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Abstract: Declining runs of Chinook salmon in western Alaska have focused interest on the ocean condition and
food habits of Chinook salmon in the Bering Sea, including potential mortality from bycatch in the pollock fishery.
Examination of Chinook salmon stomach contents collected in the eastern Bering Sea by the U.S. North Pacific
Groundfish Observer Program (NOAA Fisheries) revealed isolated pieces of skin, bones, and fins (offal) belonging
to large-bodied fish which were physically identified as either walleye pollock (Theragra chalcogramma) or Pacific
cod (Gadus macrocephalus). To confirm the species identification of the offal, we matched DNA sequences of
these offal samples to known sequences of walleye pollock and Pacific cod. Novel mitochondrial DNA (mtDNA)
primers were designed to amplify a 174-base pair (bp)-long section of the cytochrome c oxidase subunit I (COI)
gene, which was sequenced and compared with sequences downloaded from the GenBank database. Typically,
much longer sections (~700 bp) of DNA are used for species identification but due to the state of digestion of the
samples, long sequences of DNA were no longer present. The specific design of our primers, however, allowed
us to make positive identification and differentiation of walleye pollock and Pacific cod. Of the 15 offal samples,
nine yielded usable sequences, all of which were positively identified as walleye pollock. Our results clearly
demonstrate the utility of a short COI sequence for species identification of Chinook salmon stomach contents that
might otherwise be unidentifiable due to either the state of digestion, or because the salmon consumed isolated
body parts (offal) rather than whole fish. These results suggest that walleye pollock offal supplements the diet of
Chinook salmon during winter.
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Introduction

Chinook salmon at sea during winter, primarily because of
the difficulty in conducting winter surveys.
Our samples were obtained from stomach samples collected by U.S. groundfish observers during the winter walleye pollock (Theragra chalcogramma) fishery in the eastern
Bering Sea. Analysis of these samples revealed the presence
of skin, flesh, fins, and bone (Davis et al. 2009b). Visual
examination of skin pigmentation, fin and bone morphology, flesh consistency, and myotome structure revealed that
among the possible prey species of Chinook salmon, walleye pollock and Pacific cod (Gadus macrocephalus) were
the only reasonable possibilities. However, due to the condition of the tissues, further identification to the species level
was not possible for all samples. Instead, we used genetic
techniques to make positive species identifications.
Genetic identification is possible by comparing DNA
sequences from unknown samples to those of known taxa.
This approach can become quite costly if one must secure,
extract, and sequence DNA from all possible candidate taxa.
Although DNA sequences are available on public databases
(GenBank), they often stem from different genes in different
taxa, thus preventing direct comparison for species identifi-

Understanding the ecology of a species is a fundamental component in developing conservation and management
plans. Recent declines of Chinook salmon (Oncorhynchus
tshawytscha) returns to western Alaska have prompted restrictions on commercial fishing (Hayes et al. 2008). Changes in abundance can often be attributed to variability in conditions during the marine life history (Botsford et al. 2002),
yet there are large gaps in our understanding of the feeding
ecology of Chinook salmon during their time at sea. Food
habits studies are basic to gaining insights into salmon marine life history (Beamish and Mahnken 2001; Armstrong et
al. 2008).
Stomach content analyses from Chinook salmon gathered in summer and fall in the North Pacific, Gulf of Alaska,
and the Bering Sea indicate they feed primarily on fish and
gonatid squids, although euphausiids, crab larvae, and other
invertebrates can also be found in Chinook salmon diets
(e.g., Volkov et al. 1995; Kaeriyama et al. 2004; Davis et al.
2005, 2009a; Volkov et al. 2007; Weitkamp and Sturdevant
2008). However, little is known about the food habits of
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Offal DNA was extracted with a Qiagen DNeasy®
micro-extraction kit following the manufacturer’s protocol
(Qiagen Inc., Valencia, CA). Novel primers were designed
that amplified DNA from walleye pollock and Pacific cod in
order to reduce the likelihood of contamination from other
prey sources and from the salmon itself.
Walleye pollock, Pacific cod, and Atlantic cod (G.
morhua) sequences were downloaded from GenBank and
aligned in BioEdit (Ibis Biosciences, Carlsbad, CA). Primers were designed using Primer 3 (Rozen and Skaletsky
2000). The forward (5’ – TTGGGATGGACGTAGACACA
– 3’) and reverse (5’ – AGCCCCCAACTGTAAAGAGG –
3’) primers amplified a 174-bp-long fragment of the mtDNA
COI gene to avoid problems with amplification of large fragments from degraded DNA.
The reaction mixture comprised 20 ng of DNA, 1 X reaction buffer, 2 mM MgCl2, 0.2 mM dNTPs, 0.5 µM forward
primer, 0.5 µM reverse primer, and 0.5 U DNA Taq polymerase. The polymerase chain reaction (PCR) conditions
were as follows: preheating at 94°C for two min; 40 cycles
of 94°C denaturation for 30 sec, 55°C annealing for 90 sec,
and 72°C extension for 90 sec; and a final 72°C extension
for three min. The PCR products were examined on 1%
agarose gels and directly sequenced in both directions with
PCR primers on a high-throughput capillary sequencer at the
University of Washington High-Throughput Genomics Unit
(Dept. of Genome Science, University of Washington).

