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Summary 
 
In 2011, Cook Inlet Regional Citizens Advisory Council (RCAC) submitted a proposal to the 
Kenai Peninsula Borough (KPB) to address categories of research needs expressed by the Cook 
Inlet Beluga Whale Conservation Plan (NMFS 2008), as well as in the KPB Cook Inlet Beluga 
Whale Research Study guidance documents in their call for proposals.  The intent of those 
initiatives was to identify potential threats that might be impeding recovery of the endangered 
Cook Inlet beluga whales.  The KPB identified priority information useful for the management 
of Cook Inlet beluga whales (Delphinus leucas), with emphasis on understanding or mitigating 
factors inhibiting the species’ recovery.  Specifically, their solicitation requested studies where 
the scope of work would address at least one of the following objectives or actions:  (1) improve 
knowledge of Cook Inlet beluga whales to determine factors that are limiting recovery; (2) refine 
knowledge of beluga habitat requirements; and/or (3) evaluate the impacts of anthropogenic 
activities on the beluga habitat.   
 
Our study was designed to assess biological diversity, abundance, and hydrocarbon contaminants 
of potential beluga whale prey items in beluga winter habitat areas. Our study, Assessment of the 
Prey Availability and Oil-related Contaminants in Winter Habitat of Cook Inlet Beluga Whales, 
was a collaboration between Cook Inlet RCAC, Mote Marine Laboratory, and the Alaska 
Department of Fish & Game (ADF&G).  
 
Although information about beluga summer distribution, habitat attributes, and prey availability 
is readily available, winter data are scarce, due mainly to the difficulties in observing the whales 
or sampling habitat during winter months when shorefast and mobile, broken ice plug the Inlet.  
These conditions make it much more difficult for whales to forage, travel, or rest in their favored 
habitats in other months.  These challenges are magnified by the absence of the abundant energy-
rich eulachon or salmon prey that are abundant during other seasons.  In part due to these 
conditions in which Cook Inlet beluga whales must survive over the winter, Conservation Plan 
noted a need to better understand the availability of potential winter prey for the whales.  Their 
winter habitat also strongly overlaps or is downstream of very active oil industry operations in 
Cook Inlet and assessing hydrocarbon contaminant levels in beluga prey and habitat are also of 
concern.   
 
The overall goals of the study were to (1) Assess biodiversity and relative abundance of resident 
fish populations, or potential winter prey, at two suspected Cook Inlet beluga whale winter 
feeding areas, and (2) Measure polynuclear aromatic hydrocarbon (PAH) contaminants in tissues 
of potential winter prey species and assess data in the context of environmental conditions.   
 
Due to ice conditions in winter precluding trawl sampling in the study area, sampling was scheduled to 
“bracket” winter months by sampling in late fall and early spring.  Benthic trawl surveys were 
conducted in April and October 2012 from the research vessel Pandalus and opportunistic sampling for 
potential pelagic prey was conducted in April from the Kahtnu. Thirty four taxonomic groups were 
captured in the bottom trawl and eleven in the mid-water trawl.  The mean biomass density of non-
sessile animals in April was dominated by starry flounder (Platichthys stellatus), eulachon (Thaleichthys 
pacificus), sevenspine bay shrimp (Crangon septemspinosa), Pacific tomcod (Microgadus proximus), 
and Pacific sandfish (Trichodon trichodon).  The dominance of Starry flounder was from one station in 
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the southeast part of area.  In October, the catches were dominated by starry flounder, spiny dogfish 
(Squalas acanthias), jellyfish (Cyanea sp.), sevenspine bay shrimp, Pacific halibut (Hippoglossus 
stenolepis), walleye Pollock (Theragra chalcogramma), and Pacific tomcod.  
 
Our data indicate that the biomass and individual sizes of benthic fauna available to beluga whales are 
very low in much of the sampled area, although both are greater in the southeast study area near the 
lower Inlet, and the biomass likely declines over the winter. Given the small body sizes and apparent 
low density of benthic fauna in much of the area, belugas may not be acquiring a maintenance ration 
during winter, consistent with previous observations that belugas in the spring have much lower fat 
reserves than after feeding on abundant summer eulachon and salmon.  
 
Analyses of hydrocarbons in selected prey tissues showed non-detectable levels, in contrast to earlier 
analyses of their summer prey. Our study results provide some of the only information available on 
Cook Inlet beluga whale winter prey and should inform other life history and habitat studies, as well as 
the recovery and management teams.  Additional surveys using a range of sampling tools should 
supplement these data in order to determine if winter prey availability is a factor for recovery.  
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Introduction and Background  
 

Research Needs and Objectives 
 
In the 1990s, a striking decline of almost 50 percent of the Cook Inlet beluga whale (Delphinus leucas) 
population was documented between 1994 and 1998.  This led to a voluntary restriction of an Alaskan 
Native subsistence harvest of whales and, in 2000, the whales were designated as depleted under the 
Marine Mammal Protection Act (65 FR 34590, May 31, 2000).  Despite these protections, subsequent 
abundance estimates indicated that recovery was not occurring and, in fact a slight decline of just over 
one percent per year has been reported since then (Hobbs and Sheldon 2008).  Lowry et al. (2006) 
concluded that “Cook Inlet belugas face a suite of risks common to small populations, including those 
related to demographic, environmental, and genetic stochasticity, amplified by the tendency of belugas 
to return annually to specific areas and to congregate in compact herds” and the U.S. Marine Mammal 
Commission (2008) said the Cook Inlet stock of belugas was among the most vulnerable marine 
mammals in U.S. waters, with a suite of putative or actual threats.  The National Marine Fisheries 
Service (NMFS) designated the CIBW Distinct Population Segment as endangered under the 
Endangered Species Act in October 2008 (73 FR 622919, October 22, 2008).  Also in 2008, as a 
requirement of designating the CIBW as a depleted species, NMFS developed the “Conservation Plan 
for the Cook Inlet Beluga Whale (Delphinus leucas).”   
 
The goal of the Conservation Plan (NMFS 2008) is to restore the whale stock to a sustained population 
of at least 780 whales with appropriate habitat that will sustain the restored population.  In developing 
the plan, NMFS identified knowledge gaps and uncertainties that preclude a full understanding of Cook 
Inlet beluga whales and the factors limiting their recovery.  Recommended actions for filling knowledge 
and management gaps are described in detail in the Conservation Plan, including relative priorities of the 
actions and potential avenues for funding and partnerships.  The actions were developed under six over-
arching objectives within four strategies: 
 

• Monitor the Cook Inlet beluga whale population 
• Improve knowledge of Cook Inlet belugas to determine which factors are limiting recovery 
• Refine knowledge of Cook Inlet beluga whale habitat requirements and describe their range, 

distribution, and mitigation 
• Reduce direct injuries and mortalities 
• Protect valuable habitat 
• Implement and evaluate ;the effectiveness of the Cook Inlet Beluga Whale Conservation Plan 

 
One strategy, to “Improve understanding of the biology of the Cook Inlet beluga whale and the factors 
limiting the population’s growth,” has the objective to “Improve knowledge of Cook Inlet belugas to 

http://www.fakr.noaa.gov/protectedresources/whales/beluga/fr5312000.pdf�


2  Cook Inlet Regional Citizens Advisory Council (RCAC) 
  

determine which factors are limiting recover” with two of the conservation actions being  “Characterize 
Habitat” and “Assess Prey Base and Prey Availability.”  Unfortunately, because many of the beluga 
prey species have relatively little economic importance, they are not monitored in a manner suitable for 
quantitative analysis – especially for many of the suspected winter prey species.  
 
The Kenai Peninsula Borough (KPB) obtained pass-thru federal funding to address specific data needs 
that had been identified by the KPB as priority information useful to the management of Cook Inlet 
beluga whales with emphasis on understanding or mitigating factors inhibiting the species’ recovery.  
Specifically, the solicitation requested studies where the scope of work would address at least one of the 
following objectives or actions:  (1) improve knowledge of CIBW to determine factors that are limiting 
recovery; (2) refine knowledge of beluga habitat requirements; and/or (3) evaluate the impacts of 
anthropogenic activities on the beluga habitat.  The reasoning for those focus areas was: (1) improved 
understanding of basic biology and ecology will improve ability to define factors limiting recovery; (2) 
refined knowledge of habitat requirements - such as seasonal foraging areas and prey distributions and 
abundances – will allow identification and protection of important beluga habitat which is a cornerstone 
to recovering the population; and (3) since belugas are found predominantly in coastal waters, there is 
insufficient data about their habitat requirements to fully assess the effects of coastal activities and 
development.    
 
This study was funded through a grant from the KPB with a matching component from the Cook Inlet 
Regional Citizens Advisory Council (RCAC).  Through partnerships and subcontracts with the Alaska 
Department of Fish and Game (ADF&G) and Mote Marine Laboratory, the proposed research focus was 
on assessing the biological diversity, abundance, and hydrocarbon contaminants of potential beluga prey 
items in known winter habitat areas of Cook Inlet beluga whales.  The work also has implications for 
evaluating impacts of anthropogenic activities on beluga habitat.  The overall goals were to address two 
issues of concern for the well-being of Cook Inlet beluga whales: 
 

1. Assess biodiversity and relative abundance of resident fish populations, or potential winter prey, 
at two suspected Cook Inlet beluga whale winter feeding areas. 

 
2. Measure polynuclear aromatic hydrocarbon (PAH) contaminants in tissues of potential winter 

prey species and assess data in the context of environmental conditions.   
 
Little is known about winter feeding areas and prey for Cook Inlet beluga whales.  Area 2 Critical 
Habitat for the belugas encompasses areas where the population congregates in the winter, which 
includes the middle of Cook-inlet, foraging areas along the western shore of lower Cook Inlet, and 
Kachemak Bay along east of Cook Inlet near the town of Homer.  The proposed sampling area was 
based on limited data available for suspected beluga winter feeding areas that are included as Area 2 
Critical Habitat for the Cook Inlet beluga whales.  The budget constraints for this first assessment of 
winter prey precluded incorporating the entire winter habitat in the sampling plan and the research focus 
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was Critical Habitat in the middle and upper inlet.  Cook Inlet beluga whales are believed to remain 
within Cook Inlet all year (Hansen and Hubbard 1999, Rugh et al., 2000, Hobbs et al., 2005) and recent 
data indicate that their distribution within the Inlet has shrunk from Inlet-wide to a more concentrated 
distribution in the upper Inlet (Rugh et. al. 2000, 2010).  During spring and summer months, Cook Inlet 
belugas typically follow abundant migrating fish and concentrate near river mouths in the northern Inlet 
and their favored feeding areas are well known. Relatively little is known about their winter distribution, 
although before and after they follow fish concentrated in the northern Inlet and mouths of rivers in the 
spring and summer, satellite data and observations indicate they distribute further south and feed in 
deeper waters (Hobbs et. al. 2005, Laidre et. al. 2004).   
 
In estimating potential winter beluga prey distributions in Cook Inlet, ice conditions preclude trawl 
sampling in winter.  However, by conducting late fall and early spring trawl surveys in known Cook 
Inlet beluga whale winter habitat areas, this study will collect some of the only “near-winter” fish data 
for Cook Inlet, providing information that can help managers identify possible beluga whale winter prey 
and their relative abundance and diversity for areas where the whales have been observed or are 
suspected to feed.    
 
In summary, Cook Inlet beluga whales are designated as endangered under the Endangered Species Act.  
The population status of this stock is extremely poor, based on low population size, no indications of 
recovery, little understanding of the population’s health and fitness, and the presence of multiple threats 
in Cook Inlet.   Effects of oil and gas development, including coastal pollution, have been noted as 
especially important to study, and as necessary, to mitigate.  A notable information void for scientists 
and managers exists with regard to the abundance, diversity, and PAH body burdens of potential prey 
for belugas in their winter habitat.  The goal of this project was to address some of those deficiencies.   
 
