitoring topics:

• The effect of climate on nutrients

• How plankton abundance changes over time

• Shoreward flow of carbon produced by plankton

• Variability of the shape and strength of the

Alaska gyre

• Variability of offshore temperarure, nutrients,

salinity and detrirus
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