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EXECUTIVE SUMMARY 
 

GAP2012 represented a continuation of GAP2010 and GAP2011, synthesizing multi-
year data gathered by the University of Alaska’s Gulf Apex Predator-prey (GAP) study. With 
long-term and interrelated studies, GAP has collected environmental, predator, and prey data 
needed to assess the degree of temporal variability and dietary overlap among Kodiak’s 
sympatric apex predators. In GAP2010, we compiled GAP and other state and federal agency 
datasets to model interactions among Kodiak’s mid- and upper trophic levels and explore the 
impact of balaenopterids on the western Gulf of Alaska (GOA) nearshore ecosystem. In 
GAP2011, we continued to identify and quantify the ecosystem processes, drivers, sensitivities, 
and variability that affect Kodiak’s marine mammal populations and their prey. In GAP2012, we 
focused on the synthesis and modeling of results gathered in these and GAP’s previous 10 
years’ of studies on the seasonal distribution, residency, and foraging patterns of marine 
mammals in waters of the Kodiak Archipelago. Such multi-year studies are fundamental to 
understanding the role of marine mammals and other upper level consumers in Kodiak waters 
and the processes that drive populations of their prey within this dynamic marine environment.
 GAP2013 marked a continuation of GAP2012 with the bulk of project efforts directed at 
incorporating the modeling, syntheses, and data compilations of GAP2012 into a series of 
manuscript’s for submission for publication in peer-reviewed journals. This Comprehensive Final 
Report summarizes activities and results relating to both GAP12 and GAP13 objectives.  
 
OBJECTIVES 

1. SYNTHESIZE MYSTICETE STABLE ISOTOPE DATA 
a. Build a Gulf of Alaska stable isotope clearinghouse and “isoscape” 

APPROACH 
Stable isotopes have been collected since the early 1990’s throughout the 

GOA from species ranging from primary producers to upper-level trophic 
predators. The goal of this objective was to compile stable carbon (13C) and 
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nitrogen (15N) isotope data from samples collected by GAP and other studies in 
the GOA and to make these data available to researchers via a website or 
centralized clearinghouse. This objective was intended to be carried out in three 
steps: 1) Request 13C and 15N results from studies conducted throughout the 
Gulf of Alaska by contacting researchers known to have conducted stable 
isotope research in the region, 2) Compile results into a single database to 
explore temporal and spatial patterns across taxa, and 3) Develop a website that 
will serve as the source for the isotope data.  
 
RESULTS & SUMMARY 

In July 2013 an initial inquiry was sent to researchers with known stable 
isotope data. The inquiry was met with general support and enthusiasm for the 
project, but no researchers followed through by supplying data. We repeated our 
request several weeks later and were met with the same response. In May 2014, 
in an effort to buoy support and encourage participation for the database, we 
launched a data portal and invited over a dozen researchers to attend a webinar 
to learn about the portal. Again, our invitation was met with enthusiasm, but no 
participation. In a final effort to meet this project objective, we attempted to 
collaborate with the Neotoma Palaeoecology Database (NPD). The NPD is an 
online hub for data, research, education and discussion about 
paleoenvironments. While the GOA stable isotope database does not qualify as a 
“paleoenvironment”, the NPD intends to include a database within their 
framework focusing on stable isotopes. The NPD working group held a workshop 
in December 2015 and GAP personnel were invited to attend. While the NPD 
group was enthusiastic about the inclusion of GOA isotope data into their larger 
database, the building of and population of the NPD stable isotope database is 
still several years in the future. As a result of these obstacles, the clearinghouse 
will not be produced.  
 

b. Determine the degree of fine-scale temporal and spatial overlap between 
and among fin and humpback whales from Kodiak and Shumagin Islands 
APPROACH 

For this objective, we utilized stable isotope analyses to further explore 
the degree of prey use and trophic niche partitioning occurring between fin and 
humpback whales in the GOA. First, we evaluated and compared the isotopic 
niches of fin and humpback whales in two regions of the GOA; Kodiak and the 
Shumagin Islands. Second, we utilized 13C and 15N of whales and potential 
prey items to model specific whale diets within the Kodiak region.  
 
METHODS 
Sample collection 
 Skin samples for stable isotope analysis were collected from free ranging 
fin (FW) and humpback (HB) whales (Table 1). Collection occurred in two areas 
within the GOA; the Shumagin Islands (SHU) and the Kodiak Archipelago (KOD) 
(Figure 1). Samples were collected using a hollow-tipped stainless steel biopsy 
dart fired from a pneumatic .22 caliber rifle. For each sample collected, the date, 
location (latitude and longitude), class of individual (e.g. mother, calf, adult) and 
general behavior were recorded. In addition, photographs of the ventral flukes for 
humpback whales and dorsal fins of fin whales were taken to identify individual 
whales (Katona et al. 1979, Agler et al. 1990). 
 To estimate the composition of KOD whale diets, samples from potential 
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prey species were collected using a number of platforms operating in the KOD 
region (Figure 1). With a few exceptions, fish were collected using mid-water 
trawling methods described in Witteveen et al. (2011b) and Wright (2014) (Table 
2). Capelin (Mallotus villosus) collected in 2013 were caught opportunistically 
during a whale photo-identification survey after they were observed at the 
surface near foraging humpback whales. Pacific sand lance (Ammodytes 
hexapterus), presumed to be likely whale prey, could not be caught in trawl gear 
so published stable isotope values for Kodiak area Pacific sand lance were used 
(Williams et al. 2008). Zooplankton were collected during GAP surveys using a 
75cm-diameter twin-ring net (500/1000�m mesh) and separated into taxonomic 
groups (e.g. euphausiids and copepods). Euphausiids were not identified to 
species, although based on the time and location of their collection they were 
likely Thysanoessa inermis and hereby referred to as krill.  
 
Stable isotope analysis (SIA) 
 All samples were prepared for SIA through a multistep process that 
included oven drying, lipid extraction and homogenization as previously detailed 
(see Witteveen et al. 2009, Wright 2014). Samples were analyzed for stable 
carbon and nitrogen isotope ratios using a Finnigan MAT Delta Plus XL isotope 
ratio mass spectrometer at the University of Georgia Institute of Ecology Stable 
Isotope Laboratory. Stable isotope ratios were reported as per mil (‰) using 
standard delta notation from the equation:  
  �X = [(Rsample/Rstandard) – 1] x 1,000  
where, X is 13C or 15N and R is the corresponding ratio of 15N/14N or 13C/12C. 
Standard reference materials were carbon from Pee Dee Belemnite and 
atmospheric nitrogen. Analytical errors were 0.11‰ for 13C and 0.10‰ for 15N 
based on internal lab standards.  
 
Isotopic niche width and trophic overlap 
 The isotopic niche widths and degree of trophic overlap of four species-
region whale groups (SHUFW, KODFW, SHUHB, and KODHB) were estimated 
using convex hull areas in the bi-dimensional isotopic space for all �13C and 
�15N values. Hull areas were evaluated with the Bayesian standard ellipse areas 
(SEAc) corrected for small sample size using the SIBER package (Jackson et al. 
2011). Trophic overlap was assessed by calculating the overlap index between 
the SEAc values of two groups, with values of the index closer to 1 indicating 
higher overlap between groups (Jackson et al. 2011, Loor-Andrade et al. 2015). 
In this study, niche area (SEAc) is defined as the area occupied in bi-plot space 
in ‰2 , while niche space represents the range in isotopic values in ‰ (Ryan et 
al. 2013). 
 
Mixing models and diet composition  
 The relative contributions of potential prey species were determined 
separately for KODFW and KODHB via Bayesian inferences using the simmr 
package. Diet contributions were not estimated for the Shumagin Island area due 
to the absence of prey samples available for that region. The simmr package 
uses Markov Chain Monte Carlo (MCMC) methods to estimate parameters from 
observed data and user-specified prior distributions (Parnell et al. 2010). This 
approach allows the user to incorporate uncertainty in trophic enrichment factors, 
sources and mixtures (Parnell et al. 2010). The simmr MCMC was run for 
200,000 iterations with a burn rate of 1,000.  
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 Source inputs included fish muscle and whole zooplankton, with KODFW 
and KODHB skin as consumers (Tables 1 & 2; Figure 2). Previous analysis 
showed that the stable isotope ratios of fish prey samples varied with length 
(Witteveen et al. 2011a), therefore capelin and pollock were separated into size 
classes (Table 2; Figure 2). Capelin were separated into age zero (<59mm), age 
1-2 (60-100 mm), and adult (>100mm). Pollock were separated into two groups 
as age zero (<100 mm) and age 1 (100-220 mm). Diet discrimination factors 
used in the mixing models were 1.3 ± 0.4 for13C and 2.8 ± 0.3 for 15N as 
derived from skin of fin whales (Borrell et al. 2012).  
 Finally, dietary proportions of sources were compared within and between 
whale species by direct calculation of the probability that the dietary proportion of 
one source if bigger than the other (Parnell et al. 2010). 
 
Statistical analyses 

To ensure that prey sources used in the simmr model were significantly 
different, we employed a K nearest-neighbor randomization test (KNN) which 
treats 13C and 15N as spatial data and uses the Bonferroni correction when all 
source items are compared to one another (Rosing et al. 1998). Source species 
and ages classes were grouped until the KNN revealed no significant relationship 
between groups (Table 2) and thus model inputs were grouped a priori based on 
isotopic and biological similarities (Phillips et al. 2014). All statistics were 
executed within R 3.2.3 (R Core Development Team 2015). 
 
RESULTS 
Sample collection 

Skin samples (n = 263) collected from free-ranging fin and humpback 
whales between 2003 and 2014 (Table 1; Figure 1) were analyzed for stable 
isotope ratios. Humpback whale sample size was greater than for fin whales in 
both KOD and SHU, a result of general GAP project goals. The majority of prey 
samples were collected during GAP mid-water trawl surveys conducted in 2005 
with additional samples collected intermittently throughout the remainder of the 
sampling period (Figure 1).  