 

Beluga prey availability and diversity in winter 
 
Overall, Cook Inlet is represented by a diverse array of intertidal and subtidal benthic habitats and 
substrate sediment grain size are significant factors that define the infaunal and epifaunal communities 
that dominate in the different habitats.  Sediment grain size distribution throughout the Inlet is 
influenced by currents and wave energy.  For example, the strong currents of the upper and central Inlet 
prevent subtidal deposition of most of the glacial flour that is introduced into the upper Inlet and a 
significant portion is swept out of the Inlet.  For much of the upper and central Inlet, especially in the 
channels, the strong currents ensure that the benthic habitat is swept clear of sand and mud so that gravel 
(cobble and boulder) habitat dominates.    
 
Cook Inlet is generally less than 70 m deep, although depths are much greater at the entrance and in 
several deep channels (Figure 1).  The marine habitats and resources of upper Cook Inlet are influenced 
by extreme tides and currents, the reworking of sediments by currents and seasonal ice, high suspended 
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sediment loads and subsequent low light transmission through the water column, low in situ primary 
production, and extreme salinity gradients.  In Cook Inlet, these factors create a general trend of 
decreased marine species diversity in upper Cook Inlet compared to the middle and lower Inlet.  Despite 
these differences, the upper Inlet has recently been described as more productive than previously 
believed, with the transport of terrigenous and saltmarsh carbon described as the likely carbon source to 
the nearshore food web (Houghton et al. 2005a).  
    
The Cook Inlet beluga whale Conservation Plan identified difficulties in quantifying the importance of 
various habitats to the health, survival, and recovery of Cook Inlet beluga whales.  However, certain 
areas have been identified as likely to be particularly important because they are areas where the belugas 
are known to concentrate, such as in shallow tidal flats, river mouths, and estuaries.  For management 
purposes, Cook Inlet beluga whale critical habitat was identified by NOAA Fisheries (76 FR 20180, 
April 11, 2011) and divided into types of habitat (Figure 2).  Area 1 habitat is considered the most 
valuable of the three habitat types based on the frequency of use by the belugas.  Area 1 habitat includes 
habitat with documented intensive use by Cook Inlet beluga whales in spring, summer, and fall and that 
are known feeding and nursery habitats.  Area 2 habitat is based on less concentrated spring and summer 
beluga use and are known fall and winter use areas, a portion of which is the focus of this winter prey 
study.   
 
Potential Cook Inlet beluga whale prey species include a range of both anadramous and resident fish 
populations and invertebrates.  The belugas are known to be opportunistic feeders that prey on a range of 
marine and anadramous fish and marine invertebrates.  Several of the known beluga fish prey species 
are anadramous and the whales take advantage of these strong seasonal pulses. The  five Pacific salmon 
species (Onchorynchus tshawytscha or king, O. nerka or red, O. keta or chum, O. gorbuscha or pink., O. 
kisutch or silver), Pacific Herring (Clupea harengus palassi), and Eulachon (Thaleichthyls pacificus) all 
migrate through Cook Inlet and are known prey items of Cook Inlet beluga whales during spring, 
summer, and/or fall, especially in upper Inlet rivers. 
 
Cook Inlet beluga whale prey assessments have been based mainly on stomach content analyses and a 
comprehensive assessment of prey available to Cook Inlet belugas for in all seasons is not available.  
However, a recent comprehensive report on available stomach content data (Quakenbush et. al., in press) 
provides a window to beluga foraging based on stomachs collected between March and November, with 
a minimum of 12 fish species and 8 invertebrate species documented in the stomach contents of whales 
collected in 2000 - 2012.  Some invertebrates are major prey items of benthic fish (e.g. shrimp, clams, 
polychaetes) and could occur in beluga stomachs via the stomachs of their fish prey. However, in a 
study of beluga whales throughout Alaska, whale stomachs that had no fish remains have been 
documented to contain polychaetes, gastropods, cephalopods, isopods, amphipods, shrimp, echiurids, 
and/or tunicates, indicating that the whales were likely directly ingesting the invertebrates (Quakenbush 
et. al. in press).  In their study, twenty-eight stomachs collected between March and November in 2002–
2012 were analyzed. Ten of the stomachs were empty (including the one collected in November).  Of the 18 
stomachs with food, 17 contained fish remains and nine contained invertebrates.  By frequency of 
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occurrence, the main fish species found in the stomachs were dominated by salmon (67%), gadiids (39%), 
eulachon (11%), and flatfish (11%).  Salmon that were identifiable included coho, chum, and Chinook; 
gadiids included saffron cod (Eleginus gracilis), walleye pollock (Theragra chalcogramma), and Pacific 
cod (Gadus macrocephalus); and the flatfish included yellowfin sole (Limanda aspera) and starry flounder 
(Platichthys stellatus).  Additional fish species identified included a longnose sucker (Catostomus 
catostomus), a Pacific staghorn sculpin (Leptocottus armatus), and a slender eelblenny or snake prickleback 
(Lumpenus sp.).   Shrimp, polychaetes, and amphipods made up the majority of the invertebrates found 
in the Cook Inlet beluga stomachs.   
 
Most Cook Inlet fish assessment data have been collected during spring, summer, or early fall months 
and Houghton el al. (2005a) developed a table of fish species that are most likely to be available to Cook 
Inlet beluga whales in the upper Inlet (Knik Arm) by month from April to November.  They included 
saffron cod in each month except July; Eulachon in April and May; Chinook in May and June; pinks, 
chum, sockeye, and coho in July; cohos in August; and longfin smelt (Spirinchus thaleichthys) in 
September and October. In addition to the fish just described and those found in stomach contents, other 
fish species have been collected in upper Cook Inlet and can potentially comprise the beluga diet 
including (but not limited to) the rock sole (Lepidopsetta bilineata), Pacific staghorn sculpin 
(Leptocottus armatus), threespine stickleback (Gasterosteus aculeatus), walleye pollock (Theragra 
chalcogramma), capelin (Mallotus villosus), Pacific sandlance (Ammodytes hexapterus), pacific sandfish 
(Trichodon trichodon), Arctic lamprey (Lampetra japonica), and ninespine stickleback (Pungitius 
pungitius) (Houghton et al. 2005a, 2005b, Moulton 1997). 
 
There is little information on winter diets of beluga whales in Cook Inlet. The stomach sample reported 
by Quakenbush et. al. (in press) that was collected in November was empty and there are no stomachs 
that have been collected in December through February.  Stomach contents of a beached whale in April 
included saffron cod, walleye pollock, Pacific cod, eulachon, tanner crab (Chionoecetes bairdi), bay 
shrimp (Crangon franciscorum), and polychaetes (NMFS 2005).  After the lipid-rich eulachon and 
salmon decline or disappear in the Inlet in the fall and winter, belugas must diversity their diet and they 
are reported to spend more time feeding in deeper waters.  In addition to the resident, non-migratory fish 
species described above, subtidal invertebrates that have been documented in upper Cook Inlet include 
isopods (Aregia pugettensis, Onisicidea), Alaska bay shrimp (Crangon alaskensis), California bay 
shrimp (C. franciscorum), blacktail shrimp (C. nigricauda), sand shrimp (Crangon spp.), brine shrimp 
(Lagunogrammarus setosus), Mysids (Mysis litoralis, Neomysis sp., Neomysis kadiakensis, N. rayii, N. 
mercedis), Nereid polychates (Neanthes limnicola), stink bug (Pentatomidae), and aquatic sow bug 
(Saduria entamom) (Houghton et. al. 2005a and 2005b).  All of these species are known to occur south 
of the upper Inlet, as well, and may comprise a portion of Cook Inlet beluga whale winter diet.   
 
In the 1970s and early 1980s, tanner crab (Chionocetes bairdi), red king crab (Paralithodes 
camtschaticus), Dungeness crab (Metacarcinus magister), northern shrimp (Pandalus borealis), 
coonstripe shrimp (P. danae), humpy shrimp (P. goniurus), sidestripe shrimp (Pandalopsis dispar), and 
scallop (Patinopecten caurinus) were all commercially harvested from lower Cook Inlet.  These 
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populations rapidly declined in the mid-1980s and have not returned to commercially harvestable levels, 
although several species have recently been open to personal-use harvests and scallops have been 
commercially harvested in Kamishak Bay.  
 
 

The Threat of PAH Contamination in Cook Inlet beluga whale habitat and prey 
 
The Cook Inlet beluga whale conservation plan lists polycyclic aromatic hydrocarbon (PAH) 
contaminant levels in belugas and their environment as one possible threat to the health of the beluga 
population.  We know that other chemical contaminants can kill or have other sublethal effects on 
marine mammals, such as on their reproduction, immune function, and endocrine function.  Over time, 
these effects can be devastating to affected individuals and populations (O’Shea 1999).  In comparison 
to other beluga populations for which contaminant data are available, Cook Inlet belugas have the lowest 
levels of polychlorinated biphenyls (PCBs) and chlorinate pesticides, and concentrations of heavy 
metals were either lower or comparable to those of other groups of belugas (Becker et al. 2000).  
Although the authors concluded that effects of PCBs and chlorinated pesticides may be less significant 
than for belugas located elsewhere, they warned that contaminants, coupled with other stressors, could 
still affect the well being of that stock.   
 
Although many studies have documented high levels of toxicants in tissues of marine mammals around 
the world, only a handful of studies have been able to establish cause and effect relationships between 
contaminants and biological effects (O’Shea et al. 1999).   Furthermore, toxicant studies of marine 
mammals to date have generally focused on pesticides, some heavy metals, and PCBs and little effort 
has been focused on oil hydrocarbons, despite urgent concerns about the effects of oil and gas 
development in many parts of the world (O’Shea 1999).  This is precisely the situation for Cook Inlet 
belugas, for which levels of several classes of contaminants, except oil hydrocarbons, have been 
assessed in the peer reviewed literature (Becker et al. 2000; Reiner et al. 2011). In the absence of similar 
knowledge about the effects of PAHs on marine mammals, but knowing that organic contaminants can 
bioaccumulate in fat or blubber of long-lived species such as belugas, a logical step for filling data gaps 
is to also assess PAHs in Cook Inlet beluga tissues, their habitat, and their prey. 
 
Oil contains thousands of compounds, with PAHs considered some of the most toxic.  Correlations exist 
between high levels of PAHs and cytotoxic, genotoxic, immunotoxic, and carcinogenic effects on 
aquatic wildlife (NRCC 1983).  Responses of organisms to petroleum hydrocarbons can be manifested 
at four levels of biological organization: (1) biochemical, cellular, and tissular; (2) organismal; (3) 
population; and (4) community.  Impairment of behavioral, developmental, and physiological processes 
may occur at PAH concentrations significantly lower than those that cause death.  Chronic effects may 
impair reproductive performance, immune function, or even survival for individuals and, if widespread, 
affect the status of a population and community (NRC 2003).  Evidence suggests that chronic and/or 
acute exposure to oil may lead to a range of ailments and conditions including skin irritation, 
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conjunctivitis, hepatic and hypothalamic lesions, hepatic necrosis, cancer, and poor survival of offspring 
(Engelhardt 1982; Martineau et al. 1994; Loughlin et al. 1994; Peterson et al. 2003).  An especially 
strong correlation has been noted between high levels of PAHs and illness and mortality of beluga 
whales in the St. Lawrence Seaway (Martineau et al. 1994, 2002), underscoring the potential 
susceptibility of this species to this class of contaminants.  The correlation suggests a cause and effect 
relationship, but that has not been proven.   
 
Prior to 2010, no PAH data existed for Cook Inlet beluga whale tissues.  Recently, however, in response 
to threats identified in the Cook Inlet beluga whale conservation plan, Wetzel (2010) and Reynolds 
(2010) assessed PAH levels in Cook Inlet beluga whale liver and blubber tissue samples that had been 
archived by the National Status and Trends program.  Highest PAH levels in Cook Inlet beluga livers 
were found in 3 adult males and a female fetus and the highest levels in blubber were from adult females 
and fetuses.  This study confirmed that concerns about PAH levels and effects on Cook Inlet beluga 
reproductive success and recovery are justifiable and warrant further study and, potentially, mitigation.  
The tissue data indicate that the whales do bioaccumulate PAHs from their environment or prey and that 
Cook Inlet beluga whale samples had higher PAH levels than did subsistence-harvested belugas 
analyzed from the MacKenzie River Delta in Canada (Wetzel, unpubl. data).   
 