cation. In a recent standardization effort, Hebert et al. (2003)
proposed that a single gene sequence was sufficient to differentiate between the majority of species on the planet and
suggested using the mitochondrial DNA (mtDNA) gene, cytochrome c oxidase subunit I (COI). The COI gene has been
termed the “barcode of life” and sequences from different
species have been compiled in order to provide a database
by which sequences from new or unknown species can be
compared (Ratnasingham and Hebert 2007). This effort has
been extended to fish (Ward et al. 2005), and COI sequences
are now available for a wide variety of species on GenBank
(www.ncbi.nlm.nih.gov) and on the Fish Barcode of Life database (www.fishbol.org; Ward et al. 2009).
Genetic tools have been used to determine the identification of prey species after partial digestion by amplifying relatively small (162 bp and 327 bp) sections of mtDNA
(Parsons et al. 2005). Short sequences have also helped to
identify highly degraded DNA samples using the barcoding gene, COI (Hajibabaei et al. 2006). In this study, our
objective was to identify the fish species of offal found in
the stomach contents of Chinook salmon. To achieve this
objective, we developed novel primers for gene amplification of short DNA fragments, and compared those sequences
to reference data from a public database (GenBank) and to
positive control DNA samples from known species.
MATERIALS AND METHODS
Laboratory Analysis

Table 1. Offal samples chosen for genetic testing, including month of
collection and the tissue type analyzed. All samples were collected
in the eastern Bering Sea during January to March, 2007. Offal, in
this study, refers to fish body parts (e.g. head, tail, spine, skin) that
are discarded after processing.

Chinook salmon stomach samples were obtained from
the winter pollock fishery during January to March, 2007 in
the eastern Bering Sea and examined by Davis et al. (2009b).
Offal refers to fish body parts (e.g., head, tail, spine, skin)
that are discarded after processing. When Chinook salmon
stomach contents were identified as fish offal they were collected and frozen at -20°C. In total, 15 samples were selected for genetic analysis (Table 1). Samples were thawed
and divided into subsamples, which were then soaked in a
2% bleach solution to reduce contamination. To account for
differing degrees of digestion present in each sample and the
effect of bleach on our target DNA, we used two different
soak times per sample. One subsample was soaked for 1
min and a second subsample for 3 min. After bleach soaking, each subsample was rinsed twice in distilled water and
then preserved in a 95% ethanol solution according to the
protocol outlined in Mitchell et al. (2007). This procedure
reduced DNA contamination from Chinook salmon and other prey items by destroying the DNA in the external layers of
the tissue.
A sample of walleye pollock positive control DNA was
extracted from fin tissue (collected in the northeast Bering
Sea) using the same protocol as that for the offal samples.
Two Pacific cod positive control DNA samples were obtained from the study by Cunningham et al. (2009).

Sample No.
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Collection Month

Tissue Type

8-20

February

Fin

20-9A

February

Bone and
Muscle

28-11

February

Skin

43-28D

March

Fin

48-13A

March

Skin

50-7A

March

Fin

51-8A

March

Skin

52-2C

January

Skin

52-3A

January

Bone and
Muscle

52-4

January

Skin

52-5A

January

Skin

59-13B

February

Muscle

59-16

February

Muscle

60-19

February

Muscle

84-16

March

Muscle
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Data Analysis

84-16
walleye pollock DNA

The sequence fluorograms were aligned using Sequencher™ (Gene Codes Inc. Ann Arbor, MI). Low-quality base
calls at the end of sequences were removed, and sequences
were checked for consistency between forward and reverse
sequences. Samples with low and/or confounding peaks in
the sequence chromatogram were rejected. In addition to
the fish offal sequence data, known sequences of walleye
pollock (accession numbers AF081699 and DQ174028) and
Pacific cod (accession number AF081697) retrieved from the
GenBank database were included in the analysis as reference
points to compare with our sequences. An Atlantic cod sequence (accession number DQ173997) was also downloaded
from GenBank and included in our analysis as a genetic outgroup.
Phylogenetic analyses were conducted in MEGA4
(Tamura et al. 2007) using the neighbor-joining method
(Saitou and Nei 1987) with Kimura two-parameter distances
(Kimura 1980) including all three codon positions. In order
to evaluate the reliability of the tree, bootstrap values were
generated with 1000 iterations and only those values above
50 were reported and indicated at the nodes.