 
Stable isotope ratios 

Mean stable carbon isotope ratios were least enriched for KODFW and 
most enriched for KODHB (Table 1; Figure 2). Both stable isotope ratios were 
significantly different across prey groups as well (F4 = 32.8, p<0.001 for 13C and 
F4 = 423.8, p<0.001 for 15N respectively). Results of KNN supported five 
isotopically distinct groups of prey for model sources. Copepods (COPE), krill 
(KRILL), and age-zero capelin (CAZERO) remained as single species source 
inputs, while age-1 to 2 capelin, age zero pollock, and Pacific sandlance were all 
grouped (SMFH) and adult capelin, age-1 pollock, Pacific herring, and eulachon 
were grouped together (LGFH) (Table 2).  

   
Isotopic niche and trophic overlap within regions 

In SHU, isotopic niche spaces between species spanned nearly identical 
carbon ranges, but SHUFW occupied a much wider nitrogen space (Figure 3). 
Isotopic niche areas (‰2) represented by ellipse areas (SEAc) showed that 
SHUFW had a larger area (2.08‰2) compared to SHUHB (1.46‰2; Figure 4). 
The probability that SHUFW occupied a greater isotopic niche area than SHUHB 
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was 0.98. Overlap between species ellipses in the Shumagin Islands was 0.71.  
Species within KOD showed much stronger differences in isotopic niche 

space than in the Shumagin Islands. The KODFW isotope niche space was 
depleted in both carbon and nitrogen relative to KODHB (Figure 3). Additionally, 
the niche area for KODFW (1.85‰2) was larger than for KODHB (1.62‰2; Figure 
4). The probability that the KODFW SEAc was larger than KODHB was 0.70 and 
overlap between the isotopic niche areas was 0.57.  

 
Isotopic niche and trophic overlap between regions 

Comparison of stable isotope niche metrics of fin whales between regions 
showed that the carbon isotopic niche space was much wider for KODFW than 
for SHUFW. In contrast, the range in 15N was wider for SHUFW than KODFW 
(Figure 3). The SEAc for SHUFW was larger as well (Figure 4). The probability 
that the SHUFW occupied a larger isotopic niche then KODFW was 0.47. 
Overlap between the SEAc was 0.99.  

Between humpback whales groups, niche areas were similar in size and 
there was only a 0.22 probability that the KODHB niche area was larger than 
SHUHB (Figure 4). The similarities in SEAc resulted in an estimated overlap of 
0.87 (Figure 3). 

 
Diet composition 

Bayesian stable isotope mixing models were used to estimate diet 
compositions for KOD baleen whales and dietary contributions (mean, low-high 
95% credibility intervals) varied between the two species. For KODFW, the 
highest contributor was COPE (0.40, 0.04-0.71), followed by KRILL (0.25, 0.02-
0.77; Figure 5). The probability that the COPE contribution was more than that of 
KRILL in the fin whale diet was 0.71. The source with the lowest contribution was 
LGFH (0.11, 0.01-0.32). 

For KODHB, CAZERO (0.28, 0.15 – 0.40) and KRILL (0.25, 0.03 – 0.56; 
Figure 5) were the dominant contributors. However, the probability that CAZERO 
comprised more of the diet than KRILL was moderate (0.58). Similar to the fin 
whale models, LGFH represented the lowest contributor (0.13, 0.02 - 0.24).  

The prey source that showed the highest potential for consumption 
overlap was KRILL because it occurred in high proportions in the diet estimates 
of both species. Results showed that the relative contribution of KRILL in the 
diets of the two species was not different (0.47). The probability of COPE, the top 
contributor to fin whale diets, being proportionately greater in the diet of KODFW 
than KODHB was 0.83. Also, CAZERO, had a probability of 0.82 of being a 
greater contributor to the KODHB diet than the KODFW diet. 
  
SUMMARY 

Despite similarities in both the isotopic niche spaces and areas, there was 
evidence of trophic separation between these two whale species in two regions 
of the GOA. While no single group occupied a unique isotopic space, 
observations of niche spaces in this study generally reflect what is known about 
isotopic gradients and the general diets of balaenopterid whales in the GOA. 
Lower overlap of isotopic niche space between fin and humpback whales near 
KOD suggests a higher degree of prey partitioning in this region, while the 
opposite is apparent in SHU. Results of simmr mixing models and comparison of 
SEAc in KOD provide further support for niche partitioning and prey preferences 
hypothesized in previous studies in KOD (Baraff 2006, Witteveen et al. 2015). 
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Niche separation may not be as pronounced in SHU as a result of higher prey 
densities. Numerous other studies have shown that resource partitioning 
decreases and dietary overlap increases among sympatric predators when high-
quality prey are abundant (e.g., Croxall et al. 1999, Barger and Kitaysky 2012). 
Prey availability, diversity and quality are often very difficult to assess but may 
have changed significantly in the Gulf of Alaska as the result of large-scale 
regime shifts and environmental anomalies (Anderson and Piatt 1999, Litzow et 
al. 2006, Bond et al. 2014). Additionally, baleen whale populations are 
experiencing considerable growth and many population segments of humpback 
whales, including those in the GOA, are currently under consideration for 
removal from the Endangered Species List (U.S. Federal Register 2015). Thus, 
segregation may be expected to increase due to growing whale populations and 
community reorganization.  

Results summarized here are detailed in a manuscript, “Trophic niche 
partitioning and diet composition of sympatric fin (Balaenoptera physalus) and 
humpback whales (Megaptera novaeangliae) in the Gulf of Alaska revealed 
through stable isotope analysis” (see Objective 6.a.).  
 

2. SYNTHESIZE HUMPBACK WHALE SIGHTING HISTORIES AND ASSOCIATION 
DATA 

APPROACH 
 Humpback whale sighting histories, in the form of identification 
photographs, have been collected from feeding aggregations in both Kodiak and 
the Shumagin Islands. These two feeding aggregations represent two of an 
unknown number of distinct feeding aggregations in the GOA. While GAP 
researcher has occurred in both areas since 1999, the details of the field efforts 
in each region are very different. The purpose of this objective was to gain an 
increased understanding of the population dynamics of these two feeding 
aggregations and to asses how different field strategies may impact photo-
identification study results.  
 
METHODS 
Effort and data sets 

Individual whales were identified through photographs of the ventral 
surface of their tail flukes. Photographs were collected during vessel surveys 
conducted in Kodiak or the Shumagin Islands (Table 3). There were substantial 
logistical differences between the two study sites, resulting in considerable 
variability in effort. For Kodiak, vessel surveys occurred as frequently as weather 
and other survey conditions permitted throughout the traditional summer feeding. 
In contrast, directed trips had to be organized to conduct surveys in the 
Shumagin Island region. As a result, the effort in Kodiak totaled more hours 
across more days and months than the Shumagin Islands (Table 3).  

Photographs were ranked for quality (Poor, Fair, Good, and Excellent) 
based on features including focus, proportion visible, and vertical and horizontal 
angle (e.g. Calambokidis et al. 2008, Barlow et al. 2011). Photographs ranking as 
poor in one or more categories or fair in two or more categories were removed 
from the data set. For most analyses, only animals that were sighted on more 
than one occasion (two or more sightings either within or between years) were 
considered. The full data set, including animals with only one documented 
sighted, was used to show the total number of animals sighted in each year and 
region, as well as for discovery curve charts. Discovery curves for each region 
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were drawn to illustrate the cumulative total of identified whales rate.  
 
Definitions  

For the purposes of this objective, site fidelity was defined as the 
resightings of an individual whale to the same feeding area over time. Site fidelity 
is also referred to as annual return, and both terms are used throughout. A year 
was defined as a traditional calendar year. Interchange of animals was defined 
as the documented movement between two locations. Interchange was 
calculated between Kodiak and the Shumagin Islands both within and between 
years. Additionally, the Kodiak region was divided into four subareas (North, 
South, East and West) based on geography, effort and a priori knowledge on 
humpback whale distribution (Figure 6). Interchange was also estimated between 
these subareas within and between years.  
 
RESULTS 
Effort 

In Kodiak, annual survey effort was primarily dictated by weather. The 
average number of survey days was just under 21 with most effort occurring 
between months generally considered to be the traditional summer feeding 
period (e.g. May through September). However, in some years, a small number 
of surveys were conducted in winter months as well (Table 3). Effort occurred in 
all years of the study period, though effort was very minimal in 1999 and 2000. 
Effort was considerably less in the Shumagin Islands, with the average number 
of survey days equal to 5.6 (Table 1). With the exception of 1999 and 2000, 
survey effort was confined narrow seven to 10 day windows in July or August 
(Table 1). No surveys were conducted in this study area in 2003, 2006 or 2014 
due to logistical restrictions.  
 
Kodiak 

Across the 17 years of GAP data collection, 2,173 sightings of 1,187 
humpback whales were photo documented in the Kodiak region. The number of 
individual whales seen during a single year ranged from a low of five in 1999 to a 
high of 318 in 2007 (Table 4a; Figure 7). The average rate of annual return was 
34% (SD 15.2%; Figure 7). The highest percentage of resighted animals 
occurred in 2009 (57%), with the lowest in 2002 (7%). A discovery curve for 
Kodiak showed a strong linear increase in the number of humpback whales 
identified throughout the study period (Figure 8).  

Individual humpbacks were most often sighted in only a single year 
(n=864), but sightings in up to 10 different years were documented (Figure 9). 
For animals that were resighted, the subsequent sighting most often occurred the 
following year (Figure 9). However, subsequent sightings between two and six 
years were not uncommon (Figure 9). Most animals sighted in Kodiak were seen 
only one occasion (n=718). Of the animals that were sighted more than once, 
including within- and between-year sightings, (n = 469), subsequent sighting(s) 
occurred within the same subarea 65% of the time and 35% of the time in a 
different subarea. Interchange between subareas was documented for 163 
individuals, with 152 being sighted in two subareas and 11 being sighted in three. 
No individuals were sighted in all four subareas during the study period. Most 
documented movement between subareas occurred between the East and the 
South subareas with movement between the North and the South being the least 
frequent (Table 5).  
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Shumagin Islands 

In the Shumagin Islands, 654 individual whales were sighted across 14 
sampling periods and 1437 total sightings. The highest number of individual 
whales sighted in a single year was 169 in 2012 with the lowest being six in 2015 
(Table 4b). The rate of annual return was slightly higher for the Shumagin Islands 
than for Kodiak at 37% (11.8%; Figure 7). This rate ranged from a low of 10% in 
2000 to a high of 57% in 2009. The discovery curve for the Shumagin Islands 
showed a continuous increase in the number of identified whales, but was not as 
steep as for Kodiak (Figure 8). The curve also showed some indication of slowing 
growth (Figure 8).  