PAHs are ubiquitous at some level in the environment, from both natural and anthropogenic sources, 
and are of special concern in areas where they have the potential to be introduced at significantly high 
concentrations from urban run-off, oil spills, municipal discharges, and from oil and gas exploration, 
development, or production activities.  In Cook Inlet, anthropogenic sources of hydrocarbons to Cook 
Inlet include oil and gas activities in Cook Inlet (e.g. produced water discharges), municipal wastewater 
dischargers, stormwater runoff from roads and industrial areas, vessels, and spills.  The main known 
natural sources in Cook Inlet include coal, oil seeps, peat, and hydrocarbon bearing source rock that 
enter Cook Inlet directly from rivers and coastal erosion but also from advection into the Inlet.   
 
Some of the ways that belugas can be exposed to PAHs are through inhalation, direct contact with oil 
slicks or dissolved plumes, direct contact with contaminated sediments, or by ingesting contaminated 
prey.  Beluga whales spend a significant portion of their time in intertidal and nearshore areas, where the 
risk is often highest for exposure to PAHs given that it is in the nearshore environment where most 
point-source hydrocarbon discharges occur, where natural and anthropogenic PAHs from non-point-
source run-off enter the marine environment, and where oil spills are most common and can strand and 
be retained in the habitat.   
 
Cook Inlet has had an active oil industry since the 1960s, with existing pipeline, platform, and shore 
facility infrastructure concentrated in the upper Inlet (Figure 3). Tankers arrive at the Drift River 
platform on the west side of Cook Inlet to pick up oil that was transported to holding tanks from the west 
side platforms via gathering lines and tank farms at Granite Point and Trading Bay.  The oil is then 
transported to the Kenai Peninsula Refinery dock in Nikiski.  The oil production in Cook Inlet does not 
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meet the demand for the refinery, so period spot charters arrive carrying oil from other parts of the 
world.  For most platforms, produced water is shipped via pipeline to either the Trading Bay or East 
Forelands Treatment Facility where it is treated and discharged to the Inlet just offshore.  Permitted 
mixing zones associates with these discharges allow PAHs to be introduced at concentrations higher 
water quality standards at the point of discharge and are a significant source of PAHs to the Inlet.  
Recent interest in oil and gas exploration has expanded activities to other areas of the Inlet, including the 
recent drilling activity in an area south of Ninilchik.  
 
Significant effort has been made to assess background concentrations and sources of PAHs in Cook 
Inlet’s marine environment and to evaluate potential impacts from anthropogenic sources (ADL 1995a, 
1995b; KLI 1996a, 1996b, 1997, 1998; Lees et. al. 2002, Saupe et. al. 2006, , Saupe et. al. in prep.).  The 
main goal of most of these studies was to investigate the likely sources of hydrocarbons to the 
background signal in Cook Inlet and whether marine sediments show evidence of oil residues due to oil 
industry exploration or production activities.  These studies have shown no evidence of PAH 
accumulations from produced water discharges or recent crude oil or distillate product releases were 
observed in the sediment samples or water column.  However, all samples did contain oil-like signatures 
from potential peat/coal/source-rock (kerogen) inputs into Cook Inlet.  Notably, petrogenic sediment 
patterns that had been attributed by other scientists as a PAH-bearing, ubiquitous, source-rock signal 
originating from the Yakutat region and transported across coastal Northern Gulf of Alaska now seem 
likely to also originate from, or at least be supplemented by, local Cook Inlet sources.  The focus of most 
of these studies was on benthic sediments and water column samples.  However, several incorporated 
tissue analyses of both filter-feeding and deposit-feeding bivalves.  Wetzel (2010) and Reynolds (2010) 
assessed sediment and fish prey PAH concentrations in four locations in northern Cook Inlet where 
belugas are regularly observed feeding in the summer.  These areas were not selected due to their 
location relative to any particular industry or activity, but for their known importance as summer habitat 
and feeding areas.  The sample size was limited, as was the ability to fingerprint hydrocarbons in the 
sediments.  But, the relative ratios of individual PAHs to each other suggested multiple sources, 
including fresh fuel and combustion sources.  Total PAH levels were low, relative to other urban areas 
known to have environmental problems with PAH contamination.  Several types of PAHs also occurred 
in a limited number of fish prey samples, including salmon, eulachon and saffron cod, with more lighter 
two-ringed compounds (relative to the higher-ringed compound) in the fish samples relative to 
sediments.  The salmon and eulachon are seasonal in those areas, having migrated some distance to 
return to freshwater rivers for spawning.  Thus, it is difficult to attribute PAH in their tissues to local 
sources.   
 
When the seasonally abundant salmon and eulachon prey items are gone, the belugas must diversify 
their diet.  This is reflected in stomach content data where their diet is more diverse in fall than it is 
spring when eulachon are abundant and summer when salmon are most abundant (Quakenbush et. al. in 
press).  It is likely that fish that live within Cook Inlet all year are a potentially significant prey source to 
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the belugas and periodic assessments of these fish as a potential source of PAH to beluga whales will 
help fulfill data gaps identified in the Cook Inlet beluga whale conservation plan.   
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Methods 
 

Study Design and Station Evaluation 
 
A random systematic sampling design (Zar 1984) was developed for estimating the biomass of dominant 
groundfish and invertebrate species in each of two sampling areas.  These areas were selected for their 
locations north and south of the Forelands (Figure 4), their inclusion in Category 2 Critical Habitat for 
Cook Inlet beluga whales (Figure 2), and their inclusion of areas where whales have been documented 
feeding and transiting in winter.  Each of the two survey areas was divided into a grid of 1 n mi (3.4 
km2) squares and 10 stations were randomly selected from the sampling area that included only water 
depths greater than 20 m (Table 1, Figure 4).  The exclusion of sampling areas with water depths less 
than 20 m was based on the goal of sampling in the deeper waters where belugas have been documented 
feeding before and after the intense summer feeding in the upper Inlet (Laidre et. al. 2004).  Ten 
secondary trawl stations (Table 2, Figure 4) were also randomly selected as potential trawling sites.  If 
the bottom at selected stations (based on nautical charts) was not suitable for trawling, due to the 
presence of boulders, pipelines, cables, or other obstructions or if the primary sites proved to be 
unsuitable once evaluated in the field then another station was randomly selected from the pool of 
alternate sites.     
 
In order to minimize the chance for snagging on boulders or other benthic hazards, each target sampling 
station was closely evaluated by the trawl team and skipper to evaluate whether it was appropriate to 
trawl at that location.  The potential effects of currents and tidal rips (current shear zones) on tow 
direction and speed was also evaluated.  Based on bottom information from the depth sounders and 
charts, a decision was made whether to sample at the target location.  In addition, a decision was made 
for how long it was safe to keep the trawl on the bottom.  If there is no safe trawl areas along an 
estimated trawl track at the target station, that station was dropped and the nearest target station 
attempted next.   
 
 

Trawl Sampling 
 
This project focused on assessing winter prey of Cook Inlet beluga whales in Cook Inlet waters within 
the Kenai Peninsula Borough.  Unfortunately, due to the low salinity waters of the upper Inlet, mobile 
broken ice conditions are typical of Cook Inlet winters, precluding sampling during actual winter 
months.  Thus, trawl surveys were planned for late November 2011 and late March/early April 2012, 
with the intent of bracketing the winter months in order to come as close as possible to sampling winter 
fish assemblages.  These sampling windows were selected based on the dates of average ice formation 
and disappearance in the upper Inlet; typically, by mid November (November 24th, on average), sea ice 
has formed in the upper inlet and, on average, the termination of significant ice is April 8th (Nelson and 
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Whitney 1996).  Exact sampling dates were also determined by factors other than ice, including tides 
and weather conditions.  Neap tide windows were targeted to minimize sampling in the strongest 
currents in Cook Inlet.   
 
In November 2011, sampling was scheduled for November 18-21, 2011.  Mobilization took place in 
Homer, Alaska, and test sampling took place on November 14, 2001 inside Kachemak Bay.  Prior to 
leaving port for the upper Inlet sampling, a winter storm blew in with extremely cold temperatures and 
high winds.  Ultimately, high winds, freezing spray, and ice conditions precluding sampling during the 
originally planned neat tidal series.  Sampling was not possible during the following spring tide series 
and the vessel was scheduled for a separate study during the neap tide series.  By then, ice conditions in 
the Inlet precluded trawl sampling in our study areas until the following spring.   
 
Trawl surveys were conducted in April 26-28 and October 7-8, 2012.  Trawl sampling for the benthic 
prey was conducted from the Alaska Department of Fish & Game (ADF&G) research vessel Pandalus.  
In addition, opportunistic sampling from the research vessel Kahtnu  was conducted (for only one day in 
April) to test its potential for sampling pelagic prey in the Inlet using a mid-water trawl. The Pandalus 
has an overall length of 20 m and is powered by a 365-hp diesel engine.  The vessel fished a high-rise 
shrimp trawl with an estimated fishing width of 9.7 m and a height of 3.5 m.   The trawl was fished with 
2.6 x 1.7 m, 363 kg, V doors attached by triple 18 m, 9.5 mm diameter wire bridles.  The whole net, 
wing, intermediate, and cod end was built with 32 mm stretch nylon and the cod end was covered with 
polypropylene chafing mesh.  Target net tows were 2 knots for  The net was towed about 0.2-1.5 km at a 
speed of about 2.5-4.5 km hr-1 on a path into the tide.  The Kahtnu has an overall length of 8.8 m and is 
powered by a 280-hp diesel engine.  The vessel fished a high-speed midwater rope trawl (Dotson and 
Griffith 1996) with a width and height of 13.2 m.  The net had four panels with frame ropes (5-7 m) 
attached to the headrope and meshes tapering down to 4 mm in the cod end.  The trawl was fished with 
0.37 x 0.17 m, 29.5 kg, trawl doors attached to 0.6 cm diameter triple wire bridles.   The net was towed 
about 0.5-1.0 km at a speed of 6-8 km hr-1 on a path into the tide, however due to strong currents the 
distance towed could not be used to calculate the volume sampled by the net.   
 
Once in the field, bottom and tidal conditions at each station were further evaluated using nautical 
charts, tide current observations (based on vessel drift) and the vessel’s down-looking sonar. If no safe 
trawl areas were found within the vicinity of the primary station, then that station was dropped and 
conditions at the nearest potential station were surveyed.  Once a decision was made to trawl at a station, 
the direction and approximate duration of the tow was determined based upon bathymetry and tide stage.  
The actual direction and duration each tow was determined by bottom and tidal conditions once the tow 
was underway, i.e. sometimes the tide would push the vessel off the intended track and other times snags 
on the bottom would require that a tow be prematurely terminated.  
 
Trawl data were recorded on standard ADF&G trawl-log forms so that the times and GPS locations for 
when the trawl reached the bottom and when it was hauled back were recorded, as well as, the distance 
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towed, average trawl speed, length of trawl warp out, engine rpms, sea state and other comments 
relevant to the quality of the tow.  These data along with the trawl measurements were used to calculate 
the area swept by the trawl during each tow and thus the density of animals per unit area.   
 
After each successful tow, the total catch was weighed while still in the codend of the trawl.  Then, all 
groundfish and invertebrates were removed from the trawl, identified to species, counted and weighed in 
aggregate by species.  Since trawl catches during this project were low, a biomass subsampling method 
was not used to estimate total catch (Gustafson and Bechtol 2005).  A sample (n=30) of each dominant 
groundfish and invertebrate species were then processed to estimate individual wet weight (nearest 
gram) and length (nearest millimeter).  Total length (tip of snout to tip of tail) was measured for all 
fishes and carapace length was measured to all invertebrates (Butler 1980, Bechtol 2005) if practical. 
Approximately 5 specimens of each species were saved for later stable isotope analysis and 20 
specimens of each species were saved in separate bags for fatty acid analysis.   These specimens were 
preserved whole if possible, but tissue samples (muscle and skin) were taken from very large specimens.  
All stable isotope and fatty acid samples were frozen at -20oF on board the R\V Pandalus.    
 
