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CHAPTER9
Marine Mammals
Lloyd Lowry and James Bodkin

9.1 CHARACTERISTICS OF GOA   
 MARINE MAMMAL FAUNA
The Gulf of Alaska (GOA) has a mostly temperate 
marine mammal fauna. Calkins (1986a) provided 
the only previously published review of GOA marine 
mammals, and listed 26 species as occurring in the 
region. Five of those (pilot whale, Risso’s dolphin, 
right whale dolphin, white-sided dolphin, and Cali-
fornia sea lion) are primarily southern species that 
occur occasionally in Southeast Alaska but rarely, 
if at all, in the Exxon Valdez oil spill (EVOS) region. 
He also listed the Pacific walrus, which is a subarctic 
species that occurs in the GOA only as occasional 
wanderers.

Table 9.1 provides a summary of the general char-
acteristics of twenty marine mammal species that 
occur regularly in the EVOS region, including seven 
baleen whales, eight toothed whales and porpoises, 
four pinnipeds, and the sea otter. Useful reviews of 
information on these species can be found in Calkins 
(1986a), Lentfer (1988), Perry et al. (1999), Forney 
et al. (2000), and Ferrero et al. (2000b). Various 
aspects of marine mammal biology are described in 
detail in Reynolds and Rommel (1999).

Most of the marine mammal species shown in Table 
9.1 are widely distributed in the North Pacific Ocean, 
and the animals that inhabit the EVOS region repre-
sent only part of the total population. Application of 
modern molecular genetics techniques, however, has 
provided much new information on population struc-
tures (Dizon et al. 1997). Researchers have found 
that for species such as killer whales (Hoelzel et al. 
1998), beluga whales (Bickham et al. 1996, O’Corry-
Crowe and Lowry 1997), harbor seals (Westlake and 
O’Corry-Crowe 1997), and sea otters (Scribner et al. 
1997), genetic exchange among adjacent and some-
times overlapping groups of animals is so low that 
they need to be managed as separate stocks. 

Taxonomically the GOA marine mammal fauna are 
in four major groups: 

• Mysticete cetaceans—baleen whales;

• Odontocete cetaceans—toothed whales;

• Pinnipeds—seals, sea lions, and fur seals; and 

• Mustelids—sea otters. 

The baleen whales are primarily summer seasonal 
visitors to the GOA that come to the continental 
shelf and offshore waters to feed on zooplankton and 
small schooling fishes (Calkins 1986a, Perry et al. 
1999). Breeding and calving occur in more southerly, 
warmer regions. The GOA is primarily a migration 
route for the gray whale, which breeds and calves in 
Baja California, Mexico, and has its primary feeding 
grounds in the northern Bering and Chukchi seas 
(Jones et al. 1984). 

The large species of baleen whales were all greatly 
reduced by commercial over-exploitation (Perry et 
al. 1999). Historical information on stock structure 
and abundance is very limited, and, partly because 
of their broad distributions, accurately assessing 
the current abundance and population trend is 
generally difficult (Ferrero et al. 2000b). Humpback 
whales and gray whales are exceptions to that gen-
eralization. For humpbacks, estimates of population 
size based on individual identifications from fluke 
photos (Calambokidis et al. 1997) suggest that the 
central North Pacific stock is increasing (Ferrero et 
al. 2000b). For many years, systematic counts have 
been made of gray whales migrating along the Cali-
fornia coast, and results indicate that starting in the 
1960s the population increased by 2.5 percent per 
year (Breiwick 1999). Analysis of recent data sug-
gests that the population is now stable (Paul Wade, 
NMFS, pers. comm., 2004).

The situation with sperm whales is much like that of 
the large baleen whales. Many features of their basic 
biology, such as stock structure, distribution, migra-
tory patterns, and feeding ecology, are poorly known. 
They occur throughout the North Pacific, mostly in 
deep water south of 50°N latitude, but some are seen 
in the northern GOA at least in summer (Calkins 
1986a, Perry et al. 1999). From what is known of their 
diet, sperm whales eat mostly deepwater fishes and 
squids. North Pacific sperm whales were intensely 
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harvested, with more than 250,000 killed during 
1947 to 1987 (Perry et al. 1999). Current abundance 
and population trends are unknown.

In contrast to the baleen whales and sperm whale, 
the smaller toothed whales are primarily resident 
in the GOA. Very little is known about the biology 
of beaked whales, but the other species have been 
relatively well studied. Two species, killer whales 
and beluga whales, have been selected as focal spe-
cies for research and are discussed in detail in other 
sections. Harbor porpoises and Dall’s porpoises both 
have relatively large populations, and with the ex-
ception of incidental take in commercial fisheries, 
they are unlikely to have been significantly impacted 
by human activities (Ferrero et al. 2000b). Both 
species feed on small fishes and squids, with Dall’s 
porpoises using mostly continental shelf and slope 
areas and harbor porpoises most common in coastal 
and continental shelf waters (Calkins 1986a).

The two resident pinniped species, Steller sea 
lions and harbor seals, are both focal species for 
research and are discussed later in this chapter. 

Northern fur seals pup and breed on islands in the 
Bering Sea (Pribilof Islands and Bogoslof Island). A  
portion of the population migrates through the 
EVOS region on its way to and from their rookeries. 
Adult fur seals may feed in the GOA during migra-
tion and winter months, and nonbreeding animals 
may feed in the area year-round. Small fishes and 
squids are the primary foods of fur seals (Calkins 
1986b). Historically, northern fur seals were de-
pleted by commercial harvests, but the population, 
while still depleted compared to its peak number, is 
now large, numbering nearly one million animals. 
Through 1998 the population was considered stable 
(Ferrero et al. 2000b) but beginning in 2000 pup 
counts have shown a declining trend (NMFS, Na-
tional Marine Mammal Laboratory, unpubl. data). 
Northern elephant seals pup and breed at rooker-
ies in California and Mexico. After breeding, adult 
males go to the GOA to feed on deepwater fishes and 
cephalopods (Stewart 1997). The northern elephant 
seal population was greatly depleted by harvest-
ing, but it is currently large and growing (Forney 
et al. 2000). The sea otter is discussed later in this 
chapter.

Table 9.1.  Summary of Characteristics of Marine Mammal Species That Occur Regularly in the   
Gulf of Alaska Exxon Valdez Oil Spill Area.

 Use of Gulf of Alaska by species                 Population status                     Management classification 

Species Residence  Habitats1 Activities2 Abundance3  Trend EVOS MMPA ESA

Mysticetes
Blue whale seasonal S, D F small? unknown  depleted endangered
Fin whale seasonal S, D F medium? unknown  depleted endangered
Sei whale seasonal S, D F medium? unknown  depleted endangered
Humpback whale seasonal C, S, D F medium increasing  depleted endangered
Gray whale seasonal C, S M, F? large stable   
Right whale seasonal S F small unknown  depleted endangered
Minke whale resident? C, S F, C, B? medium? unknown   

Odontocetes        
Sperm whale seasonal? S, D F large? unknown  depleted endangered
Killer whale resident C, S, D F, C, B small unknown damaged  
Beluga whale resident C, S F, C, B small stable?  depleted 

Beaked whale4 resident? S, D F, C, B unknown unknown   
Dall’s porpoise resident S, D F, C, B large unknown   
Harbor porpoise resident C, S F, C, B large unknown   

Pinnipeds        
Steller sea lion resident T, C, S, D F, C, B large declining  depleted endangered
Northern fur seal seasonal S, D M, F large declining  depleted 
Harbor seal resident T, C, S F, C, B large declining damaged  
Elephant seal seasonal S, D F large increasing   

Mustelids        
Sea otter resident T, C, S F, C, B large unknown damaged  

1T = terrestrial; C = coastal; S = continental shelf; D = deep water.
2F = feeding; M = migrating; C = calving/pupping; B = breeding.
3small = <1,000; medium = 1,000-10,000; large = >10,000.
4Probably includes at least 3 species: Baird’s beaked whale, Cuvier’s beaked whale, and Bering Sea beaked whale.
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As a group, marine mammals are managed and 
protected by domestic legislation and international 
treaties that generally do not apply to other marine 
species (Baur et al. 1999) (see Table 9.1). Early  
protective efforts were in response to the need to 
limit commercial harvests and to reduce their im-
pacts on declining and depleted populations. The 
North Pacific Fur Seal Convention, agreed to in 
1911, provided protection to both fur seals and sea 
otters. In 1946, the International Convention for the 
Regulation of Whaling began to manage harvests 
of large whales, and it provided progressive protec-
tion to stocks as they became over-exploited. The 
Endangered Species Act (ESA) provides protection 
to marine mammals (and other species) that may be 
in danger of extinction because of human activities. 
The ESA also allows protection of “critical habitat” 
needed by those species. All species of marine mam-
mals are covered by the Marine Mammal Protection 
Act (MMPA), which became federal law in 1972. Pri-
mary objectives of the MMPA are to “maintain the 
health and stability of the marine ecosystem,” and 
for each marine mammal species to “obtain an op-
timum sustainable population keeping in mind the 
carrying capacity of the habitat.” Provisions of the 
MMPA put a moratorium on all “taking” of marine 
mammals, with exceptions allowed for subsistence 
hunting by Alaska Natives, scientific research, pub-
lic display, commercial fishing, and certain other 
human activities, subject to restrictions and permit-
ting. Species determined to be below their “optimum 
sustainable population” level, and those listed as 
threatened or endangered under provisions of the 
ESA, are listed as depleted under the MMPA and 
may be given additional protection. Certain species 
of marine mammals were determined to have been 
damaged by the EVOS, and therefore have been 
subjects of EVOS restoration activities.

Another unique aspect of marine mammal manage-
ment is the strong involvement of Alaska Natives in 
the process. Alaska Natives have formed a number 
of groups that represent their interests in research, 
management, conservation, and traditional subsis-
tence uses of marine mammals. Groups especially 
relevant to the EVOS GOA region include the Alas-
ka Native Harbor Seal Commission (ANHSC), the 
Alaska Sea Otter and Steller Sea Lion Commission, 
and the Cook Inlet Marine Mammal Council. The 
ANHSC has been particularly active in the EVOS 
region, and has received funds from the Trustee 
Council to conduct a biosampling program in Prince 
William Sound (PWS) and the GOA, and to contribute 
information about the distribution, abundance, and 
health of seals. Congress has recognized the benefits 
of involving Alaska Natives in marine mammal 

management, and has included provisions for co-
management programs (Alaska Native organiza-
tions working as partners with federal management 
agencies) in the 1994 amendments to the MMPA.

As will be discussed in detail in the following sec-
tions, some marine mammal populations have 
declined in the GOA (and elsewhere in Alaska) in 
recent years. In general, the causes of those declines 
are unclear, but there has been speculation that 
they may be in some way related to the climate re-
gime shift that occurred in the region. The evidence 
supporting such a connection is the temporal coin-
cidence of the shift to a warmer regime, which hap-
pened in the mid-1970s, and the decline of harbor 
seals and Steller sea lions that has occurred in the 
1970s through the 1990s. Others have argued that 
predation by killer whales has been a cause of some 
declines (NRC 2003, Springer et al. 2003).

The National Research Council (NRC) reviewed 
evidence for a linkage between climate and marine 
mammal declines as part of their effort to explain 
changes that have occurred in recent years in the 
Bering Sea (NRC 1996). They found data that 
showed some likely negative effects of cold weather 
on northern fur seal pups (Trites 1990) and a strong 
influence of warm El Niño conditions on California 
sea lions (Trillmich and Ono 1991). Because most 
GOA marine mammals have broad ranges that 
include waters much warmer than the GOA, it is 
unlikely that a warmer regime has had any direct 
negative effect on their reproduction or survival. 
The warmer conditions, however, have resulted in 
changes in fish and invertebrate populations (An-
derson et al. 1997) that may in turn have affected 
the nutrition of harbor seals and Steller sea lions 
(Alaska Sea Grant 1993). The NRC concluded that 
food limitation was likely a factor in Bering Sea pin-
niped population declines, but that this was due to a 
complex suite of biological and physical interactions 
and not simply the regime shift (NRC 1996). 

9.2 FOCAL MARINE  
 MAMMAL SPECIES 
9.2.1 Killer Whale

Killer whales are medium-sized, toothed whales. 
They are a cosmopolitan species generally found 
throughout the world’s oceans, but are most common 
in colder nearshore waters (Heyning and Dahlheim 
1988). Sightings in Alaska show a wide distribution, 
mostly on the continental shelf, but also offshore 
(Braham and Dahlheim 1982). Because there has 
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been no real effort to track individual killer whales, 
the understanding of movements is based primarily on 
sightings of animals that can be identified by marks 
and pigmentation patterns (Bigg et al. 1987). The 
general pattern seems to be that some killer whales 
may stay in areas for several months while feeding 
on seasonally abundant prey, but long-distance move-
ments are not uncommon (Ferrero et al. 2000b). 

In the GOA, killer whales are seen frequently in South- 
east Alaska and the area between PWS and Kodiak 
(Matkin and Saulitis 1994). Within the EVOS GOA 
region, whales are seen commonly in southwestern 
PWS, Kenai Fiords, and southern Resurrection Bay 
(Matkin et al. 2000). Whales move back and forth 
between these areas as well as to and from South-
east Alaska (Matkin et al. 1997). Sightings from the 
area around Kodiak suggest that killer whales are 
common, but there has been little study effort devoted 
to that region (Matkin and Saulitis 1994). 

Killer whales have been studied in detail in easily 
accessible areas such as Washington state, British 
Columbia, Southeast Alaska, and PWS. Researchers 
have found that killer whales have a very complex 
social system and population structure. Studies of 
association patterns (Matkin et al. 1998), vocaliza-
tions (Ford 1991, Saulitis 1993), feeding behavior 
(Ford et al. 1998), and molecular genetics (Hoelzel 
et al. 1998, Barrett-Lennard 2000) have shown 
that there are two primary types of killer whales. 
The types are termed “transient” and “resident.” A 
primary ecological difference between the two types 
is that residents eat fish, while transients mostly 
prey on other marine mammals (Ford et al. 1998). 
Within each of these general types, killer whales 
are divided into pods that may be composed of one 
or more matrilineal groups. In resident whales, the 
pods are very stable through time, with virtually no 
permanent exchange of individuals between pods, 
but new pods may be formed by splitting off of a 
maternal group. A third killer whale type called 
“offshore” has been encountered, but little is known 
about them (Ford et al. 1994). 

What is known of the life history and biology of 
killer whales in Alaska was compiled by Matkin 
and Saulitis (1994). Both females and males are 
thought to become sexually mature at about fifteen 
years of age. Females may produce calves until they 
are about forty, at intervals of two to twelve years. 
Mating occurs mostly during May through October, 
and most births happen between fall and spring. 
Maximum longevity has been estimated to be 80 to 
90 years for females and 50 to 60 years for males. 
Killer whales have no natural enemies, but in some 

areas, local abundance and pod structure have been 
affected by human activities, including live captures 
for public display, interactions with commercial fish-
eries, and the EVOS (Olesiuk et al. 1990, Dahlheim 
and Matkin 1994, Matkin et al. 1994, Ferrero et al. 
2000b, Forney et al. 2000). Normal birth and death 
rates for resident killer whales are about 2 percent 
per year (Olesiuk et al. 1990).

Surface observations and examination of stomach 
contents from stranded animals have shown that 
as a group killer whales eat a wide array of prey, 
including fishes, birds, and mammals (Matkin and 
Saulitis 1994). More detailed studies have docu-
mented considerable prey specialization in certain 
pods and individuals. Resident killer whales in 
PWS feed mostly on coho salmon during the sum-
mer (Matkin et al. 1997) and on chinook salmon in 
winter and spring (C. Matkin, North Gulf Oceanic 
Society, Homer, Alaska, pers. comm., 2000). Tran-
sient whales in the same area eat mostly harbor 
seals, Dall’s porpoise, and harbor porpoise (Saulitis 
1993, Matkin and Saulitis 1994). Some GOA tran-
sient killer whales occasionally eat Steller sea lions 
(Barrett-Lennard et al. 1995). 

It is difficult to come up with meaningful population 
estimates for killer whales, partly because they may 
move over great distances and partly because some 
groups (such as the offshore type) and areas (such as 
the GOA west of Resurrection Bay) have been poorly 
studied. Ferrero et al. (2000b) gave a minimum esti-
mate of 717 whales in the northern resident stock of 
the eastern North Pacific, and Forney et al. (2000) 
gave a minimum number of 376 for the transient stock 
of the eastern North Pacific. Reliable data on trend 
in abundance are not available for either stock. The 
most recent census (1999) indicates that there are 135 
killer whales in the eight pods that regularly use the 
Kenai Fiords–PWS region (C. Matkin, pers. comm.). 

Studies of killer whales in the PWS area began in 
the late 1970s (von Ziegesar et al. 1986, Leather-
wood et al. 1990). Because killer whales were deter-
mined to have been damaged by the EVOS, killer 
whale studies were intensified during 1989 to 2000 
(Matkin et al. 1994, 2000). Those long-term studies 
allow accurate determination of numbers, because 
all individuals in each pod are photo-identified 
nearly every year. Births and deaths of individual 
animals are monitored, which allows the calcula-
tion of reproductive and survival rates for each pod 
(Matkin and Saulitis 1994, Matkin et al. 2000). 

Matkin et al. (1999) used association and genealogi-
cal data to organize the resident killer whales in the 
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EVOS GOA area into nine pods. Data on the number 
of whales in each of those pods for the period from 
1984 to 2000 are shown in Table 9.2. All resident 
pods with the exception of the AB pod have either 
increased or stayed the same since 1984. The number 
of whales in the AB pod decreased by 36 percent 
from 1988 to 1990 and has stayed about the same 
since. Since 1990, the recruitment rate for the AB 
pod has been similar to other resident pods, but the 
mortality rate has been more than twice as high 
(Matkin et al. 2000). 

Less is known about transient killer whales, and 
their stock structure within the eastern North Pacif-
ic is less clear. Stock assessment reports have dealt 
with all transient whales that occur from Alaska 
to California as a single stock (Forney et al. 2000). 
Studies have shown, however, that two groups of 
whales that occur in the EVOS GOA region, called 
AT1 transients and GOA transients, are genetically 
and acoustically distinct from one another and from 
other west coast transients (Saulitis 1993, Barrett-
Lennard 2000). GOA transients range widely, but 
are seen only occasionally in the PWS-Kenai Fiords 
area. The AT1 pod occurs in the PWS-Kenai Fiords 
area year-round (Saulitis 1993, Matkin et al. 2000). 
The number of whales in the AT1 pod has declined 
by more than 50 percent since 1988, with only ten 
individuals remaining in 2000 (Table 9.2).

The declines in the AB and AT1 killer whale pods 
are issues of major conservation concern. Thirteen 
whales, mostly juveniles and adult females, disap-

peared from the AB pod from March 1989 to June 
1990, the highest mortality rate ever seen in a 
resident killer whale pod. Although twelve calves 
have been born in the AB pod since then, there is no 
clear trend toward recovery because an additional 
ten animals have died. For the AT1 transients, 
twelve whales have died since 1988 and no calves 
have been recruited to the group since 1984 (C. 
Matkin, pers. comm.) 

The causes of the declines in these two killer whale 
pods are not entirely clear. Killer whales are only 
rarely caught incidental to commercial fishing op-
erations (Ferrero et al. 2000b). In the mid-1980s, 
however, the AB pod was involved in a different type 
of interaction with the longline fisheries for sablefish 
and halibut (Matkin and Saulitis 1994). Whales 
removed hooked fish from the lines, and fishermen 
attempted to deter them by shooting at them and 
detonating explosives. A number of whales were 
seen with gunshot wounds, and some of those later 
disappeared. In spite of eight mortalities during the 
previous four years, the pod numbered thirty-six 
animals in 1988, one more than in 1984 (Matkin et 
al. 1994). In March to September 1989, members of 
the AB pod were several times seen swimming in 
oil from the EVOS. Although a direct cause-effect 
relationship cannot be shown, there is reason to 
believe that the population decline is in some way 
due to the spill (Dahlheim and Matkin 1994, Matkin 
et al. 1994). Members of the AT1 transient group 
were also seen in oil in summer 1989, and many 
members of the group were missing the following 
year and have not been seen since (Matkin et al. 
1994, 2000). An additional concern related to the 
potential effects of contact with oil is the consump-
tion of harbor seals, which AT1 transients feed on to 
a large extent (Saulitis 1993). Because many harbor 
seals were coated with oil by the spill (Lowry et al. 
1994b), the whales may have ingested contaminated 
prey. In addition, the harbor seal population has 
decreased. Harbor seal numbers were declining in 
parts of PWS before 1989, an estimated 300 seals 
were killed by the spill, and the seal population has 
continued to decline at least through 1997 (Frost et 
al. 1994, 1999). Therefore, the lack of recruitment 
into the AT1 pod may be at least partly caused by 
the severe reduction of harbor seal numbers in the 
EVOS GOA region (Matkin et al. 2000). 

Other than their general status under the MMPA, 
Alaskan killer whales have not been afforded any 
special legal protection. Although the AB pod is part 
of a larger resident population, the AT1 group is a 
distinct population that is demographically and ge-
netically isolated from other known killer whales. 

Table 9.2.  Number of Whales Photographically 
Identified in Killer Whale Pods in the 
Gulf of Alaska Exxon Valdez Oil Spill 
Area, 1984 to 2000.

Pod identifier 1984 1988 1990 2000

Resident Pods    
AB 35 36 23 25
AD05 13 11 12 13
AD16 6 5 5 6
AE 13 12 13 18
AI 6 6 6 6
AJ 25 26 28 36
AK 7 8 9 11
AN10 12 13 13 20
AN201 23 26 29 1

Transient Groups  

AT 22 22 13 10

Source: Matkin et al. (2000) and C. Matkin, pers comm.
1The entire AN20 pod has not been photographed since 1991.



104 Marine Mammals   

9.2.2 Beluga Whale

Belugas, also called white whales or belukhas, are 
medium-sized, toothed whales. They have a disjunct 
circumpolar distribution and occur principally in 
arctic and subarctic waters (O’Corry-Crowe and 
Lowry 1997). Recent studies have shown that be-
lugas are separated into a number of discrete ge-
netic groups (stocks), which generally correspond to 
groups of animals that summer in different regions 
(O’Corry-Crowe et al. 1997, Brown Gladden et al. 
1999). Four relatively large stocks range throughout 
Western and Northern Alaska, and a small stock 
occurs in Cook Inlet and the GOA (O’Corry-Crowe 
and Lowry 1997).

In the GOA, belugas are seen most commonly in 
Cook Inlet, but sightings have been made near Ko-
diak Island, in PWS, and in Yakutat Bay (Laidre et 
al. 2000). The fact that there have been several re-
ports of belugas in Yakutat Bay during 1976 to 1998 
suggests the possibility of a small resident group 
there. The other sightings have most likely been of 
animals from the main Cook Inlet concentration. 

Because summer surveys of belugas in Cook Inlet 
have been conducted at irregular intervals since the 
1960s and annually since 1993, beluga distribution 
in that region is fairly well known (Klinkhart 1966, 
Calkins 1984, Rugh et al. 2000). Belugas may be 
found throughout Cook Inlet, and in midsummer they 
are always most common near the mouths of large riv-
ers in Upper Cook Inlet, especially the Beluga River, 
the Susitna River, and Chickaloon Bay. Other areas 
where they commonly have been seen include Turn-
again Arm, Knik Arm, Kachemak Bay, Redoubt Bay, 
and Trading Bay. Rugh et al. (2000) compared the 
distribution of June and July sightings made in the 
1990s with earlier years. They found that the propor-
tion of sightings in Upper Cook Inlet has increased 
greatly in the last decade, and they conclude that 
the number of sightings in Lower Cook Inlet and in 
offshore waters has declined during those years.

In February-March 1997, aerial surveys were 
conducted with the specific goal of gathering in-
formation on winter distribution of the Cook Inlet 
beluga stock (Hansen and Hubbard 1999). The area 
surveyed included Cook Inlet and parts of the GOA 
between Kodiak Island and Yakutat Bay. Almost all 
beluga sightings (150 out of 160) were in the middle 
part of Cook Inlet, and the remaining sightings were 
in Yakutat Bay.

Since 1999, the National Marine Fisheries Service 
(NMFS) National Marine Mammal Laboratory 

(NMML) has gathered data on Cook Inlet beluga 
distribution and movements through use of satellite-
linked tags. In 1999, one whale that was tagged and 
tracked for 110 days (from May 31 to September 17) 
stayed in Upper Cook Inlet (Ferrero et al. 2000a). 
To try to obtain information on winter distribution, 
two tags were attached to whales on September 13, 
2000. The whales were tracked until mid-January. 
During that time, they moved around quite a bit in 
Upper Cook Inlet, but did not go south of Kalgin Is-
land (NMML unpubl. data at http://nmml.afsc.noaa.
gov/CetaceanAssessment/BelugaTagging/2000_Fold-
er/2000_beluga_whale_tagging.htm, also 1999 and 
2001 studies available by substituting year). 

In many parts of Alaska, including Cook Inlet, 
belugas are most common in nearshore waters dur-
ing the summer (Calkins 1986a, Frost and Lowry 
1990). Proposed reasons for the use of nearshore 
habitats include the possible advantage of warm 
protected waters for newborn calves (Sergeant and 
Brodie 1969), facilitation of the epidermal molt by 
freshwater and rubbing on gravel (St. Aubin et al. 
1990, Smith et al. 1992), and feeding on seasonally 
abundant coastal and anadromous fishes (Seaman 
et al. 1985, Frost and Lowry 1990). Although there 
have been no direct studies of the diet of Cook Inlet 
beluga whales, at least part of the reason for their 
congregating nearshore and near river mouths must 
be to feed on abundant fishes such as salmon and 
eulachon (Calkins 1984, Moore et al. 2000).

No life history information has been collected from 
Cook Inlet belugas. Biological characteristics of 
belugas in other areas were reported by Hazard 
(1988). Females become sexually mature at four to 
seven years of age and males at seven to nine years. 
Mature females give birth to calves every two to 
three years, mostly in late spring or summer. The 
maximum life span has not been well defined, but is 
likely to be about forty years. In the southern part 
of their range, belugas are preyed upon by killer 
whales, and in more northern areas by polar bears.

Beluga whales are difficult to enumerate for a number 
of reasons. Principal problems are that whales are 
easy to miss in muddy water or when whitecaps are 
present, and in all conditions some fraction of the 
population will be underwater where they cannot 
be seen. Early survey efforts largely ignored these 
problems and just reported the number of animals 
counted, which during the 1960s to 1980s was usually 
a few hundred. In 1994 the NMFS NMML began to 
produce annual estimates of population size with 
standardized aerial surveys of the entire Cook Inlet 
and a sophisticated set of methods to correct for 
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whales that were missed by observers (R.C. Hobbs, 
NMFS NMML, pers. comm., 2004; Rugh et al. 2000; 
Hobbs et al. 2000). For each survey, they reported 
the number of whales counted and an estimate of 
the total population size (Table 9.3). Unfortunately 
because of problems inherent in counting whales 
from the air, the annual estimates are imprecise 
and have a relatively large coefficient of variation. 
Nonetheless, these data show that from 1994 to 
1998 the population declined by about 45 percent 
and that since then it has probably been stable at 
about 350 animals.

Available data suggest that beluga whales in Cook 
Inlet rarely become entangled in fishing gear (Fer-
rero et al. 2000b). The largest source of mortality in 
recent years has been hunting by Alaska Natives. 
Although harvest data are imprecise, estimates of 
the annual number of whales killed during 1993 to 
1998 ranged from 21 to 123 animals (Ferrero et al. 
2000, Mahoney and Shelden 2000). This compares to 
a likely sustainable harvest of about twenty whales 
from a population of 500.

Because of the population decline and the potential 
for continued overharvest, several environmental 
groups and one individual submitted a petition to 
NMFS in March 1999 requesting that the Cook In-
let beluga whale be listed as an endangered species 
under the Endangered Species Act. Responding to 
the same problems, Senator Ted Stevens inserted 
language into federal legislation passed in May 1999 
that prohibited any hunting of beluga whales by 
Alaska Natives, unless they had entered into a co-
management agreement with NMFS to regulate the 
hunt. In May 2000, NMFS finalized a designation 
of depletion under provisions of the MMPA for the 
Cook Inlet beluga population, and in June 2000, the 
agency determined that a listing under the ESA was 
not warranted. There was no legal harvest of Cook 
Inlet belugas in either 1999 or 2000. Under terms 
of co-management agreements between NMFS and 
Alaska Native organizations, one beluga was har-
vested each year in 2001, 2002, and 2003.

Although overharvest by Alaska Natives in the 
1990s appears to be sufficient to explain the popula-
tion decline, concerns that this small isolated popu-
lation may be vulnerable to other threats remain. 
Areas of concern that have been identified include 
commercial fishing, oil and gas development, mu-
nicipal discharges, noise from aircraft and ships, 
shipping traffic, and tourism (Moore et al. 2000). 
The fact that the population has shown no signs 
of recovery after 5 years of very small harvests 

heightens concern that other factors are limiting 
population growth.

9.2.3 Steller Sea Lion

Steller sea lions are the largest species of otariid 
(eared seal). They are distributed around the North 
Pacific rim from northern Japan, the Kuril Islands 
and Okhotsk Sea, through the Aleutian Islands and 
Bering Sea, along the southern coast of Alaska, and 
south to California (Kenyon and Rice 1961; Lough-
lin et al. 1984,1992). Most large rookeries are in 
the GOA and Aleutian Islands. The northernmost 
rookery, Seal Rocks, is in the EVOS region at the 
entrance to PWS. Currently the largest rookery is 
on Lowrie Island, in the Forrester Island complex 
in southern Southeast Alaska.

Steller sea lions are listed as two distinct population 
segments under the Endangered Species Act: an 
eastern population that includes all animals east of 
Cape Suckling, Alaska, and a western population that 
includes all animals at and west of Cape Suckling. 
This distinction is based mostly on results from 
mitochondrial DNA genetic studies that found a 
distinct break in the distribution of haplotypes be-
tween locations sampled in the western part of the 
range and eastern locations, indicating restricted 
gene flow between two populations (Bickham et al. 
1996, 1998). Information on distribution, popula-
tion response, and phenotypic characteristics, also 
support the concept of two Steller sea lion stocks 
(Loughlin 1997).

Table 9.3.  Counts and Population Estimates 
for Cook Inlet Beluga Whales, 
1994 to 2003.

 Whale  Abundance  Coefficient  
Year count estimate of  variation

1994 281 653 0.43
1995 324 491 0.44
1996 307 594 0.28
1997 264 440 0.14
1998 193 347 0.29
1999 217 367 0.14
2000 184 435 0.23
2001 211 386 0.09
2002 192 313 0.12
2003 174 357 0.11

Sources: Hobbs et al. (2000) and R.C. Hobbs  and D. Rugh, NMFS NMML, pers. 
comm., 2004.
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Most adult Steller sea lions occupy rookeries during 
the pupping and breeding season, which extends 
from late May to early July (Pitcher and Calkins 
1981, Gisiner 1985). Some juveniles and nonbreed-
ing adults may summer at or near the rookeries, but 
most use other locations as haul-outs. During fall 
and winter, sea lions may be at rookery and haul-out 
sites that are used during the summer, and they also 
are seen at other locations. They do not make regu-
lar migrations, but do move considerable distances. 
When they reach adulthood, females generally re-
turn to the rookeries of their birth to pup and breed 
(Kenyon and Rice 1961, Calkins and Pitcher 1982, 
Loughlin et al. 1984). 

Steller sea lions use a number of marine and ter-
restrial habitats. Adults congregate for pupping and 
breeding on rookeries that are usually on sand, grav-
el, cobble, boulder, or bedrock beaches of relatively 
remote islands. Haul-outs are sites used by adult sea 
lions during times other than the breeding season, 
and by nonbreeding adults and subadults through-
out the year. Haul-outs may be at sites also used as 
rookeries, or on other rocks, reefs, beaches, jetties, 
breakwaters, navigational aids, floating docks, and 
sea ice. With the exception of sea ice, sites used 
for rookeries and haul-outs are traditional and the 
specific locations used vary little from year to year. 
Factors that influence the suitability of a particular 
area are poorly understood (Sandegren 1970, Gentry 
1971, Calkins and Pitcher 1982). 

When not on land, Steller sea lions are seen near 
shore and out to the edge of the continental shelf; 
in the GOA, they commonly occur near the 200 m 
depth contour (Kajimura and Loughlin 1988). Stud-
ies using satellite-linked telemetry have provided 
detailed information on at-sea movements (Merrick 
and Loughlin 1997). Adult females tagged at rooker-
ies in the central GOA and Aleutian Islands in sum-
mer made short trips to sea and generally stayed 
on the continental shelf. In winter, adult females 
ranged more widely with some moving to seamounts 
far offshore. Pups tracked during the winter made 
relatively short trips to sea, but one moved 320 km 
from the eastern Aleutians to the Pribilof Islands. 

Female Steller sea lions reach sexual maturity at three 
to six years of age and most breed annually during 
June and July (Pitcher and Calkins 1981). Males 
reach sexual maturity at three to seven years of age 
and physical maturity by age ten; they establish 
territories on rookeries during the breeding season, 
and one male may breed with several females (Thor-
steinson and Lensink 1962, Sandegren 1970, Gentry 
1971, Gisiner 1985). Territorial males fast for long 

periods during the pupping and breeding season. 
Pups are born on land, normally in late May to June, 
and they stay on land for about two weeks, then 
spend an increasing amount of time in intertidal 
areas and swimming near shore. After giving birth, 
sea lion mothers attend pups constantly for about 
ten days, then alternate trips to sea for feeding with 
returns to the rookery to suckle their pup. Unlike 
most pinnipeds, for which weaning is predictable 
and abrupt, Steller sea lions may continue to nurse 
until they are up to three years old (Sandegren 1970, 
Gentry 1971, Calkins and Pitcher 1982). 

Steller sea lions die from a number of causes, includ-
ing disease, predation, shooting by humans, and 
entanglement in fishing nets or debris (Merrick et 
al. 1987). In addition, pups may die from drowning, 
starvation caused by separation from the mother, 
crushing by larger animals, and biting by females other 
than the mother (Orr and Poulter 1967, Edie 1977). 

Steller sea lions are generalist predators that mostly 
eat a variety of fishes and invertebrates (Pitcher 
1981). Seals, sea otters, and birds are also occasion-
ally eaten (Gentry and Johnson 1981, Pitcher and 
Fay 1982, O’Daniel and Schneeweis 1992). Much 
effort has been devoted to describing the diet of sea 
lions in the GOA. In the mid-1970s and mid-1980s, 
the primary food found in sea lion stomachs was 
walleye pollock. Octopus, squid, herring, Pacific 
cod, flatfishes, capelin, and sand lance also were 
consumed frequently (Pitcher 1981, Calkins and 
Goodwin 1988). In the 1970s, walleye pollock was 
the most important prey in all seasons, except sum-
mer when small forage fishes (capelin, herring, and 
sand lance) were eaten more frequently (Merrick 
and Calkins 1996). Results from examination of 
scats collected on rookeries and haul-outs in the 
GOA in the 1990s confirmed that pollock has been 
overall the dominant prey, with Pacific cod and 
salmon also important in some months (Merrick et 
al. 1997). The diet of juvenile Steller sea lions has 
not been studied in detail, but it is known that they 
eat somewhat smaller pollock than do adults (Frost 
and Lowry 1986, Calkins 1998). Available data sug-
gest that the average daily food requirement for sea 
lions is on the order of 5 percent to 8 percent of their 
body weight per day (Kastelein et al. 1990, Rosen 
and Trites 2000). 

Satellite-linked tags attached to sea lions have pro-
vided information on the amount of time spent div-
ing and diving depths (Merrick and Loughlin 1997). 
Adult females in winter spent the most time feeding 
and dove the deepest, and young of the year spent 
relatively little time diving to shallow depths. As 
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young of the year matured, foraging effort increased 
from November to May.

The abundance of Steller sea lions in the western 
population has decreased greatly since the 1960s, 
to the extent that the species has been listed as en-
dangered under the ESA. From the mid-late 1970s 
through 2000, index counts of adults and juveniles 
for the western population as a whole declined by 83 
percent from 109,880 to 18,193 (Crane and Galasso 
1999). Declines in the eastern GOA (Seal Rocks to 
Outer Island) and central GOA (Sugarloaf Island 
to Chowiet Island) have been of a generally similar 
magnitude (73 percent and 87 percent), but it ap-
pears that the decline in the eastern GOA began 
later than in the western GOA and other regions 
(Sease and Loughlin 1999, Crane and Galasso 1999) 
(Table 9.4). Counts of pups on rookeries have shown 
similar declines. Modeling and tagging studies have 
suggested that the proximate cause of the popula-
tion decline is probably a reduction in survival of 
juvenile animals (York 1994, Chumbley et al. 1997). 
Birth rates are also comparatively low (Calkins and 
Goodwin 1988), which could be a contributing fac-
tor. Population viability analysis suggests that if the 
decline continues at its current rate some rookeries 
will go extinct in the next forty to fifty years, and the 
entire western population could be extinct within 
100 to 120 years (York et al. 1996). 

The multiple factors that have been suggested to af-
fect abundance of the western Steller sea lion popu-
lation in the past three to four decades (Merrick et 
al. 1987, NRC 2003) are represented by six related 
hypotheses displayed on a National Marine Fisher-
ies Service Web page on December 27, 2001:

Brief Characterization of the Principal Hypotheses Sur-
rounding the Steller Sea Lion Decline, http://www.fakr.
noaa.gov/omi/grants/sslri/hypothesis.htm

1.  Fisheries Competition. Commercial fisheries poten-
tially cause or contribute to nutritional stress in the 
western stock of Steller sea lions by reducing either 
the abundance of prey at scales relevant to forag-
ing sea lions or by disturbing prey patches so as to 
reduce their availability. In turn, nutritional stress is 
manifested in the population as increased mortality or 
lowered reproductive output. 

2.  Environmental Change. Environmental conditions in 
areas inhabited by Steller sea lions may have changed 
since the 1970s in ways that reduced the availability of 
prey for Steller sea lions and precipitated nutritional 
stress. The changes may have either reduced the abun- 
dance of important prey items or altered their distributions.

3.  Predation. Predation of Steller sea lions by killer 
whales and sharks has increased as a function of (a) 
their increased population size, (b) their increased per 

capita consumption, or (c) remained constant over 
time, but with increasing effects as the Steller sea lion 
population has diminished over time. 

4.  Anthropogenic Effects. One or more sources of an-
thropogenic activity, including incidental mortality 
(e.g. entanglement), direct mortality (e.g. shooting), 
commercial harvesting, subsistence harvesting, and 
harassment have contributed to the decline in the 
Steller sea lion population. Such effects would include 
both those over the past decades since the decline 
began and those which may be ongoing. 

5.  Disease. The Steller sea lion population is being re-
duced by diseases which may result in mortality or 
reduced reproductive output. 

6.  Contaminants. Contaminants from either local or dis-
tant sources have had detrimental physical impacts 
on Steller sea lions leading to increased mortality or 
reduced reproductive output.

Available data permit no definitive evaluation of 
any of these hypotheses at present. Loughlin (1998) 
concluded that there was no evidence that patterns 
of predation, disease, or environmental contaminants 
have changed sufficiently to have caused such a major 
decrease in abundance. In the past, many sea lions 
were killed in commercial harvests, by incidental 
entanglement in nets, and by shooting to reduce 
damage to fishing gear and fish depredation (Alver-
son 1992). That mortality may have played some 
part in the early stages of the decline, but such 
killing has been eliminated or greatly reduced and 
cannot explain the widespread, continuing decline. 

Table 9.4.  Index Counts of Steller Sea Lions 
in the Eastern Gulf of Alaska (Seal 
Rocks to Outer Island) and Western 
Gulf of Alaska (Sugarloaf Island to 
Chowiet Island).

Survey  Eastern  Central  Western  
Year GOA GOA stock total

1976 7,053 24,678 109,8801
1985 – 19,002 –
1989 7,241 8,552 –
1990 5,444 7,050 30,525
1991 4,596 6,273 29,418
1992 3,738 5,721 27,286
1994 3,369 4,520 24,119
1996 2,133 3,915 22,223
1997 – 3,352 –
1998 – 3,346 20,201
1999 1,952 – –
2000 1,894 3,177 18,193

Sources: Sease and Loughlin (1999) and NMFS (2000). 
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Subsistence hunting by Alaska Natives occurs at 
low levels and is not judged to be an important fac-
tor overall (Ferrero et al. 2000b). One explanation 
for the decline is that sea lions, especially juveniles, 
are experiencing higher than normal mortality be-
cause they are nutritionally limited (Loughlin 1998, 
Crane and Galasso 1999). The nutritional limitation 
could be caused by environmental changes that have 
affected sea lion prey species, competition for prey 
with commercial fisheries, or some combination of 
the two. However, NRC (2003) concluded that at the 
present time nutritional stress is unlikely to be a 
major factor and that top-down processes, i.e., preda-
tion, appear more likely to be limiting recovery.

The decline of the western population of Steller sea 
lions, and the need to recover the population and pro-
tect critical habitat as required by the ESA, have been 
a major conservation issue in recent years (Lowry et 
al. 1989, Fritz et al. 1995). Actions proposed to facilitate 
recovery may have substantial effects on commercial 
fisheries and coastal communities in the GOA and 
elsewhere (Crane and Galasso 1999). Major research 
efforts have been generously funded (fiscal year 2001 
$43 million, fiscal year 2002 $40 million, fiscal year 
2003 $60 million) by the federal government.

9.2.4 Pacific Harbor Seal

Harbor seals are medium-sized, “earless” seals that 
are widespread in temperate waters of both the 
North Atlantic and the North Pacific. In the North 
Pacific, their distribution is nearly continuous from 
Baja California, Mexico, to the GOA and Bering Sea, 
through the Aleutian Islands, and to eastern Russia 
and northern Japan (Shaughnessy and Fay 1977, 
Hoover-Miller 1994). 

Harbor seals are found primarily in the coastal zone 
where they feed and haul out to rest, give birth, care 
for their young, and molt. Haul-out sites include 
intertidal reefs, rocky shores, mud and sand bars, 
gravel and sand beaches, and floating glacial ice 
(Hoover-Miller 1994). From the results of satellite 
tagging studies in PWS, most adult harbor seals are 
known to use the same few haul-outs for most of the 
year (Frost et al. 1996, 1997). 