Unlike Kodiak, individual whales in the Shumagin Islands were most likely 
to be seen in two different years rather than just a single year with a single 
animal being sighted in 9 different years (Figure 9). Shumagin Island animals 
were also more likely to be seen two years after their first sighting rather than 
one (Figure 9), but this value may be skewed due to breaks in effort (Table 3).  
 
Interchange between regions 

Interchange between Kodiak and the Shumagin Islands was minimal. A 
total of 31 animals first sighted in Kodiak had a future sighting in the Shumagin 
Islands, while 27 showed movement in the opposite direction. Sightings were 
separated by 3.1 years (1137 days) on average. On four occasions, individual 
whales were sighted in both areas within the same year. Bidirectional movement 
was documented for 7 animals, with 4 animals moving from Kodiak to the 
Shumagin Islands and back and 3 animals following the alternate route.  

Movement between the Shumagin Islands and Kodiak subareas were 
much higher for the East and South, regardless of the direction of movement 
(Table 6). Only 8 individuals in total were documented to move between the 
Shumagin Islands and the North (n=1) and West (n=7) regions, while 50 
movements were documented between the islands and either the East (n=25) or 
South (n=25) subareas (Table 6).  

 
SUMMARY 

Results showed limited movement between Kodiak and the Shumagin 
Islands, providing strong evidence that these two regions are discrete feeding 
aggregations. Movement between subareas within Kodiak was also minimal, 
perhaps indicating finer spatial site fidelity within feeding aggregations.  

Rates of annual return were similar between the two regions, though the 
average rate was higher with less variability in the Shumagin Islands than in 
Kodiak. Animals were more likely to be seen on multiple years across longer time 
spans in the Shumagin Islands as well.  

Despite differences in effort, both temporally and spatially, rates of annual 
return and sighting intervals were comparable between the two regions. Results 
suggest that shorter trips to regions that are not easily accessed through the 
traditional field season can still yield results that are as accurate and consistent 
as those obtained during more traditional field efforts.  

Results summarized here are detailed in a manuscript, “Sighting intervals, 
movement and site fidelity of humpback whale (Megaptera novaeangliae) in the 
western Gulf of Alaska” (see Objective 6.b.).  
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3. SYNTHESIZE DIVE DATA FROM FORAGING FIN AND HUMPBACK WHALES 
APPROACH 

Most studies exploring or describing niche separation between baleen 
whale species utilize environmental and habitat features (e.g., Doniol-Valcroze 
2008, Friedlaender et al. 2008, Doniol-Valcroze et al. 2012). In contrast to this 
approach, GAP studies utilized the dive profiles of tagged whales with 
concurrently collected acoustic backscatter to explore differences in the foraging 
strategies of and the degree of niche separation between fin and humpback 
whales around the Kodiak Archipelago.  

 
METHODS 
Survey effort 

Whale and prey data were collected during six surveys conducted in and 
around Kodiak Island, Alaska between 2004 and 2011 (Fig. 10; Table 7). All 
surveys were conducted in August with the exception of a winter survey in 
December of 2007 (2007Winter). Each survey used two vessels; one dedicated 
to acoustic assessment of prey and one dedicated to whale tagging, tracking and 
documenting the number of individual whales (Table 7).  

 
Whale tagging and dive analysis 

Free-swimming fin and humpback whales were tagged with suction-cup 
tags containing an ATDT (V-16 or V22, Vemco, Nova Scotia Canada) and a VHF 
transmitter (MOD-125, Telonics, Arizona USA) deployed remotely. In addition, a 
pole-deployed 3-dimensional archival tag (Acousonde 3A, Acoustimetrics, 
California USA) was attached to a single humpback whale in 2011. All received 
dive data were time-linked to the position (latitude and longitude) of the tracking 
vessel that then, due to the close proximity of the whale (< 1 km), was 
considered to represent the track of the tagged whale.  

A number of dive parameters, including maximum depth, mean foraging 
depth, duration of dive, and surface interval, were derived from the depth-time 
series from the tagged whales (Table 8). The dive profiles were visually 
inspected and categorized as either foraging or nonforaging dives (see Witteveen 
et al. 2008). Only parameters for dives classified as foraging dives are reported 
here. Means for each dive parameter were calculated for each tagged whale and 
then averaged across whales by year, species, or prey type as needed for 
comparisons. 

 
Prey surveys and analysis of pelagic backscatter 

Acoustic surveys from a separate vessel were used to assess the vertical 
distribution of potential prey in the vicinity of tagged whales (Table 7; Figure 11). 
Acoustic surveys followed either predetermined transects designed to assess 
prey broadly in areas with whale aggregations, or fine-scale transects in the 
immediate vicinity of tagged whale.  

In the first 3 surveys, personnel and equipment availability allowed for net 
sampling of prey fields to determine species composition and size distribution. 
Pelagic schooling fish were assessed by targeted trawling with a mid-water trawl 
and zooplankton were sampled using a triple-net Tucker Trawl. Because prey 
sampling did not occur in all years, these results were used as qualitative 
indicators of the species likely dominating the acoustic backscatter at these 
locations.  

Acoustic assessment of sound-scattering organisms is an efficient means 
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of documenting the abundance and distribution of potential prey fields (Witteveen 
et al. 2008). However, unambiguous identification of prey species in these fields 
requires additional sampling such as net or optical sampling that can be 
logistically difficult and expensive, especially when coupled with whale tagging 
efforts. As an alternative, we analyzed dual-frequency acoustic data to discern 
whether acoustic backscatter of prey fields near whales was consistent with 
either “fish” or “zooplankton”. Acoustic backscatter was processed in Echoview 
4.9 (Myriax Pty Ltd, Hobart, Tasmania, Australia). Backscatter was partitioned 
into signals consistent with fish or zooplankton based on their relative frequency 
response, using a two-frequency variant of the method described in De Robertis 
et al. (2010). Acoustic records were averaged into 5 ping by 5 m depth cells, and 
the frequency response (SV120kHz – SV38kHz) in each cell was computed. Analysis 
cells with a frequency response in the range of >-16 to <8 dB were assigned to 
the “fish” category and those in the range of ≥8 and <30 dB were assigned to the 
“zooplankton” category (cf. figure 2 of De Robertis et al. 2010). The fish (38 kHz, 
SV threshold = -70 dB re 1 m-1) and zooplankton categories (120 or 200 kHz, SV 
threshold = -80 dB re m-1) were echo-integrated into the Nautical Area Scattering 
Coefficient (sA, m2 nmi-2; see MacLennan et al. 2002) in 5 m depth layers at an 
along-track spatial resolution of 185.2 m intervals.  

In each survey, water column sA from both prey categories was averaged 
to calculate the ratio of fish to zooplankton backscatter. Because acoustic 
equipment was not calibrated or consistent among all surveys, only direct 
comparisons of average sA among the 2004, 2005, and 2007Summer surveys 
are valid. However, the ratios of fish to zooplankton sA could be compared as an 
index of the relative availability of fish and zooplankton prey among all surveys. 
This ratio will depend on the relative abundance of fish and zooplankton as well 
as their sizes, species composition, and the frequencies used. For example, 
although there is considerable uncertainty in measurements of acoustic 
reflectivity, published estimates suggest that acoustic scattering from a pollock is 
expected to be 1.3 times higher than that of a herring of similar size and 2.7 
times higher than that of a capelin of similar size (2004).  Given that the species 
and size composition of the scatterers was not known in all cases, the fish to 
zooplankton sA ratio should be considered a proxy for prey availability that can be 
used to identify large shifts in the composition of potential prey available to the fin 
and humpback whales. In addition, fish and zooplankton sA was computed in 5 m 
vertical depth layers for comparison to the distribution of whale foraging dives for 
each survey.  

 
Spatial and statistical analysis 

To ensure a meaningful temporal and spatial comparison, sA data were 
limited to include only daytime data that were collected within 1,500 m and 60 h 
of each tagged whale’s track. While efforts were made to match tagging and prey 
sampling efforts as closely as possible, there were occasions when 
circumstances (e.g. inclement weather, equipment failure) prevented this from 
occurring. A number of alternative scales were explored and, ultimately, the 
temporal and spatial sampling selected, while broad, maximized the use of all 
available tag and backscatter data.   

To explore vertical relationships between whale dives and prey, the 
distribution of whale foraging dive depths was compared to the vertical 
distribution of fish and zooplankton sA using box plots (Figure 12). The degree of 
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overlap between whale foraging dives and fish and zooplankton backscatter was 
quantified by calculating the Global Index of Collocation (Traynor 1996, Ona 
2003, Guttormsen and Wilson 2009). The GIC estimates how spatially related 
two groups are by comparing the distance between their mean locations (as the 
center of gravity) and the variance of these locations (as inertia). Center of 
gravity (CG) and inertia (I) were adapted from Wollilez et al. (2007) and 
calculated as: 

CG = 
∑

∑
 ,      (1)  

and I = 
∑

∑
,      (2) 

where i represents depth in 5 m bins, x is a specific depth bin and z is the 
frequency distribution of whale dives, fish backscatter or zooplankton 
backscatter. The GIC between each whale dive and the prey distribution was 
calculated as: 

GIC = ,      (3)   
   

where CG1 – CG2 is the separation between the centers of gravity of the depths 
of whale foraging dives and either fish backscatter or zooplankton backscatter 
and I1 and I2 are their respective inertias. The GIC values range from 1 (complete 
collocation) to 0 (complete separation). The GIC values were then used to 
quantify whether a given foraging dive profile more closely matched the vertical 
distribution of fish sA or zooplankton sA on a per dive basis. Each dive was 
assigned as either a “fish” dive or a “zooplankton” dive based on which GIC value 
was higher. A binomial sign test was then used to determine if dive assignments 
for a given tagged whale deviated from random (i.e., 50% fish and 50% 
zooplankton). The GIC values were also averaged across all dives to give each 
whale an overall fish or zooplankton designation, based again on whether the 
fish or zooplankton GIC value was higher. For whales in which GIC did not result 
in a significant relationship to either prey type, the whale dive depths and prey 
vertical distributions were compared using a Kolmogorov-Smirnov (KS) statistic 
(D) to assign presumed prey, with the lower D value indicating a more similar 
distribution between whale foraging dives and a given prey type. Finally, all 
backscatter and whale dive data were combined to calculate a GIC value and 
assign dives and presumed prey on a per survey basis.  