The biomass density of each taxonomic group of potential prey at the ith station (Bij , kg km-2) was 
estimated as  
 
𝐵𝑖𝑗 = 𝑥𝑖𝑗

𝑎∙𝑑𝑖
 ,     (1) 

 
where xij was the wet weight (kg) of the jth taxonomic group at the ith station, a was the effective 
sampling width (9.75x10-3 km) of the shrimp trawl (Gustafson and Bechtol 2005), and di was the 
distance of the ith tow (km).  The total biomass density of potential prey at the ith station (Bi , kg km-2) 
was estimated as 
 
𝐵𝑖 = ∑ 𝐵𝑖𝑗

𝑗𝑚𝑎𝑥
𝑗=1    .    (2)  

 
The mean biomass density of potential prey during each survey (𝐵) was estimated as 
 
𝐵 = 𝐵𝑖

𝑛
 ,     (2) 

 
where n was the number of tows during the survey.  The variance of the mean biomass density during 
each survey 𝑉(𝐵) was estimated as  
 

𝑉�𝐵� = ∑ �𝐵𝑖−𝐵�
2𝑛

𝑖=1
𝑛−1

 .     (3) 
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The biomass density was only estimated for shrimp trawl catches, because the effective sampling area of 
the mid-water trawl was unknown.          
 

CTD Cast (Hydrographic Profile) 
 
Continuous water column profiles were taken at each site using a Seabird 19 CTD.  Water quality 
indicators were recorded throughout the water column with the CTD averaging a descent rate of 1.0 m/s 
and a recording rate of 0.5 seconds.  An initial soak at the surface for 2 minutes ensured that the pump 
had cleared all air from the tubing.  The instrument remained at near-bottom for 2 minutes to minimize 
any effects from a nephel layer or benthic sediment disturbances from the pressure wave of the 
descending CTD.  Data was recorded for descending and ascending profiles and processed later.     
 

Fish collections for PAH analyses 
 
Fish were collected from the trawls for chemical analyses based on a number of factors.  Attempts were 
made to select species that were widely distributed among stations, were abundant at any particular 
station, or were unique.  Multiple species were collected from each trawl.  A wider range of species 
were collected from the earlier sampling stations and frozen so selections for analyses could, in part, be 
based on those species that occurred throughout much of the study area.  This increased the likelihood 
that species could be analyzed that were represented across the study areas or that species that might be 
dominant in specific areas or stations could be analyzed. It also allows for future analyses of archived 
samples if funding were to become available.  Attempts were made to collect a wide range of species 
throughout the study areas, although it was not possible to collect all species or fish at each sampling 
station, given the time, personnel, and budget limitations.   
 
All surfaces that the fish would touch were scrubbed clean with Alconox prior to sampling.  Once the 
trawls were sorted and evaluated, fish selected for collections were rinsed with site water, individually 
wrapped in aluminum foil and fish of the same species were combined in a plastic bag to allow for 
future compositing if necessary.  Samples were kept frozen until shipping and analyses at Motes Marine 
Laboratory.  
 

Sample processing, extraction and cleanup 
 
To reduce the effect of age and size, species were sorted into size groups where possible if the sample 
was a composite (small or large).  Composites samples were thawed, and individual fish were weighed 
on top a loading balance to the nearest 0.01g, and fork lengths recorded.  Each fish was then cut into 
small pieces with a solvent rinsed stainless steel knife and the entire composite was then homogenized 
using a glass blender.  The glass carafe was thoroughly washed and solvent rinsed between samples.    
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Approximately 5g of fish tissue homogenate was ground with diatomaceous earth and added to a 66-mL 
stainless steel accelerated solvent extraction (ASE) cell along with the appropriate deuterated PAH 
surrogate standards.  Using pressurized fluid extraction (PFE), the samples are extracted with methylene 
chloride for three sequential cycles at 100°C and 2000 psi on an ASE 300 (Dionex Corporation, 
Sunnyvale, CA, USA).  The extracts (~80 mL) were reduced to ~1-2 mL using a RapidVap (Labconco 
Corp., Kansas City, MO, USA), then transferred to a glass, graduated conical test tube and brought up to 
10mL in methylene chloride.  Lipid content was determined gravimetrically by weighing 10% of the 
extract volume.  Lipid removal was performed on an automated GPC system (Fluid Management 
Systems, Watertown, MA, USA) followed by further sample clean up using a multi-column clean up 
system (Automated Power-Prep System, Fluid Management Systems, Watertown, MA, USA).  
Polycyclic aromatic hydrocarbons (PAHs) are eluted with 80:20 CH2Cl2/ hexane (v/v) through a 
classical neutral silica column (6 g).  The eluted fraction containing compounds of interest were 
collected and reduced to 900uL of methylene chloride.   
 

Instrument Analysis 
 
Prior to GC-MS analysis, two deuterated internal standards (dibenzothiophene-d8 and benzo[e]pyrene-
d12) were added to the extracts to bring the final volume to 1mL.  Extracts (1 µL injection volume) were 
analyzed using gas chromatography/mass spectrometry (GC/MS; Agilent 7890A/5975C; Agilent 
Technologies, Inc., Andover, MA, USA).  Analyte separation is achieved on a DB-5MS capillary 
column (30 m x 0.25 µm film thickness x 0.25 mm i.d.; Agilent Technologies, Inc., Andover, MA, 
USA) with ultrahigh-purity helium as the carrier gas.  PAHs were determined in electron impact scan 
mode (EI) with helium as the carrier gas at 1mL/min.  The injector (splitless mode) and transfer line 
temperatures are set to 300°C and 280°C, respectively.  The oven temperature program was as follows:  
60°C (0.5 min hold), then 8°C/min to 325°C (3 minute hold) for a total run time of 36.6 minutes.  The 
source and quadrapole temperatures are set to 230°C and 150°C, respectively.  All mass spectral data 
were compared to spectra produced by authentic standards and to previously published library spectra. 
Forty-nine  PAHs, including parent compounds and their homologues, were reported (Table 3). 
 

Quality Assurance / Quality Control 
 
A performance-based quality-assurance and quality-control program, which included the parallel 
analysis of procedural blanks and matrix spikes was implemented to ensure data of the highest quality.  
Quality assurance and quality control guidelines follow TDI-Brooks International, B&B Laboratories 
Inc., EPA 8270D and NOAA established criteria for PAH analysis.  Five custom calibration standards 
ranging in concentration from 20 to 1000 ng/mL were purchased from AccuStandard (New Haven, CT, 
USA).    Prior to sample analysis, the initial calibration passed the following established criteria:  R2 = 
0.99 - 1 for all compounds and surrogates and the % RSD was ≤ 20% for all relative response factors 
(Table 4).    The GC response was monitored using a mid-level (250 ng/mL) continuing calibration 
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standard, passing acceptable criteria (% RSD ≤ 25% for 90% of the analytes; ≤ 35% for 10% of the 
analytes; see Table 4).    Procedural blanks were checked to confirm they were clear of targeted analytes.   
Acceptable blanks were considered to contain no more than three times the MDL for two or more target 
analytes.  The method of detection limit (MDL) is defined as the mass of the analyte in the lowest 
detectable calibration solution multiplied by the extract volume and divided by the sample mass.  The 
mean (± standard deviation) MDL for the fish tissue was calculated at 4.01 ± 0.80 ng/g. 
 
Sample analyte concentrations were quantified based on the concentration and response of the internal 
standards (dibenzothiophene-d8 and benzo[e]pyrene-d12).  All samples and method blanks were spiked 
with ortho-terphenyl (OTP) and four (4) deuterated PAH surrogate compounds prior to extraction.  All 
samples passed the acceptable surrogate recovery criteria (% recovery 50-150%).  The mean recovery of 
OTP spiked in all samples was 80 ± 17%.  The mean recoveries of the individual surrogates 
acenaphthene-d10, anthracene-d10, benzo[a]anthracene-d12, and perylene-d12 were 58 ± 16%, 73 ± 22%, 
90 ± 27% and 90 ± 18%, respectively.  The overall recovery for the low and high molecular weight 
surrogates were 64 ± 21% and 90 ± 26%, respectively.  The overall recoveries for the matrix spiked with 
20 parent PAHs was 87 ± 26%.  The recoveries for the low and high molecular weight parent 
compounds were 86 ± 8% and 88 ± 17%, respectively.  Individual and standard mixtures of PAHs are 
purchased from AccuStandard (New Haven, CT, USA). 
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Results 
 
Difficulties encountered during trawl operations limited the number of stations sampled. During the 
April survey, nine bottom trawl sets were attempted with problems encountered during three tows.   The 
first set was aborted near the beginning of the tow when the net hung up on the bottom, so no samples 
were obtained.  The sixth set (first tow in area 1) was completed, but the net again hung up on the 
bottom and was damaged beyond repair.  It was decided by the skipper, chief scientist, and trawl 
personnel to not attempt any further towing in area 1 due to the rough bottom and extreme currents, 
complicated by pipelines, abandoned well heads, and other uncharted objects.  However, one 
opportunistic trawl was conducted offshore of the mouth of the Susitna River where Cook Inlet beluga 
whales have been observed feeding in non-summer months.   During the eighth set, a strong ebb current 
pushed the Pandalus severely off of the intended tow path, so the net was hauled back early to avoid 
damage and regain control of ship speed and direction and no samples were obtained.  Seven tows were 
successfully completed with the distance sampled ranging from 0.65-1.76 km per tow and towing times 
ranging from 12-30 mins (Table 5).  For the mid-water trawl, towing times ranged from 3-15 mins 
(Table 1).  The total biomass density of captured organisms was not estimated for this gear type, because 
the volume sampled was unknown. 
 
During the April survey, thirty taxonomic groups were captured in the bottom trawl and eleven 
taxonomic groups were captured in the mid-water trawl (Table 6).  The mean biomass density of non-
sessile animals (Tables 6 and 7) was dominated by starry flounder (Platichthys stellatus) followed by 
eulachon (Thaleichthys pacificus), sevenspine bay shrimp (Crangon septemspinosa), Pacific tomcod 
(Microgadus proximus), and Pacific sandfish (Trichodon trichodon).  The dominance of starry flounder 
resulted from a single large catch in the southeast part of area 2, while the other taxonomic groups 
occurred at three or more locations.  Eulachon and sevenspine bay shrimp were the most widely 
distributed (Figures 5 and 6).   Mean individual body weight was less than 1 kg for all taxonomic groups 
captured in the bottom trawl except Starry flounder.   Mid-water trawl catches were dominated by 
sevenspine bay shrimp, mysids (Neomysis sp.), amphipods (Gammarus sp.) and eulachon.  Sevenspine 
bay shrimp and mysids were caught in every net set.  Length frequency distributions (Figure 7) indicated 
that 7 of 11 taxonomic groups were <20 cm in length, with starry flounder being the largest (40-51 cm) 
followed by Pacific tomcod (10-30 cm), eulachon (7-22 cm) and Pacific sandfish (10-17 cm). 
 
During the October survey, thirty-four taxonomic groups were captured in the bottom trawl (Tables 8 
and 9).  The mean biomass density of non-sessile animals was dominated by starry flounder, spiny 
dogfish (Squalas acanthias), jellyfish (Cyanea sp.), sevenspine bay shrimp, Pacific halibut 
(Hippoglossus stenolepis), walleye Pollock (Theragra chalcogramma), and Pacific tomcod.  Starry 
flounder and spiny dogfish were only captured at two locations and only a single Pacific halibut was 
captured.  Jellyfish, sevenspine bay shrimp, walleye pollock and Pacific tomcod occurred at 4 or more 
locations (Figures 8 and 9).  As during the April survey, mean individual body weight was less than 1 kg 
for all taxonomic groups except starry flounder and spiny dogfish. Length frequency distributions 
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(Figure 10) indicated that 10 of 18 taxonomic groups were <20 cm in length, with spiny dogfish being 
the largest (71-86 cm) followed by starry flounder (39-59 cm), big skate (Raja binoculata, 42 cm), 
butter sole (Isopsetta isolepis, 30-37 cm), flathead sole (Hippoglossoides elassodon, 11-31 cm) and 
Pacific tomcod (8-35 cm).  
 