Although it is relatively easy to study harbor seals 
while they are on haul-outs, their distribution and 
movements at sea are not as well understood. Dur-
ing 1992 to 1997, as part of Exxon Valdez oil spill 
restoration studies, satellite-linked depth recorders 
(SDRs) were attached to seals in Prince William 
Sound to study their at-sea behavior. Analysis of 

the tracking data from 49 subadult and adult harbor 
seals indicated that most tagged seals stayed in or 
near PWS, but some subadults moved 300 to 500 
km east and west in the GOA (Frost et al. 2001, 
Lowry et al. 2001). Virtually all relocations were 
on the continental shelf in water less than 200 m 
deep. Most feeding trips for adults went 10 km or 
less from haul-outs, and juveniles fed mostly within 
25 km. Patterns of diving (effort and depth) varied 
geographically and seasonally. During 1997 to 1999, 
SDRs were attached to 27 recently weaned harbor 
seal pups in PWS. Preliminary analysis of those 
data (Frost et al. 1998; L. Lowry and K. Frost Alaska 
Department of Fish and Game/University of Alaska 
Fairbanks, Fairbanks, unpubl. data) did not show 
any extraordinary movement patterns.

SDRs have also been attached to harbor seals in 
Southeast Alaska and the Kodiak region. Prelimi-
nary results from those tagging efforts have been 
reported in Small et al. (1997, 1998). The data are 
currently being analyzed and prepared for publi-
cation (R. Small, Alaska Dept. of Fish and Game, 
Juneau, pers. comm., 2001). 

Overall, harbor seals are relatively sedentary and 
they show considerable fidelity to haul-out sites 
(Pitcher and McAllister 1981; Frost et al. 1996, 
1997). For management purposes, the National Ma-
rine Fisheries Service (NMFS) has delineated three 
harbor seal stocks in Alaska:

1. The Southeast Alaska stock, including animals 
east and south of Cape Suckling; 

2. The GOA stock, including animals from Cape 
Suckling to Unimak Pass and westward through 
the Aleutian Islands; and 

3. The Bering Sea stock including animals in Bris-
tol Bay and the Pribilof Islands (Ferrero et al. 
2000b). 

During the past several years, an in-depth study 
of Alaska harbor seal genetics has been conducted 
by the NMFS Southwest Fisheries Science Center. 
Preliminary analysis of those data indicate a num-
ber of relatively small population units with very 
limited dispersal among them (O’Corry-Crowe et al. 
2003). Results suggest that within the EVOS area, 
multiple harbor seal stocks may require individual 
management attention. NMFS scientists are cur-
rently analyzing the molecular genetics data and 
preparing it for publication. NMFS managers are 
evaluating those results with the intention of refin-
ing stock boundaries for Alaska harbor seals. 
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Hoover-Miller (1994) summarized available informa-
tion on Alaska harbor seal biology and life history. 
Both male and female harbor seals reach sexual ma-
turity at three to seven years old. Adult females give 
birth to single pups once a year, on land or on glacial 
ice. In PWS and the GOA, most pupping occurs from 
mid-May through June. Newborn harbor seal pups 
are born with their eyes open, with an adult-like coat, 
and are immediately able to swim. Pups are weaned 
when they are three to six weeks old. Once each year 
in July to September, harbor seals shed their old hair 
and grow a new coat. During this time, the seals spend 
more time hauled out than they do at other times. 
For that reason, the molt period is a good time to count 
seals to estimate population sizes and trends.

Most information about the diet of harbor seals in 
Prince William Sound and the GOA was collected 
in the mid-1970s by examination of stomach con-
tents (Pitcher 1980). The major prey overall in both 
PWS and adjacent parts of the GOA was pollock. 
Octopus, capelin, Pacific cod, and herring also are 
eaten frequently. Stomachs of young seals contained 
mostly pollock, capelin, eulachon, and herring. As 
part of EVOS restoration studies, blubber samples 
from PWS harbor seals have been analyzed for their 
fatty acid composition to examine their recent diets 
(Iverson et al. 1997; L. Lowry and K. Frost, Alaska 
Department of Fish and Game/University of Alaska 
Fairbanks, Fairbanks, unpubl. data). Initial results 
showed that herring, pollock, other fishes, and 
cephalopods (a class of squid and octopi) had been 
eaten. Seals sampled at the same haul-out had simi-
lar fatty acid compositions, suggesting that they had 
fed locally on similar prey. In contrast, seals sampled 
from areas as little as 80 km apart had different 
fatty acid compositions, indicating substantially 
different diets. Small et al. (1999) have examined 
scats from harbor seals collected near Kodiak and 
found mostly remains of sculpins, greenling, sand 
lance, and pollock.

Known predators of harbor seals include killer 
whales, Steller sea lions, and sharks. The impact 
of these predators on harbor seal populations is un-
known, but may be significant. In PWS alone, killer 
whales may eat as many as 400 harbor seals per 
year (C. Matkin, North Gulf Oceanic Society, Homer, 
Alaska, pers. comm., 2000). The incidence of sleeper 
sharks caught on halibut longlines in the GOA has 
increased greatly in the last decade (L. Lowry and 
K. Frost, unpubl. data). The degree to which these 
sharks prey on harbor seals is unknown, but seal 
remains have been observed in their stomachs (C. 
Matkin, pers. comm.). 

Before the Marine Mammal Protection Act (MMPA) 
was enacted, harbor seals were hunted commercially 
in Alaska, and they also were killed to reduce their 
predation on commercially important fishes (Hoover-
Miller 1994). Such kills, which exceeded 10,000 ani-
mals in many years, were largely stopped in 1972. 
The MMPA allowed fishermen to shoot seals if they 
were damaging their gear or catch and could not be 
deterred by other means. A few hundred animals 
probably were killed annually for that reason during 
1973 to 1993. In 1994, the MMPA was amended to 
require that fishermen use only nonlethal means to 
keep marine mammals away from their gear.

Harbor seals have been and continue to be an im-
portant food and handicraft resource for Alaska 
Native subsistence hunters in PWS and the GOA. 
The ADF&G Subsistence Division estimated the size 
of the harbor seal harvest annually during 1992 to 
1998. The average annual kill during that period 
was approximately 380 seals in PWS and 360 for 
the Kodiak area, Cook Inlet-Kenai, and the south 
Alaska Peninsula combined (Wolfe and Hutchinson-
Scarbrough 1999). About 88 percent of the seals shot 
were retrieved, and 12 percent were struck and lost. 
Although harvests at individual villages have var-
ied from year to year, regional harvest levels have 
shown no clear trend.

Harbor seals are sometimes entangled and killed 
in the gear set by several commercial fisheries that 
operate in the EVOS GOA region. Ferrero et al. 
(2000b) estimated an average minimum annual mor-
tality of 36 animals for the GOA stock. This figure 
was an underestimate because there have not been 
observer programs for several of the fisheries that 
are likely to interact with harbor seals.

Some harbor seals were killed by the EVOS, at least 
in PWS (Frost et al. 1994b). In August and September 
1989, ADF&G flew aerial surveys of harbor seals in 
oiled and unoiled areas of central and eastern PWS. 
Results of those surveys were compared to earlier 
surveys of the same haul-outs conducted in 1983, 
1984, and 1988. Before the EVOS, counts in oiled 
and unoiled areas of PWS were declining at a similar 
rate, about 12 percent per year. From 1988 to 1989, 
however, there was a 43 percent decline in counts of 
seals at oiled sites compared to 11 percent at unoiled 
sites. Other studies conducted as part of the EVOS 
damage assessment program showed that seals in 
oiled areas became coated with oil (Lowry et al. 
1994). Many oiled seals acted sick and lethargic for 
the first few months after the spill. Tests of bile and 
tissues showed that oiled seals were metabolizing 
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petroleum compounds (Frost et al. 1994b). Micro-
scopic examination indicated that some oiled seals 
had brain damage that would likely have interfered 
with important functions such as breathing, swim-
ming, diving, and feeding (Spraker et al. 1994). It 
was estimated that approximately 300 seals died be-
cause of the EVOS (Frost et al. 1994b). Hoover-Miller 
et al. (2000) disputed the mortality estimate of Frost 
et al. (1994b), but they admit that the spill had effects 
on harbor seals and do not provide an alternative 
estimate of mortality.

Harbor seals are one of the most common marine 
mammals in the EVOS GOA region. In 1973, 
ADF&G estimated there were about 125,000 in this 
region based on harvest data, observed densities of 
seals, and the amount of available habitat (Pitcher 
1984). The most recent population estimate for the 
GOA harbor seal stock, derived from intensive aerial 
surveys conducted by NMFS, is 29,175 (Ferrero et 
al. 2000b). Although the methods used to derive the 
two estimates were very different and they are not 
directly comparable, the difference does suggest that 
a large decline in harbor seal numbers has occurred 
in the GOA. 

Counts at individual haul-outs and along survey 
routes established to monitor trends confirm the  
decline and provide some information on the tempo-
ral pattern of changes (Table 9.5). At Tugidak Island 
(south of Kodiak Island), average molt period counts 
declined by 85 percent from 1976 to 1988 (Pitcher 
1990), followed by a period of stabilization and then 
a modest population increase in recent years. In 
eastern and central PWS, the number of seals at 
25 trend index sites declined by 42 percent between 
1984 and 1988 (Pitcher 1989). Trend counts at  
index sites have shown that the decline in that part 
of PWS continued at least through 1997, by which 
time there were 63 percent fewer seals than in 
1984 (Frost et al. 1999). Counts on the PWS trend 
route were fairly similar in 1996-2002 (Table 9.5), 
suggesting that the decline in that area may have 
slowed down or stopped. In the Kodiak trend area, 
harbor seal counts increased steadily during 1993-
2002.

Mortality of harbor seals caused by people because of 
fishery interactions, the EVOS, and hunting has been 
fairly well documented. Each of these causes may be 
a contributing factor, but it seems unlikely that they 
could have caused such a widespread and major popu-
lation decline. Other factors that could be involved in 
the decline include disease, food limitation, predation, 
contaminants, and changes in habitat availability. No 
strong scientific evidence has been produced, however, 

to suggest that any of these factors has been a pri-
mary cause (Sease 1992, Hoover-Miller 1994). A Leslie 
matrix model for population projection showed that 
large changes in vital parameters (reproduction and 
survival) must have occurred to cause the declines 
in abundance seen in PWS during 1984 to 1989, and 
that changes in juvenile survival are likely to have 
the greatest effect on population growth (Frost et al. 
1996). 

The large decrease in harbor seal abundance in the 
GOA has been a major concern among scientists, 
resource managers, Alaska Natives, and the public. 
After completion of damage assessment, the Trustee 
Council funded restoration studies to learn about the 
biology and ecology of harbor seals in the spill area, 
and to investigate possible causes for the decline 
(Frost and Lowry 1994; Frost et al. 1995, 1996, 1997, 
1998, 1999). At about the same time, Congress began 
providing funds to ADF&G to be used to investigate 
causes of the Alaskan harbor seal decline. Those 
funds were used to initiate harbor seal research 

Table 9.5.  Counts of Harbor Seals at Index 
Sites in the Exxon Valdez Oil Spill 
Gulf of Alaska Area. 

Year Tugidak Island PWS Kodiak

1976 5,708 – –
1977 4,618 – –
1978 3,781 – –
1979 3,133 – –
1982 1,918 – –
1984 1,469 2,488 –
1986 1,181 – –
1988 966 1,875 –
1989 – 1,423 –
1990 882 1,058 –
1991 – 978 –
1992 820 995 –
1993 723 825 3,096
1994 800 981 3,478
1995 827 885 4,024
1996 698 791 3,415
1997 589 751 3,880
1998 852 760 4,369
1999 860 812 4,890
2000 562 651 5,066
2001 1,032 599 5,392
2002 1,182 722 5,930

Sources: Pitcher (1990), Frost et al. (1994b); G. Pendleton, pers. comm., 2004. 

Figures shown for Tugidak are unadjusted mean survey counts of the southwest 
beach haul-outs. PWS and Kodiak counts have been adjusted to account for 
important covariates (Frost et al. 1999, G. Pendleton, unpubl. data).
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programs in Southeast Alaska and the Kodiak area, 
and to resume long-term studies on Tugidak Island 
(Lewis 1996, Small et al. 1997, Small 1998, Small et 
al. 1999, Small and Pendleton 2001). A major part of 
all those studies has been live-capturing seals and 
attaching satellite-linked depth recorders (SDRs) to 
them to learn about their movements, foraging pat-
terns, and behavior on land and at sea. As part of the 
field studies, researchers have weighed and measured 
each seal, and have taken samples for studies of blood 
chemistry, disease, genetics, and diet. Some parts of 
those studies have been completed and published, 
some are in the analysis and reporting stage, and 
others are ongoing. As discussed above, the results 
have added greatly to the understanding of harbor 
seals in this area and will continue to do so as more 
of the work is completed. 

Any time a wildlife population declines, it is a cause 
for concern. For harbor seals in PWS and the GOA, 
however, the concern is magnified because the 
causes for the decline are unknown and because 
these seals are an important food and cultural re-
source of Alaska Natives. In addition, the results of 
genetics studies are showing very limited dispersal 
between seals in adjacent areas, suggesting that 
harbor seals should be managed as a number of 
relatively small units. So far GOA harbor seals have 
not been listed as depleted under the MMPA or as 
threatened or endangered under the ESA. The list-
ing status could change if recovery doesn’t happen in 
some genetically discrete population units.

Harbor seals may have great value as an indicator 
species of environmental conditions in the EVOS 
GOA region. They are important in the food web, 
both as upper level predators on commercially ex-
ploited fishes and other fishes and invertebrates, 
and also as a food resource for killer whales and 
Alaska Native hunters. Because they are non-mi-
gratory and have low dispersal rates, changes in 
their abundance and behavior should be reflective 
of changes in local environmental conditions in the 
areas they inhabit. Further, they are relatively easy 
to study, and during the past 30 years a considerable 
amount of baseline data has been collected on their 
abundance, distribution, and other aspects of their 
biology and ecology.

9.2.5 Sea Otter

Sea otters are the only completely marine species 
of the aquatic Lutrinae, or otter subfamily, of the 
family Mustelidae. They occur only in coastal waters 
around the North Pacific rim, from central Baja 
California, Mexico, to the northern islands of Japan. 

The northern distribution of sea otters is limited 
by the southern extent of winter sea ice that limits 
access to foraging habitat (Kenyon 1969, Riedman 
and Estes 1990). Southern range limits are less well 
understood, but are likely related to reduced marine 
productivity at lower latitudes, increasing water 
temperatures, and thermoregulatory constraints 
imposed by the sea otter’s dense fur. 

Three subspecies of sea otters are recognized: En-
hydra lutris lutris from Asia to the Commander 
Islands of Russia, Enhydra lutris kenyoni from 
the western Aleutians to northern California, and 
Enhydra lutris nereis, south of the Oregon (Wilson 
et al. 1991). The subspecific taxonomy suggested 
by morphological analyses is largely supported by 
subsequent molecular genetic data (Cronin et al. 
1996, Scribner et al. 1997). The distribution of mi-
tochondrial DNA haplotypes suggests little or no re-
cent female-mediated gene flow among populations. 
Populations separated by large geographic distances, 
however, share some haplotypes (for example, in the 
Kuril and Kodiak islands), suggestive of common 
ancestry and some level of historical gene flow. The 
differences in genetic markers among contemporary 
sea otter populations likely reflect the following: 

• Periods of habitat fragmentation and consoli-
dation during Pleistocene glacial advance and 
retreat;

• Some effect of reproductive isolation over large 
spatial scale; and

• The recent history of harvest-related reductions 
and subsequent recolonization (Cronin et al. 
1996, Scribner et al. 1997). 

Sea otters occupy and use only coastal marine 
habitats. The seaward limit of their feeding habitat, 
which is about the 100 m depth contour, is defined 
by their ability to dive to the seafloor. Although sea 
otters may be found at the surface in deeper water, 
either resting or swimming, they must maintain 
relatively frequent access to shallower depths where 
they can feed. In PWS, 98 percent of the sea otters 
are found in water with depths less than 200 m and 
sea otter abundance is inversely correlated with 
water depth, with about 80 percent of the animals 
observed in water less than 40 m deep (Bodkin and 
Udevitz 1999). Sea otters forage in diverse bottom 
types, from fine mud and sand to rocky reefs. Al-
though they may haul out on intertidal or supratidal 
shores, no aspect of their life history requires leav-
ing the ocean. Where present, surface-canopy kelps 
provide preferred resting habitat. In areas lacking 
kelp canopies, sea otters rest in groups or alone in 
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open water, but may select areas protected from 
large waves where available. Sea otters generally 
feed alone and often rest in groups of ten or fewer, 
but also occur in groups numbering in the hundreds 
(Riedman and Estes 1990). 

Relatively few data are available to describe re-
lations between sea otter densities and habitat 
characteristics. Maximum sea otter densities of 
about twelve per square kilometer (km–2) have been 
reported from the Aleutian and Commander islands 
(Kenyon 1969, Bodkin et al. 2000) where habitats 
are largely rocky. Maximum densities in Orca Inlet 
of PWS, a shallow soft-sediment habitat, are about 
16 km–2. Equilibrium, or sustainable densities, 
likely vary among habitats, with reported values of 
about 5 to 8 km–2. In PWS, sea otter densities vary 
among areas, averaging about 1.5 km–2 and ranging 
from fewer than one to about 6 km–2 (Bodkin and 
Udevitz 1999; U.S. Geological Survey, Anchorage, 
Alaska, unpubl. data). 

The sea otter is the largest mustelid, with males 
considerably larger than females. Adult males attain 
weights of 45 kg and total lengths of 148 cm. Adult 
females attain weights of 36 kg and total lengths of 
140 cm. At birth, pups weigh about 1.7 to 2.3 kg and 
are about 60 cm in total length. 

Adult male sea otters gain access to estrous females 
by establishing and maintaining territories from 
which other males are excluded (Kenyon 1969, 
Garshelis et al. 1984, Jameson 1989). Male territo-
ries vary in size from about 20 to 80 hectares. Terri-
tories may be located in or adjacent to female resting 
or feeding areas or along travel corridors between 
those areas, and are occupied continuously or inter-
mittently through time (Loughlin 1981, Garshelis 
et al. 1984, Jameson 1989). Female sea otters attain 
sexual maturity as early as age 2, and by age 3 most 
females are sexually mature. Where food resources 
may be limiting population growth, sexual matura-
tion may be delayed to four to five years of age.

Adult female reproductive rates range from 0.80 
to 0.94 (Siniff and Ralls 1991, Bodkin et al. 1993, 
Jameson and Johnson 1993, Riedman et al. 1994, 
Monson and DeGange 1995, Monson et al. 2000a). 
Among areas where sea otter reproduction has been 
studied, reproductive rates appear to be similar de-
spite differences in resource availability. Although 
copulation and subsequent pupping can take place 
at any time of year, there appears to be a positive 
relation between increasing latitude and reproduc-
tive synchrony. In California, pupping is weakly 
synchronous to nearly uniform across months; while 

in PWS, a distinct peak in pupping occurs in late 
spring. 

Reproductive output remains relatively constant 
across a broad range of ecological conditions, and 
pup survival appears to be influenced by resource 
availability, primarily food. At Amchitka Island, a 
population at or near equilibrium density, dependent 
pup survival ranged from 22 percent to 40 percent, 
compared to nearly 85 percent at Kodiak Island, 
where food was not limiting and the population 
was increasing (Monson et al. 2000a). Post-weaning 
annual survival is variable among populations and 
years, ranging from 18 percent to nearly 60 percent 
(Monson et al. 2000a). Factors affecting survival of 
young sea otters, rather than reproductive rates, 
may be important in ultimately regulating sea otter 
population size. Survival of sea otters more than 
two years of age is generally high, approaching 90 
percent, but gradually declines through time (Bod-
kin and Jameson 1991, Monson et al. 2000a). Most 
mortality, other than human related, occurs during 
late winter and spring (Kenyon 1969, Bodkin and 
Jameson 1991, Bodkin et al. 2000). Maximum ages, 
based on tooth annuli, are about 22 years for females 
and 15 years for males.

Although the sex ratio before birth (fetal sex ratio) 
is one to one (Kenyon 1982, Bodkin et al. 1993), sea 
otter populations generally consist of more females 
than males. Age-specific survival of sea otters is 
generally lower among males (Kenyon 1969, Kenyon 
1982, Siniff and Ralls 1991, Monson and DeGange 
1995, Bodkin et al. 2000), resulting in a female-bi-
ased adult population

The sea otter relies on air trapped in the fur for 
insulation and an elevated metabolic rate to gener-
ate internal body heat. To maintain the elevated 
metabolic rate, energy intake must be high, requir-
ing consumption of prey equal to about 20 percent 
to 33 percent of their body weight per day (Kenyon 
1969, Costa 1982). 

The sea otter is a generalist predator, known to con-
sume more than 150 different prey species (Kenyon 
1969, Riedman and Estes 1990, Estes and Bodkin 
2001). With few exceptions, their prey generally consist 
of sessile or slow moving benthic invertebrates such as 
mollusks, crustaceans, and echinoderms. Preferred 
foraging habitat is generally in depths less than 40 
m (Riedman and Estes 1990), although studies in 
Southeast Alaska have found that some animals 
forage mostly at depths from 40 to 80 m (Bodkin et 
al. 2004). A sea otter may forage several times daily, 
with feeding bouts averaging about three hours, 
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separated by periods of rest that also average about 
three hours. Generally, the amount of time a sea otter 
allocates toward foraging is positively related to sea 
otter density and inversely related to prey avail-
ability. Time spent foraging may be a meaningful 
measure of sea otter population status (Estes et al. 
1982, Garshelis et al. 1986). 

Although the sea otter is known to prey on a large 
number of species, only a few tend to predominate 
in the diet, depending on location, habitat type, 
season, length of occupation, and the individual sea 
otter (Estes et al. 2003). The predominately soft-
sediment habitats of Southeast Alaska, PWS, and 
Kodiak Island support populations of clams that are 
the primary prey of sea otters. Throughout most of 
Southeast Alaska, burrowing bivalve clams (species 
of Saxidomus, Protothaca, Macoma, and Mya) pre-
dominate in the sea otter’s diet (Kvitek et al. 1993). 
They account for more than 50 percent of the identi-
fied prey, although urchins (S. droebachiensis) and 
mussels (Modiolis modiolis, Musculus spp.) can also 
be important. In PWS and at Kodiak Island, clams 
account for 34 percent to 100 percent of the otter’s 
prey (Calkins 1978, Doroff and Bodkin 1994, Doroff 
and DeGange 1994). Mussels (Mytilus trossulus) 
apparently become more important as the length 
of occupation by sea otters increases, ranging from 
0 percent at newly occupied sites at Kodiak to 22 
percent in long-occupied areas (Doroff and DeGange 
1994). Crabs (Cancer magister) were once important 
sea otter prey in eastern PWS, but apparently have 
been depleted by otter foraging and are no longer 
eaten in large numbers (Garshelis et al. 1986). Sea 
urchins are minor components of the sea otter diet 
in PWS and the Kodiak archipelago. In contrast, 
the sea otter diet in the Aleutian, Commander, and 
Kuril islands is dominated by sea urchins and a 
variety of finfish (including hexagrammids, gadids, 
cottids, perciformes, cyclopterids, and scorpaenids) 
(Kenyon 1969, Estes et al. 1982). Sea urchins tend 
to dominate the diet of low-density sea otter popula-
tions, whereas fishes are consumed in populations 
near equilibrium density (Estes et al. 1982). For 
unknown reasons, sea otters in regions east of the 
Aleutian Islands rarely consume fish.

Sea otters also exploit episodically abundant prey 
such as squid (Loligo spp.) and pelagic red crabs 
(Pleuroncodes planipes) in California and smooth 
lumpsuckers (Aptocyclus ventricosus) in the Aleutian 
Islands. On occasion, sea otters attack and con-
sume seabirds, including teal (Anas crecca), scoters 
(Melanitta perspicillata), loons (Gavia immer), gulls 
(Larus spp.), grebes (Aechmophorus occidentalis), 

and cormorants (Phalacrocorax spp.) (Kenyon 1969, 
Riedman and Estes 1990). 

Sea otters are known for the effects their forag-
ing has on the structure and function of nearshore 
marine communities. They provide an important 
example of the ecological “keystone species” concept 
(Power et al. 1996). In the absence of sea otter for-
aging during the twentieth century, populations of 
several species of urchins (Strongylocentrotus spp.) 
became extremely abundant. Grazing activities of 
urchins effectively limited kelp populations, result-
ing in deforested areas known as “urchin barrens” 
(Lawrence 1975, Estes and Harrold 1988). Because 
sea urchins are a preferred prey item, as otters 
recovered they dramatically reduced the sizes and 
densities of urchins, as well as other prey such as 
mussels, Mytilus spp. Released from the effects 
of urchin-related herbivory, populations of macroal-
gae responded, resulting in diverse and abundant 
populations of understory and canopy-forming kelp 
forests. Although other factors, both non-living 
(abiotic) and living (biotic), can also limit sea urchin 
populations (Foster and Schiel 1988, Foster 1990), 
the generality of the sea otter effect in reducing 
urchins and increasing kelp forests is widely recog-
nized (reviewed in Estes and Duggins 1995). Further 
cascading effects of sea otters in coastal rocky sub-
tidal communities may stem from the proliferation 
of kelp forests. Following sea otter recovery, kelp 
forests provide food and habitat for other species, 
including finfish (Simenstad et al. 1978, Ebeling and 
Laur 1998), which provide forage for other fishes, 
birds, and mammals. Furthermore, where present, 
kelps provide the primary source of organic carbon 
to the nearshore marine community (Duggins et al. 
1989). 

Effects of sea otter foraging are also documented in 
rocky intertidal and soft-sediment marine communi-
ties. The size-class distribution of mussels was strongly 
skewed toward animals with shell lengths smaller 
than 40 mm where otters were present; however, 
mussels with shell lengths larger than 40 mm com-
prised a large component of the population where 
sea otters were absent (VanBlaricom 1988). In soft-
sediment coastal communities, sea otters forage on 
epifauna (crustaceans, echinoderms, and mollusks) 
and infauna (primarily clams). They generally select 
the largest individuals. These foraging characteris-
tics cause declines in prey abundance and reductions 
in size-class distributions, although the deepest bur-
rowing clams (such as Tresus nuttallii and Panopea 
generosa) may attain refuge from some sea otter 
predation (Kvitek and Oliver 1988, Kvitek et al. 
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1992). Community level responses to reoccupation 
by sea otters are much less studied in soft-sediment 
habitats that dominate much of the North Pacific, 
and additional research is needed in this area.

A century ago, sea otters were nearly extinct, having 
been reduced from several hundred thousand indi-
viduals, by a multinational commercial fur harvest. 
They persisted largely because they became so rare 
that, despite exhaustive efforts, they were only sel-
dom found (Lensink 1962). Probably less than a few 
dozen individuals remained in each of thirteen re-
mote populations scattered between California and 
Russia (Kenyon 1969, Bodkin and Udevitz 1999). 
By about 1950, it was clear that several of those 
isolated populations were recovering. Today, about 
90,000 sea otters occur throughout much of their 
historic range (Table 9.6), although suitable unoc-
cupied habitat remains in Asia and North America 
(Bodkin 2003). 

Trends in sea otter populations today vary widely 
from rapidly increasing in Canada, Washington, and 
Southeast Alaska, to stable or changing slightly in 
PWS, the Commander Islands, and California, to 
declining rapidly throughout the entire Aleutian 
archipelago (Estes et al. 1998, Estes and Bodkin 
2001). Rapidly increasing population sizes are eas-
ily explained by abundant food and space resources, 
and increases are anticipated until those resources 
become limiting. Relatively stable populations can 
be generally characterized by food limitation and 
birth rates that approximate death rates. The recent 
large-scale declines in the Aleutian archipelago are 
unprecedented in recent times and demonstrate 
complex relations between coastal and oceanic ma-
rine ecosystems (Estes et al. 1998). The magnitude 
and geographic extent of the Aleutian decline into 
the GOA are unknown, but the PWS population 
appears relatively stable. The view of sea otter 
populations has been largely influenced by events in 
the past century when food and space were gener-
ally unlimited. As food and space become limiting, 
however, it is likely that other mechanisms, such as 
predation, contamination, human take, or disease 
will play increasingly important roles in structuring 
sea otter populations.

A number of predators include sea otters in their 
diet, most notably the white shark (Carcharadon 
charcharias) and the killer whale (Orcinus orca). 
Bald eagles (Haliaeetus leucocephalus) may be a 
significant source of very young pup mortality. Ter-
restrial predators, including wolves (Canis lupus), 
bears (Ursus arctos), and wolverine (Gulo gulo) may 
kill sea otters when they come ashore, although such 

instances are likely rare. Before the work of Estes et 
al. (1998) predation was thought to play a minor role 
in regulating sea otters (Kenyon 1969). 

Pathological disorders related to enteritis and pneu-
monia are common among beach-cast carcasses 
and may be related to inadequate food resources, 
although such mortalities generally coincide with 
late winter periods of inclement weather (Kenyon 
1969, Bodkin and Jameson 1991, Bodkin et al. 
2000). Nonlethal gastrointestinal parasites are 
common, and lethal infestations are occasionally 
observed. Among older animals, tooth wear can lead 
to abscesses and systemic infection, eventually con-
tributing to death. 

Contaminants are of increasing concern in the con-
servation and management of sea otter populations 
throughout the North Pacific. Concentrations of 
organochlorines, similar to levels causing reproduc-
tive failure in captive mink (Mustela vison), occurred 
in the Aleutian Islands and California, whereas 
otters from Southeast Alaska were relatively un-
contaminated (Estes et al. 1997, Bacon et al. 1998). 
Elevated levels of butyltin residues and organochlo-
rine compounds have been associated with sea otter 
mortality caused by infectious disease in California 
(Kannan et al. 1998, Nakata et al. 1998). Changes 
in stable lead isotope compositions from pre-indus-
trial and modern sea otters in the Aleutians reflect 
changes in the sources of lead in coastal marine 
food webs. In pre-industrial samples, lead was from 
natural deposits; in contemporary sea otters, lead is 
primarily from Asian and North American industrial 
sources (Smith et al. 1990). 

Susceptibility of sea otters to oil spills, largely because 
of the reliance on their fur for thermoregulation, 
has long been recognized (Kenyon 1969, Siniff et al. 
1982) and this was confirmed by EVOS. Accurate 
estimates of acute mortality resulting from EVOS 
are not available, but nearly 1,000 sea otter carcasses 
were recovered in the months following the spill 
(Ballachey et al. 1994). Estimates of carcass re-
covery rates ranged from 20 percent to 59 percent 
(DeGange et al. 1994, Garshelis 1997), indicating 
mortality of up to several thousand animals (Ballachey 
et al. 1994). Sea otter mortality in areas where oil 
deposition was heaviest and persistent was nearly 
complete, and through at least 1997, sea otter numbers 
had not completely recovered in those heavily oiled 
areas (Bodkin and Udevitz 1994, Dean et al. 2000). 
Long-term effects include reduced sea otter survival 
for at least a decade following the spill (Monson et 
al. 2000b), likely a result of sublethal oiling in 1989, 
chronic exposure to residual oil in the years following 
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the spill, and spill-related effects on invertebrate 
prey populations (Ballachey et al. 1994, Fukuyama 
et al. 2000, Peterson 2001). As human populations 
increase, exposure to acute and chronic environ-
mental contaminants will likely increase. Improved 
understanding of the effects of contaminants on key-
stone species, such as sea otters, may be valuable in 
understanding how and why ecosystems change.

Human activities contribute to sea otter mortality 
throughout the Pacific Rim. Incidental mortality 
occurs in the course of several commercial fisheries. 
In California, an estimated annual take of eighty sea 
otters in gill and trammel nets, out of a population 
numbering about 2,000, likely contributed to a lack 
of population growth during the 1980s (Wendell et 
al. 1986). Developing fisheries and changing fishing 
techniques continue to present potential problems 
to recovering sea otter populations. In Alaska, sea 
otters are taken incidentally in gillnet, seine, and 
crab trap fisheries throughout the state, but total 
mortality has not been estimated (Rotterman and 
Simon-Jackson 1988). Alaska Natives are permitted 
to harvest sea otters for subsistence and handicraft 
purposes. The harvest is largely unregulated and ex-
ceeded 1,200 in 1993, with most of that from a few, 
relatively small areas. In addition, an illegal harvest 
of unknown magnitude continues throughout much 
of the geographic range of sea otters. 

Sea otters occupy an important and well document-
ed position as an upper-level predator in nearshore 
communities of the North Pacific. In contrast to most 

marine mammals that are part of a plankton and 
fish trophic web, sea otters rely almost exclusively 
on nearshore benthic invertebrates, which are sup-
ported at least in part by the kelps and other algae 
present in shallow benthic habitats. 

Relatively little work has been conducted in in-
vestigating relations between those physical and 
biological attributes that contribute to variation 
in productivity of nearshore marine invertebrates, 
such as the clams, mussels, and crabs that sea ot-
ters consume, and how that variability in produc-
tivity translates into variation in annual sea otter 
survival. Given the observed variation in sea otter 
survival, and the recognized role of food in regu-
lating sea otter populations, understanding these 
relations would provide some empirical measure of 
the relative contributions of predation and primary 
production as controlling factors in structuring near-
shore marine communities. Due to the small size 
of their home ranges, sea otters integrate physical 
and biological attributes of the ecosystem over small 
spatial scales. Further, both sea otters and their 
prey occur nearshore, allowing accurate and efficient 
monitoring of sea otters, their prey, and physical 
and biological ecosystem attributes. This suite of 
factors offers a strong foundation for understand-
ing mechanisms, and interactions among factors 
that regulate long-lived mammalian populations. 
Given that many populations of large carnivorous 
mammals are severely depleted worldwide, such an 
understanding would likely be broadly applicable to 
conservation and management.

Table 9.6.  Recent Counts or Estimates of Sea Otter (Enhydra lutris) Abundance in the North Pacific. 

Subspecies Area Year Number Status

E.l. lutris Russia 1995-1997 17,000 Stable in Kurils and Commander   
    Islands, increasing in Kamchatka

E.l. kenyoni Alaska, USA 1994-2002 70,700 Declining in Aleutians, uncertain in  
    GOA, and increasing in Southeast 
  
 British Columbia,  1998 2,500 Increasing 
 Canada
 
 Washington, USA 1997 500 Increasing

E.l. nereis California, USA 2003 2,500 Uncertain

Total   93,200 

Source: Bodkin (2003).
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CHAPTER10
Economics of Human Uses and Activities  
in the Northern Gulf of Alaska
James Richardson and Gregg Erickson

10.1 INTRODUCTION
Human uses have likely affected the productivity 
of Gulf of Alaska (GOA) marine and surrounding 
terrestrial environments during the 4,000 or more 
years of human presence in the GOA region.

Trends since the 1989 Exxon Valdez oil spill suggest 
that the pace of change in human-caused effects may 
have accelerated. The spill itself changed attitudes 
toward acceptable risks of human-caused disruption, 
while economic trends have brought about more 
intense use of some resources and diminishing use 
of others. Understanding these trends will sharpen 
strategies for long-term monitoring and extend our 
understanding of how human uses may affect eco-
system productivity. 

In the period before contact with Europeans, Kodiak, 
Prince William Sound, and most other areas affected 
by the oil spill were populated by Alutiiq peoples, 
linguistically related to the Yupik Eskimos of the 
Bering Sea coast and the Aleut cultures of the western 
Alaska Peninsula and Aleutian Islands. All of these 
cultures were “ocean-facing,” deriving most of their 
livelihood from the sea, with relatively little econom-
ic dependence on upland resources (Dumond 1983). 

The cultural values and economic systems of these 
communities appear to have been very stable. The 
central role of marine mammal and fish resources 
in the Alutiiq subsistence economies profoundly 
influenced the social organization of pre-contact 
societies and shaped their spiritual and cultural val-
ues. In the face of environmental variability, rituals 
and other cultural observances focused on assuring 
predictable marine resource abundance. Failure of a 
prime resource such as a salmon run could threaten 
the extinction of an entire community. 

While the Alutiiq had highly developed technologies 
for exploiting fishery resources with minimum ex-
penditures of time and labor, strongly conservative 
values and attitudes toward environmental change 

and resource use tended to limit overharvesting. 
Property rights to resources such as salmon streams 
or sea otter hunting areas were vested in clans and 
villages, who were responsible for stewardship of 
the resource and its spiritual embodiments (Cooley 
1963). Elements of these values remain strong in 
some GOA communities.

Notwithstanding the high value attributed to envi-
ronmental stability and sustainability, human activ-
ity was a significant factor in pre-contact changes 
in resource abundance in other parts of the Pacific 
littoral (Jackson et al. 2001). Human-caused effects 
might have extended to the salmon resources ex-
ploited by the Alutiiq. And certainly sea otters were 
extirpated from the interior waters of Prince William 
Sound before the arrival of Europeans in the middle 
of the eighteenth century (Lensink 1964, Simenstad 
et al. 1978).

The hundred years following contact brought an 
end to the relative cultural and economic stability. 
European traders and fur hunters possessed weapon 
technologies and an organizational infrastructure 
that allowed them to quickly dominate the small, 
fragmented Alutiiq communities. Europeans also 
brought upland-facing cultural attitudes that re-
flected diminished concern for the sustainability and 
stability of ocean resources. Whatever constraints 
against overexploitation may have been afforded by 
the sophisticated system of Alutiiq property rights 
and clan-based institutional systems, all were 
quickly brushed aside. For resources that attracted 
European commercial attention, the results were 
invariably disastrous. 

The sea otter was the first resource to attract com-
mercial attention. Though the trade in pelts was 
fabulously profitable at the outset, the resource base 
that made the trade possible quickly shrunk in the 
face of unremitting harvest pressure to supply Asian 
and European markets. By the time of the transfer 
of Alaska to the United States, only remnant popula-
tions remained (Rogers 1962).
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Improved transportation and food preservation 
technologies in the late nineteenth century opened 
the region’s salmon resources to markets thousands 
to tens of thousands of kilometers distant. Canned 
salmon production grew from 1.3 million cases in 
1900 to a peak of 8.5 million in 1936, and then col-
lapsed from overexploitation to 1.6 million cases 
in 1959, the year Alaska became a state. Not until 
the late 1970s did the institutional development of 
fishery entry limitations make it possible to meet 
the biological requirements of sustained salmon 
harvests without dissipating most of the potential 
economic gains in excess costs.

Despite its long and rich history of human occupa-
tion and use, the GOA marine environment remains 
relatively unsullied, at least in the popular under-
standing. The closing years of the twentieth century 
saw significant declines in commercial fishing, ma-
rine transportation of oil, and logging. Subsistence 
use of GOA resources partially rebounded after the 
1989 oil spill, while tourism and recreational uses of 
the GOA resources and environment grew. 

Many of the benefits of the GOA environment are 
largely non-market, non-use, existence values with 
heavy emphasis on the future. Future existence of 
endangered populations of wild salmon stocks, fu-
ture protection of charismatic megafauna such as 
killer whales and sea otters, and the global marine 
commons are examples (Brown 2000). Contingent 
valuation studies conducted in 1990 provided an 
immediate post-spill benchmark of the economic 
existence value of GOA resources directly affected 
by the oil spill (NOAA 1993). No follow-up work has 
been done to confirm subsequent changes in GOA 
existence values. Other economic studies, however, 
suggest that the public continues to assign high values 
to the existence of healthy environments, and apply 
increasingly sophisticated and stringent criteria for 
evaluating environmental health, particularly in re-
lation to environments viewed as relatively pristine 
(Whitehead and Hoban 1999). The mission of sustain-
ing a healthy ecosystem and its focus on long- term 
monitoring have been shaped by the need for a long-
term understanding of how human activity shapes 
the environment, and how human- and non-human-
caused environmental change can be distinguished.

10.2 SOCIOECONOMIC PROFILE  
 OF THE REGION
The bulk of the land area draining into the Exxon 
Valdez oil spill–affected parts of the GOA is found 
in five boroughs (a county-level governmental unit 

unique to Alaska), a portion of a sixth borough, 
and one unorganized census area. According to the 
2000 census, just under 400,000 people, 63 percent 
of Alaska’s population, live in this physiographic 
GOA region; about 71,000 of those people live in the 
Prince William Sound, lower Cook Inlet, Kodiak  
Island, and Alaska Peninsula areas that were  
directly affected by the oil spill. Two to three times 
that number use the area seasonally for work 
and recreation. An estimated 700,000 out-of-state 
tourists visit the region each year (ADCED 2002, 
Northern Economics Inc. 2002). Although this area 
is larger in geographic scope than the EVOS GOA 
region, it reflects the scope of the potential human 
impacts on the region. 

The GOA region has grown rapidly throughout the 
twentieth century, but that growth has recently decel-
erated. During the 1990s, the population grew by 19 
percent and non-agricultural jobs by 26 percent, the 
slowest decadal rates since the 1930s (G.J. Williams, 
Alaska Dept. of Labor, Juneau, pers. comm., 2000). 

Most growth in the 1990s has occurred in three ur-
banized areas: Anchorage, the bedroom communities 
of the southern Matanuska and Susitna valleys, and 
the urbanized west-central Kenai Peninsula around 
the cities of Kenai and Soldotna. In the remainder 
of the region, including almost all the areas immedi-
ately impacted by the spill, growth has been slower. 
Table 10.1 shows how boundaries of the overall re-
gion and the subregion directly affected by the spill 
are defined. During the 1990s, the population in the 
directly affected subregion grew by seven percent, 
less than half as fast as the population of the GOA 
region as a whole. The 2000 census found 35,470 
people residing in the directly affected subregion 
(U.S. Bureau of the Census 2001). 

Migration to and from the GOA region has been 
highly volatile. High wages and low unemployment 
in Alaska relative to the Pacific Northwest have 
generally stimulated net immigration to the region, 
while the reverse condition has led to a net popula-
tion exodus. Over the last half century economic 
cycles in Alaska have tended to be out of phase with 
those in the Pacific Northwest, amplifying the mi-
gratory swings. 

Demographic data for the 1989-1999 interval and 
preliminary information for 1999-2000 suggest that 
the 1990s were the first decade since the 1930s in 
which newcomers to Alaska failed to replace all of 
those who left. The GOA region is likely to have ex-
perienced similar net outmigration over the decade 
of the 1990s (G.J. Williams, pers. comm., 2002). 
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The major reason for the recent net outmigration 
was the attraction created by the fast-growing 
economy in the Pacific Northwest and the rest of 
the nation, and the relatively torpid rate of economic 
growth in Alaska.

Over the long term, net migration has been less im-
portant to Alaska population growth than the state’s 
chronic excess of births over deaths. Average annual 
net migration in the twenty years between 1979 and 
1999 was +1,487 persons, while the average excess 
of births over deaths during the same period was 
+8,928 (G.J. Williams, pers. comm., 2000). 