Dive parameters were examined through analysis of variance (ANOVA) to 
explore the influence of whale species and targeted prey type on dive behavior. 
All analyses were conducted in R (R Core Development Team 2015).  

 
RESULTS 

Across all years of study, 10 humpback and 4 fin whales were 
successfully tagged. Analysis of the dive profiles showed that humpback whales 
dove deeper for shorter durations on average than fin whales (Tables 9). More 
humpback whales were seen in all survey years, with the exception of 2009 
when whale densities were lower (Table 7). Sightings of both whale species were 
highest in 2007Summer (Table 7).  
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Average sA varied substantially among the surveys in which calibration 
allowed direct comparison (2004, 2005, and 2007Summer; Table 10). The water 
column zooplankton backscatter was particularly variable: zooplankton 
backscatter was higher in 2007Summer than in 2004 and 2005. The ratio of fish 
to zooplankton backscatter, an index that reflects the relative backscatter of fish 
and zooplankton (and is comparable among all surveys), was also highly variable 
among surveys, reaching a maximum in 2011 and a minimum in 2007Summer 
(Table 10).  

Fish backscatter in most years was attributed primarily to capelin and, to 
a lesser extent, age-0 and juvenile (age 1 - 2) walleye pollock (Table 10). The 
exception was in 2007Winter, when most pelagic fish backscatter was attributed 
to adult Pacific herring (Table 10). Zooplankton backscatter was sampled with 
nets only in the two 2007 surveys. In 2007Summer, a persistent zooplankton 
scattering layer that extended from 90 to 160 m deep in some areas was 
dominated by euphausiids. The zooplankton assemblage in 2007Winter was 
comprised of a diverse mix of copepods, amphipods, and euphausiids.  

Though qualitative, visual assessment of echograms from each frequency 
revealed relative differences in available prey and obvious relationships between 
tagged whales and available prey in all surveys (Figure 11).  Forage fishes 
dominated prey fields in 2004, 2005, and 2011 (Figure 11a, b & f), while a dense 
band of euphausiids was evident in 2007Summer (Figure 11c). The moderately 
dense mixed zooplankton layer observed during the 2007 winter survey (Figure 
11d) correlates with the depth of whale dives, although schools of Pacific herring 
were evident as well. In 2009, fish and zooplankton backscatter appeared to be 
low relative to other surveys (Figure 11e): the pelagic schools of forage fishes 
seen in 2004, 2005, and 2011 were absent and zooplankton backscatter was 
reduced. 

Relationships between humpback whale foraging dive depths and prey 
vertical distribution were evident during each survey, with boxplots and GIC 
indices indicating that the tagged whales were targeting either fish or 
zooplankton (Table 11, Figures 12 and 13). Applying the temporal (within 60 h) 
and spatial (within 1,500 m) restriction to the acoustic and dive data eliminated 4 
tags (HB04-01, FW09-01, FW09-02 and HB11-01) from individual comparisons, 
although these data were used in survey-wide analyses (Table 11). Humpback 
whales tagged during the 2004, 2005, and 2011 surveys were most strongly 
affiliated with the vertical distribution of fish backscatter. Significantly more dives 
in these years were assigned to fish than zooplankton, and mean GIC values 
showed stronger collocation with fish as well (Table 11, Figures 12 and 13). Sign 
tests conducted on dives by whale HB04-03 did not show a significant 
association with either fish or zooplankton, though more of its dives were 
characterized as targeting fish and the difference between dive and fish depth 
distributions was less (Kolomogorov-Smirnov D = 0.38) than for dive and 
zooplankton depths (D = 0.46) (Figures 12 and 13). In the 2007Summer survey 
whale HB07-02 showed a clear relationship with zooplankton distribution. The 
dives depths of HB07-01 exhibited a more variable pattern (Table 11), but more 
closely matched zooplankton (D = 0.29) than fish (D = 0.47) (Figure 12).  

Acoustic data were available in the vicinity for only 2 of the 4 tagged fin 
whales during the 2007Winter and 2009 surveys. Associations between fin whale 
dives and prey distribution were less definitive than for humpback whales (Table 
11, Figures 11, 12, and 13). While the fin whale FW07-04, tagged in 2007Winter, 
showed a higher number of dives associated with zooplankton backscatter, the 
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assignment of dives was not significantly different than random. However, box 
plots suggest that dive depths were more strongly associated with zooplankton 
(D = 0.19) than fish vertical distribution (D = 0.26) (Figure 12g). In 2009, FW09-
03 dive depths showed a closer association with zooplankton (D = 0.39) than fish 
(D = 0.52) vertical distribution, although assignments of individual dives to fish 
and zooplankton were nearly equal (Figures 12 & 13).  

Dive parameters were compared for 3 scenarios: FWs vs. HBs with no 
consideration of targeted prey species, HBs vs. FWs during 2007Winter only 
(since this was the only survey during which both species were tagged and likely 
both targeting zooplankton), and HBs only with respect to targeted prey species 
(Table 12). Dive parameters for FWs were not compared across prey types, as 
their targeted prey was less certain.  

When species (FW vs. HB) was the only factor considered, there was no 
significant difference between the mean values of any dive parameter (Table 13). 
However, when mean values of parameters of the single humpback and fin 
whales tagged in the 2007Winter survey were compared, significant differences 
were seen in all parameters except BottVertDist and BottRange (Tables 12 & 
13). Most notably, the tagged humpback whale dove deeper and longer, but the 
tagged fin whale had a greater efficiency parameter (Table 12).  

The characteristics of humpback whale dives were compared across 
targeted prey type as their dives were shown to significantly correlate to both fish 
and zooplankton prey types. The mean values of MaxDepth, AvgDepth and 
MeanBotDepth for dives associated with these prey types were significantly 
different; humpbacks dove deeper when targeting zooplankton than when 
targeting fish (Tables 12 & 13).  

 
SUMMARY 

By combining dive data from foraging whales with concurrent data on the 
distribution of prey, we provide evidence for prey partitioning between fin and 
humpback whales within the Kodiak Archipelago. This supports previous findings 
that fin and humpback whales in Kodiak are spatially segregated except in areas 
where high euphausiid densities promote a high degree of spatial overlap. When 
both fin and humpback whales were present in similar densities both species 
were targeting zooplankton prey (2007Summer and Winter). Clearly, the small 
sample sizes presented here require that the conclusions related to dive 
parameters should be interpreted with caution. Additional tagging of whales with 
concurrent estimates of prey abundance determined from multiple acoustic 
frequencies is likely to provide further insights into differences in foraging 
behavior and prey preferences between these two whale species, which will 
contribute to the understanding of fin and humpback whales as consumers in 
changing ecosystems. 

Results summarized here are detailed in a manuscript, “Using dive 
behavior and active acoustics to assess prey use and partitioning by fin and 
humpback whales near Kodiak Island, Alaska” (see objective 6.c.)  

 
4. SYNTHESIZE PINNIPED DIET DATA 

a. Examine seasonal and regional diet overlap between Steller sea lions and 
harbor seals in waters around the Kodiak Archipelago 
APPROACH 

The Kodiak Archipelago supports large populations of two sympatric 
pinnipeds: Steller sea lion (SSL; Eumetopias jubatus,) and harbor seals (HS; 
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Phoca vitulina richardsi). Historically, the largest haulouts/rookeries for these 
species in the Gulf of Alaska were found in the Kodiak area, on Marmot Island 
(Laughlin et al. 1984, Merrick et al. 1987) and on Tugidak Island (Pitcher and 
Calkins 1979, Hastings et al. 2012), respectively (Figure 14).   

During the 1970’s and 1980’s, both harbor seals and Steller sea lions 
experienced drastic (>72%) population declines in this region (Loughlin et al. 
1984, Merrick et al. 1987, Pitcher 1990, Jemison et al. 2006). Although not fully 
understood, declines in both species have been attributed to directed human kills 
(Pitcher 1990, NMFS 2008) and indirect effects of changes in the availability 
(quantity and location) and quality of their prey base (Williams et al. 2004, Trites 
et al. 2007, NMFS 2008, Horning and Mellish 2012, Fritz et al. 2014). 

 Population declines abated for both species in the western GOA 
beginning in the early 1990s and their populations in the Kodiak region have 
begun recovering, albeit at vastly different rates. Harbor seal numbers on 
Tugidak stabilized in the early 1990s with increases of 3 to 8% annually in molt 
and pupping trend counts respectively from 1994 -2000 (Small et al. 2003, 
Hastings et al. 2012).  However, the decline in SSL numbers in the central GOA 
(including Kodiak Archipelago) continued until 2000 and merely stabilized from 
2000-2010 (Fritz et al. 2013).  Although abundance of the overall western stock 
of SSLs has increased 1.7% annually from 2000-2012, pup and non-pup counts 
in the central GOA have remained stable or declined slightly over that period 
(Fritz et al. 2013).  

Throughout their respective ranges, both SSL and HS are known to be 
primarily piscivorous. In the Kodiak area they have similarly diverse diets that 
include gadids, flatfish, salmonids, cottids, cephalopods, and a variety of forage 
fish species (Jemison 2001, McKenzie and Wynne 2008, Sinclair and Zeppelin 
2002, Sinclair et al. 2013). Diet studies of both species in the GOA suggest they 
prey opportunistically on seasonally abundant prey (Sinclair and Zeppelin 2002, 
Sinclair et al. 2013, Womble et al. 2005). While the dominant prey found in SSL 
and HS diets have remained consistent for decades, their relative dietary 
importance (i.e. frequency of their occurrence in scats) varies, reflecting spatial 
and temporal shifts in the availability of those prey (Sinclair et al. 2013). 