The total biomass density of non-sessile animals ranged from 6.8 to 1,507.4 kg km-2 in April (Table 7) 
and from 417.6 to 11,752.8 kg km-2 in October (Table 9).  Mean total biomass densities of non-sessile 
animals were 242.5 kg km-2 in April and 4,055.1 kg km-2 October, but these estimates were not 
significantly different (P=0.366).  
 
During both surveys, the highest biomass occurred at station 2.05, i.e. 1,507.4 kg km-2 in April and 
10.490.3 kg km-2 in October.  In October, the biomass (8,910.4 kg km-2) at station 2.99 (7.6 km south of 
station 2.05) was the second highest observed during the survey.  In April, the biomass at station 2.05 
was dominated by starry flounder, eulachon and sevenspine bay shrimp, while in October the biomass at 
this station was dominated by starry flounder, spiny dogfish, Pacific tomcod and sevenspine bay shrimp 
(Tables 7 and 9).  Both of these stations are located in an area where colder, clearer, high salinity water 
(Figure 11) intrudes from the Gulf of Alaska (Burbank 1977).  Our trawl catches indicate that the 
benthic fauna in this area is more abundant than further north or west in upper Cook Inlet, and our 
observations of targets on the vessel’s sonar were consistent with this conclusion.    
 
Stations 2.10 and 2.03 on the west side of Kalgin Island and station 2.04 located 15 km west of Kenai 
were also sampled during both surveys.  The total biomass of benthic fauna at these stations was less 
than an order of magnitude lower than at station 2.05 during both surveys (Tables 7 and 9).  In April, the 
biomass at these stations was dominated by eulachon, Pacific tomcod and sevenspine bay shrimp (Table 
7), while in October the biomass at these stations (Table 9) was dominated by sevenspine bay shrimp, 
Pacific tomcod and snailfish (Liparis sp.).   
 
In April, two stations (1.04 and 1.11) were sampled in area 1 north of the Forelands.   The biomass of 
benthic fauna at these stations was less than half the biomass found south of the Forelands (Table 7).  
The lowest biomass occurred near the mouth of the Susitna River (station 1.11) in an area with a sandy 
bottom.  Although, the bottom at station 1.04 was rocky (based upon damage to the net and rock 
fragments in the codend), the catch at both stations was dominated by eulachon and Pacific tomcod. 
 
All whole fish analyses for PAH concentrations showed non-detectable levels of PAHs (Table 10).    
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Discussion 
  
Several species captured in our survey were found in a beluga stomach sampled near Kalgin Island on 
April 1, 2003.  This is the only whale necropsied in this area during winter\spring, and it had a thinner 
blubber layer than beach cast beluga whales found in summer (NMFS unpubl. data).   Its stomach 
contained saffron cod, walleye pollock, Pacific cod, eulachon, tanner crab, bay shrimp, and polychaetes 
(NMFS unpubl. data).  Dive data from belugas tagged with satellite transmitters suggest that whales are 
feeding in deeper waters south of the Forelands during winter (Hobbs et al. 2005). 
 
Belugas have also been observed in the Kenai River estuary in fall and spring, but it is unknown what 
they are feeding on in this area at that time.  In 2003, 31 taxonomic groups of fishes and 
macroinvertebrates were found in the Kenai River estuary (Willette et al. 2004).  In April, epibenthic 
invertebrates (Crangon spp, Neomysis spp., and Saduria spp.) were most abundant, and finfish (mostly 
longfin smelt) were relatively rare. In September, eulachon, coho salmon, Pacific herring, Pacific 
sandfish, starry flounder and spiny dogfish were most abundant.   Many of these same species were 
encountered during our survey, although spiny dogfish and starry flounder were only captured further 
south in the inlet. 
 
Historical data for winter fish and invertebrate assemblages in the study area are lacking.  However, 
there are scattered data available for other seasons and areas of the Inlet.  Although we did not sample in 
Knik Arm, previous bottom-trawl surveys have found Pacific staghorn sculpin, walleye pollock and 
eulachon occurred at very low densities in this area (Morsell et al. 1983, Houghton et al. 2005a, 2005b).  
In our survey, eulachon were one of the dominant species captured in a single tow made near the mouth 
of the Susitna River followed by Pacific tomcod, threespine stickleback and isopods.  The biomass of 
benthic fauna at this location was the lowest (6.8 kg km-2) observed during our survey.  
 
Our catch rates in areas northwest of station 2.05 were 2-3 orders of magnitude lower than in historical 
bottom trawl surveys in Kachemak Bay, in southeast Cook Inlet.  In November 2011, a test trawl was 
conducted in Kachemak Bay during sea trials for this project and, although the data are not included 
here, the catches were very similar to those reported for those historical Kachemak Bay trawls and were 
3 orders of magnitude more than what was caught in the middle and upper Inlet during trawls in April 
and October 2012.  Gustafson and Bechtol (2005) reported spring catch rates of fish and non-pandalid 
invertebrates increasing from about 82.9 – 262.8 lb nm-2 prior to 1985 to greater than 500 lb nm-2 after 
1990.  Similarly, fall catch rates of fish and non-pandalid invertebrates increased from less than 500 lb 
nm-2 prior to 1980 to greater than 1,000 lb nm-2 after 1987 (Gustafson and Bechtol 2005).  In our survey, 
catch rates in the area northwest of station 2.05 were 0.3 – 3.3 lb nm-2 in April and 6.5 – 20.2 lb nm-2 in 
October (Table 5).   Our catch rates at stations 2.05 and 2.99 in the southeast part of our survey area 
were lower than but more similar to those observed in Kachemak Bay (59.9 lb nm-2 in April and 417.0 – 
354.0 lb nm-2 in October).  Higher catch rates in the historical surveys and our test trawl in Kachemak 
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Bay is likely due to higher abundance of benthic fish and invertebrates in this area, unless there was bias 
in our biomass estimates resulting primarily from strong tidal currents in our survey area.   
 
The strong tidal currents in upper Cook Inlet may have introduced an unknown bias into our trawl-based 
biomass estimates.  Our biomass estimates could be biased high, because we typically towed into the 
tidal current, and biomass was calculated based on distance over the bottom sampled by the trawl.   The 
trawl method of estimating biomass using area swept is based on the assumption that either there is no 
significant current or the animals are associated with the bottom and are not being swept along by the 
current.   If animals were being swept into the trawl by a strong current, then the volume of water 
sampled by the trawl may be much greater than in an area with less current.  However, our biomass 
estimates could also be biased low if strong currents caused the trawl to deform from its proper shape 
and\or rise off the bottom.  Due to these concerns, we attempted to minimize the effects of tidal currents 
on trawl efficiency by fishing during a period of neap tides and during times of the day when tidal 
currents were lower. Since we used the same vessel and trawl gear employed in the Kachemak Bay 
surveys, differences in catch rates likely did not result from different fishing methods.   
 
Although there were a limited number of successful trawls in the study area due to high currents and 
rocky or uneven bottom, these data provide some of the only estimates of the species, abundances, and 
biomass of potential prey items for beluga whales in suspected winter feeding habitat.  Large trawls are 
not recommended for areas near the Forelands, especially north of the Forelands where significant 
industrial infrastructure (e.g. abandoned well heads, pipelines, platforms) occur throughout the area.  
Alternate trawl equipment (e.g. rock-hopper gear, larger mesh size nets and cod-ends, rock trawls) or 
alternate gear types (e.g. long-lining, bottom gill-net) could be considered to test these areas, some of 
which could at least provide presence/absence information.  As well, hydro-acoustic surveys could be 
conducted to cover a larger area and have a higher chance of observing schooling fish.   
   
Assuming our biomass estimates are not severely biased, these surveys indicate that (1) the biomass of 
benthic fauna available to beluga whales is very low in areas northwest of station 2.05, (2) the individual 
body sizes of potential prey in this northwestern area is typically very small (mostly <0.01 kg), (3) the 
biomass and individual body sizes of benthic fauna in the area south of station 2.05 is much greater, and 
(4) the biomass of benthic fauna throughout upper Cook Inlet likely declines over the winter. Given the 
small body sizes and apparent low density of benthic fauna in the northwestern area, it seems likely that 
belugas may not be able to acquire a maintenance ration in this area during winter.   This conclusion is 
consistent with observations that belugas in the spring have much lower fat reserves than during summer 
months after feeding on spawning migrations of eulachon and salmon (Huntington 2000).   
 
Levels of PAHs in Cook Inlet beluga whale habitat are a concern for the health of the population.   
The recent demonstration the PAHs are detected in beluga whale tissues and that the limited data 
indicate that (Wetzel 2010 and Reynolds 2010) the belugas are exposed to and can bioaccumulate PAHs 
from their environment or prey.  Sediments in several known feeding areas in the northern Inlet show a 
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range of PAHs (Wetzel 2010) with levels that are almost an order of magnitude lower than typical urban 
areas.  But, although the levels are significantly lower than those measured in the St. Lawrence Seaway 
whales in Canada where PAH concentrations correlate with PAH concentrations (in particular, the 
analyte benzo(a)pyrene), levels in those northern Cook Inlet sediments are higher than measured in the 
Mackenzie River Delta in northern Canada where PAHs in beluga whale tissues are undetectable 
(Wetzel, unpubl. data).  Given that a suite of PAHs were detected in liver and blubber tissues of male, 
female, and fetal Cook Inlet beluga whales, there is clearly a source and mechanism for PAHs to 
bioaccumulate in the whale tissues.  But without knowledge of the PAH sources or exposure 
mechanisms (inhalation, transdermal routes, ingenstion of prey or water), their rates of PAH 
metabolism, and their bioaccumulation rates, it is impossible to determine whether these background 
levels of PAHs are the source of PAHs to beluga tissues.  Exposure to a pulse of hydrocarbons could 
also potentially overwhelm a beluga’s CYP1A enzyme system’s ability to metabolize PAHs, resulting in 
stored PAHs.  Additional information on PAH metabolites and biomarkers can provide information 
about physiological processes and effects that can begin to answer questions about the health and 
reproductive status of animals exposed to PAHs, as well as other contaminants.      
 