This persistent excess has been a consequence of 
three longstanding features of the state’s demo-
graphics—fertility rates well above the national 
averages in all racial groups, an unusually large 
percentage of residents of child-bearing age, and an 
unusually small share of the population in the older 
age groups where natural mortality is highest. 

As is described in subsequent sections, commercial 
fishing, marine transportation of oil, and the wood 
products industries in the GOA region have all 
declined in recent years, while tourism and recre-
ation-related industries have grown, as has federal 
spending. Money transfers to households have also 
grown, most notably from the state’s permanent 
fund dividend, an annual payment to all residents 
from earnings on the state’s $25 billion oil-money 
savings account (U.S. Bureau of Economic Analysis 
2002). Deepening of local economies through support 
sector growth also has played a role, with Alaska 

businesses and households now buying more goods 
and services locally and importing fewer goods and 
services from outside the state. Continuation of 
these trends would suggest a continuation of slow 
economic and population growth (Goldsmith 2001). 

The fundamentals of Alaska’s economy are likely to 
remain rooted for some time in the state’s natural re-
sources, including the indirect effects of oil revenue 
recycled through state government. As the world’s 
population grows, the demand for access to Alaska’s 
scenic beauty and open spaces of the state is likely 
to increase as well. Beyond the economic effects of 
increased tourism, the intangible quality of Alaska 
as a place of wilderness, beauty, and a special way 
of life will continue to attract migrants to the last 
frontier, increasing pressures of human uses and 
activities on the GOA environment.

10.2.1 Prince William Sound–   
 Southeast Kenai

The Prince William Sound–Southeast Kenai (PWS-
SEK) region is a coastal belt extending from the 
mouth of the Copper River on the east, in an arc 
around Prince William Sound, southwest along the 
GOA coast, and around the southern tip of the Kenai 
Peninsula to just past Port Graham and Nanwalek. 
It includes numerous offshore islands. The region 
is mountainous throughout, and three of its four 
largest communities are located at the heads of 
deep fiords. All of the PWS-SEK region is within 
the Chugach or Kenai mountains, and the region’s 
boundaries are roughly the same as those of the 

Table 10.1. Representation of Boroughs and Census Areas in Gulf of Alaska and Oil Spill Regions.

Borough or census area GOA economic region Oil spill region

Anchorage Borough All  None

Aleutians East Borough All  None

Kenai Peninsula Borough All  South and southeast portion: Homer,   
   Seldovia, Port Graham, Seward

Kodiak Island Borough All  All

Lake and Peninsula Borough Southern portion only:   Southern portion only: Chignik,   
 Chignik, Chignik Lagoon,   Chignik Lagoon, Chignik Lake,  
 Chignik Lake, Ivanof Bay,  Ivanof Bay, Perryville   
 Perryville 
  
Matanuska-Susitna Borough All  None

Valdez-Cordova Census Area All  Prince William Sound and Cordova  
   census subareas
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Chugach Regional Native Corporation. Most of its 
land area is in or adjacent to the Chugach National 
Forest. 

Between 1990 and 2000, the population of the PWS-
SEK region grew less than six percent, well below 
the rates in the GOA region or the state. In 2000, 
12,211 people lived in PWS-SEK, 80 percent of 
whom live in seven communities. The three largest 
communities—Cordova (population 2,454), greater 
Seward (3,430), and Valdez (4,036)—are predomi-
nantly non-Native, although Valdez and Cordova 
are home to Alaska Native village corporations 
and tribes. Of the five other communities, Chenega 
Bay (86), Port Graham (171), Nanwalek (177), and 
Tatitlek (107) are Alaska Native villages, and Whit-
tier (182) is mostly non-Native (U.S. Bureau of the 
Census 2001). 

Of the seven communities, only Valdez, Whittier, 
and Seward have highway access to the state’s main 
road system. Whittier and Seward have Alaska Rail-
road passenger and freight service. Cordova, Valdez, 
Whittier, Tatitlek, Chenega Bay, and Seward are 
served by the Alaska Marine Highway System. Ex-
cept for Valdez, all of the communities grew during 
the 1990s, although at rates well below the average 
of the state or GOA region. The population of Valdez 
declined by one percent.

The economic base of the seven communities in 
PWS-SEK is almost entirely resource dependent 
(Fried and Windisch-Cole 1999a). The Cordova econ-
omy is based on commercial fishing, primarily for 
pink and red salmon. Recent declines in the value 
of landings have been a hardship to the commu-
nity and to the Prince William Sound Aquaculture 
Corporation that operates hatcheries in the sound. 
Some biologists have expressed concern that the 
600 million or more smolt that hatcheries annually 
release into the sound and adjacent waters have had 
a deleterious effect on wild salmon (Hilborn 1992). 

In recent years formerly important herring fisheries 
have been closed due to inadequate stocks. However, 
Cordova has recently benefited from an increase in 
small-scale tourism, and some cruise ships have 
visited the port, but the community remains in eco-
nomic distress.

Valdez, as the terminus of the trans-Alaska pipe-
line, depends on the oil industry, but did not suffer 
seriously from the downsizing that occurred in the 
industry during the 1990s. This is due to additional 
labor required in Valdez to implement safety and 
pollution prevention measures adopted in the wake 

of the 1989 spill. The state’s official oil production 
forecast suggests that crude shipments will roughly 
maintain their current level over the next decade. 

Notwithstanding its dependence on oil, the Valdez 
economy is more diversified than any other com-
munity in PWS. Valdez has used revenue from its 
large oil-related tax base in ways designed to stimu-
late economic diversification. The city invested $48 
million in cargo and port facilities in an attempt to 
become the major entry port for cargo headed to the 
Alaska Interior. The scheme has yielded some suc-
cess. Other investments in seafood processing have 
also resulted in additional jobs, but their cost-effec-
tiveness remains uncertain. Although the population 
of Valdez declined slightly in the 1990s, jobs do not 
appear to have experienced a similar decline (Alaska 
Department of Labor 2001).

The major growth industry in Valdez is tourism 
and recreation. The number of fishing charter boats 
operating out of the local small boat harbor doubled 
between 1997 and 1999. Although cruise ship vis-
its have become an important part of the summer 
economy, cruise ship visitation in 2002 is anticipated 
to be around twenty-six cruise ships, down from 
forty-five in 2001 (Valdez Convention and Visitor’s 
Bureau, pers. comm.). As cruise ship operators rede-
ploy vessels away from foreign waters, the number 
of visits is expected to increase. 

Seward, more than any other community in the GOA 
region, has transitioned from an economic depen-
dence on fluctuating seafood and timber markets 
to a visitor and recreation-based economy. Most 
economic growth since 1990 has been driven by the 
visitor industry, with employment in trade, services, 
and transportation growing at a 5.9 percent annual 
rate. The community has capitalized on its road and 
railroad access, to market itself as the major jump-
ing-off point for visits to the Kenai Fjords National 
Park and Alaska Maritime National Wildlife Refuge. 
Seward’s Alaska SeaLife Center has created another 
visitor attraction. More than 260,000 cruise ship 
passengers disembarked at Seward in 2000 (Gold-
smith and Martin 2001).

Commercial fishing has trended downward in im-
portance throughout the 1990s, but it remains a 
significant part of the Seward economy. The nearby 
state prison and other government facilities, includ-
ing the headquarters for the Kenai Fjords National 
Park, are also important year-round employers. 
Although a major sawmill was opened in 1993, it 
never became competitive, and has remained closed 
since 1994.
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Although its growing dependence on the seasonal 
visitor industry has been a concern, in the 1990s 
Seward developed a diverse and dynamic economy: 
“Over the last decade, it has successfully exploited 
its location beyond people’s expectations.” (Fried and 
Windisch-Cole 1999b). 

Whittier depends on transportation and visitor-re-
lated businesses. The other four small communities in 
the PWS-SWK region augment commercial fishing, 
logging, aquaculture, and other cash-based activities 
with subsistence fishing, hunting, and gathering.

10.2.2 Western Kenai Peninsula Borough

The western Kenai Peninsula (WKP) region encom-
passes all the drainages to the northwest of the crest 
of the Kenai Mountains except those at the southern 
tip of the peninsula around Port Graham and Nan-
walek. In addition, it includes the relatively sparsely 
populated area on the west side of Cook Inlet. 

In terms of its physiography the area faces Cook 
Inlet (Barnes 1958); its economy has been closely 
linked since the 1960s with the oil and gas develop-
ments in the inlet and on the nearby uplands. 

The WKP region is connected to Alaska’s main road 
system, and is only a few hours by car from Anchor-
age, the state’s largest metropolitan area. Homer and 
Kenai have scheduled air service from Anchorage. 

The region grew 23 percent in the 1990s, making 
it second only to the Matanuska-Susitna Borough 
as the fastest growing area in the GOA region (G.J. 
Williams, Alaska Dept. of Labor, Juneau, pers.
comm., 2000). In addition to oil and gas, the WKP 
economy depends on commercial fishing, sportfish-
ing, and other outdoor recreation. About 46,500 
people live in the WKP region, with over two-thirds 
living in or near the cities of Kenai and Soldotna. 
Soldotna is the headquarters of the Kenai Peninsula 
Borough and the Kenai Borough School District, the 
fourth and first-largest employers in the borough, re-
spectively. Government at all levels accounts for 23 
percent of the non-agricultural jobs in the borough, 
slightly less than the 26 percent statewide (Fried 
and Windisch-Cole 1999).

The southern Kenai Peninsula has Seldovia (286 
persons) and Homer (3,946). Homer, on the north 
side of Kachemak Bay, lies at the southern terminus 
of the state’s main road system, and has been popu-
larized in the colorful writings of author Tom Bodett 
as “the end of the road.” 

Homer has attracted a significant number of retir-
ees. According to the 2000 census, 10.1 percent of 
Homer residents are older than 64, the highest per-
centage of any community in the state. The percent-
age of over-64 residents in the borough as a whole 
is 7.3 percent, the highest in the GOA region. The 
statewide percentage of residents over age 64 is 5.7 
percent (G.J. Williams, pers. comm., 2000).

10.2.3 Kodiak Island Borough

The Kodiak Island Borough occupies the Kodiak 
archipelago west of the GOA, and a largely uninhab-
ited strip of the Alaska Peninsula coastline across 
the stormy Shelikof Strait. The borough population 
in 2000 was 13,913, of which 64 percent (8,864) lived 
in the City of Kodiak, the adjacent Coast Guard 
station, or on the road system nearby. The borough 
population grew six percent between 1990 and 2000, 
about one-third as fast as growth in the GOA region 
as a whole (U.S. Bureau of the Census 2001).

There are six outlying communities: the Alaska Na-
tive villages of Port Lions, Ouzinkie, Larsen Bay, 
Karluk, Old Harbor, and Akhiok, none of which have 
road connections to each other or the city of Kodiak. 

The region’s only scheduled jet service is to the Ko-
diak municipal airport, co-located at the U.S. Coast 
Guard air station. The Alaska Marine Highway Sys-
tem serves Kodiak and Port Lions. Other communi-
ties depend exclusively on air taxis or unscheduled 
private vessels for access.

The economy of the archipelago depends heavily on 
commercial fishing and seafood processing, with the 
borough’s population swelling in the fishing season 
(Alaska Department of Labor 2001). Kodiak is one of 
the world’s major centers of seafood production and 
has long been among the largest ports in the nation 
for seafood volume and value of landings. 

Village residents largely depend on subsistence 
hunting and fishing. Kodiak Island also has a grow-
ing recreation and tourism economy and is home 
to a state-owned commercial rocket launch facility 
that held its first successful launch in 1999. The 
U.S. Coast Guard Station, with 1,840 permanent 
residents in 2000, is a major employer.

10.2.4 Alaska Peninsula

The Alaska Peninsula is on the western edge of the 
northern GOA, and encompasses the Aleutians East 
Borough and the southern part of the Lake and  
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Peninsula Borough. The total population of the re-
gion is 3,153. Sand Point, with 952 residents, and 
King Cove, with 792, are the largest communities 
(U.S. Bureau of the Census 2001). Aside from gov-
ernment spending, the cash economy of the area 
depends on the success of the fishing fleets.

Five smaller communities on the south side of the 
Alaska Peninsula lie within the area directly af-
fected by the Exxon Valdez oil spill: Chignik, Chignik 
Lagoon, Chignik Lake, Ivanof Bay, and Perryville. 
The population of this area is 456, but may double 
during the fishing season. All five of these commu-
nities are in the Lake and Peninsula Borough and 
served by scheduled air taxi service. Chignik is also 
served by the Alaska Marine Highway ferries on a 
seasonal basis. 

Sand Point, Chignik, Chignik Lagoon, and King 
Cove serve as regional salmon fishing centers. In 
addition to salmon and salmon roe, fish processing 
plants in Chignik produce herring roe, halibut, cod, 
and crab. About half the permanent population of 
these communities is Alaska Native. 

Chignik Lake, Ivanof Bay, and Perryville are pre-
dominantly Alaska Native villages and maintain a 
subsistence lifestyle, relying on salmon, trout, marine 
fish and shellfish, crab, clams, moose, caribou, and 
bear. Commercial fishing provides cash income. Many 
residents leave during the summer months to fish or 
work for fish processors elsewhere in the region.

10.2.5 Anchorage/Mat-Su Urban Area

Anchorage, located at the head of Cook Inlet, and 
the Matanuska-Susitna (Mat-Su) Borough just to 
the north of Anchorage, constitute the economic, fi-
nancial, and industrial capital of the state. Although 
outsiders often conceive of Alaska as sparsely popu-
lated, the state is also highly urban, and becoming 
more so. In 2000, 51 percent of Alaska’s population 
lived in the Anchorage/Mat-Su metropolitan area, 
up from 48 percent a decade earlier. Between 1990 
and 2000, Anchorage/Mat-Su added 53,584 resi-
dents, more than the 2000 population of Juneau and 
Ketchikan combined, the state’s third and fourth 
largest urban areas (U.S. Bureau of the Census 
2001). Although Anchorage/Mat-Su is situated out-
side the oil spill subregion, its geographic proximity 
suggests that growth there will—as it has in the 
past—produce environmental impacts in the area 
directly affected by the oil spill. This is likely to be 
particularly true where the surface transportation 
connections already exist, as they do to Seward, 
Whittier, and Valdez.

No economic development is likely to occur anywhere 
in the state without links to Anchorage. It serves as 
headquarters for the state’s major financial institu-
tions, its oil companies, major media outlets, largest 
labor unions, religious organizations, and most of its 
federal military and civilian government bureau-
cracy. The Anchorage airport is the major funnel 
through which most of the state’s visitor traffic and 
a significant share of its seafood harvest pass. 

Many Anchorage/Mat-Su residents work in other 
parts of the state, especially construction workers, 
oil workers, and fishermen (Fried 2000). These work-
ers provide Anchorage with a direct source of income 
earned in other parts of the state. With the most 
diversified economy in the state, Anchorage is better 
positioned than any other community in the state to 
maintain growth in the face of economic hardship. 

10.3 ECONOMICS AND    
 ECOLOGICAL IMPACTS 
At first glance, Prince William Sound presents an aspect of 
pristine and untrammeled wilderness, and this is one of 
her major delights. Anchored in a secluded cove or ascending 
a trackless ridge, it is easy to imagine oneself as the first 
explorer. Yet, a closer examination of the shoreline quickly 
reveals subtle signs of former habitation. Decayed, sawed 
off stumps line the shores—witness to former hand-log-
ging operations. The logs were used for cabins, firewood, 
fishtraps, cannery pilings, mining timbers, railroad ties, 
fox farm pens and even ship building. If one rummages 
around the moss, alder and devils club along the shores, 
virtually every bay reveals the rotted foundations of some 
old cabin or fox pen. Abandoned, frail human structures 
do not last long in this damp climate and under such heavy 
winter snow-loads. And perhaps this is as it should be.

This quote from a book about sailing in Prince Wil-
liam Sound (Lethcoe and Lethecoe, 1985) is a fitting 
introduction to a section on human use activities in 
the northern GOA. At least a portion of the public 
has a perception that, prior to the Exxon Valdez oil 
spill, the region had little human impact. To the con-
trary, there has been a succession of different types 
of human habitation and economic activities in the 
northern GOA. Many of these activities had a high 
level of impact on both the environment and other 
users and residents of the region.

The earliest inhabitants of the region were nomadic 
Asian explorers crossing the Bering Land Bridge and 
spreading southward. The dates of first human occupa-
tion in Prince William Sound are not known, but radio 
carbon dating estimates go as far back as 205 AD.

Beginning in the 1700s, the northern GOA was used 
by a succession of explorers and developers. Russian 
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and English fur traders in the 1700s were followed 
by development of fish canneries in the late 1880s. 
The first fox farms were developed in 1894 at Seal 
Island. Mining activity in the region also developed 
in the latter part of the 1890s. In 1897, Klondike 
gold was discovered, opening up the region as a 
gateway to Alaska’s Interior. Mining began in the 
northern GOA in 1896. The communities of Ellamar 
and Latouche were built to develop copper mines. 
The Kennicott copper mine was developed around 
1905 and resulted in the Valdez to Copper River and 
Northwestern Railway in 1911. 

Mining and fox farming gradually declined, and mil-
itary activity during World War II added a new type 
of activity to the region. Whittier remained an active 
military port until 1960. Commercial fisheries were 
developed and expanded in the 1950s, 1960s, and 
1970s. The late 1970s were dominated by develop-
ment of the trans-Alaska pipeline and the terminal 
at Valdez. The 1980s and 1990s have shown a large 
expansion in recreation and tourism. 

10.3.1 Commercial Fishing

Commercial fishing is by far the predominant human 
activity in the northern GOA and is thought at this 
time to have the potential for the most significant 
impacts on the GOA ecosystem. Within the GOA, 
the major commercial fisheries are salmon, Pacific 
herring, pollock, cod, halibut, and shellfish. Tens of 
thousands of individuals participate in these fisheries.

The period before the 1989 oil spill was a time of 
relative prosperity for many commercial fishermen. 
Since 1989, commercial fishing in the northern GOA 
has undergone dramatic changes as a result of changes 
in salmon markets, declining abundance of other fish 
stocks, institutional changes associated with fishery 
“rationalization,” harvest limitations designed to 
protect endangered species, and other factors.

Communities within the EVOS GOA region have 
varying levels of dependence on commercial fishing. 
The communities most dependent on commercial 
fishing are Cordova, Kodiak (and the outlying six vil-
lages within the Kodiak Island Borough), Chignik, 
Chignik Lagoon, Sand Point, and King Cove. Com-
mercial fishing is an important but less dominant 
economic sector in the road-accessible communities 
of Valdez, Whittier, Seward, and Homer. 

10.3.1.1 Salmon

Commercial fishing for pink, sockeye, sockeye, chum, 
coho, and chinook salmon has long been a mainstay 

of the northern GOA commercial fishing industry. 
Salmon are harvested by seine, drift gillnet, and 
set gillnet gear. Pink salmon are the dominant 
species in PWS, contributing over eight percent of 
total salmon landings by volume and contributing 
the largest share of ex-vessel value. In Cook Inlet, 
Kodiak, and the Alaska Peninsula, sockeye are by 
far the dominant species.

PWS exhibits a pattern of odd-even run strength for 
pink salmon that persists even with the influence 
of hatchery production. The very low catch levels in 
1992 and 1993 were due to closures associated with 
the Exxon Valdez oil spill. Harvests since then have 
increased, but unlike most other Alaska fisheries, 
are now highly dependent on hatchery returns. 

Nonprofit hatcheries have operated in Prince Wil-
liam Sound since the mid 1970s. The Prince William 
Sound Aquaculture Corporation (PWSAC) began 
operations in 1976 and operates five hatcheries: 
the W.F. Noerenberg, Armin F. Koernig, Cannery 
Creek, Main Bay, and Gulkana facilities. The Valdez 
Fisheries Development Association has operated the 
Solomon Gulch hatchery since 1979 (Kron 1993). 
Much smaller salmon enhancement programs oper-
ate in Cook Inlet and Kodiak.

Returns of both wild and hatchery salmon fluctuate 
greatly from year to year. During the period 1960-
1976, when the pink salmon fishery was supported 
wholly by wild stocks, the average pink salmon catch 
in Prince William Sound was 3.3 million fish (Eggers 
et al. 1991). The pink salmon harvest during this 
period fluctuated from 0.1 to 7.3 million fish. Since 
hatchery releases were begun, the average pink 
salmon catch has been 19.7 million.

In 2001, 76 percent of the total pink salmon return 
was harvested by PWSAC to cover the costs of 
hatchery operations. In 2002, the percentage was 
reduced to 54 percent in an attempt to make more 
of the salmon resource available to commercial fish-
ermen. PWSAC has significant long-term financial 
obligations, with over $30 million in outstanding 
state loans. 

Salmon prices and market demand for salmon pro-
duced in the northern GOA as well as other parts of 
Alaska are at relatively depressed levels. The prima-
ry reason for the market trend has been a huge in-
crease in world production of farmed salmon. Alaska 
salmon face both price and quality competition from 
salmon originating in Chile, Norway, Canada, and 
other farmed salmon-producing countries. 
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10.3.1.2 Herring

Herring are harvested predominantly for sac roe for 
export to foreign markets. Quotas are established 
for each discrete stock. Herring fisheries in the re-
gion are currently at low levels. In the 2000 season, 
Prince William Sound and Cook Inlet were both 
closed due to low abundance. Limited herring fisher-
ies occurred in Kodiak and the Alaska Peninsula.

10.3.1.3 Shellfish

Most of the shellfish fisheries in the northern GOA 
are closed to commercial fishing due to inadequate 
stocks. Within PWS, no crab harvests have been 
permitted for several years, and there is no evidence 
of recovery. The decline of PWS crab is thought to be 
associated with the growth of the sea otter population, 
which preys heavily on shellfish (Trowbridge 1995).

Miscellaneous fisheries for PWS scallops, Cook In-
let scallops and hard shell clams, and Kodiak sea 
cucumbers and Dungeness crab offer limited oppor-
tunities for fishermen.

10.3.1.4 Groundfish

GOA groundfish catches have ranged from a low of 
135,400 metric tons (t) in 1978 to a high of 352,800 t  
in 1984. The 2001 groundfish harvest was 181,400 t  
(NPFMC 2001). Pollock has been the dominant 
species in the overall catch, followed by Pacific cod 
and sablefish. Groundfish abundance in the GOA 
has been relatively stable, rising slowly since the 
mid-1980s. The estimated long-term annual yield 
for GOA groundfish is about 450,000 t. The recent 
five-year average yield has been about 230,000 t per 
year. The wide disparity between the potential and 
recent yield is due to fishing restrictions imposed by 
the North Pacific Fishery Management Council to 
reduce incidental catches of Pacific halibut. A major 
portion of the GOA groundfish biomass consists of 
arrowtooth flounder, with little or no current com-
mercial value. A 1989 National Marine Fisheries 
Service trawl survey estimated that arrowtooth 
flounder made up the greatest proportion of total bio-
mass at nearly every site surveyed (NPFMC 2001).

A specific Prince William Sound pollock quota has 
been established since 1995. The sound’s pollock 
harvest has averaged 1,800 t since 1995. This har-
vest occurs mostly during the winter months and is 
processed in Cordova and Seward.

10.3.1.5 Halibut

The Gulf of Alaska is managed by the International 
Pacific Halibut Commission as Area 3B. The 2001 
harvest quote for Area 3B was 16.4 million pounds. 

Halibut harvested in the central and western 
Gulf are delivered to the ports of Cordova, Homer, 
Seward, Valdez, and Whittier. In 2001, 12.2 million 
pounds of halibut were landed in Homer, making it 
the number one port in landings among the entire 
west coast. Most of the halibut landed in Homer is 
iced, loaded into refrigerator vans, and trucked to 
the Pacific Northwest for distribution to markets. 

10.3.1.6 Future Resource Outlook and Issues  
 for Commercial Fisheries

Commercial fisheries in the EVOS GOA area have 
been in a state of dynamic flux for the past several 
years. Among the ongoing issues affecting commer-
cial fishermen are the following:

Environmental and oceanographic conditions. Ocean 
survival is a key factor in regulating the magnitude 
of returning salmon and the level of harvest. Since 
the 1970s, the ocean environment has been favorable 
off Alaska, and salmon runs increased. However, 
there are indications that North Pacific circulation 
patterns may be shifting away from conditions fa-
vorable for Alaska salmon production (Mantua et al. 
1997). If the warm water regime off Alaska reverses 
to a cold regime, natural salmon production will 
decrease throughout Alaska to levels observed in 
the 1960s. Hatchery production and other salmon 
enhancement efforts may aid in maintaining har-
vests if natural production declines, but the outlook 
remains uncertain. GOA pollock and cod stocks are 
likely to decrease over the next several years, while 
most other GOA groundfish remain stable. 

A major ecological concern with all types of remov-
als by fishing activities is the sustainability of fish 
stocks, which could be affected by directed fisheries 
or as a result of discarded bycatch in other fisher-
ies and high seas interception. This concern drives 
responsible fishery management. The predominant 
fishery stocks historically fluctuate because of 
natural variability and climate cycles, and for that 
reason, harvest rates are set at sustainable fractions 
of the available biomass. However, concern still ex-
ists that setting harvest rates without a complete 
understanding of those fluctuations could lead to 
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unintentional overharvest, resulting in population 
declines that could take years to rebound. 

In addition, bycatch may have unintended conse-
quences on non-targeted fish populations. In many 
fisheries, observers monitor the bycatch. In addition, 
bycatch is often only a small fraction of the overall 
mortality. However, bycatch is not monitored in all 
fisheries, and may be significant in some.

Another ecological concern with all types of fish-
ing is the removal of marine nutrients (nitrates, 
phosphates, iron) that are key to sustaining the 
long-term productivity of watersheds (Finney et al. 
2000). Fishing for a dominant anadromous species 
such as salmon may lower the productive capac-
ity of a watershed not only for salmon, but also for 
a wide range of plants, fish, and mammals that 
are known to depend on marine nutrients. When 
combined with the loss of nutrients associated with 
development of riparian (river and other waterfront) 
habitats and wetlands, the loss of marine nutrients 
may contribute to oligotrophy or “starvation” of the 
watershed. Unfortunately, not enough monitoring 
data on marine nutrients in tributaries of the GOA 
are available to understand the degree to which 
oligotrophication is occurring.

A third ecological concern with fishing is the poten-
tial for unintentional degradation of habitats and 
attendant losses of plant and animal species. Sport-
fishing activities in watersheds have substantially 
degraded some riparian habitats in Southcentral 
Alaska, resulting in lost vegetation, lost fish habi-
tat, and siltation, and necessitating walkways and 
management restrictions. Various types of marine 
fishing methods and gear, such as pots and bottom 
trawls (very large bag-shaped nets), also have the 
potential for degrading sea-bottom habitat and 
reducing populations of sedentary species such as 
corals and seaweeds.

Protection has already been afforded to marine habi-
tats in some sensitive areas by excluding gear types 
that are thought to be injurious to habitat. For exam-
ple most state waters are closed to bottom trawling. 
In the eastern GOA, both state and federal waters 
are now closed to trawling and dredging in part to 
protect coral habitats from possible trawling impacts. 
There are numerous trawl-and-dredge closure areas 
near Kodiak Island, the Alaska Peninsula, and the 
Aleutian Islands. But not all areas of the Bering Sea 
and GOA (especially those that have sandy and sedi-
ment bottom types) are vulnerable to trawling im-
pacts. Given the amount of marine habitats already 
subject to closure, more information on how to define 

critical marine habitats is essential to balancing fish-
ing opportunities and protection of habitat. 

Commercial fishing also has the potential to affect 
other elements of the marine ecosystem, such as 
bird and marine mammal populations. Effects result 
either directly, through entanglement in fishing 
nets or disturbance to haul-outs and rookeries, or 
indirectly, through impacts on food supplies. Areas 
where marine mammals feed and that are adjacent 
to their haul-out areas have been closed to com-
mercial fishing in parts of the Bering Sea, Aleutian 
Islands, and GOA. A recent National Marine Fisher-
ies Service (NMFS) Biological Opinion (NMFS 2000) 
concludes that lack of food is the reason that the 
endangered Steller sea lion is not recovering from 
serious declines in the GOA and Bering Sea. On the 
basis of this opinion, NMFS has severely limited 
fixed-gear and trawl fishing for several groundfish 
species, a major food source for the Steller sea lion. 
However, this opinion has been extremely contro-
versial, and several independent teams of science 
reviewers have concluded that there is no evidence 
that sea lions are nutritionally limited and no evi-
dence that fisheries are causing prey depletion.

Salmon fisheries in the GOA are notable because 
hatcheries produce the majority of some salmon 
species in some areas and, in specific fisheries, the 
majority of salmon harvested. Billions of juvenile 
salmon are released annually from hatcheries in 
three areas within the northern GOA: Cook Inlet, 
Kodiak, and PWS. Within this region, 56% of the 
salmon in the traditional commercial harvest were 
of hatchery origin in 1999. The percentage is higher 
if cost-recovery fisheries are also included. In PWS 
in particular, hatchery production provides a major-
ity of the pink and chum salmon harvested and a 
substantial fraction of the sockeye and coho salmon 
harvested. In 1999, hatchery pink salmon contrib-
uted 84% of the number of pink salmon harvested 
by commercial fisheries in PWS. 

Ecological concerns related to hatcheries include 
reduced production of wild fish because of competi-
tion between hatchery and wild salmon during all 
stages of the life cycle, loss of genetic diversity in 
wild salmon, and overharvest of wild salmon dur-
ing harvest operations targeting hatchery salmon. 
Information on the interactions between hatchery 
and wild fish in specific locations, as well as on the 
impact of salmon produced in hatcheries in both 
Asia and North America on food webs in the GOA, 
appears to be essential to long-term fishery manage-
ment programs. 
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Resource and legal issues. Actions taken under 
the Endangered Species Act (ESA) as a result of 
depressed levels of Steller sea lions have created 
economic hardship for commercial groundfish fisher-
men from several communities, particularly Kodiak, 
King Cove, and Sand Point. The National Marine 
Fisheries Service developed a biological opinion that 
pointed to commercial fishing as one of the factors in 
declining numbers of Steller sea lions. Regulations 
designed to protect the species by limiting ground-
fish fishing were put in place in 2002. The status of 
harbor seals and sea otters is also uncertain, and 
ESA actions in relation to these species could cre-
ate additional difficulties for fishermen and marine 
resource–dependent communities. 

Regulatory actions. The North Pacific Fishery 
Management Council (NPFMC) is considering a 
groundfish “rationalization” program for the GOA 
groundfish fisheries. A similar program covering 
Bering Sea fisheries established individual fisher-
ies quotas (IFQs), and made other major changes to 
fisheries management. The fishing interests in the 
northern GOA will be profoundly affected by the 
decisions of the NPFMC on these issues.

Since its implementation several years ago, the 
NPFMC’s IFQ share system has spread halibut and 
sablefish landings over a longer period of time, and 
as a result, the fresh market has largely displaced 
frozen production. Road-accessible Homer is now the 
largest halibut landing port on the West Coast, with 
over 10 million pounds delivered per year. Most of 
the halibut landed there are placed in iced totes and 
delivered to processing and distribution companies 
in the Pacific Northwest via refrigerated van.

Commercial Fishing Summary

Reasons for monitoring: Many commercial 
fisheries in the northern GOA are at very 
depressed levels or are currently closed. In-
teractions with protected species or species 
that have a subsistence priority may create 
new problems for commercial fishing in the 
future. Future activities can have significant 
ecological impacts. 

Type of impacts: Commercial fishing activi-
ties create resource conflicts and impact other 
user groups through gear loss and discard, 
and oil and fuel spills. Resource competition 
can affect other fish, bird, and marine mam-
mal populations. Removal of marine nutrients 
can affect productivity of watersheds. Fishing 

gear and techniques may degrade habitat. 
Hatchery production and salmon farms can 
have negative environmental effects.

Who is monitoring: Alaska Department of Fish 
and Game (ADF&G) is the primary agency 
for monitoring commercial fishing effort and 
harvests in state waters. The National Marine 
Fisheries Service has primary responsibility 
for monitoring fishing effort and harvests in 
offshore marine waters (three to 200 miles 
offshore). The International Pacific Halibut 
Commission has primary responsibility for 
monitoring effort and harvests for halibut.

Regulatory authority: The Alaska Board of 
Fisheries has regulatory authority for fish-
eries that occur in state waters. The North 
Pacific Fishery Management Council has 
regulatory authority for fisheries that occur 
in offshore marine waters. Recommendations 
from the NPFMC require action by the Secre-
tary of Commerce to take effect.

10.3.2 Recreation/Tourism

Recreation and tourism are the fastest growing 
economic activities and human uses in the northern 
GOA, but incomplete data leave many uncertain-
ties regarding the characteristics of use and rates 
of growth.

10.3.2.1 Commercial Recreation on  
 Excursion Vessels

Commercial excursion boats operating out of Valdez, 
Whittier, Seward, Homer and, to a lesser extent, 
Kodiak provide sightseeing trips for visitors. This 
group is composed of several large companies that 
take most of the passengers, with smaller companies 
providing services to a much smaller sector of the 
market. According to a 1990 survey of excursion 
boat passengers visiting the Kenai Fjords National 
Park itself, most boat passengers (77 percent) were 
from other states (72 percent) or other countries (5 
percent) (Littlejohn 1990). The 5-year data series 
includes only passengers traveling into Kenai Fjords 
National Park, and excludes excursion boat passen-
gers that stay within Resurrection Bay. 

Excursion boat visitation appears to have declined 
slightly in 2000 and 2001, but this may reflect a trend 
toward more Resurrection Bay trips as excursion 
operators attempted to accommodate the demand for 
shorter trips typically sought by cruise ship passengers. 
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As limited as the Kenai Fjords’ data may be, they are 
superior to the situation for other areas in the north-
ern GOA, where data are completely lacking.

10.3.2.2 Trends in Sportfishing Effort

Data on sportfishing effort are also limited. ADF&G 
data show the use of private boats for fishing out of 
Seward and Valdez increased steadily from 1988 
through 1995, dropped sharply in 1996, and has 
increased slowly since that time (ADF&G various 
years). Because ADF&G changed the way these data 
were compiled for the years after 1995, they are of 
only limited usefulness for long-term trend analysis. 

Overall sportfishing effort within the northern GOA 
is centered on the road-accessible areas. Cordova, 
Seward, and Homer are the most popular ports for 
marine fishing. Whittier and Kodiak are less popu-
lar ports for marine fishing. Freshwater angling is 
concentrated along the road-accessible areas of Cook 
Inlet and the Susitna River watershed. The number 
of resident sport anglers in Southcentral Alaska has 
been on a slightly decreasing trend since 1992, but 
the total number of anglers has increased due to the 
growth in the numbers of nonresident anglers. Non-
resident licenses sold in Alaska increased 46 percent 
between 1987 and 1997 (see Figure 10.1). ADF&G 
has a study under way to investigate the reasons for 
the declining number of resident anglers (ADF&G 
various years).

10.3.2.3 Cruise Ships

Cruise ships dock at five ports in the greater GOA 
region: Anchorage, Homer, Seward, Valdez, and 
Whittier. Seward dominates in cruise ship dockings. 
Cruise ship patrons typically take passage on either 
a northbound or southbound run, choosing to fly to 
or from Anchorage on the reverse leg of their trip. 
Seward has the important features of proximity to 
Anchorage as well as access to the Kenai Fjords 
National Park and the ease of combining a rail or 
scenic bus ride segment. Seward also offers consid-
erable time savings for cruise ships traveling to or 
from the Pacific Northwest, compared with travel 
to the Port of Anchorage. Cruise ship docking in 
Seward can offer passengers a one-week turnaround 
schedule via return air. The growth of cruise ship 
use in the oil spill region has been well documented 
(Figure 10.2). 

Cruise ship visitors are non-consumptive users of 
resources within the northern GOA as they move 
from port to port, but may become consumptive us-
ers when in port. Short-duration sportfishing trips 
are a popular activity for passengers while in port. 
Recreation and tourist users, including cruise ship 
users, can be compatible or incompatible with other 
uses and groups of users, based on their use char-
acteristics. For example, cruise ship passengers are 
probably not affected by seeing groups of boaters 
or kayakers. However, boaters and kayakers may 

Figure 10.1. Alaska sport fishing licenses, 1987 and 1997.
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have their experience adversely affected by too many 
contacts with cruise ships.

Cruise ships often carry more people than populate 
many Alaska towns. One well known impact of 
cruise ships is air and water pollution. Cruise ships 
also affect other user groups by their presence in 
the northern GOA and, in some areas, by competing 
with local residents for sportfish harvests. In July 
2001, Alaska enacted a law to regulate cruise ship 
and ferry wastewater discharges in marine waters. 
The new law sets discharge limits for greywater 
(sink, shower, and galley water) and blackwater 
(treated sewage) for fecal coliform and suspended 
solids. It limits discharge to areas at least one mile 
offshore and requires vessels to be moving at least 
six knots during discharge. Sampling of discharges 
is required, and the Alaska Department of Envi-
ronmental Conservation (ADEC) has independent 
authority to perform additional sampling. Finally, 
the new law requires improved record keeping and 
reporting of vessel disposal of wastewater, hazard-
ous waste, and garbage.

Seward will continue to be the major Southcentral 
Alaska port for cruise ship passengers to embark 
and disembark. Valdez anticipated a sharp decline 
in cruise ship passengers in 2002 due to Holland 
America ending its port calls in that community. 
The cruise ship visitation in Valdez in 2002 was 
anticipated to be around 26 cruise ships, down from 
45 in 2001 (Valdez Convention & Visitors bureau, 
pers. comm.).

10.3.2.4 Recreation/Tourism Issues

Sportfishing within the northern GOA has cre-
ated local environmental damage in some areas by 
concentrating activity in fragile areas. One area of 
major concern is the Kenai River, famous for its king 
and sockeye sportfishing. ADF&G evaluated these 
impacts along the Kenai River in 1994 (ADF&G 
1994) to provide a baseline for future assessments. 
Sportfishing can also contribute to localized deple-
tion of fish stocks.

Increased hiking and camping on coastal areas and 
riverbanks can lead to trampling erosion and related 
impacts on local water quality. The Chugach Na-
tional Forest is currently completing an analysis of 
remote recreation carrying capacity in areas around 
Prince William Sound that may provide information 
on use impacts and appropriate levels of use. The 
Alaska Division of Parks completed an analysis of 
carrying capacity for the Kenai River in 1991 which 
identified areas of the river where crowding was di-
minishing user satisfaction for fishing and other rec-
reational experiences (Alaska State Parks 1993).

In October 2001, the North Pacific Fishery Manage-
ment Council recommended an individual fisheries 
quota (IFQ) program for commercial charter op-
erators fishing for halibut. Requiring new charter 
operators to purchase halibut shares to take out 
sport charters may tend to shift sportfishing ef-
fort toward currently non-limited species, such as 
Pacific cod, ling cod, and rockfish, creating localized 

Figure 10.2. Cruise ship visitors to Seward and Valdez, 1991-2001. 
Source: Seward Chamber of Commerce, Valdez Convention 
and Visitors Bureau, McDowell Group 2001.
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depletions and potential resource concerns. If com-
mercial halibut charter prices increase as a result of 
the IFQ program, use of the resource by non-charter 
private boats may increase in reaction. Impacts on 
the resource base could be significant. 

The growing use of jet skis for recreational use and 
their potential for disturbing nesting waterfowl has 
led ADF&G to ban jet ski use in Kachemak Bay.

Some residents of Prince William Sound communi-
ties expressed concern with a potential huge flood 
of new recreational users to the region as a result 
of completion of the Whittier tunnel, providing road 
access to the sound and potential impacts to shore-
lines, tidelands, and nearshore waters, as well as 
the fish and wildlife populations that rely on these 
habitats. The tunnel opened on June 7, 2000, and 
had a total of 88,000 vehicles for the remainder of 
that year. In 2001, the Whittier tunnel vehicle traffic 
totaled 85,772 through December 17 (G. Burton, 
Alaska Dept. of Transportation, pers. comm., 2001). 
The initial level of traffic through the Whittier tunnel is 
much lower than anticipated by the Alaska Depart-
ment of Transportation and Public Facilities. Local 
residents speculate that the use tolls imposed after 
the first year of operation have discouraged users.

Recreation/Tourism Summary

Reasons for monitoring: Immediate impacts of 
high use levels on habitat as well as localized 
depletion of fisheries resources. Although rec-
reational users may impact other user groups, 
areas of conflict are largely unstudied. 

Type of impacts: Potential for resource deple-
tion, damage to fragile habitat, disturbance to 
wildlife on rookeries and haul-outs, competi-
tion among user groups, water quality degra-
dation from discharges and spills. 

Agencies managing for a subsistence priority 
can create impacts on other user groups using 
resources within the northern GOA.

Who is monitoring: ADF&G is the primary 
agency for monitoring sportfishing effort and 
harvests. The U.S. Forest Service monitors 
uses within Chugach National Forest. The 
National Park Service monitors use levels 
within the Kenai Fjords National Park.

Regulatory authority: The Alaska Board 
of Fisheries and Board of Game have regula-

tory authority over sportfishing and hunting 
within state lands and waters.

The North Pacific Fishery Management Coun-
cil has made a recommendation for new regu-
lations dealing with halibut charter vessels.

The U.S. Coast Guard has enforcement author-
ity for vessel operations in marine waters.

10.3.3 Oil and Gas Development

The oil and gas industry is a major economic force in 
Prince William Sound (PWS) and Cook Inlet. Crude 
oil from the Alaska North Slope is transported by 
pipeline to Valdez, where it is loaded onto tank-
ers and shipped to the contiguous United States, 
abroad, and to a refinery on Cook Inlet, near Kenai. 
Whatever their destination, tankers carrying this oil 
traverse PWS and the GOA on their journey (Fried 
and Windisch-Cole 1999). 

The number of tanker voyages from the Port of Val-
dez has declined from 640 in 1995 to 411 in 1999, 
partly due to a four percent increase in the average 
load per vessel, but mostly as the result of reduced 
North Slope production (ADEC 2000). 

Annual shipments through PWS peaked at 705 mil-
lion barrels in 1988 and have declined in every year 
since. Shipments in 2001 are estimated at 366 million 
barrels, almost exactly one-half of what they were 
at the peak. The annual rate of change in shipments 
varied from –10 percent in 1998-99, when oil prices 
were low, to –1 percent in 2000-2001, when prices 
were high. The state of Alaska’s official oil produc-
tion forecast issued in December 2001 predicted that 
North Slope production would increase nine percent 
in 2002, and then remain relatively constant through 
2009 (see Figure 10.3). The forecasters acknowledge, 
however, that unexpected changes in oil prices could 
shift the trajectory up or down (Alaska Department 
of Revenue Tax Div., unpubl. data, 2001). 