If prey availability were the primary driver or limiter of HS and SSL 
population success, their broadscale dietary similarities would suggest similar 
population trajectories. Yet, despite the apparently high degree of dietary overlap 
among these sympatric piscivores, HSs have experienced a consistent recovery 
in the Kodiak area since the mid-1990’s while SSLs show little or no recovery in 
this area two decades later. 

This paradox raises questions regarding the true degree of dietary 
overlap, niche partitioning, and trophic interaction experienced by these 
historically successful, sympatric piscivores. With access to scat samples from 
several SSL and HS haulouts in the Kodiak Archipelago, GAP has documented 
temporal and regional patterns of prey use by SSL and HS sharing waters of the 
Kodiak Archipelago. A primary objective was to determine the degree of their 
dietary overlap in a system with well-documented and drastic bird/mammal 
declines followed by differential population recovery rates. Identifying the prey 
species consumed by SSL and HS and regional/seasonal patterns in their use 
was key to GAP’s modeling of predator-prey relationships in the Kodiak region 
(see Section 4.b). Ultimately such information will help explain how these 
sympatric central-place foragers partition their piscivorous niches, have 
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succeeded in historically maintaining viable breeding populations in this region, 
and have disparate population trajectories. 

 
METHODS 

GAP studies have assessed Steller sea lion and harbor seal diets based 
on prey remains identified in scat samples collected from haulout sites around 
the Kodiak Archipelago (Figure 15) between September 1999 and September 
2009. Diagnostic structures were identified by Pacific Identifications Inc (Victoria, 
BC, Canada) to the lowest taxonomic group possible by comparison with 
reference collections. 

In order to assess spatial and temporal variability demonstrated in 
previous scat studies, samples were pooled into four regions [North, East, West, 
and South; similar to those in McKenzie & Wynne (2008)] and two seasons 
[summer: May to October and winter: November to April; similar to those in 
Sinclair et al. 2013] (Figure 15). For analysis, samples pooled within each region 
in each season were treated as a single collection. The South region was 
ultimately omitted from analyses due to small sample sizes. 

The relative importance of each prey type was assessed by its frequency 
of occurrence (FO: proportion of scats with identifiable prey containing a given 
prey type). Each seasonally- and regionally-specific collection was characterized 
by a FO matrix of various prey types. Nonparametric analysis of similarities 
(ANOSIM) was used to statistically test for a) regional differences in prey FO 
matrices between seasons and b) seasonal differences in prey FO matrices 
among regions. ANOSIM tests the null hypothesis that within-group similarities 
do not exceed inter-group similarities. Bray-Curtis dissimilarity and 999 
randomizations were used in ANOSIM. 

 
RESULTS 

For this analysis we assessed contents of 4,283 SSL and 1,916 HS scats 
collected during GAP studies. Of the total 4,283 Steller sea lion scat samples 
collected from September 1999 to March 2008, 4179 scats (97.6%) contained 
identifiable prey remains. In comparison, 82.5% (1,581 of 1,916) of harbor seal 
scat samples collected from April 2001 to September 2009 contained identifiable 
prey remains. Among those with identifiable prey remains, a total of 503 scats or 
12.0% of SSL samples included unidentified fish remains, while a total of 288 
scats or 18.2% of HS samples included unidentified fish remains. 
 
Prey Taxa 

The thorough digestion of prey by pinnipeds differentially affects the 
identifiable structures remaining within scats. As a result, the identification to 
genus or species was uncertain for 23.3% and 33.5% of all prey remains in SSL 
and HS scats, respectively. Identification even to family was uncertain for 2.6% 
and 3.2% of all prey remains in SSL and HS scats, respectively. Because of the 
high degrees of uncertainty at genus or species level, especially for HS scats, 
our results are primarily reported at the family level.  

As found previously and elsewhere, the diets of SSL and HS in our study 
were incredibly diverse. Prey taxa included 30 families, two orders (Decapoda 
and Pleuronectiformes), and three classes (Cephalopoda, Polychaeta, and 
unidentified fishes) (Table 14). All unidentified fishes belong to the class 
Actinopterygii (ray-finned fishes). A total of 12 prey taxa (11 families and one 
order) that were found in SSL scats were not encountered in HS scats, while one 
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prey taxon (Zaproridae) was only encountered in HS scats (Table 14). 
 
Dominant Prey  

Based on their Frequency of Occurrence (FO) in scats, the top five prey 
taxa for Kodiak area SSLs, in order, were Gadidae, Pleuronectiformes, 
Ammodytidae, Salmonidae, and Clupeidae, while the top five for HSs, in order, 
were Cottidae, Pleuronectiformes, Gadidae, Hexagrammidae, and Cephalopoda 
(Figure 16).  

Prey items occurring in  5% of scat samples (5% FO) are considered 
important prey in most pinniped studies. Overall, seven prey families were found 
in  5% of both SSL and HS scats sampled in the Kodiak region: Gadidae, 
Pleuronectiformes, Ammodytidae, Salmonidae, Clupeidae, Cottidae, and 
Hexagrammidae. Four taxa were found to be important prey (5% FO) for SSLs 
but not HS: Osmeridae, Trichodontidae, Polychaeta, and Liparidae. In contrast, 
Cephalopoda and Bathymasteridae were found to be important prey (5% FO) 
for HS but not SSLs. 
 
Seasonal patterns 

Prey use by both Steller sea lions and harbor seals varied seasonally and 
regionally. For SSL, summer-winter differences in FO of prey taxa varied by 
region (Table 15). Prey taxa with high seasonal variability (summer-winter 
difference of FO 10%) included 1) Ammodytidae and Salmonidae in EAST, 2) 
Ammodytidae, Clupeidae, Cottidae, Gadidae, and Osmeridae in NORTH, and 3) 
Ammodytidae, Clupeidae, Osmeridae, Salmonidae (46.8% in difference), and 
Trichodontidae in WEST.  

For HS, summer-winter differences in FO of prey taxa also varied by 
region (Table 16). Prey taxa with high seasonal variability (FO difference 10%) 
included 1) Ammodytidae, Osmeridae, and Pleuronectiformes in EAST, 2) 
Ammodytidae, Clupeidae, Cottidae, Hexagrammidae, Osmeridae, Polycaeta, 
Salmonidae, and Scorpaenidae in NORTH, and 3) Ammodytidae, Clupeidae, 
Salmonidae (61.6% in difference), and Zaproridae in WEST. No comparison was 
available for SOUTH for either species. 

Regional and seasonal differences were found in the relative importance 
of prey taxa to Steller sea lions and harbor seals (Table 17). In summer, major 
differences in the relative importance of prey taxa to SSL and HS (FO difference 
10%) were seen in 1) Ammodytidae, Cottidae, Gadidae, Hexagrammidae, and 
Osmeridae in EAST, 2) Gadidae, Pleuronectiformes, and Salmonidae in NORTH, 
3) Ammodytidae, Bathymasteridae, Cephalopoda, and Cottidae (50.0% in 
difference) in SOUTH, and 4) Ammodytidae, Clupeidae, Osmeridae, Pholidae, 
Pleuronectiformes, Trichodontidae, and Zaproridae in WEST.  

In winter, the relative importance in SSL and HS diets (FO difference 
10%) differed significantly for 1) Ammodytidae, Cottidae, Gadidae, 
Hexagrammidae, and Pleuronectiformes in EAST, 2) Ammodytidae, 
Cephalopoda, Cottidae, Gadidae, Hexagrammidae (42.1% in difference), 
Pleuronectiformes, Salmonidae, and Scorpaenidae in NORTH, and 3) 
Ammodytidae, Gadidae, Pleuronectiformes, and Trichodontidae in WEST. No 
comparison was available for SOUTH for either species. Except for WEST in 
winter, differences in prey taxa FO between the two species were significant 
based on analysis of similarity (Table 18). 
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SUMMARY 
We found that both harbor seals and Steller sea lions in the Kodiak area feed 

on a broad suite of prey species, with regional and seasonal variability. Overall 
there is broad overlap of prey species on their “menus”, yet the relative 
importance in their diets differs significantly. Seven prey families were found in  
5% of both SSL and HS scats sampled in the Kodiak region: Gadidae, 
Pleuronectiformes, Ammodytidae, Salmonidae, Clupeidae, Cottidae, and 
Hexagrammidae. Of these, flatfish (Pleuronectidae) were commonly found in the 
diet of both HS and SSL; the other six taxa were relatively more important in SSL 
than HS diets. Four taxa were found to be important prey (5% FO) for SSLs but 
not (5% FO) HS: Osmeridae, Trichodontidae, Polychaeta, and Liparidae. In 
contrast, Cephalopoda and Bathymasteridae were found to be important prey 
(5% FO) for HS but not (5% FO) SSLs. Overall, Irish lords and sculpins are the 
most common prey in HS scats but are far less common in SSL diets. In contrast, 
sandlance, herring, and salmon are far more common in SSL scats than HS 
scats. Greenlings are a significant presence in HS diets year-round but used far 
less often by SSLs.  

Both SSL and HS are central-place foragers that feed in waters surrounding 
their terrestrial haulout/resting sites. Those sampled on Kodiak area haulouts 
demonstrate a large degree of dietary overlap yet apparently partition their use of 
available prey resources. Harbor seals prey on species that are nearshore in 
benthic and subtidal habitats while Steller sea lions make greater use of 
epipelagic and demersal species found over the nearshore continental shelf. The 
differential trajectories of population recovery for these sympatric species in the 
Kodiak region could be related to the relative vulnerability of their dominant prey 
to dramatic oceanographic changes experienced in the GOA in past four 
decades.           