Further studies are recommended to determine potential mechanisms for PAH sources to beluga whales.  
Whole-fish PAH levels measured during this study indicate that resident fish in the Cook Inlet beluga 
whale winter feeding areas are likely not the vector for introducing PAHs to the whales.  Sediment and 
water column PAH data from hundreds of sites in Cook Inlet (ADL 1995a, 1995b; KLI 1996a, 1996b, 
1997, 1998; Lees et. al. 2002, Saupe et. al. 2006, Saupe et. al. in prep.) support this conclusion as they 
have not shown where hydrocarbons from oil industry operations are accumulating or concentrating 
relative to the ubiquitous PAH background.  However, there may be some mechanisms that allows 
PAHs to biomagnify along selected trophic pathways in certain areas or conditions.  Whales in the St. 
Lawrence Seaway have historical records of containing up to 14 kg of polychaets in a stomach and in 
light of worm tissue PAH concentration data, Martineau (2012) hypothesizes that sediment-dwelling 
polychaetes could potentially be contaminating the belugas.  Unlike vertebrates, these worms lack the 
P4501A enzyme system that would enable them to eliminate PAH molecules as fish and other 
vertebrates can as long as the system is not overwhelmed by high concentrations.  There are clearly 
many unanswered questions about the mechanisms and potential impacts of PAH exposure and 
bioaccumulation in Cook Inlet beluga whales and further assessments of beluga tissues and all of their 
possible prey should continue.   
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Figure 1. Cook Inlet bathymetry showing several deeper channels along the axis of the Inlet and wide 
shallow nearshore areas in the western and upper Inlet.  Map prepared by Alaska Map Company for Cook 
Inlet RCAC.     
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Figure 2.  Cook Inlet beluga whale critical habitat as defined by the National Marine Fisheries Service 
(NMFS).  Map provided by NMFS. 
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Figure 3.  Oil industry infrastructure (pipelines, platforms, shore facilities) are concentrated in the upper 
Inlet north of the constriction at the Forelands (upper right).  For most platforms (white crosses) on the 
west side, produced water is shipped via pipeline to the Trading Bay Treatment Facility where it is treated 
and discharged to the Inlet just offshore.  This discharge accounts for more than 96% of the total produced 
water discharged to Cook Inlet.  Map prepared by Alaska Map Company for Cook Inlet RCAC. 
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Figure 4. Study areas for Cook Inlet beluga prey sampling.  Study Area 1 is north of the line between the 
West and East Forelands and Study Area 2 is south of that line.  The red dots represent the target 
(primary) sampling locations and the red triangles are supplement sites that were available in the event 
that target locations were unsampleable.  Numbers were randomly assigned to the stations.  Gray area 
denotes areas <20m and not included in sampling design. Subsequent data presentations will include Study 
Area and Station Number combined (for example, Station 3 in Study Area 2 is Station 2.03). 
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Figure 5 (next page).  Map of catch distributions for trawls at Cook Inlet stations sampled in April 
2012.  Data are lumped into general categories and are shown in more detail in Figure 6.  Station 
numbers reflect station locations (trawl set) from Table 5.  The area of each circle represents total 
biomass scaled against the circle in the legend which represents 20 kg km-2).   
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Figure 6 (next page).  Map of catch distributions for trawls at Cook Inlet stations sampled in April 2012 
that were shown in summary in Figure 5.  Station numbers reflect station locations (trawl set) from Table 
5.  The area of each circle represents total biomass scaled against the circle in the legend which represents 
20 kg km-2).  Numbers in parentheses in the legend represent the total biomass of that taxa. Asterisks in the 
legend are for taxa not resolved by the pie diagrams due to their small size. 
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Figure 7.  Length frequency distributions for eleven taxonomic groups captured during the April 26-28, 2012 survey in Cook Inlet.
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Figure 8 (next page).  Map of catch distributions for trawls at Cook Inlet stations sampled in October 2012.  
Data are lumped into general categories and are shown in more detail in Figure 6.  Station numbers reflect 
station locations (trawl set) from Table 5.  The area of each circle represents total biomass scaled against 
the circle in the legend which represents 20 kg km-2).   
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Figure 9 (next page).  Map of catch distributions for trawls at Cook Inlet stations sampled in October 2012 
that were shown in summary in Figure 8.  Station numbers reflect station locations (trawl set) from Table 
5.  The area of each circle represents total biomass scaled against the circle in the legend which represents 
20 kg km-2).  Numbers in parentheses in the legend represent the total biomass of that taxa. Asterisks in the 
legend are for taxa not resolved by the pie diagrams due to their small size. 
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Figure 10. frequency distributions for eighteen taxonomic groups captured during the October 7-8, 2012 survey in Cook Inlet.  
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Figure 11.  Vertical distributions of temperature and salinity at four stations sampled during the October 7-8, 2012 survey in Cook Inlet. 
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Table 1.  Target or primary site locations.  Study Area 1 is north of the Forelands (north of 
Study Area 2) and Study Area 2 is south of the Forelands, as shown in Figure 1. 

Primary (Target) Station Locations 

  
N Latitude W Longitude 

Study 
Area Station Degrees 

Decimal 
Minutes Degrees Decimal Minutes 

1 1 60 56.460 151 24.706 
1 2 60 54.468 151 6.580 
1 3 60 54.496 151 33.069 
1 4 60 49.464 151 26.304 
1 5 60 57.770 150 54.408 
1 6 60 50.530 151 23.763 
1 7 60 55.746 150 55.919 
1 8 60 57.807 151 12.794 
1 9 60 53.790 151 10.980 
1 10 60 47.467 151 27.531 
2 1 60 8.694 151 46.643 
2 2 60 28.972 151 33.492 
2 3 60 33.540 151 58.713 
2 4 60 34.299 151 32.432 
2 5 60 21.368 151 40.923 
2 6 60 23.941 151 46.230 
2 7 60 40.716 151 34.844 
2 8 60 14.736 151 47.752 
2 9 60 21.501 152 10.428 
2 10 60 26.061 152 12.450 
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       Table 2.  Locations of randomly selected supplemental target sites in Study Areas 1 and 2. 

Supplemental Station Locations  

  
North Latitude West Longitude 

Study  
 

Station Degrees Decimal 
 

Degree
 

Decimal Minutes 
1 1 60 54.147 151 27.089 
1 2 60 51.952 151 16.516 
1 3 60 58.607 151 1.671 
1 4 60 55.589 151 25.921 
1 5 61 3.055 151 6.176 
1 6 60 47.149 151 35.659 
1 7 60 59.268 151 18.117 
1 8 61 0.412 151 5.230 
1 9 60 49.106 151 31.476 
1 10 60 54.739 151 23.395 
2 1 60 8.812 151 47.971 
2 2 60 14.612 151 43.440 
2 3 60 24.461 152 7.445 
2 4 60 28.722 151 31.617 
2 5 60 16.892 151 30.931 
2 6 60 30.107 151 39.400 
2 7 60 40.892 151 35.779 
2 8 60 32.841 152 5.214 
2 9 60 14.927 151 32.594 
2 10 60 36.838 151 32.089 
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               Table 3.  List of individual PAH analytes analyzed in fish tissues. 

PAH Analyte 
Naphthalene Fluoranthene 

C1-Naphthalenes Pyrene 
C2-Naphthalenes C1-Fluoranthenes/Pyrenes 
C3-Naphthalenes C2-Fluoranthenes/Pyrenes 
C4-Naphthalenes C3-Fluoranthenes/Pyrenes 
Acenaphthylene C4-Fluoranthenes/Pyrenes 
Acenaphthene Naphthobenzothiophenes 

Fluorene C1-Naphthobenzothiophenes 
C1-Fluorenes C2-Naphthobenzothiophenes 
C2-Fluorenes C3-Naphthobenzothiophenes 
C3-Fluorenes C4-Naphthobenzothiophenes 
C4-Fluorenes Benz[a]anthracene 
Anthracene Chrysene/Triphenylene 

Phenanthrene C1-Chrysenes 
C1-Phenanthrenes/Anthracenes C2-Chrysenes 
C2-Phenanthrenes/Anthracenes C3-Chrysenes 
C3-Phenanthrenes/Anthracenes C4-Chrysenes 
C4-Phenanthrenes/Anthracenes Benzo[b]fluoranthene 

Dibenzothiophene Benzo[j]fluoranthene/Benzo[k]fluoranthene 
C1-Dibenzothiophenes Benzo[e]pyrene 
C2-Dibenzothiophenes Benzo[a]pyrene 
C3-Dibenzothiophenes Perylene 
C4-Dibenzothiophenes Indeno[1,2,3-cd]pyrene 

Benzo(b)fluorene Dibenz[a,h]anthracene 

 
Benzo[g,h,i]perylene 
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Table 4. Calibration standards, quantification, and QA/QC parameters for analyses of individual 
PAH analytes.  

Calibration Compounds 
Ref to 
IS/SS 

Quant 
Ion 

Qual 
Ion 

Cal 
R2 

RRF % RSD 
(≤20%) 

Cont Cal %RSD 
(≤25% for 90%) 

Naphthalene-d8 (I-1, S-1) I-1, S-1 136 134 1.00 4 6 
Acenaphthene-d10 (I-1, S-2) I-1,S-2 164 162 1.00 4 6 
Anthracene-d10 (I-1, S-3) I-1, S-3 188 184 1.00 7 18 
Benzo[a]anthracene-d12 (I-2,S-4) I-2,S-4 240 236 1.00 6 24 
Perylene-d12 (I-2, S-5) I-2, S-5 264 260 1.00 10 22 
Naphthalene  I-1,S-1 128 127 1.00 5 6 
Acenaphthylene I-1,S-2 152 153 1.00 5 26 
Acenaphthene   I-1,S-2 154 153 1.00 5 7 
Fluorene  I-1,S-2 166 165 1.00 3 8 
Dibenzothiophene I-1,S-3 184 152 1.00 2 1 
Phenanthrene  I-1,S-3 178 176 1.00 3 1 
Anthracene I-1,S-3 178 176 1.00 9 13 
Fluoranthene I-2,S-3 202 101 1.00 6 12 
Pyrene I-2,S-3 202 101 1.00 10 18 
Benzo[B]fluorene  I-2,S-3 216 nd 1.00 8 31 
Napthobenzothiophene I-2,S-3 234 nd 1.00 8 15 
Benzo[A]anthracene I-2,S-4 228 226 1.00 14 17 
Chrysene    I-2,S-4 228 226 1.00 12 6 
Benzo[B]fluoranthene I-2,S-4 252 253 1.00 10 18 
Benzo[K]fluoranthene I-2,S-4 252 253 1.00 13 17 
Benzo[E]pyrene I-2,S-4 252 253 1.00 8 11 
Benzo[A]pyrene I-2,S-4 252 253 1.00 13 19 
Perylene    I-2,S-5 252 253 0.99 15 16 
Indeno[1,2,3,-cd]pyrene I-2,S-4 276 277 1.00 16 18 
Dibenzo[a,h]anthracene I-2,S-4 278 279 1.00 11 12 
Benzo[g,h,i]perylene I-2,S-4 276 277 1.00 12 4 
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Table 5.  Summary of trawl sets made during the April and October surveys in Cook Inlet.  The biomass in units of pounds per nautical mile (lbs 
nm-1) is included for comparison to catch rates in Gustafson and Bechtol (2005). 

 

Set Trawl Begin End Distance Time Speed Total Catch Total Biomass
Number Type Station Date Latitude Longitude Latitude Longitude (km) (mins) (km hr-1) (kg) (kg km-2) (lbs nm-1)

20121001 Bottom 2.09 042612 60.360 152.174 ND ND ND ND ND NC NC NC
20121002 Bottom 2.10 042612 60.423 152.197 60.435 152.195 1.37 20 4.1 0.46 34.55 1.37
20121003 Bottom 2.03 042612 60.554 152.032 60.566 152.029 1.50 20 4.5 0.43 29.69 1.18
20121004 Bottom 2.04 042612 60.586 151.535 60.581 151.543 0.65 13 3.0 0.53 83.94 3.33
20121005 Bottom 2.02 042612 60.496 151.547 60.486 151.556 1.24 28 2.7 0.26 21.50 0.85
20121006 Bottom 1.04 042712 60.837 151.309 60.829 151.330 1.44 23 3.8 0.20 13.98 0.56
20121007 Bottom 1.11 042712 61.181 150.677 61.179 150.709 1.76 30 3.5 0.12 6.77 0.27
20121008 Bottom 2.05 042812 60.270 151.571 60.277 151.575 0.81 12 4.1 11.98 1,507.43 59.88
20121009 Bottom 2.06 042812 60.250 151.771 60.251 151.769 0.22 3 4.4 NA NA NA
20122001 Mid-water NA 042812 60.702 151.420 60.739 151.433 4.25 15 11.3 NA NA NA
20122002 Mid-water NA 042812 60.700 151.427 60.721 151.436 2.43 ND 6.7 NA NA NA
20122003 Mid-water NA 042812 60.709 151.433 60.716 151.442 0.89 15 4.1 NA NA NA
20122004 Mid-water NA 042812 60.719 151.437 60.720 151.435 0.12 3 ND NA NA NA
20122005 Mid-water NA 042812 60.735 151.414 60.743 151.409 0.97 15 4.1 NA NA NA
20122006 Mid-water NA 042812 60.731 151.418 60.744 151.394 2.02 ND 6.7 NA NA NA
20122007 Mid-water NA 042812 60.737 151.402 60.729 151.416 1.15 ND 5.0 NA NA NA
20122008 Mid-water NA 042812 60.723 151.418 60.722 151.421 0.21 15 ND NA NA NA
20122009 Bottom 2.10 100712 60.433 152.196 60.426 152.204 0.93 14 4.0 1.77 196.10 7.79
20122010 Bottom 2.03 100712 60.563 152.023 60.561 152.028 0.31 6 3.1 1.56 508.49 20.20
20122011 Bottom 2.04 100812 60.587 151.530 60.582 151.533 0.65 12 3.2 1.03 162.34 6.45
20122012 Bottom 2.02 100812 60.500 151.539 ND ND ND ND ND NC NC NC
20122013 Bottom 2.05 100812 60.265 151.573 60.275 151.570 1.43 20 4.3 146.48 10,498.35 417.05
20122014 Bottom 2.99 100812 60.225 151.683 60.218 151.696 0.63 10 3.8 54.70 8,910.42 353.97

NA -  not applicable
ND -  no data
NC -  no catch
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Table 6.  Summary of organisms caught during the April 26-28, 2012 trawl survey in Cook Inlet 
including number of tows, total number caught, total wet weight (kg) caught and mean individual 
wet weight for each taxonomic group. The mean and variance of the biomass density (kg km-2) for 
each taxonomic group over all sets is also shown. 