Commercialization of North Slope natural gas re-
serves—estimated at more than 90 trillion cubic 
feet—could cause PWS tanker traffic to increase. 
Under one concept, proposed more than 30 years ago 
and still popular in Alaska, a gas pipeline would be 
built parallel to the oil line, terminating at a lique-
fied natural gas (LNG) facility near Valdez. LNG 
from the plant would be exported in specially built 
tank ships to the Far East, Mexico, or the U.S. West 
Coast. A similar, but much smaller, LNG plant has 
operated in Cook Inlet since 1966. 



130 Economics of Human Uses and Activities

A separate gas-to-liquid (GTL) commercialization 
proposal would transform the gas to methanol 
liquid or a chemically related product that would 
be shipped to Valdez in the existing trans-Alaska 
oil pipeline (Alaska Highway Natural Gas Policy 
Council 2001). 

Three recent studies, sponsored separately by the 
North Slope gas owners, the state, and an independent 
energy consulting firm, concluded that the GTL and 
LNG proposals (including a pipeline project termi-
nating at an LNG plant in northern Cook Inlet) are 
likely to be less feasible than alternatives in which 
the gas is shipped by pipeline through Canada to 
markets in the contiguous United States (Alaska 
Highway Natural Gas Policy Council 2001; Purvin 
& Gertz, Ltd. 2000; Brown 2002). Volumes of gas 
to be shipped under the various commercialization 
proposals range up to 2.2 trillion cubic feet per year, 
equivalent in energy content to roughly 350 million 
barrels of oil (Purvin & Gertz, Ltd. 2000). In most 
applications, substitution of gas for oil reduces 
greenhouse gas emissions by about 15 percent. No 
project for commercializing North Slope gas has yet 
attracted commitments for the $7 billion to $20 bil-
lion in investment expected to be required.

Megaprojects do not have an exclusive franchise on 
potential petroleum developments in the GOA area. 
The first producing oil wells in Alaska were at Katalla, 
southeast of Cordova. Small-scale production contin-
ued there from 1902, until destruction of the local 
refinery by fire in 1933. The Chugach Alaska Cor-
poration, owner of much of the Katalla oil and gas 
acreage, believes that modern technology may make 

the Katalla oil resource economical to redevelop 
(Chugach Alaska Corporation, unpubl. data, 2001). 

Modern oil development in Alaska began in 1957 
in the Cook Inlet basin, with discovery of oil at the 
Swanson River field in the Kenai National Wildlife 
Refuge. In 2001, the basin produced eleven million 
barrels of oil, about three percent of the volume 
coming from the North Slope (Alaska Oil and Gas 
Conservation Commission 2001). 

Most of the oil and much of the natural gas produced 
from the Cook Inlet comes from offshore platforms. 
Underwater pipelines transport oil and gas to ter-
minals on both sides of Cook Inlet. Much of Cook 
Inlet oil production is delivered to a local refinery in 
Nikiski, north of Kenai, for processing.

State forecasters expected oil production from the 
Cook Inlet basin to increase, reaching fifteen mil-
lion barrels per year in state fiscal year 2003-2004. 
An aggressive state leasing program initiated in 
1999, together with planned increases in federal 
offshore lease offerings, could stimulate additional 
new production thereafter (Alaska Department of 
Revenue 2001). 

Much of the new exploration in Cook Inlet, however, 
has been targeted toward natural gas. Cook Inlet 
gas has provided low cost energy to the Anchorage 
metropolitan area since 1962, and since the late 
1960s has provided energy and feedstock to an LNG 
plant and a large fertilizer manufacturing facility 
at Nikiski. The bulk of the region’s electricity comes 
from gas-fired generation. 

Figure 10.3. Prince William Sound oil shipments.
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In recent years Cook Inlet gas sales have ranged 
close to a quarter trillion cubic feet. The region’s 
utilities and major industrial users believe that 
additional discoveries or imports from the North 
Slope will be needed in the next decade to sustain 
current industrial gas uses and meet the grow-
ing demand for utility gas and electric generation 
(ADNR 2002). 

Major concerns about oil and gas development in 
the northern GOA include the potential for oil spills 
from vessel traffic, such as the 1987 T/S Glacier Bay 
spill in Cook Inlet and the 1989 EVOS. Small chron-
ic spills, pipeline corrosion and subsequent leaks, 
disposal of drilling wastes and potential impacts on 
water quality, and the introduction of exotic species 
from ballast waters are other major concerns. Only 
6,000 gallons of crude oil were reported spilled in the 
region from 1998 to 1999 (ADEC 2001).

Oil producers, shippers, and refiners are required 
to have contingency plans detailing response capa-
bilities and specific response actions in the event 
of a spill. In addition, the Oil Pollution Act of 1990 
authorized regional citizen advisory groups in PWS 
and Cook Inlet to oversee oil and gas activities. 
These groups, along with state and federal agencies, 
maintain oversight of oil industry operations in their 
respective regions.

Oil and Gas  
Development Summary

Reasons for monitoring: Increased North 
Slope development could result in increased 
tanker traffic and more underwater pipelines. 
Cook Inlet production is mostly offshore or 
near the shore and could have impacts on 
marine system.

Type of impacts: Potential for oil spills from 
vessel traffic, small chronic spills, pipeline 
corrosion and subsequent leaks, disposal of 
drilling wastes, introduction of exotic species 
in ballast waters.

Who is monitoring: ADEC and the U.S. Coast 
Guard require oil producers, shippers, and 
refiners to have contingency plans detailing 
capabilities and planned actions in response 
to spills. Regional citizen advisory councils in 
Prince William Sound and Cook Inlet provide 
citizen oversight and conduct some monitor-
ing activities.

Regulatory authority: U.S. Coast Guard regu-
lates tanker traffic. U.S. EPA and ADEC are 
primary agencies regulating activities because 
of potential impacts on water quality.

10.3.4 Subsistence

Subsistence is an important traditional activity 
practiced by residents of northern GOA communi-
ties to provide food and cultural enrichment. Fifteen 
predominantly Alaska Native communities in the 
EVOS GOA region, with a total population of about 
2,200 people, rely heavily on harvests of subsistence 
resources such as fish, shellfish, seals, deer, and 
waterfowl. Subsistence harvests in 1998 varied 
among communities from 250 to 500 pounds per 
person, indicating strong dependence on subsistence 
resources. Subsistence activities also support the 
culture and traditions of these communities. Many 
families in other communities also rely on the sub-
sistence resources of the spill area. 

In addition to the cultural aspects of subsistence, 
its economic importance comes from import sub-
stitution. Rural residents are able to rely on wild 
foods rather than food imported into the region. 
Dependence on subsistence production is typically 
higher in remote areas and lower near population 
centers, although there are exceptions to this gen-
eral trend.

Knowledge of subsistence patterns and consump-
tion largely relies on focused household surveys 
conducted by the ADF&G Subsistence Division. The 
division’s analysis and monitoring focuses on sub-
sistence production, consumption, sharing patterns, 
and species of concern. Subsistence studies are typi-
cally conducted at irregular intervals, often oriented 
toward a specific management issue or need, such 
as the Exxon Valdez oil spill. The household studies 
provide a cross-sectional profile of use patterns at a 
particular time. Due to the focus on oil spill impacts 
and the availability of funding, several subsistence 
studies conducted in communities across the oil 
spill region over the past ten years have provided a 
wealth of data and information. The declining fre-
quency of subsistence studies suggests that future 
changes in use patterns within northern GOA com-
munities may not be as well documented. 

ADF&G researchers have developed village contacts 
who provide accurate tracking of subsistence har-
vests of salmon, seals, sea lions, marine mammals, 
and halibut. It is more difficult for ADF&G to track 
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subsistence harvests of marine invertebrates and 
marine fish, so there is a much lower level of confi-
dence in the estimated use levels for these species. 

In a recent report funded jointly by the Minerals 
Management Service (MMS) and ADF&G, research-
ers analyzed subsistence patterns for communities 
within the area affected by the Exxon Valdez oil spill 
(Fall et al. 2001). The communities analyzed were 
Chenega Bay, Cordova, Tatitlek, Valdez, Kenai, 
Nanwalek, Port Graham, Seldovia, Akhiok, Karluk, 
Kodiak City, Larsen Bay, Old Harbor, Ouzinkie, Port 
Lions, Chignik, Chignik Lagoon, Chignik Lake, Iva-
nof Bay, and Perryville.

The study tracked wild food harvests measured in 
pounds per capita before and after the Exxon Valdez 
oil spill, producing the following findings:

• Subsistence production averages over 300 
pounds per person per year throughout the 
region. In predominantly Native communities, 
subsistence production averages 352 pounds 
annually per person. In Cordova subsistence 
production averages 200 pounds per person 
annually, and in Kodiak it averages 148 pounds 
per person.

• Subsistence production uses nearly seventeen 
different types of resources per household.

• The studies show a very high participation rate 
in subsistence harvests and use, particularly in 
predominantly Native communities where 99 
percent of residents used subsistence resources.

• Subsistence production is often distributed 
through an extensive network of sharing. In 
predominantly Native communities, 87.5 per-
cent of households received resources and 78.3 
percent of households gave away resources.

• Following the Exxon Valdez oil spill, there was 
an immediate decline of over fifty percent in 
subsistence harvests. Equally important as the 
decline in production was the reduction in the 
range of resources used. At first the reduction 
was due to fear of oil contamination, and later 
due to the scarcity of resources.

• The impacts of the oil spill caused a disruption 
in sharing and teaching of children and a tem-
porary increase in household income associated 
with spill cleanup activities during the year 
following the spill.

• In the years from 1990 to the present, there 
has been a gradual rebound in subsistence 
production from the EVOS communities. But 

communities in Prince William Sound have 
been slower to rebound than areas outside the 
sound.

• Since the EVOS, several communities have in- 
creased their dependence on fish and reduced their 
dependence on marine mammals and shellfish.

In addition to the ADF&G Subsistence Division and 
the Federal Subsistence Board, others monitoring 
subsistence uses and harvests of certain species in-
clude the Alaska Board of Fisheries and the North 
Pacific Fishery Management Council. The Council 
recently completed an analysis of impacts relating 
to subsistence halibut and has recommended new 
regulations for that species. 

The National Marine Fisheries Service (NMFS) fol-
lows the status of the beluga whale population and 
funds operation of the Alaska Beluga Committee. 
The Committee has attempted to understand beluga 
whale subsistence harvests through an informal 
network of contacts. The Cook Inlet Marine Mam-
mal Council, composed of Cook Inlet beluga whale 
subsistence hunters, works independently of the 
Alaska Beluga Committee to focus on beluga whales 
in Cook Inlet. 

The Alaska Native Harbor Seal Commission part-
ners with the ADF&G Subsistence Division in a 
harvest assessment project to interview hunters and 
collect data on the subsistence harvest of seals. This 
effort is currently funded by the National Marine 
Fisheries Service. The U.S. Fish & Wildlife Service 
has a program to monitor the harvests of sea otters. 
USFWS also monitors waterfowl.

The ADF&G Subsistence Division has been working 
to coordinate and report on the various monitoring 
efforts. However, their efforts have been funded 
through special research funding, such as EVOS. 
Although another round of surveys is anticipated 
in 2004, future funding is uncertain for the ADF&G 
Subsistence Division to continue coordination of 
subsistence monitoring as well as periodic household 
surveys within northern GOA communities. 

The impact of subsistence harvests on injured re-
sources, particularly marine mammals, has not been 
determined. In some cases, it may become necessary 
to address the impact of subsistence on recovery, as 
was necessary for Cook Inlet beluga whales. ADF&G 
and NMFS are working cooperatively to combine 
research efforts on harbor seals. The results of this 
research program may improve understanding of 
the status of harbor seals and reasons for population 
declines within the northern GOA. However, the 
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program will not address the effects of subsistence 
harvests on this resource. 

10.3.4.1 Current and Potential Issues  
 on Subsistence 

Subsistence activities and production are related 
to many factors, such as population growth within 
villages and communities and changes in the abun-
dance and distribution of fish and wildlife resources. 
The criminal settlement subsistence restoration 
program, using money from the Exxon Valdez settle-
ment, has funded thirty-two projects totaling $5.6 
million in support of subsistence restoration (Fall 
et al. 2001). These included fish enhancement proj-
ects, development of infrastructure for subsistence 
activities, cultural education, and mariculture. The 
Exxon Valdez Trustee Council’s Habitat Protection 
Program has protected over 650,000 acres within the 
northern GOA through outright purchase of lands or 
conservation easements. This program ensures that 
the lands protected will remain part of the produc-
tive ecosystem, thus aiding support of the resource 
base for subsistence production. 

Increasing use within Prince William Sound by boat-
ers, fishermen, hunters, and other recreational users 
may affect future subsistence opportunities through 
direct competition or the indirect effects of increased 
traffic in areas where subsistence harvests occur. 
In 1995, a consulting firm evaluated the impact of 
completion of the Whittier tunnel on subsistence 
uses within six communities: Chenega Bay, Tatitlek, 
Cordova, Whittier, Hope, and Cooper Landing (Ste-
phen R. Braund & Associates 1995).

The study found that subsistence users from the 
GOA communities identified increased boat traf-
fic within Prince William Sound and the potential 
increased direct competition for fish and wildlife 
resources from increased numbers of visitors as 
their greatest concerns related to the opening of the 
Whittier tunnel. Although use of the Whittier tunnel 
has been much lower than forecast, the overall trend 
in increasing recreation use in the region may create 
conflicts with subsistence activities.

Recent changes in subsistence regulation and man-
agement may affect other user groups, including sport 
and commercial fishermen, hunters, and others.

Some future issues may include:

• Definitions of federally recognized subsistence 
users could greatly increase the number of sub-
sistence users from outside the GOA region. For 

example, the Federal Subsistence Board cur-
rently plans to allow all recognized subsistence 
users from anywhere in Alaska to participate in 
subsistence harvests on the Kenai Peninsula. 
The Board earlier moved to restrict subsistence 
salmon fishing within the Copper River water-
shed to those living in the region. 

• The Federal Subsistence Board has received 
proposals to extend its jurisdiction to include 
marine waters and species. 

• In two decisions in Southeast Alaska, the Fed-
eral Subsistence Board has preemptively closed 
state fisheries in freshwater to make sure that 
there would be enough fish for subsistence in 
federal harvest areas. During the 2001 fishing 
season, the Federal Subsistence Board pre-
emptively closed all the commercial, sport, and 
state subsistence fisheries operating within fed-
eral waters in both the Kuskokwim and Yukon 
drainages to ensure that the federal subsistence 
users would have access to salmon resources.

• In a recent decision, the Federal Subsistence 
Board increased the limits for subsistence har-
vests in the Copper River by fish wheels, with 
no upper limit on king salmon. If the subsis-
tence harvest of king salmon is substantially 
increased in Copper River fisheries, sport and 
commercial users could face restrictions.

• The North Pacific Fishery Management Council 
took final action in April 2002 to define subsis-
tence halibut fishing in Alaska waters. Subsis-
tence management actions include a limit on the 
number of hooks, a 30-fish annual limit, a sys-
tem to permit temporary transfer of subsistence 
rights, and a gear stacking allowance for multiple 
subsistence fishermen on a single vessel. 

• The decline of the beluga whale in Cook Inlet 
provides an example of a resource problem alleged 
to be caused by subsistence harvests. Under 
the Marine Mammal Protection Act, state and 
federal agencies were unable to take any action to 
address the declining resource until the popula-
tion reached the point where it could be classified 
as depleted under the Endangered Species Act. If 
the beluga whales fail to recover, many commercial 
activities within Cook Inlet could face restriction.

Subsistence Summary

Reasons for monitoring: Subsistence uses 
have not yet recovered and are a priority use 
under state and federal law.
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Type of impacts: Subsistence harvests of re-
covering species have the potential for causing 
at least localized depletion of some species.

Agencies managing for a subsistence prior-
ity can create impacts on other user groups 
using resources within the northern GOA.

Who is monitoring: ADF&G is the primary 
agency for monitoring subsistence uses and 
harvests.

Regulatory authority: The U.S. Fish and Wild-
life Federal Subsistence Board has regulatory 
and allocation authority within federal lands 
in Alaska.

The Alaska Board of Fisheries and Board of 
Game have regulatory authority over subsis-
tence within state lands and waters.

The North Pacific Fishery Management Coun-
cil has made a recommendation for new regu-
lations dealing with subsistence halibut.

Federal laws, such as the Marine Mammal 
Protection Act and the Migratory Bird Treaty 
Act regulate subsistence uses in both state 
and federal waters.

10.3.5 Timber and Forest Products

Ancestors of the Alutiiq peoples who occupied most 
of the GOA area are believed to have migrated 
into the region from treeless areas to the west and 
north. In the late eighteenth century, at the time of 
the first contacts with Europeans, the Alutiiq made 
relatively little use of timber resources except for 
heat (Dumond 1983). 

Many small logging and sawmill operations grew 
up in the nineteenth century to support local fish 
processing and mining operations. In the early 
twentieth century, most of the sawlog timber re-
sources of the Prince William Sound area, the Kenai 
Peninsula, and the Kodiak archipelago came under 
the control of the U.S. Forest Service. In addition to 
supporting local fish processing and mining, GOA 
forests also supplied railroad ties and timber for 
bridges to the Alaska Railroad and the Copper River 
& Northwestern Railway. 

Throughout most of the 20th century, the timber 
industry remained small. From 1910 through 1986, 

total commercial harvests from government land 
in the GOA region averaged less than four million 
board feet (MMBF) per year, and never exceeded 
12 MMBF per year. As part of a policy to encourage 
timber-based manufacturing within the national 
forest and nearby communities, the U.S. Forest 
Service largely prohibited the export from Alaska of 
unprocessed timber (Rogers 1962). Until 1987, there 
were essentially no forest products exported from 
the region to anywhere outside Alaska. 

That all changed in the 1980s, when regional and 
village Native corporations, established under the 
Alaska Native Claims Settlement Act (ANCSA) be-
gan receiving lands selected by them in accordance 
with the act. For the first time in the history of the 
GOA region, significant timber resources moved 
under the control of private, profit-seeking corpora-
tions. Most of the high-quality timber has since been 
logged in an effort to monetize the timber assets as 
rapidly as possible. Annual harvest volumes from the 
region grew from less than ten MMBF in 1986, to a 
peak of about 235 MMBF in 1995, and then quickly 
declined (USDA Forest Service 2000b). Although 
a major sawmill was opened in Seward in 1993, it 
never became competitive, and has remained closed 
since 1994. As allowed under federal law, almost all 
of the private timber was exported from the state, 
most being sold abroad as unprocessed logs (Fried 
and Windisch-Cole 1999). 

Since 1996, a dwindling supply of high-quality tim-
ber and a depressed world market for softwood have 
caused a dramatic decline in harvest from the GOA 
region. No major timber operations are currently 
operating in PWS. Some logging continues in the 
Kodiak archipelago, and small-scale timber opera-
tions are planned for parts of the Kenai Peninsula. 
Improving market conditions and rising softwood 
prices could significantly increase the market for 
significant volumes of currently marginal timber, 
especially on Afognak Island. 

A significant factor affecting forest planning in the 
GOA area is a major spruce bark beetle infestation. 
A series of timber sales of beetle-damaged stands on 
state lands have been proposed (USDA Forest Service 
2000a). Harvest from the state’s proposed sales 
would encompass an estimated 115 MMBF over a 
maximum of five years, but adverse market conditions 
have caused commercial interest in the offerings to 
wane, and some recent sales have received no bids. 
In 2000 the state offered almost 12 MMBF, but the 
amount cut was less than three MMBF (ADNR 2000).
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Concerns about logging include long-term effects on 
the marine ecosystem of bark detritus at log transfer 
sites, impacts on anadromous streams from siltation, 
and upland habitat destruction. The Alaska Depart-
ment of Environmental Conservation reported in 
2000 that twenty-four percent of the water bodies 
on the state’s list of polluted sites are listed due to 
some aspect of logging (ADEC 2000). A significant 
issue related to logging is the increased access to 
previously remote lands provided by logging roads. 
Logging operations on the Kenai Peninsula alone 
have added more than 3,000 miles of roads in the 
region. This increased access has encouraged all-
terrain vehicle use in sensitive habitats, such as the 
headwaters of salmon streams.

Timber and Forest  
Products Summary

Reasons for monitoring: Immediate impacts of 
logging on anadromous fish and riparian habi-
tat. Point source impacts of wood processing 
facilities on air and water quality. Long-term 
habitat and water quality degradation from 
past logging and pollution of uplands and 
marine sediments.

Type of impacts: Erosion, wide swings in wa-
ter temperature, loss of habitat, changes in 
carbon cycle, increased human pressure due 
to access. Industrial air and water quality 
impacts from wood processing.

Who is monitoring: USFS on federal land, 
ADNR on state and private land. ADF&G 
monitors impacts on economically important 
sport, commercial, and subsistence species. 
ADEC and EPA monitor effects of bark depo-
sition on the marine environment. EPA and 
ADEC monitor point source industrial effects 
on air and water quality.

Regulatory authority: State and federal laws 
have established regulatory authority over 
most aspects of logging and wood processing. 
Federal laws include the Clean Water Act, the 
Endangered Species Act, the Wilderness Act, 
the Federal Land Planning and Management 
Act, the National Forest Management Act, the 
Forest and Rangeland Renewable Resources 
Planning Act and others; state authorities in 
Alaska Statutes include Title 16 (ADF&G), 
Title 47 (ADEC), and the Forest Practices Act.

10.3.6 Urbanization and Road Building 

Urban areas are likely to continue to grow from 
natural population growth and from immigration 
from smaller communities within Alaska and from 
outside the state. Increasing urbanization dimin-
ishes some basic environmental qualities, even when 
development is planned and regulated with care. 
Along with greater numbers and density of residents 
comes additional air pollution, water pollution, use 
of lands for solid waste disposal, increased levels 
of noise, and other effects. Continued expansion of 
urban areas and increasing density of development 
of suburban zones inevitably degrade the habitat. 
Changes in land surfaces can change entire hydro-
logic systems and cause water pollution problems. 
Urban growth leads to increasing disposal of human 
waste. Most metropolitan communities in the coun-
try are required to complete secondary treatment 
of sewage effluent, but Anchorage, operating under 
a 301 Clean Water Act Section (H) waiver, only 
completes primary treatment of the sewage effluent 
piped into Cook Inlet. The inherent turbidity of Cook 
Inlet water was a significant factor in EPA’s grant 
of the waiver.

Treated waste or street runoff may lead to changes 
in species composition and productivity of water-
sheds within the region. A 1998 study of the Kenai 
River showed a decreased diversity of benthic in-
vertebrates in areas of the river below storm drain 
outfalls (Litchfield and Milner 1998). What was 
important in this study was the discovery that even 
though the benthic invertebrate community was 
still in place, certain species were missing from 
the surveyed areas. Based on this study, it appears 
as if some key indicator species could be used to 
measure at least some of the effects of storm runoff 
pollution. 

As part of its stormwater discharge permit through 
ADEC, the Municipality of Anchorage is mapping 
the impervious surfaces within its area and studying 
the response of stream macroinvertebrates. Under 
a U.S. Environmental Protection Agency (EPA) 
Clean Water Act Section 319 grant from ADEC, the 
U.S. States Department of Agriculture Cooperative 
Extension Service is also studying the effects of im-
pervious surfaces. A pilot project is planned for the 
Anchorage area, and if successful, the methodology 
may be applied to other areas in the future.

Diminished environmental quality from increased 
population density is not limited strictly to urban 
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areas. As population density increases in previ-
ously rural areas—for example along the Kenai 
River—there has been a documented loss of environ-
mental quality. In 1994, ADF&G published a study 
evaluating the cumulative impacts of development 
and human uses on fish habitat on the Kenai River 
(Liepitz 1994). Factors diminishing water quality 
include wetlands loss, point source pollution from 
outhouses or faulty septic systems, and household 
spills of oils and other contaminants.

Wetlands play an important ecological role in filtra-
tion for water quality and stormwater protection. 
The Municipality of Anchorage has a wetlands plan, 
with high- and low-value wetlands identified. There 
is no plan delineating the extent of wetlands and 
analyzing their function and values for the rest of 
the region, however. 

The ADEC is responsible for monitoring and regulat-
ing state water. However, due to staff and funding 
limitations, the agency does not attempt to track 
down and resolve household or small commercial 
violations. The U.S. Geological Survey operates 
a National Water Quality Assessment (NAWQA) 
program tracking water quality and non-point pol-
lution sources in urban watersheds. The goals of 
the NAWQA Program are to describe current water 
quality conditions for a large part of the nation’s 
freshwater streams and aquifers; describe how wa-
ter quality is changing over time; and improve our 
understanding of the primary natural and human 
factors affecting water quality (USGS 2001). The 
Cook Inlet Basin is part of the NAWQA program. 
The Cook Inlet study will provide increased under-
standing of water quality in the streams and ground 
water of the Cook Inlet Basin and identify factors 
that influence water quality. 

Roads are an important factor in habitat dam-
age and water quality degradation. A 2001 study 
(Western Native Trout Campaign 2001) evaluated 
the relationship between public roadless lands and 
existing native trout populations in western states. 
This report evaluates the diminished status of wild 
trout and the habitat damage associated with de-
velopment of road systems. The report concludes 
that roadless areas are essential to persistence and 
rebuilding of native salmonid populations.

Human access to streams increases as the number of 
miles of road increases. Trampling of stream banks, 
changes in stream configuration created by culvert-
ing of roads, reduction in riparian zone vegetation, 
and a multitude of other problems created by road 
building and access lead to aquatic habitat degra-

dation and loss of basic productivity. Increased hu-
man access to small rivers and streams containing 
relatively large animals such as salmon and river 
otters also usually leads to loss of aquatic species 
through illegal taking, despite the best efforts of law 
enforcement. Indeed, limitations in budgets usually 
lead resource management and protection agencies 
to focus scarce resources on sensitive areas during 
critical seasons, leaving degradation to take its 
course in less sensitive locations. 

Within the northern GOA, road building and urban-
ization are of most concern within the Cook Inlet 
area. There are no agencies monitoring or evaluating 
the effects of roads on habitat and water quality. 

Urbanization and Road  
Building Summary

Reasons for monitoring: Direct impacts to 
fish and wildlife species. Immediate loss of 
wetlands and water quality.

Type of impacts: Erosion, wide swings in 
water temperature, erratic water flow and 
diminished water quality, loss of habitat, 
changes in carbon cycle, increased human 
pressure due to access.

Who is monitoring: The Municipality of An-
chorage has a wetlands plan but little ongoing 
involvement. ADF&G and private research 
groups (such as the Western Native Trout 
Campaign) study the cumulative effects of 
road-building and development. The USGS 
NAWQA program monitors water quality 
within the Cook Inlet Basin. 

Regulatory authority: ADF&G has Title 16 
authority over anadromous fish streams. The 
ADEC and the U.S. EPA have regulatory au-
thority over water quality. The Army Corps 
of Engineers has regulatory authority over 
development on wetlands.

10.3.7 Other Industrial Activity

Large oil spills like the Exxon Valdez oil spill are 
rare occurrences. More common are smaller dis-
charges of refined oil products, crude oil, and a vari-
ety of hazardous substances. These occur frequently 
in the commercial fishing, petroleum, and timber 
industries and in a wide variety of commercial  
establishments such as gas stations and dry clean-
ers. One of the worst spills near the Kenai River was 
due to repeated discharges of dry cleaning fluid over 
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many years (Alaska Dept. of  Environmental Con-
servation, River Terrace Spill, unpubl. data, 2002).

Under state law, the release of hazardous substances 
and oil must be reported to the Alaska Department 
of Environmental Conservation (ADEC).  In 2000, a 
total of 604 spills were reported in the EVOS GOA 
region (Table 10.2), resulting in a total discharge of 
39,744 gallons of refined oil products, crude oil, and 
hazardous substances. Although small spills were 
reported throughout this region, the largest number 
of spills (497) and the greatest volume of discharge 
(24,340 gallons) occurred in Cook Inlet. Most spills 
(90 percent) involved refined oil products, accounting 
for about 88 percent of the total volume discharged. 
Only 3,000 gallons of crude oil were reported spilled 
in the EVOS GOA region during 2000 (ADEC, un-
publ. data, 2002).

Spills reported to ADEC include spills onshore as well 
as discharges into the marine environment. The ef-
fects of these small spills depend on such variable 
factors as the volume of the discharge, its toxicity and 
persistence in the environment, the time of year the 
spill occurred, and the significance of the affected en-
vironment in the life history of species of concern.

Other Industrial  
Activity Summary

Reasons for monitoring: Direct contamination 
of water quality. Danger of loss of fish and 
wildlife. 

Type of impacts: Erosion, wide swings in wa-
ter temperature, loss of habitat, changes in 
carbon cycle, increased human pressure due 
to access. Industrial air and water quality 
impacts.

Who is monitoring: The ADEC and U.S. EPA 
do some limited monitoring. 

Regulatory authority: The ADEC and U.S. 
EPA have regulatory authority over water 
quality. 

10.3.8 Contaminants and Food Safety

The presence of industrial and agricultural con-
taminants in aquatic environments has generated 
worldwide concerns about potential effects on ma-
rine organisms and human consumers. The remote-
ness of the northern GOA from centers of industry 
and human population does not necessarily offer 
protection. Industrial and agricultural contaminants 

can be transported great distances by atmospheric 
and marine mechanisms, and evidence of persistent 
organochlorines (DDT), polychlorinated biphenyls 
(PCBs), dichlorodiphenyldichloroethylene (DDE), 
other organic pollutants, and heavy metals has been 
found in the Arctic, subarctic, and areas adjacent to 
the GOA (Crane and Galasso 1999). For example, 
measurable amounts of organochlorines have been 
found in precipitation and fishes of the Copper 
River Delta, a tributary of the GOA that forms the 
eastern boundary of Prince William Sound (Ewald 
et al. 1998). 

In the case of mercury and other metals, such as 
inorganic arsenic, cadmium, and selenium, low con-
centrations of the contaminants may be present in 
the natural environment, with industrial and agri-
cultural sources contributing additional quantities. 
In many cases there is no known local or regional 
environmental, industrial, or agricultural source. 

A variety of geophysical pathways bring these ma-
terials into the GOA, including ocean currents and 
prevailing winds. In particular, the prevailing atmo-
spheric circulation patterns transfer various materi-
als as aerosols from Asia to the east across the North 
Pacific (Pahlow and Riebsell 2000) where they enter 
the marine environment in the form of rain or snow.  
PCBs and DDT can bioaccumulate in living marine 
organisms. For example, sampling of transient killer 
whales that eat marine mammals indicated concen-
trations of PCBs and DDT derivatives that are many 
times higher than in resident fish-eating whales. The 
sources of these contaminants are not known.

There is also concern about the potential effects 
of contaminants on people, especially those who 
consume fish and shellfish, waterfowl, and marine 
mammals. At higher levels of exposure, many of the 
chemicals noted above can cause adverse effects in 
people, such as the suppression of the immune sys-
tem caused by PCBs. 

The government of Alaska does not monitor environ-
mental pollutants in the marine environment or 
marine organisms on a regular basis, although a 
small fish-testing program was begun in summer 
2002. There is no ongoing program for sampling food 
safety in subsistence resources in coastal communities, 
although the oil spill provided the opportunity to 
sample subsistence resources for hydrocarbons in 
the affected areas from 1989 through 1994. Fed-
eral funding for a joint federal-state-Alaska Native 
initiative has been requested from Congress. The 
National Oceanic and Atmospheric Administra-
tion (NOAA) annually has measured chemicals in  
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mollusks and sediments since 1984, as well as in 
the livers of bottom-dwelling groundfish and in 
sediments at the sites of fish capture. The Prince Wil-
liam Sound Regional Citizens’ Advisory Council has 
measured hydrocarbon concentrations and sources 
within areas of PWS and the GOA. This program 
focuses on sampling of intertidal mussels and nearby 
sediments. 

Contaminants and Food  
Safety Summary

Reasons for monitoring: Industrial and ag-
ricultural contaminants are concentrated in 
fish and wildlife species. This can cause mor-
tality in affected fish and wildlife as well as 
danger to humans consuming contaminated 
fish and wildlife. 

Type of impacts: Persistence within the en-
vironment and potentially spreading to fish, 
wildlife, and humans.

Who is monitoring: NOAA monitors chemicals 
in mollusks, sediments, and bottom-dwelling 
groundfish. 

Regulatory authority: The U.S. EPA has regu-
latory authority over contaminants in aquatic 
environments.

10.3.9 Global Warming

Although driven by forces outside the control of 
Alaska’s natural resource managers, global warm-
ing is an essential consideration for development 
and implementation of research programs. The 
earth’s climate is predicted to change because hu-
man activities, such as the combustion of fossil fuels 
and increased agriculture, deforestation, landfills, 
industrial production, and mining, are altering the 
chemical composition of the atmosphere through the 
buildup of greenhouse gases. These gases are pri-
marily carbon dioxide, methane, nitrous oxide, and 
chlorofluorocarbons. Their heat-trapping property 
is undisputed, as is the fact that global tempera-
tures are rising. Observations collected during the 
last century suggest that the average land surface 
temperature has risen 0.45° to 0.6°C. Precipitation 
has increased by about one percent over the world’s 
continents in the last century, with high-latitude 
areas tending to see more significant increases in 
rainfall and rising sea levels. This increase is con-
sistent with observations that indicate the northern 
GOA sea surface temperature has increased by 0.5°C 

since 1940, and that precipitation in Alaska (exclud-
ing Southeast Alaska) increased eleven percent from 
1950 through 1990. 

Increasing concentrations of greenhouse gases are 
likely to accelerate the rate of climate change. The 
changes seen in the northern GOA and their rela-
tionship to other warming and cooling cycles in the 
North Pacific and the combined effects on global cli-
mate are important for understanding how humans 
affect biological production. Some populations of fish 
and marine mammals that show longtime trends, up 
or down, or sharp rapid changes in abundance, are 
actively managed through harvest restraints. The 
extent to which harvest restraints may be effective 
in establishing or altering trends in abundance of 
exploited species can be understood only within the 
context of climate change. 

A rise in sea level is an anticipated change from 
global warming, leading to flooding of low-lying 
property, loss of coastal wetlands, erosion of beaches, 
salt water intrusion into fresh water wells and in-
creased costs for maintenance and/or replacement of 
roads and bridges (U.S. EPA 1998). An increase in 
ocean level may have profound impacts on salmon 
production. The loss of estuarine wetlands from the 
1964 earthquake resulted in major losses of pink 
salmon habitat in Prince William Sound.

Global warming may also have a negative effect on 
use of water resources throughout Alaska by lead-
ing to earlier and more concentrated spring runoff 
periods. There could be detrimental effects on for-
ests within the northern GOA, for species that are 
adapted to a cooler temperature regime.

Global Warming Summary

Reasons for monitoring: Danger of losses to 
fish and wildlife. Salt water intrusion into 
freshwater supplies.

Type of impacts: Flooding of low-lying proper-
ty, loss of coastal wetlands, erosion of beaches, 
salt water intrusion into freshwater wells, 
increase in public costs for maintenance, and 
replacement of roads and bridges. 

Who is monitoring: U.S. EPA.

Regulatory authority: U.S. EPA has regulatory 
authority over activities that add to global 
warming. Many sources are international and 
not subject to regulation.
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CHAPTER11
Modeling
Gretchen Oosterhout 

Modeling, as well as observing systems designed to 
support modeling efforts, have been established in 
the Gulf of Alaska (GOA) and North Pacific. Regional 
monitoring and research programs should build on 
the strengths of past and existing programs. In this 
chapter, modeling strategies of established programs 
are reviewed, followed by discussion of the purposes 
of modeling, a hierarchical framework for organiz-
ing different types of models, options available in 
modeling strategies and methods, and the means of 
evaluating modeling proposals.

The chapter concludes with a section on North Pacific 
models.

11.1 SURVEY OF MODELING

11.1.1 Modeling Strategies of    
 Established Programs 

This subsection provides statements summarizing 
modeling strategies. 

GOOS (Global Ocean Observing System) 

Linking user needs to measurements requires a man-
aged, interactive flow of data and information among 
three essential subsystems of the IOOS (Integrated 
Ocean Observing System): (1) the observing subsystem 
(measurement of core variables and the transmission of 
data), (2) the communications network and data man-
agement subsystem (organizing, cataloging, and dis-
seminating data), and (3) the modeling and applications 
subsystem (translating data into products in response to 
user needs). Thus, the observing system consists of the 
infrastructure and expertise required for each of these 
subsystems as well as that needed to insure the continued 
and routine flow of data and information among them. 
(U.S. GOOS 2000)

PICES (North Pacific Marine Science 
Organization)/NEMURO (North Pacific 
Ecosystem Model for Understanding 
Regional Oceanography) 

Models serve to extrapolate retrospective and new obser-
vations through space and time, assist with the design of 

observational programs, and test our understanding of 
the integration and functioning of ecosystem components. 
Clear differences were identified in the level of advancement 
of the various disciplinary models. Atmosphere-ocean and 
physical circulation models are the most advanced, to the 
extent that existing models are generally useful now for 
CCCC (climate change and carrying capacity) objectives, 
at least on the Basin scale. Circulation models in territo-
rial and regional seas are presently more varied in their 
level of development, and may need some coordination 
from PICES. Lower trophic level models are advancing, 
and examples of their application coupled with large-scale 
circulation models are beginning to appear. There is a need 
for comparisons of specific physiological models, and for 
grafting of detailed mixed layer models into the general 
circulation models. With upper trophic level models, there 
are several well-developed models for specific applica-
tions, but workshop participants felt there were as yet no 
leading models available for general use within the CCCC 
program. This is an area that needs particular attention 
and encouragement from PICES. (Perry et al. 1997)

GLOBEC (Global Ocean Ecosystems Dynamics) 

The physical models . . . can be coupled with a suite of 
biological, biophysical and ecosystems models. Develop-
ment of biological models should occur concurrently with 
development of the physical model. Four types of biologi-
cal or biophysical models are recommended. . . . Linking 
outputs from each of these models will allow the examina-
tion of ecosystem level questions regarding top down or 
bottom up controls in determining pelagic production in 
the Bering Sea. (U.S. GLOBEC, No date) 

11.1.2 Core Variables for Modeling

Table 11.1 shows spatial domains, currencies, in-
puts, and outputs for several of the most relevant 
North Pacific models.

11.2 PURPOSES OF MODELING
The ultimate goal of both gathering data and devel-
oping models is to increase understanding. Pickett 
et al. (1994, cited in Pace 2001, p. 69) define this 
goal, in the realm of science, as “an objectively 
determined, empirical match between some set of 
confirmable, observable phenomena in the natural 
world and a conceptual construct.”
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Table 11.1. Model Spatial Domains, Currencies, Inputs, and Outputs.

Model name/     
Model region  Model spatial domain Inputs Outputs/currency

Single-species stock Across EBS and GOA    Fisheries data and  Pollock population and  
assessment models  pollock distributions predator biomass mortality trends— 
that include predation   number at age  
   (and biomass at age) 

Bering Sea MSVPA The modeled region is  Fisheries, predator biomass,  Age-structured  
 the EBS shelf and slope and food habits data. This    population dynamics for 
 north to about 61°N model requires estimates of  key species—numbers  
  other food abundance supplied  at age 
  by species outside the model. 

BORMICON for the  The model is spatially  Temperature is included and  Spatial size distribution 
Eastern Bering Sea explicit with 7 defined  influences growth and  of pollock  
 geographic regions that  consumption. 
 have pollock abundance 
 and size distribution  
 information.

Evaluating alternative  U.S. Exclusive  Gear-specific fishing effort,  Biomass of managed  
fishing strategies Economic Zone including bycatch fish species

Advection on larval  Southeast Bering  OSCURS surface currents Index of pollock  
pollock recruitment Sea shelf (wind-driven) recruitment

Shelikof Pollock IBM Western GOA from just  From physical model: Water Individual larval  
 southwest of Kodiak Island  velocities, wind field, mixed- characteristics such as  
 to the Shumagin Islands layer depth, water temperature,  age, size, weight, location,  
 shelf, water column to 100 m and salinity; Pseudocalanus field life stage, hatch date,   
  (from NPZ model) consumption, respiration

GLOBEC NPZ 1-D Water column (0-100 m),  Irradiance, MLD   Diffusivity, ammonium,  
and 3-D Models coastal GOA from Dixon    nitrate, detritus, small  
 Entrance to Unimak Pass,   Temperature, diffusivity, and large phytoplankton,  
 100 m of water column over  bottom depths, water velocities dinoflagellates, tintinnids,  
 depths <2,000 m, 5 m depth (u, v, w) small coastal copepods,  
 bins × 20 km horizontal grid  Neocalanus, and  
   euphausiids 
    
   Nitrate and  
   ammonium: mmol m–3  
    
   All else: mg carbon m–3
  

Steller Sea Lion IBM Should be applicable to  The main input will be a 3-D  Individual sea lion  
  a specific sea lion rookery  field of prey (fish) distribution, characteristics such as  
  or any domain surrounding  derived either from hypothetical age, location, life stage,  
   haul-out in the Bering Sea, scenarios or (later) modeled based and birth date are  
  Aleutian Islands, or GOA on acoustic data.  recorded. Caloric balance  
    is the main variable 
    followed for each  
    individual. 
  
Shelikof NPZ Model, 1-D Water column (0-100 m),  Irradiance, MLD, temperature,  Nitrogen, phytoplankton,  
and 3-D Versions GOA from southwest of Kodiak  bottom depths, water velocities Neocalanus densities,  
  Island to Shumagin Islands.   (u, v, w) Pseudocalanus numbers  
  1 m depth bins for 1-D version;   m–3 for each of the 13  
  1 m depth × 20 km for 3-D version  stages (egg, 6 naupliar,  
    6 copepodites)
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Table 11.1.   Model Spatial Domains, Currencies, Inputs, and Outputs (Continued).

Model name/     
Model region  Model spatial domain Inputs Outputs/currency

GOA Pollock Stochastic  Shelikof Strait, Gulf of Alaska Number of eggs to seed   Number of 90-day-old  
Switch Model  the model. Base mortality,  pollock larvae through  
  additive and multiplicative   time 
  mortality. Adjustment parameters   
  for each mortality factor.

NEMURO   Ocean Station P (50°N 145°W),  15 state variables and  Ecosystem fluxes are  
   Bering Sea (57.5°N 175°W),  parameters, including 2  tracked in units of   
   and Station A7 off the east  phytoplankton, 3 zooplankton, nitrogen and silicon.  
   of Hokkaido Island, Japan  and multiple nutrient groups 
   (41.3°N 145.3°W)

Eastern Bering Sea  500,000 km2 in EBS south  Biomass, production,  Balance between  
Shelf Model 1 Ecopath of 61°N consumption, and diet  produced and consumed  
    composition for all major  per area biomass  
    species in each ecosystem (t km–2). Future work  
     will explore energy   
     (kcal km–2) and  
     nutrient dynamics.