 
4b. Compare prey distribution patterns to the diet of Kodiak’s Steller sea lions 

APPROACH 
Collections of Steller sea lion scat samples around the Kodiak 

Archipelago described in Section 4.a represent the most comprehensive dataset 
in this area to date. The total of 4,283 analyzed scat samples spanning about a 
decade and 10 haulouts enabled us to infer information on Steller sea lion diets 
and to examine spatial and temporal variations in prey composition at several 
scales. By synthesizing existing data relevant to Steller sea lions and their major 
prey species in the area, we aim to investigate the relationship between 
spatial/temporal variations in prey distribution and those in Steller sea lion diets. 

   
METHODS 

  Steller sea lion scat data in the 1990s 
Prior to the 1990s, prey remains in stomach samples of shot animals, 

without systematic sampling design, were the main source of Steller sea lion diet 
composition (Pitcher 1981, NMFS 2008). In the 1990s, considerable effort was 
made to collect scat samples throughout the Aleutian Islands and central Gulf of 
Alaska (Merrick et al. 1997, Sinclair and Zeppelin 2002). Researchers from the 
NOAA’s Marine Mammal Lab (NMML) in the National Marine Fisheries Service's 
Alaska Fisheries Science Center (NMFS/AFSC) shared the sub-dataset of scat 
samples collected in the Kodiak area in the 1990s with us. The shared data, 
combined with those described in Section 4.a, were used to examine decadal 
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changes in Steller sea lion diet composition in the Kodiak area. 
 Scat data collected and analyzed by NMML personnel from 1990 to 1998 
were summarized and published in Sinclair and Zeppelin 2002. Comparisons with 
GAP scat data from 1999 to 2008 were conducted on two taxonomic levels: 1) 
genus or species and 2) family or order or class. For GAP data, identification to 
genus or species level was uncertain for 23.3% of all prey remains, while 
identification to family or above levels was uncertain for 2.6% of all prey remains. 
Sample collections were grouped into two seasons: summer (May to October) 
and winter (November to April). Scats collected from the same season were 
compared to examine decadal changes. Prey composition is expressed as the 
multivariate matrix of frequency of occurrence for various prey taxa. Difference in 
prey composition between the two periods was tested by permutation-based 
analysis of similarity (ANOSIM) using the ANOSIM routine in PRIMER (version 6, 
PRIMER-E Ltd). The ANOSIM test statistic, R, was computed for each pair of 
comparing sample groups between the two periods and then was used to 
calculate a p-value. If there is no difference between the two comparing groups, 
R will be near zero. The level of significance is computed by the number of 
permutations giving an R value as large, or larger, than the observed R divided 
by 999 (set as the total number of permutation). 
 

  Biomass estimates of Steller sea lion prey spanning the 1990 and the 2000s 
The following datasets were examined in order to correlate the decadal 

changes in Steller sea lion prey composition and those in prey biomass 
estimates. 
1. NMFS winter acoustic survey in the Shelikof Strait 
2. NMFS summer groundfish trawl surveys in the Gulf of Alaska 
3. Regional guideline harvest level and total landings for Pacific salmon spp. 

and Pacific herring from the Alaska Department of Fish and Game (ADF&G). 
 
RESULTS 
Decadal changes 
 Significant differences were found in the taxonomic level [genus/species 
and family/order/class (all p < 0.001, ANOSIM)] of prey remains within Kodiak 
area scats sampled a) from 1990 to 1998 and from 1999 to 2008 and b) May-
October and from November - April.  

The occurrence of walleye pollock in scat samples dramatically 
decreased, in both summer and winter seasons, from the 1990s to the 2000s 
(Table 19). Concurrently, arrowtooth flounder, an important flatfish species in the 
Gulf of Alaska, were encountered more often in scat samples for both seasons in 
the 2000s compared to the 1990s. The numbers for Pacific cod also increased 
between the two decades. Among pelagic prey species, the presence of Pacific 
salmon spp. in diets declined, while the relative importance of Pacific sandlance 
increased. The change for Pacific herring and capelin is more profound in 
summer than in winter, with both species becoming more important prey for 
Steller sea lions during the 2000s. 

The decadal changes in prey composition reflected certain species’ 
biomass trend in the groundfish assemblage in the Gulf of Alaska. For walleye 
pollock, there was a significant decrease in biomass from the 1990s to the 2000s, 
which is correlated with their decrease FOC in scats. We used the biomass 
estimates from winter acoustic surveys conducted in the Shelikof Strait, which 
were summarized and published in Dorn et al. 2011 (Figure 18). During the same 
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time frame, biomass of arrowtooth flounder mostly increased, as part of a 
continued trend in the Gulf of Alaska since the 1970s (Figure 19).  

The large-scale decadal changes in prey composition were not reflected 
in the datasets of Pacific cod, Pacific salmon spp., and Pacific herring that we 
acquired from NMFS and ADF&G, which have relatively large interannual and 
spatial variations within the decades compared to decadal changes. We were 
unable to examine the decadal changes for Pacific sandlance and capelin 
because of the lack of systematic sampling in the Kodiak area. 

Spatial variations in scat samples were correlated with those in prey 
biomass at different spatial scales in the Kodiak area. Due to the lack of winter 
surveys, efforts were focused on summer months in the 2000s. Significant 
correlations were found for two major pelagic prey: Pacific herring and capelin. 
As described in Objective 4.a, the highest frequency of occurrence (FO) for 
Pacific herring was in the west region of Kodiak, as was the largest index of 
aggregation (IA) encountered during GAP acoustics/mid-water trawls surveys 
(Figure 20; Table 20, Table 21), while the highest FO and IA for capelin were 
found in the north region of Kodiak. 

 
SUMMARY 

Various relevant datasets from federal, state, and academic researchers 
were acquired to examine spatial and temporal relationships between diet 
composition in Steller sea lion scat samples and prey biomass. Significant 
decadal and spatial correlations were found for certain prey species. 

 
5. SYNTHESIZE PREY QUALITY DATA 

APPROACH 
Researchers from the University of Alaska and NMFS’ Auke Bay Lab in 

Juneau have gathered data on the fatty acid composition of more than 20 prey 
fish and invertebrate species. We compiled a subset of the data that are relevant 
to Steller sea lion diets and examined the intra- and inter-regional variations in 
the Gulf of Alaska.  

   
METHODS 

From 2000 to 2007, a variety of fish, invertebrate, and plankton samples 
were collected in waters around Kodiak Archipelago and subsequently analyzed 
for fatty acid composition using gas chromatography. Each fatty acid in each 
sample was quantified to the nearest nanogram against calibration curves 
established for each batch of trans-esterified lipid samples (8 to 20 samples for 
one batch). Based on abundance and ubiquity, a total of 37 fatty acids, which 
account for at least 95% of total fatty acid mass, were selected for further 
analyses. Weight values of the 37 fatty acids were standardized into 
compositional values for each sample, which were percentages of the total 
(hereafter referred to as fatty acid contents). After screening, a total of 1033 
samples were compiled for further analyses (Table 22). 

Fatty acid composition was represented by the 37 fatty acid contents and 
examined with multivariate statistics. Dissimilarity matrices of fatty acid 
composition among samples were calculated based on Bray-Curtis coefficient. 
Ordination of samples was carried out using non-metric multidimensional scaling 
(MDS) and presented in two dimensions; stress values were calculated to 
measure how well the two-dimensional plots represent the true ordination, with 
values < 0.1 considered good representations. Differences in fatty acid 
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composition were tested by permutation-based analysis of similarity (ANOSIM) 
using the ANOSIM routine in PRIMER (version 6, PRIMER-E Ltd). Inter-group 
dissimilarity in fatty acid composition was decomposed by similarity percentage 
analysis using the SIMPER routine in PRIMER to determine the relative 
contribution of each fatty acid to the total dissimilarity. 

Fine-scale intra-species variations were examined in a given sampling 
period at spatial scales of 1’s to 10’s km with relatively small sample sizes. 
Variations in forage fish fatty acid composition at spatial scales of 1’s to 10’s km 
have rarely been examined, although local interactions between forage fishes 
and their predators typically take place at these scales (Schneider 1989; Springer 
and Speckman 1997). The discrepancy is a result of the logistical difficulties 
involved in fatty acid analyses, which are currently labor-intensive and relatively 
expensive compared to genetic or stable isotope analyses. The typical sampling 
regime is to opportunistically collect small numbers of forage fishes at multiple 
locations within one area (at spatial scales of 1’s to 10’s km), combine these 
samples to represent the area, and compare them with those from another area 
(at spatial scales of 10’s to 100’s km) (Iverson et al. 2002). Variations within a 
given area are not normally examined because of relatively small sample size. 
We examined fine-scale variations with relatively small sample sizes (n = 5 to 
10). 

We constructed and organized the structural and descriptive metadata 
relevant to all GAP data on forage fish fatty acid composition. The metadata, 
along with fatty acid data, were sent to collaborators in NMFS Auke Bay Lab in 
Juneau. 

Comparison of fatty acid composition between samples collected in the 
Kodiak area and those from southeast Alaska was conducted for four forage fish 
species: walleye pollock, Pacific herring, capelin, and eulachon. Other species 
were also examined for the viability of the comparison based on length and and 
sampling time. Unfortunately, small sample size and mismatching length groups 
or sampling time hindered us from producing meaningful statistics. For the same 
time period of 2000 to 2007, we used 142 pollock, 1248 herring, 35 capelin, and 
86 eulachon for comparison. Without transforming the data, multivariate analyses 
were used to examine inter-region variations. 
 
RESULTS 

There were significant differences in fatty acid composition among 
species, seasons, and locations (ANOSIM, p < 0.01). Within each species, there 
were no significant differences in fatty acid composition among years (ANOSIM, 
p > 0.2). 

A small number of fatty acids (20:1n-11, 22:1n-11, 20:5n-3, 20:6n-3, 
18:1n-9) generally accounted for more than 50% of the differences in fatty acid 
composition among species, seasons, and locations. 

Among forage fish species, Pacific herring and capelin showed high 
degree of similarity (ANOSIM, p = 0.2) due to high contents of copepod-
originated fatty acids (20:1n-11 and 22:1n-11); walleye pollock and eulachon 
showed fatty acid compositions distinct from other species (ANOSIM, p < 0.01; 
Figure 21). 