 

 
 
 
 
 
 
 

Number of Total Number Total Wet Mean Individual Biomass Density (kg km-2)
Gear Type Common Name Scientific Name Tows Caught Weight (kg) Wet Weight (kg) Mean Variance
Bottom Trawl Starry flounder Platichthys stellatus 1 12 11.4000 0.9500 204.851 2.94E+05

Kelp uni. NA 3 NA 0.9168 NA 14.035 5.56E+02
Eulachon Thaleichthys pacificus 7 121 0.8322 0.0069 13.005 1.72E+02
Sevenspine bay shrimp Crangon septemspinosa 6 155 0.5214 0.0034 6.567 4.40E+01
Pacific tomcod Microgadus proximus 3 3 0.2847 0.0949 5.048 1.12E+02
Tunicate uni Tunicata 3 18 0.1659 0.0092 2.766 2.35E+01
Pacific sandfish Trichodon trichodon 3 6 0.1008 0.0168 2.575 1.18E+01
Northern horsemussel Modiolus modiolus 3 15 0.1281 0.0085 1.603 5.99E+00
Spiny lebbeid Lebbeus groenlandicus 3 17 0.0961 0.0057 1.430 5.97E+00
Transverse lamp shell Terebratalia transversa 4 39 0.1167 0.0030 1.215 7.17E+00
Algae uni. NA 1 NA 0.0620 NA 1.114 8.69E+00
Neptune snail uni. Neptunea sp. 1 1 0.0615 0.0615 1.098 8.44E+00
Snailfish uni. Liparis sp. 1 1 0.0450 0.0450 1.017 7.24E+00
Tanner crab Chionoecetes bairdi 1 1 0.0521 0.0521 0.936 6.13E+00
Sturgeon poacher Agonus acipenserinus 1 5 0.0422 0.0084 0.759 4.03E+00
Humpy shrimp Pandalus goniurus 5 27 0.0534 0.0020 0.677 4.28E-01
Bryozoan uni. Bryozoa 4 NA 0.0487 NA 0.635 1.24E+00
Sculptured shrimp Sclerocrangon boreas 3 9 0.0441 0.0049 0.543 1.35E+00
Rose sea star Crossater papposus 1 1 0.0501 0.0501 0.489 1.68E+00
Threespine stickleback Gasterosteus aculeatus 5 4 0.0201 0.0050 0.265 4.49E-02
Kelp (palmaria) Palmaria palmata 1 NA 0.0220 NA 0.215 3.23E-01
Decorator crab Oregonia gracilis 1 1 0.0171 0.0171 0.173 2.11E-01
Coonstrip shrimp Pandalus hypsinotus 2 3 0.0065 0.0022 0.065 1.45E-02
Shortscale eualid Eualus suckleyi 3 3 0.0054 0.0018 0.059 7.68E-03
Dover sole Microstomus pacificus 2 2 0.0031 0.0016 0.044 5.87E-03
Crangonid shrimp uni. Crangon sp. 1 1 0.0033 0.0033 0.036 9.21E-03
Dock shrimp Pandalus danae 1 1 0.0035 0.0035 0.034 8.18E-03
Isopod Saduria entomon 1 2 0.0036 0.0018 0.030 6.29E-03
Common two-spine crangonid Crangon communis 1 3 0.0028 0.0009 0.030 6.28E-03
Coral uni. NA 1 NA 0.0022 NA 0.024 3.88E-03

Mid-water Trawl Sevenspine bay shrimp Crangon septemspinosa 8 271 ND ND ND ND
Mysid uni. Neomysis sp. 8 157 ND ND ND ND
Gammarid amphipod Gammarus sp. 4 11 ND ND ND ND
Eulachon Thaleichthys pacificus 4 10 ND ND ND ND
Coonstrip shrimp Pandalus hypsinotus 4 7 ND ND ND ND
Giant sea spider Macroregonia macrochira 2 5 ND ND ND ND
Threespine stickleback Gasterosteus aculeatus 4 4 ND ND ND ND
Algae uni. NA 1 3 ND ND ND ND
Crustacean uni. NA 2 3 ND ND ND ND
Snailfish uni. Liparis sp. 2 2 ND ND ND ND
Pacific Herring Clupea harengus 1 1 ND ND ND ND
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Table 7.  Biomass density (kg km-2) of organisms caught in each bottom trawl set during the April 
26-28, 2012 survey in Cook Inlet.  The mean and variance of the biomass density for each 
taxonomic group over all sets is also shown. 

 
  

Station Number Biomass Density (kg km-2)
Common Name 2.10 2.03 2.04 2.02 1.04 1.11 2.05 Mean Variance
Starry flounder 0.000 0.000 0.000 0.000 0.000 0.000 1,433.960 204.851 2.94E+05
Kelp uni. 0.000 0.000 47.468 49.587 1.193 0.000 0.000 14.035 5.56E+02
Eulachon 3.017 3.862 19.335 13.843 8.984 2.787 39.210 13.005 1.72E+02
Sevenspine bay shrimp 19.042 8.305 8.877 1.835 0.703 0.000 7.210 6.567 4.40E+01
Pacific tomcod 0.000 0.000 28.798 0.000 3.082 3.458 0.000 5.048 1.12E+02
Tunicate uni 0.000 0.000 11.883 7.322 0.156 0.000 0.000 2.766 2.35E+01
Pacific sandfish 3.728 0.000 7.880 0.000 0.000 0.000 6.420 2.575 1.18E+01
Northern horsemussel 6.347 1.504 3.370 0.000 0.000 0.000 0.000 1.603 5.99E+00
Spiny lebbeid 0.270 3.725 6.013 0.000 0.000 0.000 0.000 1.430 5.97E+00
Transverse lamp shell 0.337 7.245 0.854 0.066 0.000 0.000 0.000 1.215 7.17E+00
Algae uni. 0.000 0.000 0.000 0.000 0.000 0.000 7.800 1.114 8.69E+00
Neptune snail uni. 0.000 0.000 0.000 0.000 0.000 0.000 7.688 1.098 8.44E+00
Snailfish uni. 0.000 0.000 7.120 0.000 0.000 0.000 0.000 1.017 7.24E+00
Tanner crab 0.000 0.000 0.000 0.000 0.000 0.000 6.550 0.936 6.13E+00
Sturgeon poacher 0.000 0.000 0.000 0.000 0.000 0.000 5.310 0.759 4.03E+00
Humpy shrimp 0.846 0.608 0.570 1.942 0.000 0.000 0.770 0.677 4.28E-01
Bryozoan uni. 0.090 0.000 1.013 3.017 0.327 0.000 0.000 0.635 1.24E+00
Sculptured shrimp 0.270 0.000 0.380 3.149 0.000 0.000 0.000 0.543 1.35E+00
Rose sea star 0.000 3.424 0.000 0.000 0.000 0.000 0.000 0.489 1.68E+00
Threespine stickleback 0.000 0.226 0.570 0.438 0.000 0.315 0.310 0.265 4.49E-02
Kelp (palmaria) 0.000 1.504 0.000 0.000 0.000 0.000 0.000 0.215 3.23E-01
Decorator crab 0.000 0.000 0.000 0.000 1.214 0.000 0.000 0.173 2.11E-01
Coonstrip shrimp 0.150 0.308 0.000 0.000 0.000 0.000 0.000 0.065 1.45E-02
Shortscale eualid 0.082 0.103 0.000 0.231 0.000 0.000 0.000 0.059 7.68E-03
Dover sole 0.000 0.137 0.174 0.000 0.000 0.000 0.000 0.044 5.87E-03
Crangonid shrimp uni. 0.254 0.000 0.000 0.000 0.000 0.000 0.000 0.036 9.21E-03
Dock shrimp 0.000 0.239 0.000 0.000 0.000 0.000 0.000 0.034 8.18E-03
Isopod 0.000 0.000 0.000 0.000 0.000 0.210 0.000 0.030 6.29E-03
Common two-spine crangonid 0.210 0.000 0.000 0.000 0.000 0.000 0.000 0.030 6.28E-03
Coral uni. 0.165 0.000 0.000 0.000 0.000 0.000 0.000 0.024 3.88E-03

Total (All groups) 34.805 31.189 144.304 81.430 15.661 6.770 1,515.228 261.317 2.95E+05
Total (Non-sessile animals only) 34.550 29.686 83.940 21.504 13.984 6.770 1,507.428 242.552 2.94E+05



 
 

Cook Inlet Regional Citizens Advisory Council (RCAC)  51   

Table 8.  Summary of organisms caught during the October 7-8, 2012 trawl survey in Cook Inlet 
including number of tows, total number caught, total wet weight (kg) caught and mean individual 
wet weight for each taxonomic group. The mean and variance of the biomass density (kg km-2) for 
each taxonomic group over all sets is also shown. 

 
 
 
  

Number of Total Number Total Wet Mean Individual Biomass Density (kg km-2)
Common Name Scientific Name Tows Caught Weight (kg) Wet Weight (kg) Mean Variance
Starry flounder Platichthys stellatus 2 102 159.5000 1.5637 2897.658 1.73E+07
Spiny dogfish Squalas acanthias 2 12 24.5000 2.0417 515.382 5.14E+05
Jellyfish Cyanea sp. 4 39 24.5550 0.6296 459.764 2.72E+05
Sevenspine bay shrimp Crangon septemspinosa 5 1301 8.1890 0.0063 251.314 1.11E+05
Pacific halibut Hippoglossus stenolepis 1 1 3.5000 3.5000 114.006 6.50E+04
Walleye pollock Theragra chalcogramma 4 143 1.6280 0.0114 50.229 1.03E+04
Pacific tomcod Microgadus proximus 4 129 1.6540 0.0128 47.968 2.54E+03
Snailfish uni. Liparis sp. 5 32 0.7030 0.0220 28.811 1.56E+03
Butter sole Isopsetta isolepis 2 3 1.2370 0.4123 27.272 1.54E+03
Longfin smelt Spirinchus thaleichthys 4 126 0.9920 0.0079 26.215 1.36E+03
Transverse lamp shell Terebratalia transversa 2 93 0.3970 0.0043 24.054 2.42E+03
Humpy shrimp Pandalus goniurus 4 280 0.9390 0.0034 23.700 1.41E+03
Big skate Raja binoculata 1 1 0.6290 0.6290 9.018 4.07E+02
Spiny lebbeid Lebbeus groenlandicus 3 40 0.3090 0.0077 8.605 1.88E+02
Pacific sandfish Trichodon trichodon 3 9 0.2980 0.0331 7.972 1.26E+02
Flathead sole Hippoglossoides elassodon 1 2 0.3220 0.1610 4.616 1.07E+02
Invertebrate uni. NA 1 ND 0.2000 ND 4.444 9.88E+01
Sculptured shrimp Sclerocrangon boreas 2 8 0.0830 0.0104 3.330 2.19E+01
Shortscale eualid Eualus suckleyi 4 69 0.1170 0.0017 2.632 1.67E+01
Rose sea star Crossater papposus 1 1 0.0260 0.0260 1.694 1.43E+01
Pacific cod Gadus macrocephalus 2 10 0.0730 0.0073 1.219 2.97E+00
Saffron cod Eleginus gracilis 1 1 0.0700 0.0700 1.004 5.04E+00
Eulachon Thaleichthys pacificus 1 3 0.0400 0.0133 0.886 3.92E+00
Crangonid shrimp uni. Crangon sp. 1 15 0.0310 0.0021 0.689 2.37E+00
Pink shrimp Pandalus borealis 1 7 0.0270 0.0039 0.598 1.79E+00
Coonstrip shrimp Pandalus hypsinotus 1 1 0.0080 0.0080 0.521 1.36E+00
White spotted greenling Hexagrammos stelleri 1 1 0.0200 0.0200 0.443 9.81E-01
Smooth lumpsucker Aptocyclus ventricosus 2 2 0.0090 0.0045 0.250 2.34E-01
Ribbed sculpin Triglops pingeli 1 1 0.0050 0.0050 0.162 1.31E-01
Nudibranch uni. Gastropoda 1 1 0.0020 0.0020 0.133 8.89E-02
Decorator crab Oregonia gracilis 2 2 0.0020 0.0010 0.097 2.11E-02
Sawback poacher Sarritor frenatus 2 2 0.0030 0.0015 0.080 2.05E-02
Pacific lyre crab Hyas hyratus 1 1 0.0050 0.0050 0.072 2.59E-02
Polychaete uni. Polychaeta 1 1 0.0010 0.0010 0.065 2.13E-02
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Table 9. Biomass density (kg km-2) of organisms caught in each bottom trawl set during the 
October 7-8, 2012 survey in Cook Inlet.  The mean and variance of the biomass density for each 
taxonomic group over all sets is also shown.    