Eastern Bering Sea   500,000 km2 in eastern  
Ecopath Shelf Model 2 Bering Sea south of 61°N

Western Bering Sea  300,000 km2 on western  
Shelf Ecopath  Bering Sea shelf

Gulf of Alaska   NPFMC management areas  
Shelf Ecopath  610, 620, 630, and part of 640

Aleutian Islands,  Not determined 
Pribilof Islands Ecopath

Prince William Sound  Whole Prince William Sound 
Ecopath

Source: Kerim Aydin, NMFS, Seattle,WA.

BORMICON = Boreal Migration and Consumption Model

EBS = Eastern Bering Sea

GLOBEC = Global Ocean Ecosystem Dynamics

GOA = Gulf of Alaska

km = kilometer

kcal = kilocalorie

m = meter

MLD = mixed layer depth

mmol = millimolar 

MSVPA = Multispecies Virtual Population Analysis

NEMURO = North Pacific Ecosystem Model for Understanding Regional Oceanography

NPFMC = North Pacific Fishery Management Council

NPZ = nutrient-phytoplankton-zooplankton

OSCURS = Ocean Surface Current Simulations

t = metric ton

YD = days of year
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A model—Pickett’s “conceptual construct”—is useful 
if it helps people represent, examine, and use hypo-
thetical relationships. Data—Pickett’s “confirmable, 
observable phenomena in the natural world”—can be 
analyzed with statistical tools such as the following: 

• Analyses of the variance, regressions, and clas-
sification and regression trees (CARTs); 

• Mathematical tools such as Fourier transforms 
or differential equations; and 

• Qualitative models such as engineering “free body” 
diagrams, network diagrams, or loop models. 

Fundamental goals of statistical or mathematical 
analyses are to develop correlative, and perhaps 
even causal, relationships and an understanding of 
patterns and trends. In particular, there is a need 
to distinguish between random variability, noise, 
and patterns or trends that can be used to explain 
and predict. 

In other words, the goal of gathering and analyzing 
data is to improve our conceptual and analytical 
models of the world, and the goal of developing 
models is to represent and examine hypothetical 
relationships that can be tested with data. 

One of the most useful applications of even rela-
tively simple statistical and conceptual models is in 
experimental design that permits investigating the 
possible roles of various parameters and their inter-
actions, ranking the relative importance of uncer-
tainties that may need to be resolved (Fahrig 1991, 
Oosterhout 1998), and estimating impacts of sample 
size and observational error (Carpenter et al. 1994, 
Ludwig 1999, Botkin et al. 2000, Meir and Fagan 
2000). Statistical models assess how the variability 
in one or more kinds of data relates to variability of 
others. To answer the “why” and “how” questions, 
however, mechanistic models can be used to develop 
and test hypotheses about causes and effects (Gar-
gett et al. 2001). (Mechanistic in this use is intended 
to describe the philosophy of mechanism, especially 
explaining phenomena through reference to physical 
or biological causes.) For monitoring and modeling to 
be useful for solving problems, they must contribute 
to improving decision-making (Holling and Clark 
1975, Holling 1978, Hilborn 1997, Botkin et al. 2000, 
Ralls and Taylor 2000).

Toward this end, one goal of GOA research programs 
is to use models predictively to assist managers in 
solving problems. It is important that expectations 
be realistic, however. The mechanisms that drive 
ecological systems, particularly those related to cli-

mate and human activities, are not currently well 
enough understood for predictions about natural 
systems to be reliably successful. It is not unreason-
able to expect that predictive models that managers 
will be able to use to produce at least short-term 
reliable forecasts will eventually be developed, but 
advances in decision-support models will require a 
long-term commitment to advancing understanding 
on which those decision-support models will ulti-
mately have to be based. 

Prediction is, however, an important goal of a 
modeling program even in the short run, because 
science advances with the development and testing 
of predictive hypotheses. Mechanistic studies are 
essential to advancing understanding, but carry-
ing out these studies requires defining cause-effect 
or predictive hypotheses, and then testing those 
predictions against subsequent data or events with 
analytical models. 

The fundamental goal of GOA research programs is 
to identify and better understand the natural and 
human forces that cause changes in GOA ecosys-
tems. This research goal has a pragmatic purpose 
that can only be served, in the end, by linking cor-
relative and mechanistic studies with the predictive 
needs of decision makers. Decision-making, predic-
tion, and understanding are inevitably linked, and 
maintaining that link can help keep a research pro-
gram focused on its ultimate objectives, and help it 
to avoid narrow inquiry and the distractions of small 
temporary problems (Pace 2001). 

An often-overlooked benefit provided by the process 
of developing a model is that it can, and probably 
should, facilitate communication among researchers, 
managers, and the public. 

To summarize, in GOA research programs, the spe-
cific purposes of modeling are to

• Inform, communicate, and provide common 
problem definition;

• Identify key variables and relationships;

• Set priorities;

• Improve and develop experimental designs to 
attain monitoring objectives; and 

• Improve decision-making and risk assessment. 

11.3 HIERARCHICAL FRAMEWORK
It is critical that GOA research programs develop a 
hierarchical modeling strategy to ensure that short-
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term, smaller-scale decisions about monitoring and 
modeling studies will be consistent with the concep-
tual foundation. Smaller-scope research studies to 
test particular hypotheses and develop correlative 
relationships must fit within a larger synthesis 
framework connecting the more narrowly focused 
research disciplines. Deductive studies to relate 
empirical data to synthetic constructs are just as 
important as inductive studies to elucidate general 
principles, and it is important that researchers keep 
straight whether they are investigating the meaning 
of the data, given the theory, or the validity of the 
theory, given the data. Neither can be done unless 
modeling, monitoring, and data management strate-
gies are developed together.

Models may be verbal, visual, statistical, or nu-
merical. Statistical models are also known as “cor-
relative” and “stochastic,” and numerical models are 
also known as “deterministic” and “mechanistic.” 
Note that “prediction,” “analysis,” and “simulation” 
are terms that describe the use of models, and not 
necessarily their type. The modeling hierarchy pro-
vides links between observations and explanations, 
development of theory and design of experiments, 
and advancement of science and the practice of man-
agement. The “top” of this hierarchy, the conceptual 
foundation, is the source of questions and hypoth-
eses to be explored. Statistical, analytical, and simu-
lation models will be developed explicitly to link the 
“confirmable, observable phenomena in the natural 
world” to the “conceptual construct,” as Pickett et al. 
put it (1994, cited in Pace 2001, p. 69).

For example, a visual model of the conceptual foun-
dation is shown in an influence diagram in Figure 
11.1, which shows the forces of change on the left 
and the objects of ultimate interest that are subject 
to change on the right. In between the two are the 
intervening elements and relationships on which 
the human and natural forces act. It is the nature 
of the connections among these physical and ecologi-
cal elements that is hypothesized to bring about the 
changes that GOA research programs seek to under-
stand. Therefore, these connections should provide 
the overall modeling structure. 

This conceptual model is linked to the monitoring 
plan through the variables defined as “essential to 
monitor” in the conceptual foundation, illustrated 
in a network diagram in Figure 1.3 (Chapter 1). The 
analytical relationships between the monitored vari-
ables of Figure 1.3 and the conceptual foundation 
represented by Figure 1.4 (Chapter 1), are developed 
and investigated with statistical and analytical 
tools, called models. 

The ultimate goal of GLOBEC’s Northeast Pacific 
modeling appears to be a suite of computer models 
that represents an entire conceptual foundation. 
The way this is framed in programs like GLOBEC, 
the North Pacific Marine Science Organization 
(called PICES), and Global Ocean Observing System 
(GOOS) (see section 11.2 of this chapter) is as linked 
physical and biological models representing the 
physical and biological worlds over time and space 
(marine as well as terrestrial). 

The National Research Council describes this ide-
alized goal as follows (NRC 2000, p. 16): develop a 
whole-ecosystem fishery model as a guide to think 
about what needs to be monitored. Such a model 
would use current and historical data to relate yields 
to climate data and contaminant levels and might 
stress biological and physical endpoints (zooplank-
ton/phytoplankton blooms, macrofauna populations) 
and climate and physical oceanography endpoints, 
in conjunction with modeling.

Such a conceptual framework can stimulate heated 
arguments, creative debate, and perhaps synthesis 
among researchers who have tended to work in 
somewhat independent fields with different theo-
retical foundations and languages (Zacharias and 
Roff 2000). On a pragmatic level, however, it is too 
general to help decision makers choose to fund one 
proposal over another.

A feasible way to proceed from what can be done 
now is through an iterative process framed by the 
conceptual foundation (Figure 11.1). The conceptual 
foundation should be the explicit source of hypothet-
ical correlative and cause-and-effect relationships. 
Those relationships should be stated as hypotheses, 
and should be used to determine what needs to be 
measured and when, where, and how. If the moni-
toring and modeling plans are developed within this 
framework, the measurements can be compared to 
model predictions, the results can be used to update 
the scientific background and the monitoring plan, 
and the iteration can continue. 

11.4  DEFINING AND EVALUATING  
  MODELING STRATEGIES
Modeling efforts for the short term should be devel-
oped as part of a long-term strategy defined by goals 
of research programs. The modeling strategy must 
be consistent with research implementation tools 
and strategies and mission goals. Research modeling 
should accomplish the following:
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• Focus on filling gaps, thus avoiding duplication 
of efforts or “reinventing the wheel”; 

• Emphasize synthesis; 

• Depend as much as possible on already existing 
programs; 

• Maintain focus on the research questions; and 

• Emphasize efficiency. 

In developing a specific management strategy, it is 
often useful to think of it as a decision framework 
(Keeney 1992), and to start by defining an ideal. For 
example, an ideal model would arguably require 
input data that are relatively easy to measure, 
readily available, and reliable indicators of change. 
The cause-effect theory that drives the modeled 
system or species behavior would be based not only 
on statistically valid correlative studies, but also on 
plausible and well-developed mechanistic studies 
and their resulting theoretical constructs. The model 
would produce credible predictions under plausible 
scenarios, and would help answer questions and 
raise new ones. 

This ideal model would be easy for other scientists 
and managers to comprehend, and it would be 
readily available for others to deconstruct, test, and 
critique. The overarching conceptual model would 
be modularized so that components of it could be 
developed and tested relatively quickly by experts 
from multiple disciplines. Ideally, data already avail-
able could be used to test and validate the compo-
nents and their interactions, and could allow quick 
learning that could be used to redirect the modeling 
and monitoring strategies. Sensitivity analysis of 
the components, and the interactions between the 
components, would be a highly productive source for 
subsequent model and monitoring plan development. 
Model structure would be flexible and have robust 
mechanisms for assimilating new data and revising 
model structure. As a result, short-term progress 
toward the long-term goals could be achieved and 
documented. 

A modeling strategy is the roadmap that provides 
the means for achieving the ultimate modeling goals. 
An idealized model like the one described above is a 
useful step toward defining the attributes of an ef-
ficient, workable strategy. Development of such an 
idealized model can produce a useful communication 
tool. Table 11.2 identifies preliminary objectives and 
attributes derived from this idealized model that 
could be used to evaluate modeling strategies.

11.5  MODELING METHODS
The modeling “niche” of GOA research will be de-
fined in part by a gap analysis, particularly focused 
on where it fits with established major regional 
programs, especially those of GLOBEC, GOOS, and 
PICES. 

The relationship between monitoring, modeling, and 
decision-making described here is consistent with 
the relationships of these programs. A useful context 
is provided by a table compiled for GLOBEC by K. 
Aydin of the National Oceanic and Atmospheric Ad-
ministration (Seattle), which summarizes North Pa-
cific models of the Alaska Fisheries Science Center 
and others (Table 11.2). Correctly defining the GOA 
research niche is important to avoid duplication of 
effort and to make best use of work already being 
done by others. 

Developing a model should be perfectly analogous to 
designing a controlled experiment. A useful model 
structure will be driven by the questions it needs to 
help people answer, not by the computer technology 
and programming expertise of model developers 
(although technology and expertise may impose 
constraints). As a general rule, useful models do not 
tend to be complex, in part because they must be 
comprehensible to be believed and used by decision 
makers. That said, models based on laws of physics, 
which can be validated against those laws and either 
data or scale physical models, have advanced further 
than ecological models in their ability to provide use-
ful output from highly complex models. 

11.5.1 Links among Models  
 and among Modelers

One of the most important challenges confronting 
modelers will be to develop common languages and 
modeling frameworks that will allow them to resolve 
the temporal, mathematical, ecological, physical, 
and spatial sources of disconnects among the various 
academic paradigms. This challenge will require 
significant commitment to improving communication 
skills, developing qualitative verbal or visual models, 
and using intuitive problem-structuring tools that 
combine different modeling techniques, such as net-
work, systems, or loop models. An additional benefit of 
this kind of approach is that these types of visual, quali-
tative models should be comprehensible to research-
ers from any scientific discipline, managers, and the 
public. The attribute of being widely comprehensible 
will help facilitate the support of stakeholders. 
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The feasibility of managing research programs de-
pends in large part on the communication skills of 
experts in the components and linkages that make 
up the conceptual foundation. Establishing effective 
communication among experts from different organi-
zations is a widespread problem facing systems mod-
elers (Caddy 1995). Experts in these fields should 
bring substantial background capabilities to their 
work from their common language of mathematics 
and science learned in graduate school. The model-
ers also should be required to demonstrate the abil-
ity to work with counterparts to develop a shared 
systems view and conceptual models. 

11.5.2 Deterministic Versus  
 Stochastic Models

Detecting and understanding change requires that 
uncertainty and variability play a central role in the 
analyses (Ralls and Taylor 2000). Two key questions 
that must be addressed by anyone trying to detect 
and understand change are the problems of Type I 
and Type II error. Type I error is “seeing” something 
that is not really there; and Type II error is conclud-
ing something is not there, when it really is. Dealing 
with these types of error in decision-making requires 
weighing the evidence that suspected change is 
caused by a (theoretically) definable pattern or trend 
or is “normal” process error, observation error, or 
some combination. Equally important, and often 
overlooked, is how real indicators of change may be 

hidden by process or observation error or by incor-
rect assumptions about how things work. 

Dealing with uncertainty and variability in models 
requires at a minimum carrying out sensitivity 
analysis on simple deterministic models, with par-
ticular emphasis on model structure (Hilborn and 
Mangel 1997). But it is often more efficient and 
more useful to incorporate stochasticity into simple 
models. Stochastic models need not necessarily be 
more data intensive than deterministic models. 
Overlooking the assumptions required in choosing 
a mean (or median) or geometric mean, as a rep-
resentative value for a deterministic parameter is 
one of the most widespread, but overlooked, sources 
of modeling error (Vose 2000). At least stochastic 
modeling requires that probability distributions be 
explicitly defined. 

Simplistic deterministic models can be every bit 
as misleading and improper as stochastic models 
(Schnute and Richards 2001), but because they are 
more familiar, and their single-number inputs and 
outputs are easier to think about than uncertainties 
and ranges, they may lead to false confidence on the 
part of decision makers. Risk assessment in most 
fields requires analyzing probability distributions 
and uncertainties, not mean trajectories (Glickman 
and Gough 1990, Burgman et al. 1993, Vose 2000). 

One fundamental issue of interest to decision makers 
is often how best to prioritize research efforts. A key 
part of such an issue is ranking the relative impacts 
of uncertainties on a decision. In this case, it is pos-
sible that thoughtful sensitivity analysis carried out 
on a simple, deterministic model (or multiple mod-
els) may be adequate for the job, particularly as a 
first step in “weeding out” variables that are likely to 
be extraneous. But developing a stochastic version of 
relatively simple models may be more efficient (Vose 
2000). If care is taken to distinguish between envi-
ronmental or process variation and observational 
or functional uncertainty, then statistical tools such 
as analysis of variance or regression can be used 
to investigate the relative impacts of uncertainties 
(Meyer et al. 1986, Mode and Jacobson 1987a,b Fah-
rig 1991, Law and Kelton 1991, Oosterhout 1996, 
Ruckelshaus et al. 1997, Oosterhout 1998, Vose 
2000). This approach can be very helpful in develop-
ing analytical structures as well as modeling plans. 
It also lends itself well to decision analysis and risk 
assessment because it is similar to the “value of 
imperfect information” analyses widely used in risk 
assessment and decision analysis (von Winterfeldt 

Figure 11.1. Feedback control system linking the 
conceptual foundation, monitoring, 
and modeling efforts.
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and Edwards 1986, Keeney 1992, Hilborn 1997, 
Punt and Hilborn 1997). 

11.5.3 Correlative Versus  
 Mechanistic Models

The use of statistics-based tools such as regressions 
to make deterministic or probabilistic predictions 
will generally be easier than developing determin-
istic or stochastic biological models, because of a 
dearth of predictive “laws” of biology, let alone ecol-
ogy. Because statistics-based models are correlative, 
cause-and-effect explanations will eventually be 
needed if change is to be understood and predicted 
reliably. Because some things are easier and more 
reliable to measure than others, simple models that 
can help develop correlative relationships between 
hard-to-measure parameters and easy-to-measure 
parameters may be of particular interest. 

11.5.4 Modeling and  
 Monitoring Interaction

Models should be developed to use and synthesize 
readily available data whenever possible. This ap-
proach will also help identify data needs. Similarly, 
whenever possible, monitoring plans should be de-
veloped to fit the models that will be used to analyze 
and interpret them. Data management, assimila-
tion, and synthesis should be key considerations for 
both monitoring and modeling. 

One useful way to incorporate data into improving 
an existing statistical or simulation model is with 
the Bayesian revision methods (Marmorek et al. 
1996, Punt and Hilborn 1997, Hilborn 1997). Bayes-
ian methods might be useful to consider with respect 
to the question about how much emphasis should be 
put on annual forecasts, because Bayesian methods 
lend themselves well to incorporating incoming data 

Table 11.2. Potential Objectives and Attributes for Use in Evaluation of Modeling Strategies.

Objective or Attribute Supported by models that help . . .

Relevance to research  Identify variables and relationships. 
    Characterize uncertainty and noise, impacts of process and observation error. 

  Elucidate general principles rather than narrow, unique focus driven by  
  short-term perceived crisis.

Contribution to future Inform, communicate, develop common problem definitions.
    Set priorities, clarify relative impacts of variables and relationships.

  Improve and develop experimental (monitoring) designs.
  Prioritize and elucidate impacts of uncertainties in data and in model structure 
  and assumptions. 

  Increase utility of using simpler models to identify key variables and  
  relationships to use in future models. 

  Advance the state of the art; for example, increase available methodologies by  
  borrowing from other fields, particularly engineering and medicine, tools such  
  as neural nets, genetic algorithms, CARTs, other kinds of regression  
  (Jackson et al. 2001).

Efficiency of approach Synthesize, exploit, and integrate existing data and existing programs  
  whenever possible; for example, from oceanographic programs such  
  as NOAA, OCSEAP, GLOBEC, and GOOS. 

  Elucidate links between things that are easy to measure and key indicators  
  of change, whatever they might be. 

  Elucidate links between correlations (which are usually easier to develop)  
  and explanatory mechanisms (which are usually more difficult). 

Maintenance and development  Accessibility of models to end users, other modelers.

    Contribution to data management, data assimilation effort.

  Contribution to solving problems for resource managers and regulators.
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into previous forecasts. This entire approach also 
lends itself well to decision-analysis techniques. 

Models are tools for assimilating data and optimiz-
ing data collection as expressed for the GOOS pro-
gram (IOC 2000, p. 36): 

A validated assimilation model can be most useful in opti-
mizing the design of the observing subsystem upon which 
it depends. This underscores the mutual dependence of 
observing and modeling the ocean, i.e., observations 
should not be conducted independently of modeling and 
vice versa. For example the so-called “adjoint method” of 
assimilation can be used to gauge the sensitivity of model 
controls (e.g., open boundary and initial conditions, mix-
ing parameters) to the addition or deletion of observations 
at arbitrary locations within the model domain. In this 
regard, “observation system simulation experiments” are 
becoming increasingly popular in oceanography as a way 
of assessing various sampling strategies. The model is 
first run with realistic forcing and model parameters. The 
output is then subsampled at times and locations at which 
the observations were sampled. These simulated observa-
tions are then assimilated into the model and the inferred 
field compared against the original field from which the 
“observations” were taken. This allows the efficacy of the 
assimilation scheme and sampling strategy to be evaluated 
(at least to the extent that the model is believed to be a 
reasonable representation of reality).

11.6 EVALUATING MODEL   
 PROPOSALS
The following guidelines were proposed for evaluat-
ing research model proposals for the GOA. They are 
presented here for their utility in the GOA as well 
as other locations.

Model proposals should be evaluated within a deci-
sion-structured framework such as that outlined 
above and detailed in Table 11.2. As a starting 
point, successful model proposals can provide the 
following:

• Define who will use the model and for what. If 
the proposal is to continue or expand an exist-
ing model, it should describe who is currently 
using it and for what. If relevant, the proposal 
should also identify who could be using it, for 
what, and why they are not able to use it now.

• Define the questions the model is supposed to 
answer, and directly link those questions to the 
key questions and hypotheses for research. 

• Argue convincingly that the model structure 
is adequate for the purpose, and that no better 

(cheaper, faster, more comprehensible, more 
direct) way exists to answer these questions.

• Show a schematic (flowchart) that is clear, com-
plete, and concise.

• Explain how uncertainty and variability will be 
represented and analyzed.

• Describe the system characteristics that will be 
left out or simplified and how the analysis will 
evaluate the impacts.

• Define data needs and show how the modeling 
effort will be coordinated with data assimilation 
and data management efforts.

• Define validation approach.

• Define how the modeling efforts will be commu-
nicated to other scientists, managers, and the 
public; and how input from model stakeholders 
will be incorporated into the effort, if appropriate. 

11.7  SUMMARY
Feasibility and pragmatism in research programs 
dictate that walking will have to come before run-
ning and that focused, simpler models will have to 
come before large-scale, multidisciplinary models. 
Walking first means developing verbal and statisti-
cal models where numerical models cannot be devel-
oped because of a lack of data and understanding. 
Learning to run requires developing coupled nu-
merical biophysical models that accurately portray 
the ecosystem. Running means using the biophysical 
models in a predictive sense. The models must adapt 
to changes in the conceptual foundation, because the 
conceptual foundation is designed to change as new 
information is incorporated. Nonetheless, no matter 
how many improvements are made, it is probably 
not reasonable to expect consensus on how that 
conceptual foundation should be used to develop a 
strategic modeling policy. 

In a constrained world, “consensus” in practice usually 
means accepting a strategy that enough decision mak-
ers find no more offensive than they can accept; opti-
mization, on the other hand, means figuring out the 
tradeoffs necessary to achieve as many objectives as 
reasonably possible. Adopting a decision- structured 
approach for the modeling strategy will help ensure 
that it is driven by the fundamental objectives of 
research programs, that the modeling questions are 
defined by the conceptual foundation, and the trade- 
offs can be defined, weighed, and justified. 
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11.8  NORTH PACIFIC MODELS
The following summary of physical and biological 
modeling in the North Pacific was prepared by K. 
Aydin, National Marine Fisheries Service (NMFS), 
Seattle (Kerim.Aydin@noaa.gov). Descriptions of the 
hypotheses embodied by each model are followed by 
details of model features and development in tables 
for ease of reference and comparison of models. 
Geographic areas, time periods addressed, status of 
development, and person to contact for more infor-
mation is included in Table 11.3. 

11.8.1 Predation

The NMFS Alaska Fisheries Science Center has 
developed two single-species stock assessment 
models that include predation: one for Eastern 
Bering Sea pollock (Livingston and Methot 1998) 
and one for Gulf of Alaska pollock (Hollowed et al. 
2000). One for Aleutian Islands Atka mackerel may 
be developed in the future. The purpose of these 
models is to better understand the sources and time 
trends of natural mortality for pollock by explicitly 
incorporating predation mortality induced by their 
major predators into an age-structured fish stock 
assessment model. We have learned that not only is 
natural mortality for younger fish much higher than 
that for adults, but also that it varies across time, 
depending on time trends in predator stocks. This 
finding about mortality has given us better ideas of 
what influences predation has on fish recruitment 
through time and helps us to separate predation and 
climate-related effects on recruitment. We can better 
show the demands of other predators such as marine 
mammals for a commercially fished stock and how it 
might influence the dynamics of that stock (although 
we still need to make progress in understanding the 
effects on the marine mammals).

11.8.2 Bering Sea MSVPA

We now have a multispecies virtual population anal-
ysis (MSVPA) model for the Bering Sea (Livingston 
and Jurado-Molina 2000). This model includes 
predation interactions among several commercially 
important groundfish stocks and also predation by 
arrowtooth flounder and northern fur seal on these 
stocks. This model can give us a better idea of the 
predation interactions among several stocks. We can 
use outputs from this type of model to help us under-
stand what the possible multispecies implications 
are of our single-species-oriented fishing strategies. 
Results from these forecasting exercises show that 
a particular fishing strategy may have the opposite 

of the intended effect if multispecies interactions are 
taken into consideration. We have also done multi-
species forecasting with this model by using differ-
ent hypotheses about regime shifts and associated 
fish recruitment patterns. 

11.8.3 Eastern Bering Sea BORMICON

We have an initial version of a spatially explicit 
model of pollock movement and cannibalism in the 
Eastern Bering Sea. We hope to better understand 
the differences in spatial overlap of predators and 
prey and how that affects the population dynamics 
of each. The model we have modified for the Bering 
Sea, BORMICON (boreal migration and consump-
tion model), is being used in other boreal ecosystems. 
Migrations are prescribed currently, with the hope 
that we can prescribe movement based on physical 
factors in the future. The influence of spatial overlap 
of cannibalistic adult pollock with juveniles on the 
population dynamics of pollock is being investigated. 
Hypotheses about larval drift positions and the 
resulting overlap and cannibalism are also being 
explored. This model could be linked in the future 
to an individual-based larval pollock model and to 
a nutrient-phytoplankton-zooplankton model that 
could prescribe zooplankton abundance by area as 
alternate food for adults and as the primary food 
for juveniles.

11.8.4 Multiple Gear Types 

Analytical approaches to evaluating alternative fish-
ing strategies with multiple gear types have been 
employed. The analytical approach for simulating 
current groundfish management in the North Pacific 
U.S. Exclusive Economic Zone involves consider-
ing interactions among a large number of species  
(including target, nontarget, and prohibited) areas 
and gear types. To evaluate the consequences of al-
ternative management regimes, modeling was used 
to predict the likely outcome of management deci-
sions by using statistics on historical catch of differ-
ent species by gear types and areas. Management of 
the Alaska groundfish fisheries is complex, given the 
large numbers of species, areas, and gear types. The 
managers schedule fisheries openings and closures 
to maximize catch subject to catch limits and other 
constraints. These management actions are based on 
expectations about the array of species likely to be 
captured by different gear types and the cumulative 
effect that each fishery has on the allowable catch 
of each individual target species and other species 
groups. Management decisions were simulated by an 
in-season management model that predicts capture 
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Table 11.3. Model Areas, Time Period, Contact Person, and Model Status.

Model name/Model region Time period Contact

Single-species stock assessment  EBS: 1964-95   Patricia Livingston1 
models that include predation GOA: 1964-97 (Annual)

Bering Sea MSVPA 1979-98 3 months (Quarterly) Patricia Livingston  
   Jesus Jurado-Molina1

BORMICON for the Eastern Bering Sea 1979-97   Patricia Livingston 
 1 month   

Evaluating Alternative Fishing Strategies Current  Jim Ianelli1

Advection on Larval Pollock Recruitment 90 days of larval drift   Jim Ianelli 
 1970s-present

Shelikof Pollock IBM YD 60-270 (Daily)  Sarah Hinckley1

GLOBEC NPZ 1-D and 3-D Models YD 60-270 (eventually  Sarah Hinckley 
  year-round). (Daily)

Steller Sea Lion IBM Summer or winter,   Sarah Hinckley 
 minutes to days   

Shelikof NPZ Model, 1-D and 3-D Versions YD 60-270 (eventually  Sarah Hinckley 
  year-round). (Daily)

GOA Pollock Stochastic Switch Model 32 years (replicates) (Daily) Bern Megrey1

NEMURO 1 full year, (Daily)  Bern Megrey

Eastern Bering Sea Shelf Model 1 Ecopath 1950s and early 1980s (Annual) Patricia Livingston
 
Eastern Bering Sea Shelf Model 2 Ecopath 1979-1998 (Annual)  Kerim Aydin1

Western Bering Sea Shelf Ecopath Early 1980s (Annual)  Kerim Aydin 
   Victor Lapko2

Gulf of Alaska Shelf Ecopath 1990-99 (Annual)  Sarah Gaiches1

Aleutian Islands, Pribilof Islands Ecopath 1990s-2000s (Annual)  Patricia Livingston 
   Lorenzo Ciannelli1

Prince William Sound Ecopath Pre- and post 1989   Tom Okey3 
 oil spill (Annual)
1NMFS, Seattle, WA.
2TINRO-Centre.
3University of British Columbia, Vancouver.

BORMICON = Boreal Migration and Consumption Model

EBS = Eastern Bering Sea

GLOBEC = Global Ocean Ecosystem Dynamics

GOA = Gulf of Alaska

MSVPA = Multispecies Virtual Population Analysis

NEMURO = North Pacific Ecosystem Model for Understanding Regional Oceanography

NPZ = nutrient-phytoplankton-zooplankton

YD = days of the year
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of target and nontarget species by different fisher-
ies based on historical catch data by area and gear 
type. The groundfish population abundance for each 
alternative regime was forecast for a 5-year period 
beginning from the present. This approach provides 
a reasonable representation of the current fisheries 
management practice for dealing with the multispe-
cies nature of catch in target fisheries.

In addition to the model and its projected results, 
agency analysts also used the scientific literature, 
ongoing research, and professional opinion of fishery 
experts in their respective fields to perform qualita-
tive assessments.

11.8.5 Larval Pollock Recruitment

A model involving the influence of advection on 
larval pollock recruitment investigates the environ-
mental relationship between surface advection dur-
ing the post-spawning period (pollock egg and larval 
stages) and pollock survival. Wespestad et al. (1997) 
found that during years when the surface currents 
tended north-northwestward along the shelf, class 
strength was improved compared to years when 
currents were more easterly. They used the ocean 
surface current simulations (OSCURS) surface 
advection model to simulate drift. Subsequently 
(Ianelli et al. 1998), their analysis was extended to 
apply within a stock assessment model. The model 
uses surface advection during a 90-day period to 
determine the “goodness” of the advective field for 
juvenile pollock.

11.8.6 Shelikof Pollock IBM

A pollock individual-based model (IBM) was de-
signed to run in conjunction with the 3-D physical 
model (SPEM) and the Shelikof nutrient-phyto-
plankton-zooplankton model. Its purpose is to ex-
amine, at a mechanistic level, hypotheses about 
recruitment of pollock in Shelikof Strait, especially 
as they refer to transport, growth, and (somewhat) 
mortality of pollock from spawning through the fall 
of the 0-age year.

11.8.7 GLOBEC and NPZ

A Global Ocean Ecosystem Dynamics (GLOBEC) 
nutrient-phytoplankton-zooplankton (NPZ) 1-D and 
3-D modeling effort (the 3-D NPZ model coupled 
with a physical model of the circulation of the re-
gion) is designed to test hypotheses about the effect 
of climate change/regime shifts on production in the 
coastal region of the GOA, including effects on cross-

shelf transport, upstream effects, local production, 
and suitability of the region as habitat for juvenile 
salmon.

11.8.8 Steller Sea Lion IBM

This sea lion individual-based model (IBM) will be 
designed to examine how sea lion energy reserves 
change, through foraging and bioenergetics, depend-
ing on the distribution, density, patchiness, and 
species composition of a dynamic prey field (as in-
fluenced by factors such as potential local depletion 
by fishing). It should be applicable to any domain 
surrounding a specific sea lion rookery or haul-out in 
the Bering Sea, Aleutian Islands, or Gulf of Alaska. 
Sea lion characteristics such as age, location, life 
stage, and birth date are recorded. Caloric balance is 
the main variable followed for each individual.

11.8.9 Shelikof NPZ 

Shelikof nutrient-phytoplankton-zooplankton mod-
els, 1-D and 3-D versions, were designed to produce 
a temporally and spatially explicit food source (Pseu-
docalanus stages) for larval pollock, as input to the 
pollock IBM model. This set of coupled (biological 
and physical) models was designed to be used to 
examine hypotheses about pollock recruitment in 
the Shelikof Strait region.

11.8.10 GOA Pollock Stochastic Switch

A GOA walleye pollock stochastic switch model was 
designed as a mathematical representation of a 
conceptual model, presented in Megrey et al. 1996. 
It is a numerical simulation model of the recruit-
ment process. A generalized description of stochastic 
mortality is formulated as a function of three specific 
mortality components considered important in con-
trolling survival (random, caused by wind mixing 
events, and caused by prevalence of oceanic eddies). 
The sum total of these components, under some 
conditional dependencies, determines the overall 
survival experienced by the recruits. 

11.8.11 NEMURO

A North Pacific ecosystem model for understanding 
regional oceanography (NEMURO) represents the 
minimum state variables needed to represent a generic 
nutrient-phytoplankton-zooplankton (NPZ) marine 
ecosystem model for the North Pacific. Ecosystem 
fluxes are tracked in both units of nitrogen and 
silicon. Carbon flux process equations recently have 
been added. The purpose of the model is to examine 
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the effects of climate variability on the marine eco-
system through regional comparisons using the same 
ecosystem model structure and process equations.

11.8.12 Ecopath

Several mass-balance ecosystem models (Ecopath) 
for North Pacific regions have been generated. 
Mass-balance food web models provide a way for 
evaluating the importance of predator-prey relation-
ships, the roles of top-down and bottom-up forcing in 
modeled ecosystems, and the changes in ecosystem 
structure resulting from environmental perturba-
tions (natural or anthropogenic). In addition, the 
models may provide a way to compare natural pre-
dation mortality with respect to predator biomass 
and fishing levels, and determine the quality of data 
available for a given system.

Eastern Bering Sea Shelf Ecopath Model 1. Although 
many of these models were done in the past for the 
Alaska region, the most up-to-date published model 
is the effort by Trites et al. (1999) for the Eastern 
Bering Sea. These models are highly aggregated 
across age groups and species groups and best high-
light our gaps in understanding of how ecosystems 
function and our lack of data on certain ecosystem 
components. Walleye pollock is divided into two bio-
mass groups: pollock ages 0 to 1 and pollock age 2 
and older. This model is useful for testing ecosystem 
hypotheses about bottom-up and top-down forcing 
and to examine system level properties and energy 
flow among trophic levels. The Eastern Bering Sea 
model extent includes the main shelf and slope 
areas north to about 61°N and excludes nearshore 
processes and ecosystem groups.

Eastern Bering Sea Shelf Model 2 and Western Ber-
ing Sea Shelf Ecopath Model. The second Eastern 
Bering Sea Shelf model breaks down the earlier 
model into more detailed species groupings to tease 
apart the dynamics of individual species, especially 
in the commercially important groundfish. Spatial 
extensions to the model include subdividing into 
inner, middle, and outer biophysical domains. The 
model will be calibrated with respect to top-down 
and bottom-up forcing with the use of “checkpoint” 
food webs for several years in the 1990s, the 1979-
1998 time series of trawl data, and Multispecies 
Virtual Population Analysis (MSVPA)/other assess-
ment analyses. The primary purpose of this model 
is to investigate the relative role of natural and an-
thropogenic disturbances on the food web as a whole. 
A Western Bering Sea Shelf model, built as a joint 
U.S.-Russian project, is currently being completed.

Gulf of Alaska, Continental Shelf, and Slope (Exclud-
ing Fjord, Estuarine, and Intertidal Areas) Ecopath 
Model. Throughout the 1990s there were extensive 
commercial fisheries in the GOA for groundfish, as 
well as crab, herring, halibut, and salmon. Removals 
of both target species and bycatch by these (and his-
torical) fisheries have been suggested as a possible 
cause for the decline of the western stock of Steller 
sea lions, which are now listed as endangered spe-
cies. An Ecopath/Ecosim model for the GOA could 
test the hypothesis that fishery removals of ground-
fish and bycatch during the 1990s has contributed to 
the continued decline of Steller sea lions.

In addition, a community restructuring, in which 
shrimp populations declined dramatically and 
commercial fish populations increased between the 
1960s and the 1990s, may have taken place, ac-
cording to small mesh trawl surveys conducted by 
the National Marine Fisheries Service and Alaska 
Department of Fish and Game. An additional hy-
pothesis, which could be tested with this model, is 
that this trophic reorganization has had a negative 
impact on marine mammal and bird populations in 
the GOA. Finally, the effects of an apparent increase 
in shark populations on their prey and the relative 
importance of these effects in the whole system could 
be evaluated with an Ecopath model.

The Aleutian Island and Pribilof Islands Ecopath 
Models. While the Eastern Bering Sea and GOA 
model may capture broad-scale dynamics of wide-
spread fish stocks, their scale is too large to address 
local depletion. This issue may be important for is-
land-based fish such as Atka mackerel, and may be 
critical for determining the effect that changes in the 
food web may have on the endangered Steller sea 
lion. This smaller-scale Ecopath model will be used 
in conjunction with larger-scale models to examine 
the possibility of linking the models across scales.

Prince William Sound Ecopath Models. An Ecopath 
model of Prince William Sound was constructed by 
a collaboration of experts from the region during 
1998-1999 (Okey and Pauly 1999). The Exxon Valdez 
Oil Spill Trustee Council funded this effort for the 
purpose of “ecosystem synthesis.” The project was 
coordinated by the University of British Columbia 
Fisheries Centre and overseen by the National Ma-
rine Fisheries Service Office of Oil Spill Damage As-
sessment and Restoration. Prince William Sound is 
well defined geographically; spatial definition of the 
system consisted of drawing lines across Hinchin-
brook Entrance, Montague Strait, and smaller en-
trances. The time period represented by the model, 
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1994-1996, is the post-spill period with the broadest 
and most complete set of ecosystem information. 
This food web model consists of 48 functional groups 
ranging from single ontogenetic stages of special-

interest species to highly aggregated groupings. A 
variety of hypotheses are being addressed with the 
PWS model—most relate to the 1989 Exxon Valdez 
oil spill and the fisheries in the area. 
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Acronyms 

A
ABC: acceptable biological catch

ABSC (USGS): Alaska Biological Science Center  
(Biological Resources Division): http://www.absc.
usgs.gov/research/seabird&foragefish/index.html

ABWC: Alaska Beluga Whale Committee 

AC: Alaska Current

AC: Arctic Council: http://www.arctic-council.org

ACC: Alaska Coastal Current 

ACCE: Atlantic Climate and Circulation Experiment

ACIA (Arctic Council): Arctic Climate Impact Assess-
ment: http://www.acia.uaf.edu 

ACRC: Alaska Climate Research Center: http://climate.
gi.alaska.edu

ACT: Alliance for Coastal Technologies

ADCED: Alaska Department of Community and  
Economic Development: http://www.dced.state.ak.us

ADCP: Acoustic Doppler Current Profilers

ADEC: Alaska Department of Environmental  
Conservation 

ADEOS-II: Advanced Earth Observing Satellite-II 

ADFG: Alaska Department of Fish and Game:  
http://www.state.ak.us/adfg/adfghome.htm

ADHSS: Alaska Department of Health and Social  
Services

ADNR: Alaska Department of Natural Resources: 
http://www.dnr.state.ak.us

Division of Parks and Outdoor Recreation:  
http://www.dnr.state.ak.us/parks

Division of Mining, Land and Water:  
http://www.dnr.state.ak.us/mlw

ADOT&PF: Alaska Department of Transportation and 
Public Facilities: http://www.dot.state.ak.us

AEIDC: Arctic Environmental Information and Data 
Center 

AEPS: Arctic Environmental Protection Strategy 

AEWC: Alaska Eskimo Whaling Commission 

AFSC (NOAA/NMFS): Alaska Fisheries Science  
Center: http://www.afsc.noaa.gov/generalinfo.htm

AIS: Archival Information System

ALAMAP-C: Alabama’s Monitoring and Assessment 
Program–Coastal

ALP (aka AL, ALPS): Aleutian low pressure system

ALPI: Aleutian low pressure index

AMAP (Arctic Council): Arctic Monitoring and  
Assessment Programme: http://www.amap.no

AMHS: Alaska Marine Highway System

AMMC: Aleut Marine Mammal Commission

AMMTAP: Alaska Marine Mammal Tissue Archival 
Project

AMNWR: Alaska Maritime National Wildlife Refuge

AMOS: Advanced Modeling and Observing System

AMSR: advance microwave scanning radiometer

ANHSC: Alaska Native Harbor Seal Commission

ANS: Alaska North Slope

ANS (EPA): aquatic nuisance species

AOC: Great Lakes areas of concern

AOSFRF: Alaskan Oceans, Seas, and Fisheries  
Research Foundation

APEX: Alaska Predator Ecosystem Experiment 

AR (NMFS): Alaska Region

ARC: Atlantic Reference Center

ARCUS: Arctic Research Consortium of the United 
States: http://www.arcus.org

ARGO: Array for Real-time Geostrophic Oceanography

ARGO OPN: ARGO Ocean Profiling Network:  
http://www.argo.ucsd.edu

ARIES: Australian Resource Information and  
Environment Satellite

ARLIS: Alaska Resources Library and Information  
Service: http://www.arlis.org/index.html

ARMRB: Alaska Regional Marine Research Board

ARMRP: Alaska Regional Marine Research Plan

ARPA: Arctic Research and Policy Act (1984)

ASCC: Alaska State Climate Center: http://www.uaa.
alaska.edu/enri/ascc_web/ascc_home.html
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ASF: Alaska SAR (Synthetic Aperture Radar) Facility: 
http://www.asf.alaska.edu

ASLC: Alaska SeaLife Center:  
http://www.alaskasealife.org

ASOF: Arctic-subarctic Ocean Flux Array

ASP: amnesiac shellfish poisoning

ASTF: Alaska Science and Technology Foundation

ATSDR: Agency for Toxic Substances and Disease  
Registry: http://www.atsdr.cdc.gov

ATV: all terrain vehicle

AUV: autonomous underwater vehicle

AVHRR: advanced very high resolution radiometer

AVSP: Alaska Visitor Statistics Program

AWC: Anchorage Waterways Council:  
http://www.anchwaterwayscouncil.org

AWQ (ADEC): Division of Air and Water Quality 

B
BAHC (IGBP): biospheric aspects of the hydrological cycle

BASS Task Team (PICES): Basin Scale Studies Task 
Team

BATS: Bermuda Atlantic time series

BBMMC: Bristol Bay Marine Mammal Council

BBNA: Bristol Bay Native Association:  
http://www.bbna.com

BCF: Bureau of Commercial Fisheries

BCIS: Biodiversity Conservation Information System: 
http://www.biodiversity.org/simplify/ev.php

BDY: beach dynamics

BEACH (EPA): Beaches Environmental Assessment, 
Closure, and Health Program

BIO (PICES): Biological Oceanography Committee

BOOS: Baltic Operational Oceanographic System: 
http://www.boos.org

BORMICON: boreal migration and consumption model

BRD (USGS): Biological Resources Division

C
C2000 (EPA): National Coastal Assessment

CAAB: codes for Australian aquatic biota

CACGP: Commission on Atmospheric Chemistry and 
Global Pollution

CAFF (Arctic Council): Program for the Conservation of 
Arctic Flora and Fauna 

CalCOFI: California Co-operative Fisheries Investigation 
Program

CAOS: Coordinated Adriatic Observing System

CARIACO: Carbon Retention in a Colored Ocean Program

CARICOMP: Caribbean coastal marine productivity

CAST: Council for Agricultural Science and Technology: 
http://www.cast-science.org

CBMP: Chesapeake Bay Monitoring Program

CCAMLR: Commission for the Conservation of Antarctic 
Marine Living Resources: http://www.ccamlr.org 

CCC (ICES/GLOBEC): cod and climate change

CCCC (PICES/GLOBEC): climate change and carrying 
capacity

CCF: one hundred cubic feet

CCMP (NEP): Comprehensive Conservation and  
Management Plan

CCS: California Current System:  
http://globec.oce.orst.edu/groups/nep/index.html

CDFO: Canada Department of Fisheries and Oceans: 
http://www.dfo-mpo.gc.ca/home-accueil_e.htm

CDOM: colored dissolved organic matter

CDQ: community development quota

CEMP (Cook Inlet Keeper): Citizens Environmental 
Monitoring Program

CEMP: CCAMLR Ecosystem Monitoring Program

CENR: Committee on Environment and Natural  
Resources:  
http://www.ostp.gov/NSTC/html/committee/cenr.html

CEOS: Committee on Earth Observation Satellites: 
http://www.ceos.org

CGOA: coastal Gulf of Alaska

C-GOOS: Coastal Panel of GOOS

CHL: chlorophyll

CHM: Clearing-House Mechanism of the Convention on 
Biological Diversity

CIFAR: Cooperative Institute for Arctic Research: 
http://www.cifar.uaf.edu

CIIMMS: Cook Inlet Information Management and 
Monitoring System:  
http://info.dec.state.ak.us/ciimms

CIK: Cook Inlet Keeper: http://www.inletkeeper.org

CIMI: Computer Interchange of Museum Information

CIRCAC: Cook Inlet Regional Citizens Advisory Council: 
http://www.circac.org

CISeaFFS: Cook Inlet Seabird and Forage Fish Study

CISNet: Coastal Intensive Site Network

CISPRI: Cook Inlet Spill Prevention and Response, Inc.