8-20
48-13A
20-9A
43-28D
T. chalcogramma 2
50-7A

52

T. chalcogramma 1
59-13B
52-3A

53 52-4
G. macrocephalus

81

Pacific cod DNA 1

96 Pacific cod DNA 2
G. morhua

0.01

Fig. 1. Neighbor-joining tree showing the evolutionary relationship of
nine offal sample haplotypes, three known DNA sample haplotypes
and four known haplotypes (from GenBank). The tree is labeled as
follows: walleye pollock = T. chalcogramma 1 (accession number
AF081699) and T. chalcogramma 2 (accession number DQ174028);
Pacific cod = G. macrocephalus (accession number AF081697); and
Atlantic cod = G. morhua (accession number DQ173997). Offal sample haplotypes are labeled by sample numbers as in Table 2. Walleye pollock positive control DNA sample haplotype is labeled walleye
pollock DNA (GenBank accession number GQ302982). Pacific cod
positive control DNA sample haplotypes are labeled as Pacific cod
DNA 1 (GenBank accession number GQ302983) and Pacific cod
DNA 2 (GenBank accession number GQ302984). The tree was generated with Kimura two-parameter distances. Bootstrap values indicated at nodes were generated with 1000 replicates and only values
above 50 are reported.

RESULTS
All samples of positive control walleye pollock and Pacific cod DNA amplified with our primers and produced usable haplotypes. Additionally, nine of the 15 offal samples
yielded usable haplotypes. Samples 28-11, 51-8A, 52-2C,
52-5A, 59-16, and 60-19 were amplified but rejected due to
low and/or confounding peaks. Of those six rejected haplotypes, four were from skin samples (Table 1). However,

Table 2. Biological characteristics of Chinook salmon stomachs containing fish offal identified using genetic techniques. Sequences are available on the GenBank database and can be accessed using the GenBank accession number of each sample. Chinook salmon stomach samples
collected by U.S. groundfish observers in the walleye pollock fishery operating in the eastern Bering Sea during January to March, 2007. Chinook salmon age determined from scales, where the number before (after) the period is the number of winters spent in fresh water (ocean). The
X indicates that age could not be determined. Chinook salmon biological data and percentage of stomach content weight comprising fish offal
from Davis et al. (2009b).
Chinook Salmon

Fish Offal

GenBank
Accession No.

Sex

Maturity

Fork Length
(cm)

Body
Weight
(kg)

Age

Species
Identification

% of
Stomach
Content
Weight

8-20

GQ302973

female

immature

44

0.94

1.2

pollock

100

20-9A

GQ302974

male

immature

52

1.67

1.2

pollock

100

43-28D

GQ302975

male

maturing

77

5.41

1.4

pollock

100

48-13A

GQ302976

female

maturing

82

5.92

1.4

pollock

100

50-7A

GQ302977

female

maturing

62

2.66

1.3

pollock

100

52-3A

GQ302978

female

immature

77

5.74

1.4

pollock

100

52-4

GQ302979

female

immature

47

1.6

X.X

pollock

54

59-13B

GQ302980

male

immature

59

2.34

1.2

pollock

95

84-16

GQ302981

female

immature

67

3.75

1.3

pollock

45

Fish Offal
Sample No.
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there was no obvious difference in DNA quantity among tissue types. No correlation was detected between the amount
of DNA extracted and the duration of soak time in the bleach
solution. The length of usable DNA sequences ranged from
108 bp to 152 bp but all sequences were trimmed to a length
of 108 bp. Sequences were uploaded to the GenBank database (see Table 2 for offal sample accession numbers; see
caption of Fig. 1 for positive control accession numbers).
There was a total of 13 variable sites, four of which were
diagnostic for differentiating walleye pollock from Pacific
cod. Although our primers were designed to amplify DNA
from both species, the neighbor-joining tree generated from
the sequence data proved to be sufficient for differentiating
the two (Fig. 1).
All offal haplotypes showed a closer relationship to the
control sample of walleye pollock DNA and the walleye pollock sequences from GenBank than they did to the control
samples of Pacific cod DNA and the Pacific cod sequence
from GenBank, indicating the offal samples were in fact
pieces of walleye pollock (Fig. 1). This relationship was
supported by a bootstrap value of 52%. The Pacific cod positive controls were more closely related to each other (96%
bootstrap value) and to the Pacific cod sequence (81% bootstrap value) than they were to any other sequence. All pollock samples were more closely related to Pacific cod than
they were to the sequence of Atlantic cod from GenBank.

(i.e., 52% for the grouping of all pollock together), but they
were sufficient to distinguish two species and, importantly,
they could be obtained from degraded DNA (Hajibabaei et
al. 2006).
This technique may prove invaluable for identifying
fish prey from stomach contents that might be unidentifiable
due to the state of digestion, or when isolated body parts are
consumed rather than whole fish. Future DNA research will
focus on the development of techniques for identification of
invertebrate salmon prey, such as cephalopods and cnidarians, which can be difficult to identify in the absence of fresh
or intact specimens.
Our results suggest fish offal derived from pollock might
supplement the diet of Chinook salmon during winter. The
scavenging of commercially discarded fish parts has been
well documented in seabirds (Bertellotti 2000; Garthe and
Scherp 2003). However, consumption of offal by Chinook
salmon has yet to be investigated for the possible changes
in feeding strategy and behavior it may elicit in the affected
populations. Currently, only direct mortality of Chinook
salmon in the pollock fishery has been well documented
(Berger 2008). Future research will be needed in order to determine the positive or negative consequences for Chinook
salmon survival through the winter and the magnitude of the
direct and indirect effects of offal consumption on the total
population.

DISCUSSION
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