 
  

Station Number Biomass Density (kg km-2)
Common Name 2.10 2.03 2.04 2.05 2.99 Mean Variance
Starry flounder 0.000 0.000 0.000 9,032.260 5,456.030 2,897.658 1.73E+07
Spiny dogfish 0.000 0.000 0.000 1,111.110 1,465.800 515.382 5.14E+05
Jellyfish 221.484 0.000 109.494 1,254.480 713.360 459.764 2.72E+05
Sevenspine bay shrimp 132.890 140.391 74.367 64.950 843.970 251.314 1.11E+05
Pacific halibut 0.000 0.000 0.000 0.000 570.030 114.006 6.50E+04
Walleye pollock 3.987 4.560 0.000 11.330 231.270 50.229 1.03E+04
Pacific tomcod 0.000 124.104 13.766 71.680 30.290 47.968 2.54E+03
Snailfish uni. 1.329 98.046 7.911 14.620 22.150 28.811 1.56E+03
Butter sole 0.000 0.000 0.000 51.180 85.180 27.272 1.54E+03
Longfin smelt 0.000 3.583 12.500 25.090 89.900 26.215 1.36E+03
Transverse lamp shell 0.000 111.726 8.544 0.000 0.000 24.054 2.42E+03
Humpy shrimp 0.000 1.629 1.582 27.670 87.620 23.700 1.41E+03
Big skate 0.000 0.000 0.000 45.090 0.000 9.018 4.07E+02
Spiny lebbeid 0.000 3.909 32.595 6.520 0.000 8.605 1.88E+02
Pacific sandfish 10.299 0.000 0.000 3.010 26.550 7.972 1.26E+02
Flathead sole 0.000 0.000 0.000 23.080 0.000 4.616 1.07E+02
Invertebrate uni. 22.222 0.000 0.000 0.000 0.000 4.444 9.88E+01
Sculptured shrimp 0.000 6.840 9.810 0.000 0.000 3.330 2.19E+01
Shortscale eualid 9.856 1.303 0.000 1.510 0.490 2.632 1.67E+01
Rose sea star 0.000 8.469 0.000 0.000 0.000 1.694 1.43E+01
Pacific cod 2.436 0.000 0.000 3.660 0.000 1.219 2.97E+00
Saffron cod 0.000 0.000 0.000 5.020 0.000 1.004 5.04E+00
Eulachon 4.430 0.000 0.000 0.000 0.000 0.886 3.92E+00
Crangonid shrimp uni. 3.444 0.000 0.000 0.000 0.000 0.689 2.37E+00
Pink shrimp 2.990 0.000 0.000 0.000 0.000 0.598 1.79E+00
Coonstrip shrimp 0.000 2.606 0.000 0.000 0.000 0.521 1.36E+00
White spotted greenling 2.215 0.000 0.000 0.000 0.000 0.443 9.81E-01
Smooth lumpsucker 0.000 0.000 1.108 0.140 0.000 0.250 2.34E-01
Ribbed sculpin 0.000 0.000 0.000 0.000 0.810 0.162 1.31E-01
Nudibranch uni. 0.000 0.667 0.000 0.000 0.000 0.133 8.89E-02
Decorator crab 0.000 0.326 0.158 0.000 0.000 0.097 2.11E-02
Sawback poacher 0.000 0.000 0.000 0.070 0.330 0.080 2.05E-02
Pacific lyre crab 0.000 0.000 0.000 0.360 0.000 0.072 2.59E-02
Polychaete uni. 0.000 0.326 0.000 0.000 0.000 0.065 2.13E-02

Total (All groups) 417.583 508.485 271.835 11,752.830 9,623.780 4,514.902 1.83E+07
Total (Non-sessile animals only) 196.099 508.485 162.341 10,498.350 8,910.420 4,055.139 1.81E+07
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Table 10.  Polynuclear aromatic hydrocarbon (PAH) concentration results for whole fish.  
Season referes to April 2012 sampling (spring) and October 2012 sampling (fall).  
Composite is how many fish were composited for analysis. MML ID is an internal 
laboratory identification. MDL is method detection limit. 

 
Site ID Season 

Field ID / Common 
Name Composite MML ID  (g) Lipid (g)  % Lipid 

MDL  
(ng/g) 

PAH 
(ng/g lipid) 

 
2.03 Spring Eulachon  4 CIR-13-1412A 5.14 0.70 14 3.89 <MDL 

 
2.03 Spring Eulachon 3 CIR-13-1412B 5.09 0.60 12 3.93 <MDL 

 
2.03 Fall Pacific Tomcod 1 CIR-13-1371 5.18 0.20 4 3.86 <MDL 

 
2.03 Fall Snailfish 4 CIR-13-1372A 5.13 0.10 2 3.90 <MDL 

 
2.03 Fall Snailfish 3 CIR-13-1372B 5.09 0.10 2 3.93 <MDL 

 
2.03 Fall Sandshrimp 10 CIR-13-1376A 5.08 0.30 6 3.94 <MDL 

 
2.03 Fall Sandshrimp 11 CIR-13-1376B 5.13 0.20 4 3.90 <MDL 

 
2.03 Spring Dover Sole 1 CIR-13-1413 2.04 0.10 5 9.80 <MDL 

 
2.03 Spring Sandshrimp 6 CIR-13-1411A 5.08 0.20 4 3.94 <MDL 

 
2.03 Spring Sandshrimp 5 CIR-13-1411B 5.04 0.10 2 3.97 <MDL 

 
2.04 Fall Sandfish 2 CIR-13-1403 5.03 0.20 4 3.98 <MDL 

 
2.04 Fall Sandshrimp 11 CIR-13-1402 5.16 0.00 0 3.88 <MDL 

 
2.04 Fall Pacific Tomcod 2 CIR-13-1400 5.14 0.10 2 3.89 <MDL 

 
2.04 Spring Pacific Tomcod 1 CIR-13-1418 5.23 0.60 11 3.82 <MDL 

 
2.04 Spring Hooligan 1 CIR-13-1420A 5.27 0.10 2 3.80 <MDL 

 
2.04 Spring Hooligan 6 CIR-13-1420B 5.39 1.00 19 3.71 <MDL 

 
2.04 Spring Sandfish 1 CIR-13-1421 5.22 0.10 2 3.83 <MDL 

 
2.04 Spring Sandshrimp 10 CIR-13-1419 5.01 0.00 0 3.99 <MDL 

 
2.05 Fall Butter Sole 2 CIR-13-1394 5.03 0.20 4 3.98 <MDL 

 
2.05 Fall Flathead Sole 2 CIR-13-1393 5.17 0.20 4 3.87 <MDL 

 
2.05 Fall Pacific Tomcod 2 CIR-13-1396A 5.10 0.30 6 3.92 <MDL 

 
2.05 Fall Pacific Tomcod 18 CIR-13-1396B 5.16 0.20 4 3.88 <MDL 

 
2.05 Fall Pacific Cod 3 CIR-13-1395A 5.13 0.10 2 3.90 <MDL 

 
2.05 Fall Pacific Cod 3 CIR-13-1395B 5.05 0.00 0 3.96 <MDL 

 
2.05 Fall Sandfish 1 CIR-13-1390 5.19 0.40 8 3.85 <MDL 

 
2.05 Fall Sandshrimp 7 CIR-13-1391A 5.15 0.10 2 3.88 <MDL 

 
2.05 Fall Sandshrimp 13 CIR-13-1391B 5.02 0.20 4 3.98 <MDL 

 
2.05 Fall SnailFish 5 CIR-13-1389A 5.17 0.10 2 3.87 <MDL 

 
2.05 Fall SnailFish 5 CIR-13-1389B 5.14 0.10 2 3.89 <MDL 

 
2.05 Fall Starry Flounder 5 CIR-13-1398 5.16 0.10 2 3.88 <MDL 

 
2.05 Fall Starry Flounder 5 CIR-13-1408 5.17 0.10 2 3.87 <MDL 

 
2.05 Fall Walleye 10 CIR-13-1392A 5.22 0.10 2 3.83 <MDL 

 
2.05 Fall Walleye 8 CIR-13-1392B 5.11 0.10 2 3.91 <MDL 

 
2.05 Spring Hooligan 10 CIR-13-1410A 5.07 0.60 12 3.94 <MDL 

 
2.05 Spring Hooligan 10 CIR-13-1410B 5.22 0.10 2 3.83 <MDL 

 
2.05 Spring Pacific Sandfish 4 CIR-13-1409 5.13 0.20 4 3.90 <MDL 

 
2.10 Fall  Hooligan 3 CIR-13-1380 5.06 0.70 14 3.95 <MDL 

 
2.10 Fall Pacific Cod 2 CIR-13-1381A 5.13 0.30 6 3.90 <MDL 

 
2.10 Fall Pacific Cod 2 CIR-13-1381B 5.07 0.10 2 3.94 <MDL 

 
2.10 Fall Sandshrimp 15 CIR-13-1378 5.14 0.20 4 3.89 <MDL 

 
2.10 Fall Snailfish 3 CIR-13-1377 5.14 0.10 2 3.89 <MDL 
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Site ID Season 

Field ID / Common 
Name Composite MML ID  (g) Lipid (g)  % Lipid 

MDL  
(ng/g) 

PAH 
(ng/g lipid) 

 
2.10 Fall Walleye 2 CIR-13-1384A 5.05 0.10 2 3.96 <MDL 

 
2.10 Fall Walleye 2 CIR-13-1384B 5.06 0.10 2 3.95 <MDL 

 
2.10 Spring Hooligan 5 CIR-13-1415 5.09 0.70 14 3.93 <MDL 

 
2.10 Spring Sandfish 4 CIR-13-1383 5.05 0.40 8 3.96 <MDL 

 
2.10 Spring Sandfish 1 CIR-13-1414 5.14 0.10 2 3.89 <MDL 

 
2.10 Spring Sandshrimp 10 CIR-13-1416 5.29 0.30 6 3.78 <MDL 

 
2.99 Fall Butter Sole 1 CIR-13-1407 5.18 0.30 6 3.86 <MDL 

 
2.99 Fall Pacific Tomcod 12 CIR-13-1386A 5.01 0.10 2 3.99 <MDL 

 
2.99 Fall Pacific Tomcod 1 CIR-13-1386B 5.01 0.40 8 3.99 <MDL 

 
2.99 Fall Sandfish 4 CIR-13-1406 5.17 0.10 2 3.87 <MDL 

 
2.99 Fall Starry Flounder 5 CIR-13-1385 5.13 0.20 4 3.90 <MDL 

 
2.99 Fall Walleye 10 CIR-13-1387A 5.01 0.10 2 3.99 <MDL 

 
2.99 Fall Walleye 10 CIR-13-1387B 5.01 0.20 4 3.99 <MDL 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 10 (continued).  Stations where samples were collected and analyzed for whole fish 
PAH concentrations 
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