CiSWG (CAFF, IMCSAP, Arctic Council): Circumpolar 
Seabird Working Group 

CLEMAN: Check List of European Marine Mollusca
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CLIC: Climate and Cryosphere

CLIVAR: Climate Variability and Predictability Program

C-MAN: Coastal Marine Automated Network

CMED/GMNET: Consortium for Marine and Estuarine 
Disease/Gulf of Mexico Network

CMI (MMS): Coastal Marine Institute

CMM (WMO): Commission for Marine Meteorology

CNES: Centre National d’Etudes Spatiales (France)

COADS: Comprehensive Ocean-Atmosphere Data Set: 
http://www.cdc.noaa.gov/coads

CODAR: coastal radar

COLORS: COastal region LOng-term measurements for 
colour Remote Sensing development and validation

COMBINE: COoperative Monitoring in the Baltic  
Marine Environment

CoML: Census of Marine Life: http://www.coml.org 

CONNS: Coastal Observing Network for the Near Shore

Convention on Biological Diversity: http://www.biodiv.org

COOP: Coastal Ocean Observation Panel:  
http://ioc.unesco.org/goos/COOP.htm

CoOP (NSF): Coastal Ocean Processes: http://www.skio.
peachnet.edu/coop

COP: Coastal Ocean Program

CORE: Consortium for Oceanographic Research and 
Education: http://www.coreocean.org

Corexit 9500: brand name of a dispersant from Exxon

COSESPO: Coastal Observing System for the Eastern 
South Pacific Ocean

COTS: commercial off the shelf software

CPR (PICES): Advisory Panel on Continuous Plankton 
Recorder Survey in the North Pacific

CPTEC: Center for Weather Forecasts and Climate 
Studies (Brazil)

CRIS: Court Registry Investment System

CRP: Comprehensive Rationalization Program

CRRC: Chugach Regional Resources Commission

CRSA: Alaskan Coastal Resource Service Area, see also 
CIAP: http://www.ocrm.nos.noaa.gov/czm/ciap

CRTF: U.S. Coral Reef Task Force

CSCOR: Center for Sponsored Coastal Ocean Research: 
http://www.cop.noaa.gov

CSIRO: Commonwealth Scientific and Industrial  
Research Organization: http://www.csiro.au

CTD: conductivity temperature versus depth

CTW: coastal trapped waves

CU: cataloging unit

CVOA: Catcher Vessel Operational Area

CWAP: Clean Water Action Plan

CWPPRA: Coastal Wetlands Planning, Protection, and 
Restoration Act

CZCS: coastal zone color scanner

CZM: coastal zone management

D
DARP: Damage Assessment and Restoration Program

DARPA: Defense Advanced Research Projects Agency: 
http://www.darpa.mil

DBCP: Data Buoy Cooperation Panel

DBMS: database management system

DCE: 1,2-dichloroethane

DDD: dichloro bis(p-chlorophenyl)ethane

DDE: dichlorodiphenyldichloroethylene

DDT: dichlorodiphenyltrichloroethane

DEOS: Deep Earth Observatories on the Seafloor

DEOS (CORE): Dynamics of Earth and Ocean Systems 

DFO: Department of Fisheries and Oceans, Canada

DGC: Division of Governmental Coordination, State of 
Alaska, Office of the Governor:  
http://www.gov.state.ak.us/dgc/CIAP/CIAPhome.htm

DIN: dissolved inorganic nitrogen

DMS: dimethylsulphide

DNMI: Norwegian Meteorological Institute (Det Norske 
Meteorologiske Institutt): http://met.no/english

DO: dissolved oxygen

DOC: U.S. Department of Commerce

DODS: Distributed Oceanographic Data System:  
http://www.unidata.ucar.edu/packages/dods and 
http://dods.gso.uri.edu

DOE: U.S. Department of Energy

DOI: U.S. Department of the Interior

DON QUIJOTE: Data Observing Network for the  
QuIJOTe

DRBC: Delaware River Basin Commission:  
http://www.state.nj.us/drbc/drbc.htm

E
EA/RIR: Environmental Assessment/Regulatory Impact 

Review 

EASy: Environmental Analysis System

EBS: Eastern Bering Sea

EC: European Community

ECDIS: Electronic Chart and Display Information Systems
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EC/IP (PICES): Executive Committee/Implementation 
Panel for CCCC

ECMWF: European Centre for Medium Range Weather 
Forecasting: http://www.ecmwf.int

ECOHAB (NSF): Ecology of Harmful Algal Blooms

EDOCC: ecological determinants of ocean carbon cycling

EDY: estuarine dynamics

EEZ: Exclusive Economic Zone 

EEZ(A): European Economic Zone (Area)

EFH: essential fish habitat

EGB (NSF): Environmental Geochemistry and  
Biogeochemistry

EIOA: European Oceanographic Industry Association: 
http://www.eoia.org

ELOISE: European Land-Ocean Interaction Studies

EMAP: Environmental Monitoring and Assessment 
Program: http://www.epa.gov/emap 

EMAP-E: Environmental Monitoring and Assessment 
Program-Estuaries

Enersperse: brand name of a dispersant

ENRI: Environment and Natural Resources Institute: 
http://www.uaa.alaska.edu/enri/enri_web/enrihome.
html

ENSO: El Niño Southern Oscillation 

EOS (NASA): Earth Observing System

EOSDIS: NASA’S EOS Data and Information System: 
http://spsosun.gsfc.nasa.gov/NewEOSDIS_Over.html

EPA: U.S. Environmental Protection Agency:  
http://www.epa.gov

ERL: effects range low (concentration of a contaminant 
potentially having adverse effects)

ERM: effects range medium (concentration of a contam-
inant associated with adverse effects on organisms)

ERMS: European Register of Marine Species

ERS-1: European Remote Sensing Satellite-1

ESA: Endangered Species Act

ESH (NSF): Marine Aspects of Earth System History

ESIP: The Federation of Earth Science Information 
Partners: http://www.esipfed.org

ESP: eastern South Pacific

ESRI: Environmental Systems Research Institute,  
ArcIMS system:  
http://www.esri.com/software/arcims/index.html

ETL tools: extraction, transformation, and loading tools

EU: European Union

EUMETSAT: European Organization for the  
Exploitation of Meteorological Satellites:  
http://www.eumetsat.de/en

EuroGOOS: European GOOS

EuroHAB: European harmful algae bloom

EVOS: Exxon Valdez Oil Spill  
http://www.oilspill.state.ak.us

EXDET: an Exxon laboratory test for dispersants

F
F&A (PICES): Finance and Administration Committee

FCCC: Framework Convention on Climate Change, Fed-
eral Geographic Data Committee metadata require-
ments: http://www.fgdc.gov/metadata/metadata.html

FDA: U.S. Food and Drug Administration

Federal Subsistence Fishery Monitoring Program,  
Federal Subsistence Management Program:  
http://www.r7.fws.gov/asm/home.html

FGDC: Federal Geographic Data Committee

FIS (PICES): Fishery Science Committee

Fishbase, FishGopher, FishNet: searchable fish  
databases managed by multiple organizations

FMP: fishery management plan

FOCI: Fisheries Oceanography Coordinated  
Investigations: http://www.pmel.noaa.gov/foci

F-R (PICES): Fundraising Committee

FY: fiscal year

G
GAIM (IGBP): Global Analysis, Interpretation and  

Modelling

GAK: Gulf of Alaska

GAK1: Gulf of Alaska station 1 located at the mouth of 
Resurrection Bay (60N, 149W)

GAP: Gap Analysis Program

GARP: genetic algorithm for rule-set production

GARS (NSF): Gulf of Alaska Recirculation Study

GBIF: Global Biodiversity Information Facility

GC (PICES): Governing Council

GCM: global climate model

GCN: Global Core Network 

GCOS: Global Climate Observing System

GCRMN: Global Coral Reef Monitoring Network

GCTE: Global Change and Terrestrial Ecosystems 
(IGBP)

GECaFS (IGBP, WCRP, IDHP): Global Environmental 
Change and Food Systems

GEF: Global Environmental Facility

GEM: Gulf Ecosystem Monitoring

GEO: Global Eulerian Observations
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GEOHAB: Global Ecology of Harmful Algal Blooms

GHL: guideline harvest level

GIPME: Global Investigation of Pollution in the Marine 
Environment

GIS: Geographic Information System

GIWA: Global International Water Assessment

GLI: global imager

GLIFWC: Great Lakes Indian Fish and Wildlife Com-
mission: http://www.glifwc.org

GLNO: Great Lakes National Program Office

GLOBE: Global Learning and Observations to Benefit 
the Environment: http://www.globe.gov 

GLOBEC: Global Ocean Ecosystem Dynamics:  
http://www.pml.ac.uk/globec 

GLOBEC NEP: GLOBEC Northeast Pacific:  
http://globec.oce.orst.edu/groups/nep/index.html

GLORIA: Geological Long-Range Inclined Asdic

GLOSS (UN): Global Sea Level Observing System

GLWQA: Great Lakes Water Quality Agreement

GMBIS: Gulf of Maine Biogeographical Information 
System

GMP: Joint Gulf States Comprehensive Monitoring  
Program

GNP: gross national product

GOA: Gulf of Alaska

GODAE: Global Ocean Data Assimilation Experiment

GOES: Geostationary Operational Environmental Satellite

GOFS: U.S. Global Ocean Flux Study

GOOS: Global Ocean Observing System:  
http://ioc.unesco.org/goos

GOSIC: Global Observing System Information Center: 
http://www.gos.udel.edu

GPA/LBA: Global Programme of Action for the  
Protection of the Marine Environment from Land-
Based Activities

GPO: GOOS Project Office

GPS: Global Positioning System

GSC: GOOS Steering Committee

GTOS: Global Terrestrial Observing System

GTS: Global Telecommunications System

GTSPP: Global Temperature-Salinity Pilot Project

GUI: graphical user interface

H
HAB: harmful algal bloom

HABSOS: Harmful Algal Bloom Observing System: 
http://www.habhrca.noaa.gov

HAPC: Habitat Areas of Particular Concern

HELCOM: Helsinki Commission-Baltic Marine  
Environment Protection Commission

HMAP: History of Marine Animal Populations

HMS: Hydrometeorological Service

HNLC: high nitrate, low chlorophyll waters

HOTO: Health of the Oceans

HOTS: Hawaii Ocean Time Series

HPLC: high performance liquid chromatography

I
IABIN: Inter-American Biodiversity Information Network 

IAI: Inter-American Institute

IARC: International Arctic Research Center, University 
of Alaska Fairbanks: http://www.iarc.uaf.edu

IARPC: Interagency Arctic Research Policy Committee: 
http://www.nsf.gov/od/opp/arctic/iarpc/start.htm

IBOY: International Biodiversity Observation Year

IBQ: individual bycatch quota 

ICAM: Integrated Coastal Area Management/Integrated 
Coastal Area Management Programme

ICES: International Council for the Exploration of the 
Sea: http://www.ices.dk

ICLARM: International Center for Living Aquatic  
Resources Management

ICM: Integrated Coastal Management

ICSU: International Council for Science

ICZN: International Code of Zoological Nomenclature

IFEP (PICES): Iron Fertilization Experiment Panel

IFO: intermediate fuel oil

IFP: The French Petroleum Institute:  
http://www.ifp.fr

IFQ: individual fishing quota 

IGAC (IGBP/CACGP): International Global Atmospheric 
Chemistry Project

IGBP: International Geosphere-Biosphere Programme: 
http://www.igbp.kva.se

IGBP-DIS (IGBP): Data and Information System

I-GOOS: IOC-WMO-UNEP Committee for the Global 
Ocean Observing System

IGOS (NASA): Integrated Global Observing System: 
http://www.igospartners.org

IGOSS: Integrated Global Ocean Services System

IGS: International GPS Service for Geodynamics

IGU: International Geographical Union

IHDP (IGBP): International Human Dimensions  
Programme on Global Environmental Change
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IJC: International Joint Commission

I-LTER: International LTER

IMCSAP (CAFF, Arctic Council): International Murre 
Conservation Strategy and Action Plan 

IMS: Institute of Marine Science, University of Alaska 
Fairbanks: http://www.ims.uaf.edu

InfoBOOS: BOOS Information System

INPFC: International North Pacific Fisheries Commission: 
http://www.npafc.org/inpfc/inpfc.html

IOC (UNESCO): Intergovernmental Oceanographic 
Commission: http://ioc.unesco.org/iyo

IOCCG: International Ocean Colour Coordinating 
Group: http://www.ioccg.org

IODE: International Oceanographic Data and  
Information Exchange: http://ioc.unesco.org/iode

IOOS: Integrated Sustained Ocean Observing System 

IPCC: Intergovernmental Panel on Climate Change: 
http://www.ipcc.ch

IPHAB: Intergovernmental Panel on HABs

IPHC: International Pacific Halibut Commission:  
http://www.iphc.washington.edu

IPRC: International Pacific Research Center:  
http://iprc.soest.hawaii.edu

IPSFC: International Pacific Salmon Fishing Commission 

IRFA: initial regulatory flexibility analysis 

IRIU: improved retention/improved utilization 

ITAC: initial total allowable catch

ITIS: Integrated Taxonomic Information System

ITSU (IOC): Tsunami Warning System in the Pacific

IUCN: World Conservation Union

IWI (EPA): Index of Watershed Indicators

J
JCOMM: Joint Technical Commission for Oceanography 

and Marine Meteorology

JDBC: Java Database Connectivity

JDIMP: Joint Data and Information Management Panel

JGOFS (NSF): Joint Global Ocean Flux Study

K
KBNERR: Kachemak Bay National Estuarine Research 

Reserve

KRSA: Kenai River Sportfishing Association

L
LaMP (EPA): Lakewide Management Plan

LAMP: Local Area Management Plan 

LATEX: Louisiana-Texas shelf study

LC50 or LC50: lethal concentration of 50%of the test 
population

LEO: Long-term Ecosystem Observatory

LExEn (NSF): Life in Extreme Environments

LIDAR: light detection and ranging

LLP: License Limitation Program

LMR: living marine resources

LOICZ: land-ocean interactions in coastal zone

LTER (NSF): Long-term Ecological Research:  
http://lternet.edu

LTOP: Long-Term Observation Program:  
http://globec.oce.orst.edu/groups/nep/index.html

LUCC (IGBP/IHDP): Land Use/Cover Change

M
MABNET: Man and the Biosphere Network

MARBID: Marine Biodiversity Database

MARGINS (NSF): Continental Margins

MarLIN: Marine Laboratories Information Network: 
http://www.marine.csiro.au/marlin

MAROB: marine observation

MAST: marine science and technology

MBARI: Monterey Bay Aquarium Research Institute: 
http://www.mbari.org/about

MBMAP (PICES): Advisory Panel on Marine Birds and 
Mammals

MBNMS: Monterey Bay National Marine Sanctuary: 
http://montereybay.nos.noaa.gov

MEHRL: Marine Environmental Health Research 
Laboratory

MEL: Master Environmental Library 

MEQ (PICES): Marine Environmental Quality Committee

MERIS: medium resolution imaging spectrometer

MetOp: meteorological operational 

MFS: Mediterranean Forecasting System

MLD: mixed layer depth

MLML: Moss Landing Marine Laboratories:  
http://www.mlml.calstate.edu

MMHSRP: Marine Mammal Health and Stranding 
Response Program: http://www.nmfs.noaa.gov/prot_
res/PR2/Health_and_Stranding_Response_Pro-
gram/mmhsrp.html

MMPA: Marine Mammal Protection Act

MMRC: North Pacific Universities Marine Mammal  
Research Consortium

MMS: Minerals Management Service
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MMS OCSES: Outer Continental Shelf Environmental 
Studies

MODEL (PICES): Conceptual/Theoretical and Modeling 
Studies Task Team

MODIS: moderate resolution imaging spectroradiometer

MODMON: Neuse Monitoring and Modeling Project

MONITOR (PICES): Monitor Task Team

MOODS (NMFS): Master Oceanographic Observational 
Data Set

MOOS: Ocean Observing System of the Monterey Bay 
Aquarium Research Institute: http://www.mbari.
org/default.htm

MOS: modular optoelectronic scanner

MPA (DOC/DOI): Marine Protected Areas: http://www.
mpa.gov

MPN: most probable number

MRB: maximum retainable bycatch 

MSFCMA: Magnuson-Stevens Fishery Conservation 
and Management Act 

MSVPA: multispecies virtual population analysis

MSY: maximum sustainable yield 

MWRA: Massachusetts Water Resources Authority: 
http://www.mwra.state.ma.us

N
NA: Northern Adriatic

NABIN: North American Biodiversity Information  
Network

NABIS: National Aquatic Biodiversity Information 
Strategy

NAML: National Association of Marine Laboratories: 
http://hermes.mbl.edu/labs/NAML

NAO: North Atlantic oscillation

NAS: nonindigenous aquatic species

NASA: National Aeronautics and Space Administration: 
http://www.nasa.gov

NASA/AMSR: Advance Microwave Scanning  
Radiometer: http://wwwghcc.msfc.nasa.gov/AMSR

Earth Science Enterprise: http://www.earth.nasa.gov

NASA/GRACE: Gravity Recovery and Climate Experi-
ment: http://essp.gsfc.nasa.gov/esspmissions.html

NASA/NASDA Tropical Rainfall Measurement Mission: 
http://modis.gsfc.nasa.gov

NASA/Salinity and Sea Ice Working Group:  
http://www.esr.org/lagerloef/ssiwg/ssiwgrep1.v2.html

NASQAN: National Stream Quality Accounting Network

NAWQA: National Water Quality Assessment Program: 
http://water.usgs.gov/nawqa

NCAR: National Center for Atmospheric Research

NCDC: National Climate Data Center:  
http://www.ncdc.noaa.gov

NCDDC: National Coastal Data Development Center: 
http://www.ncddc.noaa.gov

NCEP: National Centers for Environmental Prediction: 
http://wwwt.ncep.noaa.gov

NDBC: National Data Buoy Center:  
http://www.ndbc.noaa.gov

NDVI: normalized difference vegetation index

NEAR-GOOS: North East Asian Regional GOOS: 
http://ioc.unesco.org/goos/neargoos/neargoos.htm

NEMO: Naval Earth Map Observer

NEMURO: North Pacific Ecosystem Model for  
Understanding Regional Oceanography

NEODAT: Inter-Institutional Database of Fish  
Biodiversity in the Neotropics

NEP: National Estuary Program

NERR: National Estuarine Research Reserve 

NESDIS: National Environmental Satellite, Data, and 
Information Service: http://www.nesdis.noaa.gov

NGO: nongovernmental organization

NGOA: Northern Gulf of Alaska

NGOS: North Gulf Oceanic Society:  
http://www.whales alaska.org

NIST: National Institute of Standards and Technology: 
http://www.nist.gov

NIWA: National Institute of Water and Atmosphere  
Research: http://www.niwa.cri.nz/index.html

NLFWA: National Listing of Fish and Wildlife Advisories

NMFS: National Marine Fisheries Service:  
http://www.nmfs.noaa.gov

NMMHSRP: National Marine Mammal Health and 
Stranding Response Program:  
http://www.nmfs.noaa.gov/prot_res/overview/mm.html

NMML: National Marine Mammal Laboratory

NMMTB: National Marine Mammal Tissue Bank

NMS: National Marine Sanctuary

NOAA: National Oceanic and Atmospheric Administration 

NOAA HAZMAT: Hazardous Materials Program

NODC: National Oceanographic Data Center:  
http://www.nodc.noaa.gov

NOEL: no-effect level

NOLS: National Outdoor Leadership School

NOPP (NASA): National Ocean Partnership Program: 
http://www.NOPP.org 

NOPPO: National Oceanographic Partnership Program 
Office

NORLC: National Ocean Research Leadership Council
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NORPAC: North Pacific; an informal group of scientists 
who collated and published much of the oceano-
graphic data from the North Pacific Ocean during 
approximately 1930-1965. Known as the NORPAC 
data, it was published in several volumes by the 
University of California Press. 

NOS (NOAA): National Ocean Service: http://www.nos.
noaa.gov

NOx: nitrogen oxides

NPAFC: North Pacific Anadromous Fish Commission: 
http://www.npafc.org

NPDES: National Pollution Discharge Elimination System 

NPFMC: North Pacific Fishery Management Council

NPI: North Pacific Index

NPMRP: North Pacific Marine Research Program: 
http://www.sfos.uaf.edu/npmr/index.html

NPO: North Pacific oscillation

NPOESS: National Polar-Orbiting Environmental  
Satellite System

NPPSD: North Pacific Pelagic Seabird Database

NPS: National Park Service: http://www.nps.gov

NPUMMRC: North Pacific Universities Marine Mammal 
Research Consortium 

NPZ: nutrient-phytoplankton-zooplankton

NRA: NASA Research Announcement

NRC: National Research Council:  
http://www.nationalacademies.org/nrc

NRDA: natural resource damage assessment

NRT: near real time

NS&T: National Status and Trends Program

NSF: National Science Foundation

NSIPP (NASA): Seasonal-to-Interannual Prediction 
Program

NSTC: National Science and Technology Council:  
http://www.ostp.gov/NSTC/html/NSTC_Home.html

NURP (NOAA): National Undersea Research Program: 
http://www.nurp.noaa.gov

NVODS: National Virtual Ocean Data System:  
http://nvods.org

NVP: Nearshore Vertebrate Predator Project

NWI: National Wetlands Inventory

NWIFC: Northwest Indian Fisheries Commission: 
http://www.nwifc.wa.gov

NWP: numerical weather prediction

NWS: National Weather Service:  
http://www.nws.noaa.gov

O
OAR (NOAA): Oceanic and Atmospheric Research: 

http://oar.noaa.gov

OBIS: Ocean Biogeographical Information System

OCC: ocean carrying capacity

OCRM (NOS, NOAA): Office of Coastal Resource  
Management: http://www.ocrm.nos.noaa.gov

OCSEAP: Outer Continental Shelf Environmental  
Assessment Program

OCTET: Ocean Carbon Transport, Exchanges and 
Transformations:  
http://www.msrc.sunysb.edu/octet

OCTS: ocean color and temperature scanner

OE (NOAA OAR): Office of Ocean Exploration:  
http://oceanpanel.nos.noaa.gov

OECD: Organization for Economic Co-operation and 
Development

OFP: Ocean Flux Program

OHMSETT: Oil and Hazardous Materials Simulated 
Environmental Test Tank

OMB: Office of Management and Budget

ONR: Office of Naval Research

OOPC: Ocean Observations Panel for Climate

OOSDP: Ocean Observing System Development Panel

OPA 90: Oil Pollution Act of 1990

OPR: Office of Protected Resources: http://www.nmfs.
noaa.gov/prot_res/prot_res.html

ORAP: Ocean Research Advisory Panel

ORNL: Oak Ridge National Laboratory:  
http://www.ornl.gov

OSCURS: Ocean Surface Current Simulations

OSNLR: Ocean Science in Relation to Non-Living  
Resources

OSPARCOM: Convention for the Protection of the  
Marine Environment of the North-east Atlantic

OSRI: Prince William Sound Oil Spill Recovery  
Institute: http://www.pws-osri.org

OSSE: Observation System Simulation Experiments

OST (EPA): Office of Science and Technology

OSTP: Office of Science and Technology Policy

OWOW (EPA): Office of Wetlands, Oceans, and  
Watersheds

OY: optimum yield 

P
PAGES (IGBP): Past Global Change

P-BECS: Pacific Basinwide Extended Climate Study
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PAH (EPA): polycyclic aromatic hydrocarbons 

PAH: polynuclear aromatic hydrocarbons

PAR: photosynthetically available radiation

PC (PICES): Publication Committee

PCAST: President’s Committee of Advisors on Science 
and Technology

PCB: polychlorinated biphenyls

PCC: Pollock Conservation Cooperative 

PDO: Pacific decadal oscillation 

PICES: North Pacific Marine Science Organization (not 
an acronym)

PIRATA: Pilot Research Array in the Tropical Atlantic

PISCO: Partnership for the Interdisciplinary Study of 
Coastal Oceans: http://www.piscoweb.org

PMEL: Pacific Marine Environmental Laboratory: 
http://www.pmel.noaa.gov

POC (PICES): Physical Oceanography and Climate 
Committee

POLDER: Polarization and Directionality of the Earth’s 
Reflectances

POM: Princeton Ocean Model

PORTS/VTS: Physical Oceanographic Real-Time  
System/Vessel Traffic Services

POST: Pacific Ocean Salmon Tracking Project

POTW: Publicly Owned Treatment Works

PRODAS: Prototype Ocean Data Analysis System

PROFC: Programa Regional de Oceanografia Fisica y 
Clima

PSAMP: Puget Sound Ambient Monitoring Program

PSC: Pacific Salmon Commission:  
http://www.psc.org/Index.htm

PSMFC: Pacific States Marine Fisheries Commission: 
http://www.psmfc.org/

PSMSL (UN): Permanent Service for Mean Sea Level

PSP: paralytic shellfish poisoning

PST: Pacific Salmon Treaty

PWS: Prince William Sound

PWSAC: PWS Aquaculture Corporation:  
http://www.ctcak.net/~pwsac

PWSRCAC: PWS Regional Citizens Advisory Council

PWSSC: Prince William Sound Science Center

Q
QA/QC: quality assurance and quality control

QUIJOTE: Quickly Integrated Joint Observing Team

QuikSCAT: quick scatterometer (SeaWinds instrument)

R
R&D: research and development

RACE: Resource Assessment and Community Ecology

RAMS: Regional Atmospheric Modeling System

RAP: Remedial Action Plan

RCAC: Regional Citizens Advisory Council

RCRA: Resource Conservation and Recovery Act

RDP: Ribosomal Database Project

REX (PICES): Regional Experiments Task Team

RFP: request for proposals

RIDGE (NSF): Ridge Interdisciplinary Global Experi-
ments

RLDC: Responsible Local Data Center

RMI: remote method invocation 

RMP: Regional Monitoring Program

RNODC: Responsible National Oceanographic Data 
Center

RSN: RedSur Network

S
SAFE: Stock Assessment and Fishery Evaluation  

Document 

SALMON (Sea-Air-Land Monitoring and Observation 
Network): http://www.ims.uaf.edu:8000/salmon

SALSA: Semi-arid Land Surface Atmosphere Program

SAR: synthetic aperture radar

SAV: submerged aquatic vegetation

SB (PICES): Science Board

SBIA (NSF): Shelf-basin Interactions in the Arctic

SCAMIT: Southern California Association of Marine 
Invertebrate Taxonomists

SCBPP: Southern California Bight Pilot Project

SCCWRP: Southern California Coastal Water Research 
Project

SCDHEC: South Carolina Department of Health and 
Environmental Control

SCDNR: South Carolina Department of Natural  
Resources

SCECAP: South Carolina Department Estuarine and 
Coastal Assessment Program

SC(-IGBP): Scientific Committee for the IGBP

SCICEX (NSF): Science Ice Exercise

SCOPE: Scientific Committee on Problems of the  
Environment

SCOR: Scientific Committee on Oceanic Research: 
http://www.jhu.edu/~scor
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SCS: South China Sea

SEA: Sound Ecosystem Assessment 

SEARCH: Study of Environmental Arctic Change: 
http://psc.apl.washington.edu/search/index.html

SEAS: Shipboard Environmental Data Acquisition  
System

SeaWiFS: Sea-viewing Wide Field-of-view Sensor:  
http://seawifs.gsfc.nasa.gov

SEI: special events imager

SEPOA: Southeast Pacific Ocean Array

SERC: Smithsonian Environmental Research Center: 
http://www.serc.si.edu

SERVS: Ship Escort Response Vessel System

SFEP: San Francisco Estuary Project

SFOS: School of Fisheries and Ocean Sciences,  
University of Alaska Fairbanks

SG: Sea Grant: http://www.nsgo.seagrant.org

SGI: State of the Gulf Index

SHEBA (NSF): Surface Heat Budget of the Arctic 
Ocean

SIMBIOS: Sensor Intercomparison and Merger for  
Biological and Interdisciplinary Oceanic Studies

SIMoN: Sanctuary Integrated Monitoring Network

SJBEP: San Juan Bay Estuary Program

SLFMR: scanning low frequency microwave radiometers

SO-GLOBEC (GLOBEC): Southern Ocean Programme

SOIREE: Southern Ocean Iron Release Experiment

SOLAS: International Convention for Safety of Life at Sea

SOLAS (NRC): Surface Ocean Lower Atmosphere Study

SOLEC: State of the Lakes Ecosystem Conference

SPACC (GLOBEC): Small Pelagic Fish and Climate 
Change, Specimen Banking Project

SQuID: Structured Query and Information Delivery

SSC (NPFMC): Scientific and Statistical Committee 

SSE (NOAA): Sustainable Seas Expedition

SSF: Storm Surge Forecast System

SSH: sea surface height

SSLRI (NMFS, AR): Steller Sea Lion Research Initia-
tive: http://www.fakr.noaa.gov/omi/grants/sslri

SSM/I: special sensor microwave/imager

SSS: sea surface salinity

SST: sea surface temperature

STAC: Scientific and Technical Advisory Committee

STAMP: Seabird Tissue Archival Monitoring Project

START (IGBP): Global Change System for Analysis,  
Research and Training: http://www.start.org

STD: salinity temperature depth recorder

STORET System (EPA): http://www.epa.gov/storet

SVOC: semivolatile organic compounds

SWAO: South Western Atlantic Ocean

SWMP: NERRS System-Wide Monitoring Program

T
t: metric tons

TAC: total allowable catch

TAO: tropical atmosphere ocean (buoy array)

TASC (EU): Transatlantic Study of Calanus finmarchicus

TCE: tetrachloroethane

TCODE (PICES): Technical Committee on Data Exchange

TCP: Tropical Cyclone Programme

TEK: traditional ecological knowledge

TEMA (IOC): Training, Education and Mutual  
Assistance

TMDL: total maximum daily load

TOGA: tropical ocean and global atmosphere

T/P: TOPEX/Poseidon: http://topex-www.jpl.nasa.gov

U
UAA: University of Alaska Anchorage

UAF: University of Alaska Fairbanks

UN: United Nations 

UNCED: United Nations Conference on Environment 
and Development

UNCLOS: United National Convention on the Law of 
the Sea (Montego Bay, 1982)

UNEP: United Nations Environmental Programme

UNESCO: United Nations Educational, Scientific and 
Cultural Organization: http://ioc.unesco.org/iocweb

UNFCCC: United Nations Framework Convention on 
Climate Change

USARC: U.S. Arctic Research Commission

USCG: U.S. Coast Guard

USDA: U.S. Department of Agriculture

USDHHS: U.S. Department of Health and Human Ser-
vices: http://www.os.dhhs.gov

USFS: U.S. Forest Service

USFWS: U.S. Fish and Wildlife Service

USGCRP (NASA): U.S. Global Climate Research Program

US GLOBEC (NSF): U.S. Global Ocean Ecosystem  
Dynamics

USGS: U.S. Geological Survey: http://www.usgs.gov
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USNO: U.S. Naval Observatory:  
http://www.usno.navy.mil

UWA: Unified Watershed Assessments

V
VBA: vessel bycatch accounting 

VENTS (NOAA): Vents Program

VIP: Vessel Incentive Program

VOC: volatile organic compounds

VOS: volunteer observing ships

W
WAF: water-accommodated fraction

WAM: wave model

WCRP (ICSU/IOC/WMO): World Climate Research 
Program

WDFW: Washington Department of Fish and Wildlife

WDOE: Washington Department of Ecology

WES: Waterways Experimental Station

WESTPAC: IOC Sub-Commission for the Western Pacific

WG (PICES): Working Group

WHOI: Woods Hole Oceanographic Institution

WMO: World Meteorological Organization

WMS: Open GIS Consortium’s Web Mapping Server: 
http://www.opengis.org/techno/specs/01-047r2.pdf

WOCE (WCRP): World Ocean Circulation Experiment: 
http://www.soc.soton.ac.uk/OTHERS/woceipo/ipo.html

WODC: World Oceanographic Data Center

WOOD: World-wide Oceans Optics Database

WSRI: Wild Stock Restoration Initiative

WWW: World Weather Watch

X
XBT: expendable bathythermograph

XCDT: expendable conductivity, depth, and salinity  
devices
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Index
(t = table, f = figure)

A
abundance

assessment issues, 21, 94, 96t
forage species, 94, 96t
larvaceans, 65, 95
and location of the Aleutian Low, 33
marine mammals, 110, 110t, 114
seabirds, 70t, 71–76, 73t, 75t
shrimp, 10, 93

abyssal plain, 27f, 35
AC. See Alaska Current
Acantholithodes hispidus, 83t
Acartia, 53
ACC. See Alaska Coastal Current
acoustics, marine, 18, 55, 56, 96t
ADEC. See Alaska Department of Environmental Conservation
ADF&G. See Alaska Department of Fish and Game
Advanced Very High Resolution Radar, 39
advection, 40, 44, 87, 140t
Aechmophorus occidentalis, 113
aerial surveys, 18, 96t, 104–105
Aethia cristatella, 70t
Aethia pusilla, 56, 70t
Afognak Island, 56, 61, 134
aforia, keeled. See Aforia circinata
Aforia circinata, 84t
Agarum, 64, 65
Aiktak Island, 78, 79
air quality, 1, 3f, 128, 135. See also carbon dioxide; 

chlorofluorocarbons; methane; nitrous oxide
Alaska Beluga Committee, 132
Alaska Board of Fisheries, 126, 129, 132, 134
Alaska Board of Game, 129, 134
Alaska Coastal Current (ACC)

distribution of pollutants by, 17
effects of the Aleutian Low, 19
in GOA ecosystem model, 1, 3f
importance to benthic species, 92
as a major habitat type, 12, 15
mechanisms of change, 14
and nutrients, 50–51
overview, 16–17, 40–41
physical oceanography, 40–42, 44
and precipitation, 30
tidal energy, 47
transport measurements, 41

Alaska Current (AC)
effects of the Aleutian Low, 19
in GOA ecosystem model, 1, 3f
overview, 14, 17, 45, 48
and precipitation, 30f

Alaska Current (continued.)
transformation into the Alaskan Stream, 45
velocity, 45

Alaska Department of Environmental Conservation (ADEC), 
128, 131, 135, 136, 137

Alaska Department of Fish and Game (ADF&G)
fisheries monitoring and regulation, 94, 126, 128
harbor seal monitoring, 109, 110
Subsistence Division, 109, 131, 132
trawl surveys, 151

Alaska Gyre
description, 48
effects of the Aleutian Low, 19
as a major habitat type, 12, 14
mechanisms of change, 14
primary production rate, 52
upwelling in the center, 49, 54

Alaska Native Claims Settlement Act (ANCSA), 134
Alaska Native Harbor Seal Commission (ANHSC), 101, 132
Alaska Natives

cultural values, 117, 131, 132
early, 117, 134
hunting and fishing by. See subsistence activities
marine mammal management, 101

Alaska Peninsula
economics and human use, 118, 121–122
effects of oil spills, 17, 118
fisheries, 88
habitat protection, 125
seal, 109
shrimp, 93
tanner crab, 92 

Alaska Railroad, 120, 133, 134
Alaska Range, 25
Alaska Sea Otter and Steller Sea Lion Commission, 101
Alaska state regulations, 94, 135, 136, 137
Alaskan Stream, 14, 19, 30f, 45, 48
Albatrossia pectoralis, 82t
Alcyonium sp., 83t
Aleut cultures, 117
Aleutian Low pressure system

effects
on climate, 20, 29–30
on crab population, 92–93
on fish population, 87
on the food web, 12, 19–20, 54
on ocean circulation, 32–33, 38–40

formation, 29
millibars, 33
overview, 1, 3f, 6–7f, 20, 27–28
periodicity, 33

Aleutian Mountains or Aleutian Range, 25, 35
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Aleutian Trench, 26, 35–36
Aleutians East Borough, 119t
algae. See also phytoplankton

diatoms, 19, 51, 52, 53, 55, 93
epiphytic, 64
fall blooms, 50, 52
intertidal, 60, 63
kelp, 63, 64, 65, 111, 113. See also Agarum; Laminaria; 

Nereocystis
macro, 11t, 60, 62
spring blooms, 4, 9, 18–19, 46–47, 50, 52, 55

alien species. See exotic species
alligatorfish, Aleutian. See Aspidophoroides bartoni
Allocentrotus fragilis, 84t
Alutiiq peoples, 117, 134
Alyeska Consortium, 59
Ammodytes hexapterus, 18, 93, 95t
ammonia, 49, 50, 51
Amphilaphis sp., 83t
Amphiophiura ponderosa, 84t
amphipods, 53, 60, 61, 62, 64, 66
Amukta Pass, 36
anadromous species. See also salmon

ecological role, 1, 5, 15–16, 21–22, 50–51, 125
indirect effects of harvest, 16
number of drainages in PWS, 25

Anarrhichthys ocellatus, 82t
Anas crecca, 113
Anchorage (Alaska), 118, 122, 135, 136
Anchorage/Mat-Su Urban Area, 119t, 122
ANCSA. See Alaska Native Claims Settlement Act
anglemouth, 93
ANHSC. See Alaska Native Harbor Seal Commission
Anoplopoma fimbria

abundance, 70t
fisheries, 103, 126
as a food resource, 73, 74
trawl surveys, 82t
trophic level, 11t

Anthomastus sp., 83t
anthozoans, 64
Aphrocallistes vastus, 85t
Aplidium sp., 85t
Aptocyclus ventricosus, 82t, 113
aquaculture. See hatcheries
Arctomelon stearnsii, 84t
argentine, bluethroat. See Nansenia candida
argid

arctic. See Argis dentata
kuro. See Argis lar

Argis dentata, 83t
Argis lar, 83t
Artediellus sp., 82t
Arthrogorgia sp., 83t
arthropods, 83–84t, 91
Aspidophoroides bartoni, 82t
astarte, crenulate. See Astarte crenata
Astarte crenata, 84t
Asterias amurensis, 84t
Asteronyx loveni, 84t
astrophysical forces, 28, 30–31
Atheresthes evermanni, 82t
Atheresthes stomias, 17, 82t, 85, 91, 124
atmospheric forcing. See climate and weather; global warming

auklet
Cassin’s. See Ptychoramphus aleuticus
crested. See Aethia cristatella
as a food resource, 69, 70
food resources for, 74
least. See Aethia pusilla
parakeet. See Cerorhinca monocerata
rhinoceros. See Cyclorrhynchus psittacula

B
bacteria

cyanobacteria, 51
ecological role, 22, 29, 49, 65–66. See also decomposers
as a food resource, 92
increased production after an oil spill, 63

Bakun upwelling index, 53
Balanus evermanni, 83t
Balanus glandula, 61
Balanus rostratus, 83t
barnacle. See also Balanus glandula; Chthamalus dalli

beaked. See Balanus rostratus
giant. See Balanus evermanni
species list from trawl surveys, 83t
substrate, 64

barracudina, duckbill. See Paralepis atlantica
Barren Island, 73t, 74–75, 75t, 76, 77
Bathyagonus nigripinnis, 82t
Bathyagonus pentacanthus, 82t
Bathybembix bairdii, 84t
bathylagids, 82t, 86t, 94
Bathymaster caeruleofasciatus, 82t
Bathymaster signatus, 82t
bathymetry

GOA, 1, 3f, 35–36, 36f, 37f, 48
interaction with the tides, 47
Prince William Sound, 43
and seasonal inflow onto the shelf, 45