Sampling location is a significant factor contributing to variations in fatty 
acid composition at spatial scales of 100’s km. Several species collected from the 
west side of Kodiak can be differentiated from those from the east side of Kodiak 
based on their fatty acid composition. There were significant fine-scale intra-
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species differences in fatty acid composition for walleye pollock, Pacific herring, 
and capelin (ANOSIM, p < 0.01; Figures 22-24). A small number of fatty acids, 
namely 20:1n-11, 22:1n-11, 20:5n-3, 20:6n-3, and 18:1n-9, in combination 
accounted for more than 32% of the differences in fatty acid composition when 
significant differences were detected. 

Significant inter-group dissimilarity in fatty acid composition was detected 
for sample size as low as five, which demonstrates the high sensitivity of the 
method in detecting differences and the usefulness of small sample size for fine-
scale studies. We propose that fatty acid analysis can be a useful tool in 
complimentary to other methods for fine-scale monitoring and survey purposes. 

Ontogenetic variations were examined for the five fatty acids (20:1n-11, 
22:1n-11, 20:5n-3, 20:6n-3, and 18:1n-9) that in combination account for a large 
proportion of the differences in fatty acid composition when significant fine-scale 
intra-species differences were detected. Results showed that there is no 
consistent ontogenetic variation in any of the five fatty acids, indicating that 
differences in these fatty acids are results from dietary input rather than 
physiological change in relation to ontogeny. 

For walleye pollock, Pacific herring, capelin, and eulachon, there was no 
significant inter-region difference (all p > 0.1), in contrast to significant intra-
region difference among the first three species. 
 
SUMMARY 

Sampling time, location at spatial scales of 10’s and 100’s km, and size 
are significant factors for intra-species variations in fatty acid composition of 
several species of forage fish, while overall samples from the Kodiak area are not 
significantly different from those from southeast Alaska. Fatty acid composition in 
walleye pollock and eulachon are significantly different from those in Pacific 
herring and capelin. 

 
6.   PREPARE MANUSCRIPTS OF GAP RESULTS FOR PUBLICATION IN PEER-

REVIEWED JOURNALS 
a. Whale stable isotopes 

APPROACH 
Stable isotope analysis can provide information on trophic position, diet 

and feeding origins of migratory animals (Hobson 1999, Kelly 2000, Farmer et al. 
2003). In addition, stable isotope analysis has recently been used to investigate 
resource partitioning, niche separation and food quality within animal 
communities (Cherel et al. 2008, Olsson et al. 2008). Since 2001, GAP has 
collected skim samples from fin and humpback whales through biopsy sampling 
for stable isotope analysis. The ratios of carbon and nitrogen isotopes present in 
these samples, as well as those in potential prey species, were used to assess 
various aspects of the foraging ecology of these two whale species. See section 
1.b. for additional details on stable isotope analyses.  

 
RESULTS & SUMMARY 

Stable isotope findings were used to prepare and submit the following 
manuscripts for publication:  

Witteveen, B. H. and K. Wynne. In review. Trophic niche partitioning and diet 
composition of sympatric fin (Balaeantopera physalus) and humpback 
whales (Megaptera novaeangliae) in the Gulf of Alaska revealed through 
stable isotope analysis. Marine Mammal Science. 
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Wright, D. L., B. H. Witteveen, K. Wynne and L. Horstmann-Dehn. 2015. 
Evidence of two subaggregations of humpback whales on the Kodiak, 
Alaska, feeding ground revealed from stable isotope analysis. Marine 
Mammal Science 31: 1378-1400. 

Wright, D. L., B. H. Witteveen, K. Wynne and L. Horstmann-Dehn. 2016. 
Fine-scale spatial differences in humpback whale diet composition near 
Kodiak, Alaska. Marine Mammal Science. DOI: 10.1111/mms.1231 

 
b. Whale sightings 

i. Vessel surveys 
APPROACH 

Through opportunistic and systematic vessel surveys, we have 
collected photographs, GAP has collected photographs with which to 
identify individual humpback whales and determine their residency on 
Kodiak and other feeding grounds. By cataloging and comparing these 
photographs, we have monitored site fidelity, interannual residency, and 
movement of humpback whales throughout the Kodiak Archipelago and the 
Shumagin Islands.  

 
RESULTS & SUMMARY 

Photo-identification sighting histories of humpback whales from 
Kodiak and the Shumagin Islands were analyzed and summarized in the 
following publication: 
Witteveen, B. H. and K. Wynne. In review. Sighting intervals, movement 

and site fidelity of humpback whales (Megaptera novaeangliae) in the 
western Gulf of Alaska. Aquatic Mammals. 

 
ii. Aerial surveys 

APPROACH 
 Since 1999, GAP has monitored the seasonal presence and 

distribution of large whales in the waters surrounding northern Kodiak 
Island using systematic aerial surveys along standardized transects. For 
this objective, we compiled all whale sightings from opportunistic (pinniped-
focused) and directed aerial surveys. The variability in the survey effort 
across years for these surveys caused the uncertainty in our results to 
exceed what we believe was defensible in a peer-reviewed publication (see 
General Issues below). As such, we have summarized this objective in its 
entirely in this report.     

 
METHODS 
Aerial Surveys 

The seasonal presence and distribution of cetaceans in the waters 
of the Kodiak Archipelago were monitored during systematic aerial surveys 
along standardized transects beginning in 1999 (Table 23). Surveys were 
conducted aboard a single engine plane with floats (e.g. Cessna 206) by a 
team of two or three observers at an altitude of 700ft (~215m) and a speed 
of 100kn. Aerial surveys were defined as either opportunistic (1999-2006) 
or directed (2007 to 2014) based on the primary goal of the survey. Surveys 
classified as opportunistic were labeled as such because whale sightings 
during these surveys were made opportunistically during surveys designed 
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to document the distribution of Steller sea lions or harbor seals on haulout 
sites. In contrast, directed surveys were designed to document cetacean 
sightings specifically.  Regardless of survey type, cetacean sightings were 
documented with the GPS location (latitude and longitude), species, and 
estimated group size. If whales were observed far from the transect line, 
the plane would deviate to verify species and improve the accuracy of 
sighting location.  

All survey tracklines and whale sightings were imported and 
projected (NAD 1983 Alaska Albers) in ArcGIS 10.2 (ERSI, Redlands, CA). 
Most survey tracklines were recorded using either a handheld GPS or the 
plane’s GPS unit. For some surveys, however, recorded GPS tracklines 
were not available. In these cases, the planned route for that survey was 
projected and then modified based on observer notes.  Following projection 
of all tracklines, the study area was divided into a sampling grid of 1,061 5 x 
5 km cells (Figure 25). Portions of some tracklines were not included in the 
gridded area as they were sampled very infrequently and were outside of 
the Kodiak Archipelago. 

Effort was estimated for each grid cell for each survey in ArcGIS by 
projecting each survey trackline and determining which grids cells were 
intersected by the trackline. The portion (length) of the trackline that 
intersected a grid cell was calculated using the Tabulate Intersection tool in 
ArcGIS. The resulting length was assigned as the effort within a given grid 
cells. Grid cells with no survey effort were removed from the data. 
 
Models for predicting whale abundance 

For each species, whale sighting data from the aerial surveys were 
modeled as a function of explanatory variables using Generalized Additive 
Models (GAMs). GAMs are a generalization of linear regression models 
(such as Generalized Linear Models (GLMs); Mccullagh and Nelder 1989), 
which allow for smooth functions of the covariates to be modeled (see e.g. 
Ruppert et al. 2003, Wood 2006 for accessible introductions) and are 
frequently used to describe complex relationships between species 
distributions to environmental or habitat variables (Hastie and Tibshirani 
1986, Hastie and Tibshirani 1990, Segurado and Araujo 2004, Tepsich et 
al. 2014). Smooth functions are estimated using a penalized approach, 
ensuring that the resulting functions are not “too wiggly” (e.g. Wood 2006). 
As whale sightings are over-dispersed and contain many zeros due to the 
large number of grid cells that contain no sightings, GAMs were developed 
using a negative binomial distribution with effort as an offset (Barry and 
Welsh 2002). All GAMs were fitted using the mgcv package in R 3.2.3 (R 
Core Development Team 2015). The maximum basis size was set to 10 
thereby limiting the complexity of the smooth terms in the model (Wood 
2006, Best et al. 2012). 

Covariates (see Predictor variables) were included in the models as 
univariate smooths using a thin plate regression spline basis (Wood 
2003b), with one exception: bivariate smooths of location were included 
using a Duchon spline basis (Duchon 1977, Miller and Wood 2014) and 
allowed to vary by date using a tensor product with a cubic regression 
spline basis (Wood 2006, Augustin et al. 2013) This model setup assumed 
that the effects of the univariate smooths were additive per grid cell and 
would not change from year-to-year, where as the spatiotemporal smooth 
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accounted for other variation. Duchon splines are particularly useful as they 
tend towards a flat function away from the data, and therefore resulting 
smooths don’t have very large or small values far from the data (Miller and 
Wood 2014). Both thin plate regression splines and Duchon splines avoid 
the need for selecting knot locations, and instead use an approach that 
places a knot at each datum, then reducing the number of parameters 
required to fit such a model using an eigen decomposition (Wood 2003b). 

Model selection for each species was determined using a forward 
stepwise procedure, using model restricted maximum likelihood estimation 
(REML; Wood 2011 ) and percent deviance explained (Table 24). 
Beginning with a null model, each term was added into the model stepwise 
(see Predictor variables). The added term that resulted in the lowest REML 
score and highest explained deviance at each step was then included in the 
model. Terms were added until there was no further reduction in REML 
score or increase in deviance explained (Wood 2003a, Wood 2006).  

Finally, predicted whale abundance was estimated through standard 
GAM methodology (Wood 2006), using values of the covariates at the 
locations of predictions (in space and time). In order to estimate uncertainty 
in the abundance estimates (including both model and smoothing 
parameter uncertainty) we used a parametric bootstrap approach that relied 
on the distributional properties of the model (Augustin et al. 2013). 
 