Bathyplotes sp., 84t
Bathyraja aleutica, 82t
Bathyraja interrupta, 82t
Bathyraja parmifera, 82t
Bathyraja trachura, 82t
Bayesian methods, 146
bear

black, 62, 63
brown, 62, 63
grizzly. See Ursus arctos
hunted by humans, 122
polar, 104

belukha. See whale, beluga
benthos. See communities, benthic; sediment characteristics
Beringius kennicottii, 84t
Beringius undatus, 84t
Bering Land Bridge, 122
Bering Sea

crab, 93
currents, 36
effects of El Niño, 71–72
herring, 89
models, 140t, 141t, 148, 149t, 150, 151
plankton, 19, 53, 56
pollock, 90
seal, 100, 108
whale, 99
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Bernoulli suction effects, 47
Berryteuthis magister, 84t
bigscale, crested. See Poromitra crassiceps
bioaccumulation, 65, 97, 137
biodiversity

effects of urban runoff, 135
fish, 82–83t, 86t
invertebrates, 83–85t

bioenergetic models, 21
biofilm, 21
biogeochemical cycles, 1–3, 3f, 4–5, 6–7f
bioindicators. See indicator species; indicator system
biological currency, 21, 140–141t
biological pump, 27, 28, 29
biomagnification, 8, 65, 137
biomass

as biological currency, 21
of filter feeders, 92
harvest as estimate for management, 89
models, 140t, 141t
movement onto the shelf, 57
nesting seabirds, 70t
population, and food resources, 10
of representative populations, 11t
salmon carcass, ecological effects, 21–22
and trophic transfer of energy, 9
variation, 53–54, 55f
zooplankton, 52, 53–56, 55f

birds
marine. See seabirds
terrestrial, 15–16, 63, 114

boats. See marine transport
bobtail, eastern Pacific. See Rossia pacifica
bocaccio. See Sebastes paucispinis
Boltenia sp., 85t
BORMICON (boreal migration and consumption model), 140t, 

148, 149t
Bothrocara pusillum, 83t
bottom-up forces, 9, 22–23
brachiopods, 85t
Brachyramphus brevirostris, 69, 70t, 71
Brachyramphus marmoratus, 69, 70t, 71
Brisaster latifrons, 84t
bristlemouth, 93
Bristol Bay, 88, 92, 108
bryozoan. See also coral

effects of trawls, 66
feathery. See Eucratea loricata
leafy. See Flustra serrulata
species list from trawl surveys, 85t
substrate, 64

Buccinum plectrum, 84t
Buccinum scalariforme, 84t
buoyant forcing, 40, 41, 42–43
butyltin, 114
bycatch, 18, 66, 94, 125

C
calanoids, 50, 55
Calanus marshallae, 53, 56
calcium carbonate, 60
California, 8, 99, 100, 114, 115t
California Current, 4, 30f
Callogorgia sp., 83t

Cancer gracilis, 83t
Cancer magister, 63, 66, 83t, 92, 113, 124
Cancer oregonensis, 83t
Canis lupus, 22, 114
cannibalism, 90, 148
Cape Spencer, 26
Cape Suckling, 105, 108
capelin. See Mallotus villosus
carbon

fixation, 29, 49, 50, 52
isotopes, 19, 56
modeling flux, 150
percent of average zooplankter, 52

carbon cycle, 1, 3f, 27, 29, 113
carbon dioxide, 27, 29, 138
Carcharadon charcharias, 114
Carcinobdella cyclostomum, 83t
Careproctus gilberti, 82t
Careproctus melanurus, 82t
carrying capacity, 128, 139
Cascade Range, 35
catch and harvest statistics

cod, 91
as a data source, 20
groundfish, 124
halibut, 124, 126
pollock, 90, 124
salmon, 123
seal, 109
sea otter, 115
whale, 105

catch per unit effort (CPUE), 90, 91
Centropages, 53
Cepphus columba, 70t, 71
Ceramaster japonicus, 84t
Ceramaster patagonicus, 84t
Cerorhinca monocerata, 70t, 71
cetaceans, 99
Chaetoceros, 53
chaetognaths, 53
char, Dolly Varden. See Salvelinus malma
Chauliodus macouni, 82t
Cheilonereis cyclurus, 83t
Chiniak Bay, 73t, 75, 76, 77, 78, 87
Chionoecetes angulatus, 83t
Chionoecetes bairdi, 66, 83t, 92–93
Chionoecetes tanneri, 83t
Chirolophis decoratus, 83t
Chisik Island, 73t, 74, 75t, 76, 77, 78
chiton. See Katharina tunicata; Mopalia mucosa; Tonicella 

lineata
Chlamylla sp., 84t
Chlamys rubida, 84t
chlorofluorocarbons, 138
chlorophyll, 19, 21–22, 50, 51, 52
Chorilia longipes, 83t
Chowiet Island, 75, 76, 107, 107t
Chthamalus dalli, 61
Chugach Alaska Corporation, 130
Chugach Mountains, 25, 119
Chugach National Forest, 120, 128, 129
Chukchi Sea, 99
Cidarina cidaris, 84t
ciliates, 50, 51, 64
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Citharichthys sordidus, 82t
citizen advisory councils, 131, 138
clam. See also Macoma balthica; Mya arenaria

butter. See Saxidomus giganteus
effects of earthquake, 63
fisheries, 124
as a food resource, 62, 63, 66, 113
littleneck. See Protothaca staminea
pink-neck. See Spisula polynyma
razor. See Siliqua patula
substrate, 62, 64

Clean Water Act of 1972, 135
climate and weather

atmospheric circulation and contaminants, 137
cloud cover, 9, 38–39
and crab reproduction and biology, 92–93
day length, 28–29
effects of change, 66, 71, 90, 101. See also global warming
effects on primary productivity, 21, 57
major influences, 19–20, 38–40
and ocean circulation, 29–30
orbital eccentricity and obliquity, 28
overview of GOA, 26–28
Pacific decadal oscillation, 4–5, 6–7f, 20, 32–34, 87
and precession and nutation of the earth, 30–31
pressure systems

Aleutian Low. See Aleutian Low pressure system
cyclogenesis, 38
East Pacific High, 32, 38, 39
North Pacific High, 20, 33–34
Pacific High, 49
Siberian High, 32, 38

regime shift of the 1970s, 66, 90, 101, 107
and salmon migration, 88
solar radiation, 9, 28, 29, 30, 38, 50
storms. See storms

Clinocardium californiense, 84t
Clinocardium ciliatum, 84t
Clinocardium nuttallii, 62, 84t
Clupea pallasii

abundance, 89
distribution, 17, 88
as a food resource, 93
food resources for, 18, 55, 56
habitat for juveniles, 16
life history, 88–89, 95t
migration, 89
overwintering, 21, 55, 96
trawl surveys, 82t
two populations, 89

coastal development. See urbanization
cockle

broad. See Serripes laperousii
California. See Clinocardium californiense
Greenland. See Serripes groenlandicus
hairy. See Clinocardium ciliatum
Nuttall. See Clinocardium nuttallii

cod
Pacific. See Gadus macrocephalus
saffron, 70

cod-like fishes, 4, 10, 90. See also pollock
“Coffin Corner,” 26
Colus herendeenii, 84t

commercial fisheries
in the Alaska Peninsula, 122
crab, 92, 124
as a data source, 20
detrimental effects

of benthic trawling, 66, 67, 124
bycatch, 18, 66, 94, 103, 115, 125
entanglement of animals in gear, 71, 105, 106, 107, 109, 

125
removal of apex predators, 62
trash, 17

ecological concerns, 124–126. See also under competition
future resource outlook, 124–126
groundfish, 123, 126
halibut, 91, 103, 109, 123, 126, 129
herring, 89, 94, 124
historical background, 123
in Kodiak Island Borough, 121
management, 89, 91, 124–125, 126
modeling alternative strategies, 140t, 148, 149t, 150
overview, 3f, 81, 123–126
Pacific cod, 91
pollock, 90, 94, 124
in PWS-Southeast Kenai, 120
reduction, 89
regulations, 94, 123, 133
sablefish, 103, 126
salmon, 88, 94, 123
seafood processing, 120, 121, 122, 124
shellfish, 123
shrimp, 92, 93
sustainable, 5, 124
types of nets, 85, 94
western Kenai Peninsula, 121
whale, 99–100

commons, marine, 118
communication among experts, 144–145
communities

benthic
continental shelf, 66–67
effects of trawling, 66, 67, 125
food web, 92
overview, 59
subtidal, 63–67

dominant species, 57, 61, 66, 87t, 90
epibenthic, 11t, 67
intertidal, 1, 59–63
phytoplankton, 53
species succession within, 53

competition
ecological context, 2
between fisheries and marine mammals, 107, 109
between fisheries and seabirds, 72
between fisheries and terrestrial species, 5
food resource partitioning to minimize, 95
between forage species, 95–96
for space, 60
between sport and subsistence fishing, 133
in subtidal areas, 65
between wild and hatchery salmon, 125

conservation. See also Endangered Species Act of 1973
as a cultural value, 117
of energy, 82, 112, 114
habitat, 133



The Gulf of Alaska: Biology and Oceanography 197

conservation (continued.)
land, 133
marine mammals, 88, 101
process-oriented, 22

contaminants
airborne, 1, 3f, 135
biomagnification, 8, 65
distribution, 8, 17
effects on energy utilization, 10
and forage species, 97
heavy metals, 8, 63, 66, 114, 137
organic. See oil spills; specific compounds
organochlorines, 8, 114, 137
overview, 137–138
in precipitation, 137
waste discharge, 2, 63, 105, 128, 135, 136–137

continental shelf
benthic community, 66–67
depth, 26, 35, 52
description, 17, 26, 35, 52
in GOA ecosystem model, 1, 3f
inner-shelf region, 40–44
mid-shelf region, 44–45
models, 141t, 149t, 150, 151
outer. See continental shelf break; continental slope
percent of total U.S. in the GOA, 25, 35
physical oceanography, 40–46
satellite radar image, 27f
three domains, 40
tidal flow, 47
topography, 36–37, 36f, 37f, 52

continental shelf break
bathymetry, 36
in GOA ecosystem model, 1, 2, 3f
as a major habitat type, 12, 14, 15
mechanisms of change, 14
nutrients, 50
physical oceanography, 45
seasonal movement of water front, 44

continental slope, 15, 17, 26, 44, 45–46
convergence zone, 16, 43, 47, 55–56
Cook Inlet

beluga whales, 104, 105, 105t, 133
description and bathymetry, 37–38
dissipation of tidal energy, 47
fouled by EVOS, 17
head. See Anchorage/Mat-Su Urban Area
oil and gas industry, 129, 130–131
oil spills, 17, 131, 137
rivers, 25
seabirds, 74–75
sewage effluent discharge into, 135
shrimp, 93
sportfishing, 127
water quality monitoring, 136
west side, socioeconomic profile, 121

Cook Inlet Marine Mammal Council, 101, 132
copepods. See also Neocalanus

biomass variation, 55
as a food resource, 19, 55, 56, 90, 93
harpacticoid, 62, 64
limitation of primary productivity levels, 50, 51
overwintering, 1, 3f
relationship with diatom bloom, 53, 55

Copper River, 8, 37, 56, 133, 137
Copper River & Northwestern Railway, 134
coral, 67, 125
Cordova (Alaska), 63, 119t, 120, 123, 124, 127, 132
cormorant

Brandt’s. See Phalacrocorax penicillatus
double-crested. See Phalacrocorax auritus
as a food resource, 113
food resources for, 78
pelagic. See Phalacrocorax pelagicus
population decline, 71
red-faced. See Phalacrocorax urile

Coryphaenoides cinereus, 82t
CPUE. See catch per unit effort
crab

Alaskan hermit. See Pagurus ochotensis
Aleutian hermit. See Pagurus aleuticus
bairdi tanner. See Chionoecetes bairdi
blue king. See Pandalus platypus
bluespine. See Pagurus kennerlyi
box. See Lopholithodes foraminatus
Dungeness. See Cancer magister
fisheries, 92, 124
as a food resource, 66, 113
food resources for, 92, 93
fuzzy. See Acantholithodes hispidus
golden king. See Lithodes aequispinus
graceful decorator. See Oregonia gracilis
graceful rock. See Cancer gracilis
grooved tanner. See Chionoecetes tanneri
hairy hermit. See Pagurus capillatus
helmet. See Telmessus cheiragonus
intertidal habitat, 61
kelp. See Pugettia sp.
king. See Paralithodes
knobbyhand hermit. See Pagurus confragosus
longfinger. See Pagurus rathbuni
longhand. See Pagarus tanneri
longhorned decorator. See Chorilia longipes
Oregon rock. See Cancer oregonensis
Pacific lyre. See Hyas lyratus
Pacific red hermit. See Elassochirus gilli
pea. See Pinnixa occidentalis
pelagic red. See Pleuroncodes planipes
population decline, 92
purple hermit. See Elassochirus cavimanus
recruitment, 87, 92
red king. See Pandalus camtschaticus
rhinoceros. See Rhinolithodes wosnessenskii
scaled. See Placetron wosnessenskii
snow, 66
species list from trawl surveys, 83–84t
splendid hermit. See Labidochirus splendescens
sponge. See Pagurus brandti
tanner. See Chionoecetes bairdi
triangle tanner. See Chionoecetes angulatus
whiteknee. See Pagurus dalli
widehand hermit. See Elassochirus tenuimanus

crangon
ridged. See Crangon dalli
twospine. See Crangon communis

Crangon, 66
Crangon communis, 83t
Crangon dalli, 83t
Crangon septemspinosa, 83t
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Cranopsis major, 84t
Crossaster borealis, 84t
Crossaster papposus, 84t
cruise ships, 120, 127–128, 128f
crustaceans. See also crab; shrimp

change in dominance, 4, 10
as a food resource, 113
intertidal, 60, 62
population increase due to cooler water, 4, 10
sensitivity to PAHs, 63
subtidal, 64, 65, 66

Cryptacanthodes giganteus, 83t
Ctenodiscus crispatus, 84t
ctenophores, 53
Cucumaria fallax, 84t
cultural values, 117, 131, 132
Cyanea capillata, 83t
cyanobacteria, 51
cyclocardia

many-rib. See Cyclocardia crebricostata
stout. See Cyclocardia ventricosa

Cyclocardia crebricostata, 84t
Cyclocardia ventricosa, 84t
Cyclohelia lancellata, 83t
cyclones, extratropical, 26
Cyclorrhynchus psittacula, 70t, 73, 77
Cyphocaris, 53

D
Dasycottus setiger, 82t
data types and uses, 20, 142, 143, 144
day length, 28–29, 30
DDE. See dichlorodiphenyltrichloroethylene
DDT. See dichlorodiphenyltrichloroethane
decision making and decision analysis, 142, 144, 145, 147
decomposers, 22, 49, 64, 65–66
deer, 131

Sitka black-tailed, 63
demographics

of the six boroughs, 118–122
of subsistence population, 131

depth of seafloor. See bathymetry
Dermasterias imbricata, 64
deterministic theory, 5, 143, 145, 146
detritus

from algal blooms, 19
bark from logging, 135
carcasses, 22, 64
in the food web, 1, 3f, 11t, 63–64, 65–66, 92
in the nutrient cycle, 22, 49

devilfish, flapjack. See Opisthoteuthis californiana
Diaphus theta, 82t, 94, 97
diatoms, 19, 51, 52, 53, 55, 93
dichlorodiphenyltrichloroethane (DDT), 8, 65, 137
dichlorodiphenyltrichloroethylene (DDE), 8, 65, 137
dioxin, 65
Diplopteraster multipes, 84t
Dipsacaster borealis, 84t
discharge. See runoff; waste, effluent discharge
diseases

enteritis, 114
fungal, 90
immune system dysfunction, 10, 137
pneumonia, 114

diseases (continued.)
of sea otters, 114
of Steller sea lions, 107
of trees, 134
viral hemorrhagic septicemia, 18, 90

diving species
foraging strategy, 16, 17, 70, 70t
harbor seal, 108
otter, 17, 111
seabirds, 16
sea lion, 106–107

dogfish, spiny. See Squalus acanthias
Dolly Varden. See Salvelinus malma
dolphin

food resources for, 97
right whale, 99
Risso’s, 99
white-sided, 99

dominant species, 57, 61, 66, 87t, 90, 100t
downwelling

creation, 39
effects on Alaska Coastal Current, 41, 42, 43
in GOA ecosystem model, 1, 3f
and Pacific decadal oscillations, 6–7f
and seasonal winds, 49
velocity, 43

dragonfish, longfin. See Tactostoma macropus
duck

harlequin, 21, 22, 63
sea, 62, 63, 69

E
eagle, 15

bald. See Haliaeetus leucocephalus
earthquakes, 35, 62–63, 72
earth’s orbit, 28–29, 30–31
Echinarachnius parma, 84t
echinoderms, 63, 84–85t
ecology

benthic, 59
concerns for commercial fisheries, 124–126
concerns for logging, 135
and economic impacts, 122–138
ecosystem-based management, 16, 22
overview of GOA region, 1–2, 3f, 23
principal concepts, 8–12. See also food resources; food web; 

habitat; productivity
stream, 21–22
toward a more functional understanding, 20–23

economic aspects of GOA
early Alaska Natives, 117
and ecological impacts, 122–138
EVOS settlement, 133
fundamentals and status, 119
importance of Anchorage, 122
oil and gas, 129, 130
socioeconomic profiles, 118–122
state fund dividend, 119
valuation studies, 118

Ecopath model, 54, 141t, 149t, 151–152
Ecosim model, 151
eddies

in the Alaskan Stream, 45
around islands, 37



The Gulf of Alaska: Biology and Oceanography 199

eddies (continued.)
concentration of plankton by, 3f, 12, 16, 42, 44, 56–57, 95
influence on shelf-slope exchange, 45–46
velocity, 45

eelpout
Alaska. See Bothrocara pusillum
black. See Lycodes diapterus
blackbelly. See Lycodes pacificus
shortfin. See Lycodes brevipes
wattled. See Lycodes palearis

effluent. See waste
eggs, fish

as a food resource, 16
groundfish, 87
herring, 88, 89, 124
Pacific cod, 91
pollock, 90

Ekman transport
definition, 39
in GOA ecosystem model, 1, 3f
and nutrient concentrations, 46
overview, 40f
velocity, 43
water depth, 55
and zooplankton migration, 55, 56

Elassochirus cavimanus, 83t
Elassochirus gilli, 83t
Elassochirus tenuimanus, 83t
El Niño Southern Oscillation (ENSO)

effects on fish, 87, 89, 91
effects on marine mammals, 101
effects on seabirds, 71–72, 89
and ocean circulation, 31, 31f
overview, 20, 23, 34
vs. Pacific decadal oscillation, 34

employment, 118, 120–121
Endangered Species Act of 1973 (ESA), 88, 100t, 101, 105, 107, 

126, 135
energy

as biological currency, 21
biological reserves, 54, 90. See also lipid content
conservation, 88, 112, 114
decrease in utilization due to contaminants, 10
in food resources, 18, 96
food web dynamics, 9, 54, 97
solar, and photosynthesis, 9
tidal, 47
wave, 60

Enhydra lutris kenyoni, 111, 115t
Enhydra lutris lutris, 111, 115t
Enhydra lutris nereis, 111, 115t
ENSO. See El Niño Southern Oscillation
Eopsetta jordani, 82t
epibenthos, 11t, 67
Errinopora sp., 83t
ESA. See Endangered Species Act of 1973
estuaries, 37, 87, 88, 138
Eualus macilenta, 83t
Eucalanus bungii, 51, 53, 56
Eucratea loricata, 85t
eulachon. See Thaleichthys pacificus
Eumicrotremus birulai, 82t
Eumicrotremus orbis, 82t
Eunoe depressa, 83t

Eunoe nodosa, 83t
Euphausia, 53, 56, 93
Euphausia superba, 97
euphausiids. See also Euphausia; Stylocheiron; Thysanoessa; 

Thysanopoda
as a food resource, 18, 19, 90, 93
life history, 95t
in seasonal species succession, 53
vertical migration, 56

euphotic zone. See photic zone
European traders and settlement, 117, 122–123, 134
Eurymen gyrinus, 82t
Evasterias echinosoma, 84t
Evasterias troschelii, 84t
EVOS. See Exxon Valdez oil spill of 1989
Exclusive Economic Zone, 140t, 148
excretion, 49, 50, 51
exotic species, 2, 8, 69, 131
Exxon Valdez oil spill of 1989 (EVOS)

distribution by the Alaska Coastal Current, 17, 26f
effects on fisheries, 123
effects on marine mammals, 101, 103, 109–110, 114–115
effects on subsistence activities, 132
human population in affected area, 2
legal settlement, 133
models, 151–152
research as a result

benthic community, 59
Ecopath model, 54
effects of oil on the food web, 63
funding for, 133
harbor seal stocks, 108, 110
intertidal community, 62

Restoration Program, 54
seabird mortality, 71

Exxon Valdez Trustee Council, ii, 4, 15, 51, 101, 110, 133, 151

F
falsejingle, Alaska. See Pododesmus macroschisma
Fanellia compressa, 83t
fecal coliform, 128
fecal pellets, 49, 64
Federal Land Planning and Management Act of 1976, 135
Federal Subsistence Board, 132, 133, 134
feeding and foraging strategies

cropping, 66
deposit feeders, 62, 64
divers, 16, 17, 70, 70t, 106–107, 108, 111
filter feeders, 92
grazers. See grazing
patch-dependent feeding, 54
pickers in kelp or eelgrass beds, 65
scavengers, 70t, 92
of seabirds, 70–71, 70t
of sea otters, 112–113
surface feeders, 70, 70t
suspension feeders, 60, 62, 64

fish
anadromous species. See anadromous species; salmon
aquaculture. See hatcheries
demersal, 66
distribution within the GOA, 85, 87
diversity within the GOA, 82–83t, 86t
dominant families, 81, 85, 87t, 90
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fish (continued.)
effects of El Niño, 87, 89, 91
effects of Pacific decadal oscillation, 20
exotic species, 8
as a food resource. See forage species
food resources for, 16, 18, 55, 62, 66, 87
in GOA ecosystem model, 1, 3f
importance of physical oceanography, 18
migratory. See migration, of anadromous fish; salmon, 

migration
monitoring, 18, 82–85t, 85, 90, 96t, 126
nursery areas, 16, 21, 63, 64, 65, 87
patch-dependent feeding, 54
recruitment, 31, 33, 87, 90, 91

fishing
commercial. See commercial fisheries
by early Alaska Natives, 117
habitat degradation by, 66, 67, 125
poaching, 136
removal of apex predators by humans, 62, 65
sport, 3f, 127, 127f, 128, 133
subsistence, 62, 63, 121, 122, 132, 133, 134

fjords, 36, 37–38, 47
flagellates, 50, 51, 53, 140t
flatfish, 4, 11t, 66, 85, 91, 106
flooding, 138
flounder

arrowthooth. See Atheresthes stomias
food resources for, 66
Kamchatka. See Atheresthes evermanni
starry. See Platichthys stellatus

fluctuating inshore and offshore production regimes hypothesis, 
4–5, 6–7f

Flustra serrulata, 85t
FOCI. See Shelikof Strait Fisheries Oceanography Cooperative 

Investigation
food quality hypothesis, 4
food resources. See also feeding and foraging strategies

for humans. See fishing, subsistence
limitations, 1
and marine mammal population decline, 101
from migration of anadromous species, 1, 5, 9, 15–16, 21–22, 

50–51
overwintering starvation, 21, 55, 96
partitioning to minimize competition, 95
during phytoplankton blooms, 4, 53
quality, 4, 18, 21, 96

food safety, 137–138
food web

benthic, 92
concentration of contaminants. See bioaccumulation; 

biomagnification
energy dynamics, 9, 54, 97
intermediate levels, 17–18, 20
in the intertidal zone, 62–63
keystone species, 113, 115
models, 54, 151, 152
overview in GOA region, 3f, 11t, 20
plankton, and seasonal dynamics, 51–53
removal of apex predators by humans, 62, 65
specific mechanisms of change, 13f
in the subtidal zone, 64–66
theory, 10, 12, 20–23, 54

forage species
abundance assessment, 94, 96t
and contaminants, 97
dominant species, 93–94
food quality of prey, 96
in GOA ecosystem model, 1, 3f
life histories, 95t
predation on, 96–97
resource exploitation, 94
trends in distribution and abundance, 95–96

foraging strategy. See feeding and foraging strategies
foraminifera, 64
foreign species. See exotic species
Forest and Rangeland Renewable Resources Planning Act of 

1974, 135
fox, 69, 123
Fratercula corniculata, 70t, 71, 75
Fritillaria, 53
fronts of water mass, 1, 3f, 38, 44, 97
Fucus gardneri, 61
fulmar

abundance and productivity, 76
food resources for, 76
nesting areas, 70, 71
northern. See Fulmarus glacialis

Fulmarus glacialis, 70t, 75
fungal disease, 90
fungi, 65, 66
Fusitriton oregonensis, 84t

G
gadids, 4, 10, 66, 96
Gadus macrocephalus

in the Alaska Coastal Current, 17
biomass, 91
on continental shelf, 17
distribution, 85, 91
as a food resource, 18, 70, 106, 109
intertidal habitat, 63
subtidal habitat, 66
trophic level, 11t

gaper. See Tresus capaxi; Tresus nuttallii
gas-to-liquid operations (GTL), 130
gastropods, 61, 62, 64
Gavia immer, 71, 113
GEM. See Gulf Ecosystem Monitoring Program
genetics

and delineation of population structure, 97, 99, 104, 111
forage species, 97
harbor seal, 108, 111
herring, 89
salmon, 125
sea lion, 105
sea otter, 111
whale, 99, 102, 103, 104, 105

geography of GOA, 25–26, 35
geology

earthquakes, 35, 62–63, 72
glaciers, 35, 111
intertidal areas, 60–61
overview, 35–38
plate tectonics, 25, 35
volcanoes, 35
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Gephyreaster swifti, 84t
Gersemia sp., 83t
glaciers

and the biological pump, 29
effects on ocean circulation, 30
formation of tidewater, 27
geology, 35, 111
haul-out on, 108
ice fields or floes, 21, 25, 28, 35
percent of watershed covered by, 35
periodicity of glaciation, 28
runoff from melting, 16, 27
underwater moraines, 26, 36

Global Ocean Observing System. See GOOS
global warming, 9, 27, 62, 130, 138
GLOBEC (Global Ocean Ecosystems Dynamics)

characteristics, 140t, 149t
description, 139, 143, 150
to monitor primary productivity and zooplankton stocks, 56
sea water temperature and salinity, 43f, 46

Glyptocephalus zachirus, 82t
goldeneye, 63
GOOS (Global Ocean Observing System), 139, 143, 147
Gorgonocephalus caryi, 84t
“graveyard of lows,” 38
grazing, 50, 51, 53, 64
Great Alaska Earthquake of 1964, 35, 62–63, 72
Great Circle Route, 35
Great Sitkin Island, 25
grebe. See Aechmophorus occidentalis
greenhouse gases. See global warming
greenling

as a food resource, 74, 109
kelp. See Hexagrammos decagrammus
masked. See Hexagrammos octogrammus
trophic level, 11t
whitespotted. See Hexagrammos stelleri

grenadier
giant. See Albatrossia pectoralis
popeye. See Coryphaenoides cinereus

groundfish, 17, 87, 124, 126
GTL. See gas-to-liquid
guillemot

food resources for, 70, 71, 78
foraging behavior, 16
pigeon. See Cepphus columba
population decline, 71

Gulf Ecosystem Monitoring Program (GEM), 13f
Gulf of Alaska (GOA)

bathymetry, 1, 3f, 35–38
biogeochemical cycles, 1–3, 3f
boroughs, 118–122
communication through passes

with the Bering Sea, 36
with PWS, 37, 41, 44

description and boundaries, 25, 35
fish distribution within, 85, 87
geography, 25–26, 35
geology, 25, 35
oil spills and discharge in 2000, 137
overview of ecology, 1–2, 3f, 23
productivity, 15
valuation studies, 118
years of human presence, 117

Gulf of Alaska Basin, 48
Gulf Stream, 28, 46
gull

Bonaparte’s, 71
as a food resource, 113
food resources for, 15, 16, 70, 73
glaucous-winged. See Larus glaucescens
herring. See Larus argentatus
mew. See Larus canus

Gull Island, 73t, 75, 75t, 76, 77
Gulo gulo, 114
gunnel, 18, 93
guyots. See seamounts
Gymnocanthus galeatus, 82t
Gymnocanthus pistilliger, 82t

H
habitat

availability, 1, 2
“critical,” 101
degradation and loss, 16, 125, 135, 136, 138
eelgrass beds, 64, 65
four major types, 12, 14, 15
intertidal, 14, 15, 16, 59–61, 63
kelp beds, 64, 65, 111, 113
mesopelagic supplied by seamounts, 36
mussel beds, 61, 62
for seabird colonies, 69
subtidal, 14, 15, 16, 63, 65
and survival strategies, 21

Habitat Protection Program, 133
hake, Pacific. See Merluccius productus
Haliaeetus leucocephalus, 63, 114
halibut, Pacific. See Hippoglossoides stenolepis
Halichondria panicea, 85t
Halocynthia aurantium, 85t
Hapalogaster grebnitzkii, 83t
harpacticoids, 62, 64
harvest. See catch and harvest statistics; catch per unit effort
hatcheries, 8, 53, 88, 94, 120, 123, 125
haul-out, 106, 108, 109, 111, 125
hazardous waste, 128, 136–138
headlightfish, California. See Diaphus theta
heat flux, 28, 38, 48
Hemilepidotus bolini, 82t
Hemilepidotus hemilepidotus, 82t
Hemilepidotus jordani, 82t
Hemilepidotus papilio, 82t
Henricia leviuscula, 84t
Henricia sanguinolenta, 84t
herring

disease, 18, 90
fisheries, 89, 94, 124
food quality of, 4
as a food resource, 17, 18, 70, 93, 106, 109
food resources for, 18, 19, 55, 56
Pacific. See Clupea pallasii
roe, 89, 124
trophic level, 11t

Hexagrammos decagrammus, 82t
Hexagrammos octogrammus, 82t
Hexagrammos stelleri, 82t
Hinchinbrook Canyon, 44
Hinchinbrook Entrance, 37, 41, 44, 53, 151
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Hippasteria spinosa, 84t
Hippoglossoides elassodon, 82t
Hippoglossoides stenolepis

in the Alaska Coastal Current, 17
biomass, 91
distribution, 91
fisheries, 91, 103, 109, 123, 124, 126, 129
habitat, 17, 66
trawl surveys, 82t
trophic level, 11t

historical background
early Alaska Natives, 117, 122
European traders and settlement, 117, 122–123, 134

Homer (Alaska), 121, 124, 126, 127
horsemussel, northern. See Modiolus modiolus
human impacts. See also fishing; hunting; oil spills; subsistence 

activities
and economics, 122–138
European traders and settlement, 117, 122–123, 134
hypotheses to explain ecosystem alterations, 5, 8
on intertidal and subtidal areas, 16, 62, 65
overview, 2
removal of apex predators by, 62, 65

humans
bioconcentration of DDT in, 8
food safety, 137–138
population dynamics in the GOA, 118–119

hunting
by early Alaska Natives, 117
effects of removal of apex predators, 62, 65
harbor seals, 65, 109, 111, 132
sea lions, 65, 106, 107–108
sea otters, 65, 114, 115, 117, 132
state and federal regulation, 104, 105, 129, 132
subsistence, 101, 105, 108, 109, 115, 117, 121
whales, 103, 105, 132

Hyas lyratus, 83t
Hydrolagus colliei, 82t
Hylonema sp., 85t
Hypomesus pretiosus, 82t
hypotheses to explain ecosystem alterations, 3–8
Hypsagonus quadricornis, 82t

I
ice field or floe, 21, 25, 28, 35
Icelinus borealis, 82t
Icelinus tenuis, 82t
ichthyoplankton, 56
Icy Bay, 74
IFQ. See individual fisheries quotas
immune system, 8, 10, 137
indicator species, 77, 111, 135
indicator system, 66
individual fisheries quotas (IFQ), 126, 128–129
industrial activity. See mining; oil and gas; oil spills; waste, 

effluent discharge
International North Pacific Fisheries Commission (INPFC), 85
International Pacific Halibut Commission (IPHC), 85, 124, 126
intertidal areas

communities, 60–63
habitat, 14, 15, 16, 59–61, 63
mechanisms of change, 14
uplift, 62–63
zonation, 61

invertebrates
buried, 60, 62, 64
food resources for, 92
intertidal, 60–63
overview, 91–92
species list from trawl surveys, 83–85t
subtidal, 64
trophic level, 11t, 63, 64

IPHC. See International Pacific Halibut Commission
Irish lord

red. See Hemilepidotus hemilepidotus
yellow. See Hemilepidotus jordani

iron, 19, 28, 29, 49, 51
isopods, 61
Isopsetta isolepis, 82t

J
Japan, 105, 111, 141t
jellies (jellyplankters), 11t, 53
jellyfish, 18, 76, 83t, 96
jet skis, 129
jet stream, 28
Juneau (Alaska), 122
junk food hypothesis. See food quality hypothesis

K
Kachemak Bay, 71, 74, 87, 104, 121, 129
Kamishak Bay, 89
Katalla (Alaska), 130
Katharina tunicata, 61
Kayak Island, 37, 52, 56
Kenai (Alaska), 118, 121
Kenai Fjords National Park, 120, 126–127, 129 
Kenai Mountains, 119, 121
Kenai Peninsula

fouled by EVOS, 17
logging, 120, 134, 135
productivity, 52
rivers, 25
shrimp fishery, 93

Kenai Peninsula Borough, 119–121, 119t
Kenai River, 25, 128, 135, 136–137
Kennedy Entrance, 38, 47, 77
Ketchikan (Alaska), 122
keystone species, 113
kittiwake

abundance, 71, 72, 73, 73t, 74, 75, 76–78
black-legged. See Rissa tridactyla
food resources for, 16, 73, 77, 78
foraging behavior, 16, 71
nesting site, 69, 72
reproductive productivity, 72, 73t, 74, 76, 77–78

Kodiak (Alaska), 132
Kodiak archipelago, 59, 87, 113, 134
Kodiak Island

continental shelf, 26, 36
ecological changes, 4
fouled by EVOS, 17
harbor seal abundance, 110, 110t, 111
intertidal areas, 56, 61
rivers, 25
seabird abundance, 75, 77

Kodiak Island Borough, 119t, 121
krill, antarctic. See Euphausia superba
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Kuroshio Current, 48
Kvichak River, 88

L
Labidochirus splendescens, 83t
Lake and Peninsula Borough, 119t
Laminaria, 64, 65
Lamna ditropis, 82t
Lampanyctus jordani, 82t
Lampanyctus ritteri, 82t
lampfish

brokenline. See Lampanyctus jordani
northern. See Stenobrachius leucopsarus

land use
coastal development, 2, 16. See also urbanization
logging, 16, 120, 122, 134–135
mining, 123, 134, 138
post-EVOS conservation and easements, 133

La Niña, 20, 23, 34
lanternfish. See Diaphus theta; Stenobrachius leucopsarus

broadfin. See Lampanyctus ritteri
Laqueus californianus, 85t
Larus argentatus, 70t
Larus canus, 70t
Larus glaucescens, 70t, 71, 72–73
larvaceans

crab, 93
and fish stocks, 89, 90, 91
food resources for, 95
models, 140t, 148
in seasonal zooplankton succession, 53

lead, 114
Lebbeus groenlandicus, 83t
Lepidopsetta bilineata, 82t
Leptasterias hexactis, 61
Leptasterias hylodes, 84t
Leptasterias polaris, 84t
Leptychaster pacificus, 84t
Leslie matrix, 110
Lethasterias nanimensis, 84t
Leuroglossus schmidti, 82t, 94, 97
life history

and food-web transfers, 54
forage species, 95t
and habitat dependencies, 21
harbor seal, 107
herring, 88–89, 95t
pollock, 90, 95t
salmon, 88, 95t
sea lion, 106
sea otter, 112
whale, 102, 104
zooplankton, 21

light. See photic zone; photosynthesis; solar radiation
light-detection and ranging (LIDAR), 18, 96t
lightfish, 93
Limanda aspera, 54, 82t
Limicina pacifica, 53
limops, Akutan. See Limopsis akutanica
Limopsis akutanica, 84t
limpet. See Lottia pelta; Tectura persona
Line P, 50, 51
lingcod. See Ophiodon elongatus
lipid content of organism, 4, 18, 21, 97

Liponemis brevicornis, 83t
liquefied natural gas (LNG), 129, 130
Lithodes aequispinus, 83t
Littorina scutulata, 61
Littorina sitkana, 61
LNG. See liquefied natural gas
logging and timber products, 16, 120, 122, 134–135, 138
Loligo sp., 113
loon. See Gavia immer
Lophaster furcilliger, 84t
Lopholithodes foraminatus, 83t
Lottia pelta, 61
Luidia foliata, 84t
Luidiaster dawsoni, 84t
Lumpenus longirostris, 83t
Lumpenus maculatus, 83t
Lumpenus sagitta, 83t
lumpsucker

Pacific spiny. See Eumicrotremus orbis
round. See Eumicrotremus birulai
smooth. See Aptocyclus ventricosus

lunar forcing, 1, 3f, 28, 30–31, 91
lunar nodal cycle, 20, 30, 91
Lunda cirrhata, 70t, 71, 73, 74, 78
Lycodapus sp., 83t
Lycodes brevipes, 83t
Lycodes diapterus, 83t
Lycodes pacificus, 83t
Lycodes palearis, 83t
Lyopsetta exilis, 82t

M
mackerel, Atka. See Pleurogrammus monopterygius
Macoma balthica, 62
macrofauna, 62
Mactromeris polynyma, 84t
Malacocottus zonurus, 82t
Mallotus villosus

food quality of, 4, 18
as a food resource, 70, 71, 73, 74, 93, 106, 109
in the food web, 17, 18
habitat for juveniles, 16
life history, 95t
predator-prey relationships, 96
trawl surveys, 82t

mammals
marine. See marine mammals
terrestrial, 15–16, 62, 63, 69, 123

management
decision making and decision analysis, 142, 144, 145, 147
ecosystem-based, 16, 22
fisheries, 89, 91, 124–125, 126
marine mammals, 101
single-species to ecosystem-based, 16

Marine Mammal Protection Act of 1972 (MMPA), 100t, 101, 
103, 105, 109, 133

marine mammals
conservation, 88, 101
effect of lower food quality, 4
food resources for, 16, 17, 62, 97
in the food web, 1, 3f, 111
foraging behavior, 17
general characteristics, 99–101, 100t
population decline, 2, 101
rookeries, 17, 21
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marine transport
charter and excursion boats, 120, 126–127, 128
commercial, 2, 35
cruise ships, 120, 127–128, 128f
introduction of exotic species from ballast water, 131
noise from, 105
oil tankers, 129
surveys by Japanese vessels, 51

marten, 22
mass balance, 54, 151
Matanuska (Alaska). See Anchorage/Mat-Su Urban Area
match-mismatch hypothesis, 3–4
Mediaster aequalis, 84t
meiofauna, 11t, 62, 64
Melanita perspicillata, 113
Merluccius productus, 82t
metals, heavy, 8, 63, 66, 114, 137
methane, 138
Metridia, 56
Metridia okhotensis, 53
Metridia pacifica, 53, 56
Metridium senile, 83t
Mexico, 99, 100, 111
Microgadus proximus, 82t
Microstomus pacificus, 82t
microwave sensors, 27, 39
Middleton Island, 26, 72–74, 73t, 76, 77
migration

of anadromous fish
ecological effects, 1, 3f, 9, 15–16, 21–22, 50–51
eulachon, 21
herring, 89
salmon, 5, 50–51, 87–88

copepods, 53
feeding, 21
of human population, 118–119
models, 140t, 148
role in distribution of contaminants, 8
vertical, of zooplankton, 19, 45, 47, 55, 56

Milankovich cycles, 28
Minerals Management Service (MMS), 51, 54, 59, 132
mining, 123, 134, 138
mink, 22. See also Mustela vison
MMPA. See Marine Mammal Protection Act of 1972
MMS. See Minerals Management Service
modeling. See also specific models

bioenergetic, 21
correlative vs. mechanistic, 146
of crab recruitment, 93
definition and evaluation of strategies, 143–144
deterministic vs. stochastic, 145–146
development of common language, 144–145
diagrams used in, 142
evaluation of proposals, 147
EVOS, 151–152
of food web, 3f, 54
hierarchical framework, 142–143
inputs, 140–141t
mass balance, 54, 151
of the North Pacific, 148–152
outputs/currency, 140–141t
overview of methods, 139, 144–147, 146t
Pickett’s criteria, 142
population projection from, 110

modeling (continued.)
of productivity, 4–5, 6–7f
purposes of, 139, 142
spatial domains, 140–141t
uncertainty, 145

Modiolus modiolus, 84t, 113
Molgula griffithsii, 85t
Molgula retortiformis, 85t
mollusks, 62, 84t, 91, 113
Molpadia intermedia, 84t
monitoring

by aerial surveys, 18, 96t, 104–105
chlorophyll, 19
ecosystem, 39, 66
fish, 18, 82–85t, 85, 90, 96t, 126
food safety, 137–138
interaction with modeling, 146–147
logging and wood processing facilities, 135
seabirds, 78–79, 132
subsistence activities, 133, 134
by trawl surveys

species list from, 82–85t
study design, 85

water quality, 135, 136
whales, 99, 102, 103t
when to begin time series, 78–79

Montague Strait, 37, 41, 44, 56
moonsnail

arctic. See Natica clausa
pale. See Polinices pallidus
rusty. See Natica russa

Mopalia mucosa, 61
mountains

Alaska Range, 25
Aleutian Mountains, 25, 35
boundary, 1, 3f, 25
Cascade Range extension, 35
Chugach, 25, 119
highest, 25
Kenai, 119, 121

MSVPA (multispecies virtual population analysis), 140t, 148, 
149t, 151

mud star, common. See Ctenodiscus crispatus
municipal wastewater. See waste, discharge
Munida quadrispina, 83t
Muriceides sp., 83t
murre

abundance, 72, 73, 74, 75t, 76, 78, 79
common. See Uria aalge
foraging behavior, 16
mortality from EVOS, 71
reproductive productivity, 74
thick-billed. See Uria lomvia

murrelet
ancient. See Synthliboramphus antiquum
foraging behavior, 16
Kittlitz’s. See Brachyramphus brevirostris
marbled. See Brachyramphus marmoratus
nesting site, 69

Musculus discors, 84t
Musculus niger, 84t
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mussel. See also Mytilus trossulus
beds as a habitat, 61, 62
black. See Musculus niger
blue. See Mytilus edulis
discordant. See Musculus discors
as a food resource, 113
rocky substrate, 64
species list from trawl surveys, 84t
subsistence harvest of, 62

Mustela vison, 114
mustelids. See mink; otter
Mya arenaria, 62
Mycale loveni, 85t
myctophids, 1, 70, 73, 94
Myoxocephalus jaok, 82t
Myoxocephalus polyacanthocephalus, 82t
Mytilus edulis, 84t
Mytilus trossulus, 61, 113
Myxilla incrustans, 85t

N
Nansenia candida, 82t
Natica clausa, 84t
Natica russa, 84t
National Aeronautics and Space Administration (NASA), 27f
National Forest Management Act of 1976, 135
national forests, 120, 128, 129, 134
National Marine Fisheries Service (NMFS)

beluga whale monitoring and regulation, 104, 105, 132
Biological Opinion on sea lion decline, 125, 126
fish monitoring, 82–85t, 85, 90, 126
FOCI study, 51
harbor seal genetics, 108
Office of Oil Spill Damage Assessment and Restoration, 151
Steller sea lion monitoring, 5, 8
trawl surveys. See trawl surveys

National Marine Mammal Laboratory (NMML), 104
National Oceanic and Atmospheric Administration (NOAA), 51, 

59, 137–138
national parks, 120, 126, 129
National Research Council (NRC), 2–3, 101, 143
National Water Quality Assessment program (NAWQA), 136
Native Americans. See Alaska Natives
natural gas, 129–131
natural resources

extraction. See commercial fisheries; fishing; logging and 
timber products; mining; oil and gas

and property rights, 117
sustainable use and stewardship, 5, 117, 118, 124

Nautichthys oculofasciatus, 82t
Nautichthys pribilovius, 82t
NAWQA. See National Water Quality Assessment program
nematodes, 62, 64
NEMURO (North Pacific ecosystem model for understanding 

regional oceanography), 139, 141t, 149t, 150–151
Neocalanus

arrival in upper layers, 53, 55
emergence at Station P, 4
limitation of primary productivity levels, 51
models, 140t
patchiness, 56
time to maturation, 55

Neocalanus cristatus, 53, 56, 57
Neocalanus flemingeri, 53, 56
Neocalanus plumchrus, 53, 56
Neptunea amianta, 84t
Neptunea lyrata, 84t
Neptunea pribiloffensis, 84t
Nereocystis, 64, 65
nesting areas. See nursery areas and rookeries
New York Bight, 8
nitrate, 29, 49, 51
nitrite, 49
nitrogen, 22, 49, 50, 56. See also nutrient cycle
nitrogen fixation, 9
nitrous oxide, 138
NMFS. See National Marine Fisheries Service
NMML. See National Marine Mammal Laboratory
NOAA. See National Oceanic and Atmospheric Administration
nocturnal species, 69
noise (acoustic), 105, 135
noise (statistical), 142, 146t
NORPAC surveys, 51
North Pacific Current, 30f, 48
North Pacific Ecosystem Model for Understanding Regional 

Oceanography. See NEMURO
North Pacific Fishery Management Council (NPFMC), 124, 126, 

128, 129, 132, 133, 134
North Pacific Fur Seal Convention, 101
North Pacific index (NPI), 20, 28, 33–34
North Pacific Intermediate Water, 48
North Pacific Marine Science Organization, 139, 143
North Pacific models, 140t, 141t, 148–152, 149t
North Pacific Subarctic Gyre, 45, 48
North Slope, 129, 130, 131
Northwestern Railway, 123, 134
NPFMC. See North Pacific Fishery Management Council
NPI. See North Pacific index
NRC. See National Research Council
Nucella lamellosa, 61
Nucella lima, 61
Nuculana sp., 84t
nursery areas and rookeries

disturbance by humans, 125, 129
habitat, 16, 63, 64, 65
relocation, 21
seabird, 69, 70t, 71, 72, 77
seal, 100
sea lion, 17, 105–106
use in population assessment, 21

nutation, 30
nutrient cycle

overview, 1, 2, 3f, 9, 49–51
removal of nutrients by fishing, 125
role of anadromous species, 1, 5, 9, 15–16, 21–22, 50–51
and sustainable fishing, 5

nutrients. See also iron; nitrogen; phosphorus; silicon; 
upwelling

and algal blooms, 18–19, 46, 50, 52
effects of Alaska Coastal Current, 50–51
enrichment after an oil spill, 63
flux, 44, 46, 57
models. See GLOBEC; Shelikof NPZ Model
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O
obliquity, 28
ocean, deep, 17, 29, 49, 55
ocean currents. See also downwelling; upwelling; specific 

currents
advection by, 40, 44, 87, 140t
coastal jets, 57
convergence zones, 16, 43, 55–56
deep, 29
effects of the Aleutian Low. See Aleutian Low pressure 

system
effects on climate, 29–30, 30f, 31, 31f, 40. See also Pacific 

decadal oscillation
effects on plankton, 19
frontal zones of the, 1, 3f, 38, 44, 97
between GOA and other water bodies, 36, 37, 41, 44
onshore surface. See Ekman transport
and the optimum stability window hypothesis, 4, 46
and outlook for commercial fisheries, 124
overview, 1, 3f
turbulence, 1, 3f

Oceanodroma furcata, 70t
Oceanodroma leucorhoa, 70t
oceanography

biological and chemical, 49–57. See also nutrients; 
phytoplankton; productivity; upwelling; 
zooplankton

geological, 25, 35–38
and outlook for commercial fisheries, 124
physical. See physical oceanography

Ocean Station P (OSP), 51, 52, 53, 141t
OCSEAP. See Outer Continental Shelf Energy Assessment 

Program
octopus

as a food resource, 17, 106, 109
giant. See Octopus dofleini

Octopus dofleini, 84t
offshore areas, 17. See also Alaska Gyre; continental shelf 

break; ocean, deep
Oikopleura, 53
oil and gas

annual barrels, 129, 130f
citizen advisory councils, 131
exploration and development, 59, 129–131
ingestion, 103
pollution from, 63, 66, 131, 136–137. See also oil spills
revenue or dividend from tax base, 119, 120
toxic effects in sea lions, 109–110
trans-Alaska pipeline, 120, 123, 129, 130

Oil Pollution Act of 1990, 131
oil spills. See also Exxon Valdez oil spill of 1989

emergency response, 131
impact on intertidal areas, 62
remediation techniques, 62
total number and discharge in GOA, 2000, 137
T/S Glacier Bay, 131

oligochaetes, 63
Oncorhynchus gorbuscha, 16, 63, 74, 82t, 87, 95t
Oncorhynchus keta, 16, 63, 82t, 87, 88
Oncorhynchus kisutch, 82t, 87
Oncorhynchus nerka, 83t, 87, 88
Oncorhynchus tshawytscha, 83t, 87, 88
Ophiodon elongatus, 11t, 17, 82t
Ophiopholis aculeata, 84t

Ophiura sarsi, 84t
Opisthoteuthis californiana, 84t
opportunistic species, 66
optimum stability window hypothesis, 4, 46
Orcinus orca

bioconcentration of DDT, 8
characteristics, 100t
distribution, 102
food resources for, 17, 65, 102, 104, 109, 111, 114
overview, 101–103
population estimates, 102, 103t
“transient” or “resident” or “offshore,” 102, 103, 103t
trophic level, 11t

Oregon, 49
Oregonia gracilis, 83t
organochlorines, 8, 114, 137
orographic forcing, 25, 27, 35
Orthasterias koehleri, 84t
OSP. See Ocean Station P
otter

river, 21, 22, 63
sea. See also Enhydra lutris

characteristics, 100t, 112
distribution, 111
dive depth, 17, 111
endangered status uncertain, 126
as a food resource, 65, 114
food resources for, 16, 62, 63, 64–65, 112–113
and the food web, 11t, 113, 115
foraging behavior, 17, 111–112
fur trade, 114, 117
hunted by humans, 65, 114, 115, 117, 132
life history, 112
overview, 111–115, 115t
population trends, 114, 115t, 117
rookeries, 17, 112
subspecies and population structure, 111

Outer Continental Shelf Energy Assessment Program 
(OCSEAP), 51

Outer Continental Shelf studies (OCS), 54
overwintering, 1, 3f, 21, 47, 55, 96
oxygen, 20, 25, 63
Oyashio Current, 48
oystercatcher, black, 61, 63

P
Pacific decadal oscillation (PDO)

effects on animal populations, 4–5, 6–7f, 20, 54, 87
and ocean circulation, 31, 31f
physical processes, 4–5, 6–7f, 32–34, 32f, 33f
synchronous with the lunar tidal cycle, 31
vs. El Niño, 34

Pagurus aleuticus, 83t
Pagurus brandti, 83t
Pagurus capillatus, 83t
Pagurus confragosus, 83t
Pagurus dalli, 84t
Pagurus kennerlyi, 84t
Pagurus ochotensis, 84t
Pagurus rathbuni, 84t
Pagurus tanneri, 84t
PAH. See polycylic aromatic hydrocarbons
paleoecology, 22, 28
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pandalid, yellowleg. See Pandalus tridens
Pandalopsis dispar, 84t
Pandalus, 66
Pandalus borealis, 84t, 93
Pandalus camtschaticus, 84t
Pandalus dispar, 93
Pandalus goniurus, 84t
Pandalus hypsinotus, 66, 84t, 93
Pandalus jordani, 84t
Pandalus platyceros, 66, 84t, 93
Pandalus platypus, 84t
Pandalus tridens, 84t
Panopea generosa, 113
Paragorgia arborea, 83t
Paralepis atlantica, 82t
Paraliparis sp., 82t
Paralithodes, 66, 92–93
parasites, 114
Parastichopus californicus, 84t, 124
Parathemisto, 53
Parathemisto libellula, 57
Parophrys vetulus, 82t
Partnership for the Interdisciplinary Study of Coastal Oceans 

(PISCO), 65
Pasiphaea pacifica, 84t
Pasiphaea tarda, 84t
pasiphaeid, crimson. See Pasiphaea tarda
patchiness. See spatial patchiness
Patinopecten caurinus, 84t
Pavonaria finmarchica, 83t
PCB. See polychlorinated biphenyls
PDO. See Pacific decadal oscillation
Pedicellaster magister, 84t
pelagic-benthic split hypothesis, 4
Pentamera lissoplaca, 84t
perch

Pacific ocean. See Sebastes alutus
yellow, 8

periwinkle. See Littorina sitkana
Peru, 34, 49
Phalacrocorax spp., 70t
Phalacrocorax auritus, 70t
Phalacrocorax pelagicus, 70t, 73
Phalacrocorax penicillatus, 70t
Phalacrocorax urile, 70t
phosphate, 29, 49
phosphorus, 1, 3f, 49, 50, 52, 65. See also nutrient cycle
photic zone

depth in ocean, 9
in GOA ecosystem model, 1, 3f
nearshore subtidal, 63
nutrients and plankton dynamics, 19, 46, 49, 51, 53
stratification in the, 47

photosynthesis, 9, 18, 29, 49, 52
physical oceanography. See also bathymetry; continental shelf; 

salinity; temperature; tides
Alaska Coastal Current, 40–42, 44
continental shelf, 40–46
continental shelf break, 45
continental slope, 45–46
Gulf of Alaska Basin, 48
Prince William Sound, 43–44

physiological performance and limits hypothesis, 4

phytoplankton
convergence, 4, 9, 18–19, 46–47, 56
offshore concentration. See under eddies
productivity limited by inorganic iron, 19
role in the food web, 1, 3f, 11t, 12, 92
seasonal dynamics and nutrients, 51–53
size, 50, 51
species succession, 53
in subtidal zone, 64
weight of organic carbon fixed, 29

PICES model, 139, 143
pike, northern, 8
pinnipeds. See seal; sea lion
Pinnixa occidentalis, 84t
PISCO. See Partnership for the Interdisciplinary Study of 

Coastal Oceans
Placetron wosnessenskii, 84t
plaice, Alaska. See Pleuronectes quadrituberculatus
plankton. See also larvaceans; phytoplankton; zooplankton

concentration in eddies. See under eddies
as a food resource, 18, 87, 95t
and linkages to physical oceanography, 18–19
models. See GLOBEC; Shelikof NPZ Model
patchy distribution, 1, 3f, 12, 16, 19, 54

plants, vascular
riparian zone, 9, 22
salt marsh, 8, 60
seagrass or eelgrass, 11t, 60, 63, 64, 65
trees, 22, 69
trophic level, 11t

plate tectonics, 25, 35
Platichthys stellatus, 82t
Pleurogrammus monopterygius, 82t, 85
Pleuroncodes planipes, 113
Pleuronectes quadrituberculatus, 82t
Plicifusus kroyeri, 84t
Plumarella sp., 83t
poacher

bigeye. See Bathyagonus pentacanthus
blackfin. See Bathyagonus nigripinnis
fourhorn. See Hypsagonus quadricornis
sawback. See Sarritor frenatus
smootheye. See Xeneretmus leiops
sturgeon. See Podothecus acipenserinus

Pododesmus macroschisma, 84t
Podothecus acipenserinus, 82t
Polinices pallidus, 84t
pollock

abundance, 90
Alaska, 55, 56
concentration of larvae, 44, 95
distribution, 85, 90
fisheries, 90, 94, 124
food quality of, 4
as a food resource, 17, 18, 70, 74, 93, 106, 109
food resources for, 18, 19, 55, 56, 90, 95
life history, 90
management, 91
models, 140t, 141t, 148, 149t, 150, 151
predator-prey relationships, 96–97
spawning, 77, 90
trophic level, 11t
two populations, 90
walleye. See Theragra chalcogramma
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pollution. See contaminants
polychaetes, 60, 62, 63, 64, 66
polychlorinated biphenyls (PCB), 8, 65, 137
polycylic aromatic hydrocarbons (PAH), 63, 66
population dynamics

biomass, 10
genetic analysis and delineation of, 97, 99, 104, 111
human. See also urbanization

Alaska Peninsula, 122
Alaska state, 118–119
Anchorage/Mat-Su Urban Area, 118, 122
Kodiak Island Borough, 121
PWS-Southeast Kenai, 120
western Kenai Peninsula, 121

marine mammals, 99
removals, 10

Poraniopsis inflata, 84t
Poroclinus rothrocki, 83t
Poromitra crassiceps, 82t
porpoise

Dall’s, 100, 100t, 102
as a food resource, 102
harbor, 100, 100t, 102
Pacific, 11t

precession, 28, 30
precipitation

contaminants in, 137
effects of ocean currents, 29–30, 30f
effects of the Aleutian Low, 20
increase with global warming, 138
overview, 1, 3f, 39
and the Pacific decadal oscillation, 5, 6–7f, 20, 32f, 33, 33f
storage in glaciers, 35

Predator Ecosystem Experiment, 4
predator-prey relationships

energy dynamics, 10
of forage species, 96–97
in intertidal areas, 61–62
Steller sea lion, 107
in stock assessment models, 140t, 148, 149t
in subtidal areas, 64–65, 66

pressure, sea-level, 31f, 32, 43f
pressure systems. See climate and weather, pressure systems
prickleback

as a food resource, 18, 70, 93
longsnout. See Lumpenus longirostris
snake. See Lumpenus sagitta
whitebarred. See Poroclinus rothrocki

primary production. See also algae; phytoplankton; plants
effects of climate, 21, 57
effects of iron, 29, 50
light limitation in the winter, 50
overview, 1–2
and physical forcing, 9, 32f, 33f, 57
rates, 52
in the subtidal zone, 64

Primnoa willeyi, 83t
Prince William Sound (PWS)

algal blooms, 19, 46
description and bathymetry, 37, 43–44, 52
harbor seal, 110, 110t
kittiwake, 73t, 74, 76–77
models, 141t, 149t, 151–152
number of drainages for anadromous fish, 25

Prince William Sound (continued.)
oil shipments, 130f
physical oceanography, 43–44
productivity, 52
sea otter, 114
socioeconomic profile, 119–121
zooplankton, 53, 54

Prince William Sound Aquaculture Corporation, 120, 123
Prince William Sound Regional Citizens’ Advisory Council, 138
productivity

factors that limit, 1
and fluctuations in prey populations, 69
inshore and offshore regime model, 4–5, 6–7f
limited by inorganic iron, 19
models, 140t, 141t
overview, 1, 3f, 15
and plankton, 51–56. See also algae, fall blooms; algae, 

spring blooms
primary. See primary production
seabird reproduction, 72, 73t, 74, 75–76
secondary, 1, 52

property rights, 117
Protothaca staminea, 62
protozoans, 19, 50, 51, 64
prowfish. See Zaprora silenus
Psettichthys melanostictus, 82t
Pseudarchaster parelii, 84t
Pseudocalanus, 53, 140t, 150
Psolus fabricii, 84t
Psychrolutes paradoxus, 82t
Pteraster militaris, 84t
Pteraster obscurus, 84t
Pteraster tesselatus, 84t
pteropods, 53
Ptilosarcus gurneyi, 83t
Ptychoramphus aleuticus, 70t
puffin

food resources for, 74, 78
horned. See Fratercula corniculata
tufted. See Lunda cirrhata
underground nests, 69, 78

Pugettia sp., 84t
PWS. See Prince William Sound
Pycnopodia helianthoides, 64, 84t

Q
Queen Charlotte Islands, 36
Queen Charlotte Sound, 25

R
radionuclides, 8
rail services, 120, 123, 127, 133, 134
Raja binoculata, 82t
Raja rhina, 82t
rat, 69
ratfish, spotted. See Hydrolagus colliei
Rathbunaster californicus, 84t
receptors, molecular, 10
recreation. See also fishing, sport; tourism

all-terrain vehicles, 135
carrying capacity, 128
ecological impact, 2
effects on subsistence activities, 133
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recreation (continued.)
effects on watersheds, 16, 135, 136
hiking and camping, 128
jet skis, 129
kayaking, 127–128
trends, 119

recruitment
crab, 87, 92
fish, 31, 33, 87, 90, 91
in intertidal areas, 60, 61, 62
larval, in subtidal areas, 65
zooplankton, 47

refuse, 17, 135
relocation or reoccupation, 21, 114
remediation, effects on intertidal areas, 62, 63
remineralization, 49
reproduction

energy dynamics, 10
and organic contaminants, 65, 114
seabird reproductive productivity, 72, 73t, 74, 75–76
strategy of herring, 55

research needs
assessment methods for forage species, 94
GOA ecosystem, 20
larvae in subtidal areas, 65
population monitoring of non-commercially important fish, 

18
relationship between inshore and offshore production cycles, 

51
Steller sea lion, 108

respiration, 10, 29
Resurrection Bay, 126
Rhamphocottus richardsoni, 82t
Rhinolithodes wosnessenskii, 84t
Rhizosolenia, 53
Rhodymenia palmata, 61
risk assessment, 145
risk ranking, 145
Rissa tridactyla, 70t, 71
rivers, 25, 35, 125, 135. See also runoff, freshwater
roads and tunnels, 2, 120, 129, 133, 135, 136
rockfish

in the Alaska Coastal Current, 17
biomass and distribution, 85
black. See Sebastes melanops
canary. See Sebastes pinniger
darkblotched. See Sebastes crameri
dark dusky. See Sebastes ciliatus
demersal, 66
dominant species, 85
greenstriped. See Sebastes elongatus
harlequin. See Sebastes variegatus
northern. See Sebastes polyspinis
pygmy. See Sebastes wilsoni
quillback. See Sebastes maliger
redbanded. See Sebastes babcocki
redstripe. See Sebastes proriger
rosethorn. See Sebastes helvomaculatus
rougheye. See Sebastes aleutianus
sharpchin. See Sebastes zacentrus
shortraker. See Sebastes borealis
silvergray. See Sebastes brevispinis
tiger. See Sebastes nigrocinctus
trophic level, 11t
use of intertidal habitat, 63

rockfish (continued.)
widow. See Sebastes entomelas
yelloweye. See Sebastes ruberrimus
yellowmouth. See Sebastes reedi
yellowtail. See Sebastes flavidus

rockweed. See Fucus gardneri
ronquil, Alaskan. See Bathymaster caeruleofasciatus
rookeries. See nursery areas and rookeries
Rossia pacifica, 84t
runoff, freshwater. See also rivers; streams

coastal discharge, 39–40, 40f
glacial and snow melt, secondary, 16, 27, 39, 61, 63
and the nutrient cycle, 49
onto the intertidal area, 59
overview, 1, 3f, 39
and the Pacific decadal oscillation, 5, 6–7f
rain. See precipitation
urban or storm, 135
which drives the Alaska Coastal Current, 30

Russia, 87, 108, 114, 115t, 122–123, 151

S
sablefish. See Anoplopoma fimbria
SAFE. See stock assessment and fisheries evaluation
Sagitta elegans, 53
St. Lazaria Island, 73, 78
salinity

Alaska Coastal Current, 41–42, 42f, 43f
Alaska Current, 45
and algal blooms, 19
and mixed-layer structure, 38, 41
response of plankton to, 2
stratification (halocline), 45, 46
tidal flow in fjords, 47

salmon
abundance, 87, 88
in the Alaska Coastal Current, 17
Atlantic, as an exotic species, 8
chinook. See Oncorhynchus tshawytscha
chum. See Oncorhynchus keta
coho. See Oncorhynchus kisutch
commercial harvest, 88, 123
distribution, 87–88
ecological role. See anadromous species, ecological role
as a food resource, 18, 21, 70, 88, 94, 102
food resources for, 18, 87
fry, ecological role, 1, 3f
gills, 87
harvest techniques, 94, 133
hatcheries, 8, 53, 88, 94, 120, 123, 125
life history, 88
migration, 87–88. See also migration, of anadromous fish
Pacific. See Oncorhynchus
pink. See Oncorhynchus gorbuscha
predator-prey relationships, 97
seasonal population variation, 87
sockeye. See Oncorhynchus nerka
trade in canned, 118
trophic level, 11t

Salvelinus malma, 83t
sanddab, Pacific. See Citharichthys sordidus
sand dollar, Parma. See Echinarachnius parma
sandfish, Pacific. See Trichodon trichodon
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sand lance
food quality of, 4
as a food resource, 18, 70, 71, 73–74, 77, 106, 109
Pacific. See Ammodytes hexapterus
trophic level, 11t

Sarritor frenatus, 82t
satellite-link depth recorders (SDR), 108, 111
satellite telemetry or imagery, 27f, 106, 108
Saxidomus giganteus, 62
scale worm

depressed. See Eunoe depressa
giant. See Eunoe nodosa

scallop
fisheries, 124
food web, 92
reddish. See Chlamys rubida
weathervane. See Patinopecten caurinus

schooling behavior, 18
Sclerocrangon boreas, 84t
scoter. See Melanita perspicillata
scouring, 35, 60, 61
sculpin

armorhead. See Gymnocanthus galeatus
bigmouth. See Hemilepidotus bolini
butterfly. See Hemilepidotus papilio
darkfin. See Malacocottus zonurus
eyeshade. See Nautichthys pribilovius
as a food resource, 109
great. See Myoxocephalus polyacanthocephalus
grunt. See Rhamphocottus richardsoni
northern. See Icelinus borealis
plain. See Myoxocephalus jaok
ribbed. See Triglops pingeli
roughspine. See Triglops macellus
sailfin. See Nautichthys oculofasciatus
scissortail. See Triglops forficata
smoothcheek. See Eurymen gyrinus
spectacled. See Triglops scepticus
spinyhead. See Dasycottus setiger
spotfin. See Icelinus tenuis
tadpole. See Psychrolutes paradoxus
thorny. See Icelinus spiniger
threaded. See Gymnocanthus pistilliger
trophic level, 11t

SDR. See satellite-link depth recorders
seabirds

abundance, 70t, 71–76, 73t, 75t
and DDT, 8
disturbance by man, 2, 129
dive depth, 16
effect of lower food quality, 4
effects of El Niño, 89
as a food resource, 113
food resources for, 16–18, 55, 62, 63, 70, 71, 97. See also 

specific seabirds
in the food web, 1, 3f, 78
foraging behaviors, 16
Kodiak Island case study, 75
Lower Cook Inlet case study, 74–75
Middleton Island case study, 72–74
monitoring, 78–79, 132
mortality from EVOS, 71
nesting behavior, 16
overview, 69–72

seabirds (continued.)
predation by, 61
Prince William Sound case study, 74
reproductive productivity, 72, 73t, 74, 75–76
rookeries, 2, 17, 21, 69, 71
Semidi Islands case study, 75–76
trophic level, 11t

sea clod. See Molgula retortiformis
sea cucumber, 84t, 124
seafood processing, 120, 121, 122, 124
sea grape. See Molgula griffithsii
seagrass or eelgrass, 11t, 60, 63, 64, 65
seal

elephant, 100t
food resources for, 16, 17, 100, 109
fur, 17
harbor

characteristics, 100t
competition with fisheries, 65
distribution, 108
diving pattern, 108
endangered status uncertain, 126
as a food resource, 102, 109, 111
food resources for, 17, 109
overview, 108–111, 110t
population decline, 65, 101, 109, 110–111, 110t
three stocks, 108
trophic level, 11t

hunted by humans, 65, 109, 111, 132
northern elephant, 100
northern fur, 100, 100t, 101
rookeries, 17

sea leech, striped. See Carcinobdella cyclostomum
sea level, 20, 28, 31f, 32, 33–34, 39f, 138
sea lion

California, 99, 101
food resources for, 16, 106
life history, 106
rookeries, 17, 105–106
Steller

distribution, 105
dive depth, 106–107
endangered status, 66, 88, 105, 107, 126
as a food resource, 102
general characteristics, 100t
hunted by humans, 65, 106, 107–108
models, 140t, 149t, 150
overview, 105–110, 107t
population decline, 5, 8, 101, 107–108, 107t, 125

trophic level, 11t
seamounts, 1, 27f, 36, 106
sea peach. See Halocynthia aurantium
sea potato. See Styela rustica
sea raspberry. See Gersemia sp.
searcher. See Bathymaster signatus
seasonal factors

and the earth’s orbit, 28
fish dynamics, 87
movement of shelf-break front, 44
plankton dynamics, 51–53
tidal energy, 47
weather, 19–20
which limit biological productivity in winter, 1
which trigger algal blooms, 18–19, 46, 50, 52
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sea star. See also Leptasterias hexactis
intertidal, 61, 62
leather star. See Dermasterias imbricata
purple-orange. See Asterias amurensis
rose. See Crossaster papposus
species list from trawl surveys, 84t
subtidal, 64
sunflower star. See Pycnopodia helianthoides

sea urchin
as a food resource, 64–65, 113
grazing, 64, 113
green. See Strongylocentrotus droebachiensis
orange-pink. See Allocentrotus fragilis
red. See Strongylocentrotus franciscanus
species list from trawl surveys, 85t
white. See Strongylocentrotus pallidus

Sea-viewing Wide Field-of-view Sensor (SeaWiFS), 27, 39
seawhip, slender. See Stylatula sp.
Sebastes aleutianus, 83t
Sebastes alutus, 17, 66, 83t
Sebastes babcocki, 83t
Sebastes borealis, 83t
Sebastes brevispinis, 83t
Sebastes ciliatus, 83t
Sebastes crameri, 83t
Sebastes elongatus, 83t
Sebastes entomelas, 83t
Sebastes flavidus, 83t
Sebastes helvomaculatus, 83t
Sebastes maliger, 83t
Sebastes melanops, 83t
Sebastes nigrocinctus, 83t
Sebastes paucispinis, 83t
Sebastes pinniger, 83t
Sebastes polyspinis, 83t
Sebastes proriger, 83t
Sebastes reedi, 83t
Sebastes ruberrimus, 83t
Sebastes variegatus, 83t
Sebastes wilsoni, 83t
Sebastes zacentrus, 83t
Sebastolobus alascanus, 83t
sediment characteristics, 62, 63, 64, 92
sediment transport, 37, 56, 92. See also scouring
Semidi Islands, 73t, 75–76, 75t
Serpula vermicularis, 83t
Serripes groenlandicus, 84t
Serripes laperousii, 84t
sewage discharge. See waste, effluent discharge
Seward (Alaska), 41, 47, 120, 124, 127, 128, 128f
Seward Line (Station GAK 1), 41, 42f, 43f
shanny, daubed. See Lumpenus maculatus
shark

Pacific sleeper. See Somniosus pacificus
salmon. See Lamna ditropis
trophic level, 11t
white. See Carcharadon charcharias

shearwater, 71
Shelikof NPZ Model, 140t, 149t, 150
Shelikof Pollock IBM model, 140t, 149t, 150
Shelikof Strait, 38, 44, 91
Shelikof Strait Fisheries Oceanography Cooperative 

Investigation (FOCI), 51, 95
shellfish, 17, 91–92, 124

shipping. See marine transport
shrimp

abundance, 10, 93
coonstriped. See Pandalus hypsinotus
fisheries, 92, 93
as a food resource, 63, 66
gray, 66
humpy. See Pandalus goniurus
northern. See Pandalus borealis
ocean. See Pandalus jordani
Pacific glass. See Pasiphaea pacifica
pink, 66
predator-prey relationships, 96
sculptured. See Sclerocrangon boreas
sevenspine bay. See Crangon septemspinosa
sidestriped. See Pandalopsis dispar
species list from trawl surveys, 83t, 84t
spot. See Pandalus platyceros
striped. See Pandalus dispar
use of intertidal habitat, 63

Shumagin Islands, 36, 36f, 38, 79
silicate, 29, 49
silicon, 19, 49. See also nutrient cycle
Siliqua sp., 84t
Siliqua patula, 62
sills, 1, 3f, 36, 37, 47
siltation, 35, 125, 135
skate

Alaska. See Bathyraja parmifera
Aleutian. See Bathyraja aleutica
Bering. See Bathyraja interrupta
big. See Raja binoculata
black. See Bathyraja trachura
longnose. See Raja rhina
trophic level, 11t

Skeletonema, 53
smelt

deep-sea, 93
as a food resource, 17, 21, 93
longfin. See Spirinchus thaleichthys
rainbow, 17, 93
surf. See Hypomesus pretiosus

smoothtongue, northern. See Leuroglossus schmidti
snail, drilling. See Nucella lamellosa; Nucella lima
snailfish

blacktail. See Careproctus melanurus
smalldisk. See Careproctus gilberti

socioeconomic profile, 118–122
soil erosion, 128, 135, 136, 138. See also scouring
SOIREE. See Southern Ocean Iron Release Experiment
solar radiation, 9, 28, 29, 30, 38, 50
Solaster dawsoni, 84t
Solaster endeca, 85t
Solaster paxillatus, 85t
Solaster stimpsoni, 85t
sole

benthic habitat, 66
butter. See Isopsetta isolepis
distribution, 85
Dover. See Microstomus pacificus
English. See Parophrys vetulus
flathead. See Hippoglossoides elassodon
petrale. See Eopsetta jordani
rex. See Glyptocephalus zachirus
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sole (continued.)
sand. See Psettichthys melanostictus
slender. See Lyopsetta exilis
southern rock. See Lepidopsetta bilineata
yellowfin. See Limanda aspera

Somniosus pacificus, 82t, 85, 109
Southern Ocean, 28, 29
Southern Ocean Iron Release Experiment (SOIREE), 29
spatial patchiness

effects on the food web, 21
of forage fish, 95, 96, 97
of plankton, 1, 3f, 12, 16, 19, 54–57

spawning, 5, 61, 63, 88, 95. See also anadromous species
Spirinchus thaleichthys, 82t
Spisula polynyma, 62
sponge

barrel. See Halichondria panicea
benthic habitat, 64, 66, 67
clay pipe. See Aphrocallistes vastus
fiberoptic. See Hylonema sp.
hermit. See Suberites ficus
scallop. See Myxilla incrustans
species list from trawl surveys, 85t
tree. See Mycale loveni

spruce, Sitka, 22
Squalus acanthias, 82t
squid

as a food resource, 17, 70, 100, 106, 113
food web, 11t, 97
habitat, 91
magistrate armhood. See Berryteuthis magister

squirrel, ground, 69
stakeholders, 144–145
star

orange bat. See Ceramaster patagonicus
red bat. See Ceramaster japonicus

statistical tools, 142, 145, 146
Steller Sea Lion IBM model, 140t
Stenobrachius leucopsarus, 18, 82t, 93, 95t, 97
Sterna aleutica, 70t
Sterna paradisaea, 70t, 71
stewardship, 117
Stichopus japonicus, 85t
stochasticity, 145, 149t, 150
stock assessment and fisheries evaluation (SAFE), 94
stock assessment models, 140t, 148, 149t
storm-petrel

food resources for, 70, 78
foraging strategy, 71
fork-tailed. See Oceanodroma furcata
ground nesting, 69
Leach’s. See Oceanodroma leucorhoa

storms
and the Aleutian Low, 19, 20
dispersal of contaminants, 137
extratropical cyclones, 26
and ocean circulation, 31, 46
shift of storm track to the south, 34

streams, 21–22. See also anadromous species, ecological role; 
runoff, freshwater

Strongylocentrotus droebachiensis, 65, 85t, 113
Strongylocentrotus franciscanus, 85t
Strongylocentrotus pallidus, 85t
study design, 78–79, 85
Styela rustica, 85t

Stylaster brochi, 83t
Stylasterias forreri, 85t
Stylatula sp., 83t
Stylocheiron, 93
Subarctic Current, 17
Subarctic Front, 38
Subarctic Pacific Ecosystem Research (SUPER), 51
Subarctic Zone, 57
Suberites ficus, 85t
subsistence activities

annual harvest data, 131, 132
by early Alaska Natives, 117
fishing, 62, 63, 121, 122, 132, 133, 134
food safety issues, 137–138
gathering, 121
hunting

beluga whales, 103, 105, 132, 133
harbor seals, 109, 111, 132
in Kodiak Island Borough, 121
in MMPA, 101
sea lions, 108
sea otters, 115, 132

overview, 131–134
subtidal areas

communities, 64–67
habitat, 14, 15, 16, 63–64
as indicator system, 66
mechanisms of change, 14

succession, species, 53
sulfur, 21, 22
SUPER. See Subarctic Pacific Ecosystem Research
surface water. See rivers; runoff, freshwater; streams
surfclam, arctic. See Mactromeris polynyma
Susitna (Alaska). See Anchorage/Mat-Su Urban Area
Susitna River, 25, 35, 104, 127
sustainability, 5, 117, 118, 124
Synoicum sp., 85t
Synthliboramphus antiquum, 70t

T
Tactostoma macropus, 82t
tanaids, 66
teal. See Anas crecca
Tectura persona, 61
Telmessus cheiragonus, 64
temperature, body, 10
temperature, sea surface, 33, 41, 42f, 43f, 44, 50, 138
temperature, water column

Alaska Coastal Current, 41, 42f
and algal blooms, 18
effects

on crustaceans, 10
on fish, 4, 21, 90, 138
on marine mammals, 138

and the Pacific decadal oscillation, 20
and population dynamics, 4
stratification (thermocline), 9, 44

Terebratalia transversa, 85t
Terebratulina unguicula, 85t
tern

Aleutian. See Sterna aleutica
Arctic. See Sterna paradisaea
food resources for, 70

Thalassiosira, 53, 93
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Thaleichthys pacificus
distribution, 85, 97
as a food resource, 15, 17, 21, 93, 109
life history, 95t
trawl surveys, 82t
trophic level, 11t

Theragra chalcogramma
in the Alaska Coastal Current, 17
on the continental shelf, 17
as a food resource, 93, 106
food resources for, 18, 97
life history, 95t
overwintering, 96
in the subtidal zone, 66
trawl surveys, 82t

thermoregulation, 111, 114
thornyhead, shortspine. See Sebastolobus alascanus
Thouarella sp., 83t
threatened or endangered species, 8, 66. See also Endangered 

Species Act of 1973
Thyriscus anoplus, 82t
Thysanoessa, 53, 56, 93
Thysanopoda, 93
tides

description and characteristics, 47
18.6 year lunar nodal cycle, 20, 30, 91
and intertidal zonation, 61
tidal mixing, 1, 9, 28, 30–31, 49, 56

timber. See logging and timber products
time scales, 9, 28–29, 53–54, 55f
tochui, giant orange. See Tochuina tetraquetra
Tochuina tetraquetra, 84t
tomcod, Pacific. See Microgadus proximus
Tonicella lineata, 61
top-down forces, 9, 22–23, 62, 65, 96, 108
topography, submarine. See bathymetry
tourism. See also fishing, sport; recreation

charter and excursion boats, 120, 126–127, 128
cruise ships, 120, 127–128, 128f
effects on animals, 2, 105, 129
effects on subsistence activities, 133
number of out-of-state tourists, 118
PWS-Southeast Kenai, 120–121
trends, 119
western Kenai Peninsula, 121

trans-Alaska pipeline, 120, 123, 129, 130
Transition Zone, 16, 57
trash, 17, 135
trawl surveys, 18, 82–85t, 85, 96t, 124, 151
trawls, effects on benthic community, 66, 67, 125
treaties, 94, 101, 134
Tresus capax, 62
Tresus nuttallii, 62, 113
Trichodon trichodon, 18, 82t, 93
tridonta, boreal. See Tridonta borealis
Tridonta borealis, 84t
Triglops forficata, 82t
Triglops macellus, 82t
Triglops pingeli, 82t
Triglops scepticus, 82t
triton, Oregon. See Fusitriton oregonensis
tritonia, rosy. See Tritonia diomedea
Tritonia diomedea, 84t
trophic linkages, 2, 54. See also food web
trout, 63, 122, 136

tsunamis, 35
Tugidak Island, 110, 110t, 111
tunicates, 64
turbellarians, 64
turbidity, 63, 135
turbulence, 1, 3f

U
uncertainty in models, 145, 147
Unimak Pass, 16, 26, 36, 41, 140t
University of British Columbia, 151
upwelling

Bakun upwelling index, 53
in the center of the Alaska Gyre, 49, 54
effects on food web, 12, 77
effects on the nutrient cycle, 49
geostrophic (earth’s rotation), 49
monthly index, 40f
overview, 1, 2, 3f, 20, 39
and the Pacific decadal oscillation, 5, 6–7f

urbanization
Anchorage/Mat-Su Urban Area, 118, 122
coastal settlement, 2, 16
declining salmon populations near, 8
overview, 118, 135–136

urea. See ammonia
Uria spp., 70t
Uria aalge, 70t
Uria lomvia, 70, 70t
Ursus arctos, 114
U.S. Army Corps of Engineers, 136
U.S. Coast Guard, 121, 129, 131
U.S. Department of Agriculture, 135
U.S. Environmental Protection Agency, 131, 135, 136, 138
U.S. Fish and Wildlife Service, 132, 134. See also Federal 

Subsistence Board
U.S. Forest Service, 129, 134, 135
U.S. Geological Survey, 136

V
Valdez (Alaska), 120, 124, 127, 128, 128f
Valdez-Cordova Census Area, 119t
valuation studies, 118
Verruccaria, 61
vessels. See marine transport
viperfish, Pacific. See Chauliodus macouni
viral hemorrhagic septicemia (VHS), 18, 90
volcanoes, 35, 36
vole, 69
volute, Alaska. See Arctomelon stearnsii
Volutopsius callorhinus, 84t
Volutopsius fragilis, 84t
Volutopsius harpa, 84t

W
walrus, Pacific, 99
warbonnet, decorated. See Chirolophis decoratus
Washington, 8, 115t
waste

discharge permits, 135
from drilling operations, 131
effluent discharge, 2, 63, 105, 128, 135, 136–137
hazardous, 128, 136–138
trash and debris, 17, 135
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water column
mixed-layer structure, 38, 41, 49, 50, 95
stability and algal blooms, 4, 18–19, 52
stratification

density (pycnocline), 9, 47, 49
effects on tidal energy, 47
lack of uniform development, 47
and the Pacific decadal oscillation, 5, 6–7f
salinity (halocline), 41, 45, 46, 48
thermal (thermocline), 9, 44, 48

turbidity, 63, 135
vertical mixing, 1, 3f, 4, 6–7f, 9, 41, 46

water cycle, 3f, 35
water quality, 2, 63, 105, 128, 135, 136–137
water resources, 2, 138
watersheds

Columbia River Basin (Washington), 8
in GOA ecosystem model, 1, 3f
as a major habitat type, 14, 15
mechanisms of change, 14
nutrient cycle, 125
overview, 15–16, 25
percent covered by glaciers, 35
San Joaquin River (California), 8
soil erosion, 128, 135

waves, 35, 47, 60, 61
weather. See climate and weather
Western Native Trout Campaign, 136
wetlands, 136, 138
whale

baleen, 11t, 18, 99
beaked, 100, 100t
beluga, 100, 100t, 104–105, 105t, 132, 133
blue, 100t
calving, 99, 104
distribution, 99, 102, 104
feeding grounds, 99
fin, 100t
as a food resource, 104
food resources for, 18, 19, 55, 97, 99, 102, 104
gray, 99, 100t
harvest statistics, 105
humpback, 99, 100t
identification techniques, 102, 104
killer or orca. See Orcinus orca
minke, 100t
pilot, 99
right, 100t
sei, 100t
sperm, 99–100, 100t
white. See whale, beluga

whelk
fragile. See Volutopsius fragilis
ladder. See Buccinum scalariforme
left-hand. See Volutopsius harpa
lyre. See Neptunea lyrata
Pribilof. See Neptunea pribiloffensis
sinuous. See Buccinum plectrum
thin-ribbed. See Colus herendeenii

Whittier (Alaska), 120, 121, 124, 127, 129, 133
Wilderness Act, 135
wildlife refuges, 120, 130
wind

creation of upwelling and downwelling, 39, 40
cyclonic torque (wind-stress curl), 39, 48
and dispersal of larval prey, 95
effects on zooplankton, 57
movement of larvae by, 91, 93
and the Pacific decadal oscillation, 32f, 33, 33f
role in distribution of contaminants, 8
and the winter Aleutian Low, 1, 3f, 6–7f, 19, 26–27

wolf. See Canis lupus
wolf-eel. See Anarrhichthys ocellatus
wolverine. See Gulo gulo
worms, segmented, 83t
wrymouth, giant. See Cryptacanthodes giganteus

X
Xeneretmus leiops, 82t

Y
yoldia

broad. See Yoldia thraciaeformis
crisscrossed. See Yoldia scissurata

Yoldia scissurata, 84t
Yoldia thraciaeformis, 84t
Yupik Eskimos, 117

Z
Zaprora silenus, 70, 74, 83t
zooplankton

in the Alaska Coastal Current, 17
convergence, 55–56
effects of climate, 21, 57
effects on plankton, 19
in the food web, 1, 3f, 11t, 12, 50
interannual and decadal-scale variation in stocks, 53–56, 

55f
life history and habitat dependencies, 21
models. See GLOBEC; Shelikof NPZ Model
overwintering, 1, 3f, 47
productivity, 52
recruitment, 47
relationship with the algal bloom, 52, 53, 55
species succession, 53
subarctic, 53
vertical migration, 19, 45, 47, 55, 56

Zostera marina, 64, 65