Predictor variables 

Numerous variables were considered as possible explanatory 
variables in the final GAM including, depth (m), distance from nearest 
shoreline (DFS; km), slope (degrees), latitude (x; of grid center), longitude 
(y; of grid center) and Date (as Month and Year of survey). In all models, 
effort was included as an offset variable (Wood 2006). 

Latitude and longitude were taken as the center point of each grid 
cell. These values were later converted to Northings and Eastings prior to 
analysis in the GAM models. DFS was calculated as the distance from the 
center point of each grid cell to the nearest shoreline using the Near tool in 
the ArcGIS Analysis Toolbox.  Bottom depths were extrapolated from 
NOAA bathymetry point data interpolated by the Alaska Department of 
Natural Resources.  Slope was then calculated from this layer using the 
Slope tool in the ArcGIS 3D Analyst Toolbox. 

Correlations between explanatory variables were explored (Table 
24). No pairwise correlation between variables was found to be higher than 
0.75, a value that may influence model performance; therefore all variables 
were retained (Zuur et al. 2007).  

 
RESULTS 

A total of 126 aerial surveys were flown between August 1999 and 
December 2014 (Table 23). Grid cells from these surveys resulted in a 
dataset of 131,564 records. The dataset was queried to exclude cells that 
contained no effort (i.e. no transect intersection within the cell). The query 
reduced the dataset to 19,850 records and 951 observations of 6,500 
whales across all three species. Surveys occurred in all months, though 
adverse weather resulted in lower survey effort in the winter. Additionally, 
low survey effort occurred between 2006 and 2007, an artifact of 
restrictions to permitted activities relating to Steller sea lion research.   
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The total number of gray whales (n = 4,082) seen was far greater 
than either humpback (n = 1,545) or fin whales (n = 873). While sightings 
were highly variable across years, at least one of each species was seen in 
each month of the year (Figure 26).  
 
Models 

For each species, a number of different models were fit to the data 
in an effort to find the most parsimonious fit. This included fitting purely 
spatio-temporal models, along with models that included all spatio-temporal 
terms and environmental covariates (see Predictor Variables).  

In general, purely spatio-temporal models tend to do a better job at 
predicting abundance over a defined or closed area that has been covered 
well by a survey (Warren 2012). Therefore, looking at a model for each 
species that included a general spatial effect (constant across all time but 
varying over space). A general time effect (constant across space but 
varying by time) and a full spatio-temporal effect (varying across both space 
and time), we attempted to separate out general spatial distribution from 
seasonal variation. In Figures 27a-c, we present the time series of 
abundance predicted from the model and the spatial distribution over time 
for direct surveys only. Plots of abundance estimates with uncertainty (95% 
confidence intervals) across all months and years are found in Appendix A. 
All abundance estimates should be treated with extreme caution due to the 
issues outlined above. Note that abundance estimates represent the 
number of animals in the study area at a given time point, so are effectively 
“snapshots” for conditions in a given month and year.   
 
SUMMARY 

GAP’s aerial cetacean surveys were designed to document the 
seasonal distribution of whales and not estimate abundance. Therefore, 
there were a number of issues with the survey protocol that preclude their 
use in calculating valid abundance estimates. These issues fundamentally 
challenge any inference that may be drawn from models and should be 
taken into account in the event of future surveys. The following points are 
ranked from most to least serious, although implementing all would lead to 
a significantly more reliable data set.  

 Incomplete effort data: Since the strip width was not recorded for 
any survey regardless of type, the overall effort could not be 
calculated. This leads to a serious issue in that by changing the 
estimate of strip width (2.5km each side), one can change the 
abundance of the resulting model predictions. Assuming that strip 
width was the same for every survey leads us to believe that the 
abundance estimates are relative. This is a best case scenario 
though, as we generally do not believe that the strip width could 
be assumed to be the same between occasions, so resulting 
abundance estimates are effectively meaningless. 

 No observation covariates were collected: While observation 
covariates, such as weather or sighting conditions, were not 
recorded consistently across surveys. Such covariates can greatly 
affect the resulting models, especially since low cetacean 
abundance and low detectability can be confounded. Therefore, 
even minimal collection of data on weather conditions can 
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considerably improve the reliability of the results (Marques et al. 
2007).  

 Distance sampling data were not collected: Our surveys were 
designed to document the seasonal distribution of whales not 
estimate abundance, so observers did not record distances to 
observed whale groups. Such measurements would allow for the 
estimation of a probability of detection, that could then be used to 
correct the observations/effort for imperfect detection 
(e.g.Buckland et al. 2001, Buckland et al. 2004, Buckland et al. 
2015) 

Please consider these caveats when reviewing the results from modeling 
exercise for direct (i.e. opportunistic data removed) observations of three 
species: fin, humpback and gray whales (Figures 27; Appendix A).    

 
c. Whale foraging behavior 

APPROACH 
Since 2004, GAP has collected real-time foraging data from baleen 

whales by affixing individuals with acoustic time-depth tags. Acoustic signals 
from the tags were received in real-time and then recorded and time-linked to the 
whales’ position. The location and range of dive depths made my tagged whales 
were relayed to an accompanying prey survey vessel to assess prey field 
characteristics in the vicinity of tagged whales using active hydroacoustics.  

 
RESULTS & SUMMARY  

Efforts resulted in the successful tagging of 4 fin and 8 humpback whales. 
Tagging results and analyses were detailed in the following publication:  

Witteveen, B. H., A. De Robertis, L. Guo and K. M. Wynne. 2015. Using dive 
behavior and active acoustics to assess prey use and partitioning by fin 
and humpback whales near Kodiak Island, Alaska. Marine Mammal 
Science 31: 255-278. 

 
d. Pinniped diets 

i. Diets of sympatric pinnipeds in Kodiak region 
APPROACH 

GAP studies have documented temporal and regional patterns in 
harbor seal and Steller sea lion diets from scats collected on haulouts in the 
Kodiak Archipelagos, 1999-2008. Based on the frequency of prey 
occurrence in their diets, both pinniped species utilize gadids, flatfish, 
forage fish, salmonids, cottids, and hexagrammids but to varying degrees. 
The diets of SSLs and HSs were also found to contain some uniquely 
dominant prey taxa. GAP prey studies documented the temporal and 
regional patterns in the distribution and energetic content of many of these 
prey. Combining knowledge of local pinniped diets and their respective prey 
species, we are able to examine the role of common vs divergent diets in 
the ecology of these sympatric phocid and otariid species. 

 
RESULTS & SUMMARY 

We have begun drafting of a manuscript that links Kodiak’s 
pinniped diet data with local prey data in the context of 1) differential harbor 
seal and Steller sea lion population trajectories observed in the region over 
past five decades (1960’s - 2010’s), 2) niche separation that has allowed 
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these sympatric pinnipeds to coexist and flourish (historically) in the Kodiak 
region, and 3) the role of anatomical and physiological differences between 
phocids and otariids in prey partitioning observed in the Kodiak region. We 
plan to submit this manuscript to Aquatic Mammals for publication in 2017. 

 
ii. Steller sea lion diets in relation to prey distribution 
APPROACH 

 Based on synthesized data described in Section 4.b, we have 
begun drafting a second manuscript on pinniped diets. The goal is to 
investigate the relationship between spatial/temporal variations in prey 
distribution and those in Steller sea lion diets. 

 
RESULTS & SUMMARY 

 Pinnipeds are generally considered to feed opportunistically and 
capitalize on seasonally available prey. We found significant mismatches 
between prey distribution patterns and the diet of Steller sea lions inferred 
by scat analysis. We identified prey species that contribute the most to the 
discrepancy. Non-parametric multivariate analyses suggested relatively low 
correlations between prey abundance ranks and prey frequency of 
occurrence ranks (Spearman Rho = 0.08, p = 0.45; PRIMER v7). By 
measuring changes in non-parametric correlation values through including 
and excluding certain prey species, we have found that two prey families, 
Ammodytidae and Salmonidae, contribute the most to the discrepancy in 
the period of May to October, while the order Pleuronectiformes contribute 
the most in the period of November to April. The discrepancy is more likely 
attributed to sampling gear selectivity and efforts than to the foraging 
behavior of Steller sea lions. Species compositions based on trawl catches 
may have severely under-represented Pacific sandlance and Pacific 
salmon species in summer months due to gear efficiency and flatfish 
species in winter months due to limited bottom-trawl efforts. For months, we 
explored various factors, such as trawl depth/duration, time of the day, and 
prey aggregation size, in order to develop indices related to trawl catch 
bias, prey patchiness, and Steller sea lion foraging selectivity, that may 
explain the significant dataset discrepancy for trawl catch compositions and 
Steller sea lion scat contents. Unfortunately, the mismatch of spatial and 
temporal scales among datasets has made quantification and comparison 
of sea lion diets to prey species distribution extremely difficult. Therefore, 
progress on drafting a manuscript entitled “Steller sea lion diets in relation 
to prey distribution around the Kodiak Archipelago” was stymied. 

 
e. Prey quality 

We had intended to prepare a manuscript that summarizes the 
synthesized data described in Section 5, characterizes, and compare inter- and 
intra- species variations in fatty acid compositions of forage fish species as prey 
for upper level consumers. Unfortunately, due to low sample size and 
mismatching sample parameters, we were unable to draft a manuscript of 
publication quality. 
 

f.  GAP Ecosystem modeling 
APPROACH 

  Despite differences in foraging characteristics, major consumers in 
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Kodiak waters share several forage fish species as important prey. We 
hypothesized that predation pressure by growing populations of local consumers 
may have negative impacts on biomass of key forage fish species. In the western 
Gulf of Alaska, forage fish data are limited in terms of spatial and temporal 
coverage. As a result, we developed a modeling approach in order to assess 
both short-term and long-term impacts on key forage fish species by local 
consumers. Consumption models, which synthesize bioenergetics, diets, 
biomass, and distribution, were constructed for short-term impacts, while 
ecosystem models were used for long-term evaluation. The modeling approach 
enabled us to synthesize and utilize relevant GAP and non-GAP data, and to 
simulate various scenarios where mechanisms of potential competition or non-
competition can be examined. 

 
RESULTS 

  Both short-term consumption models and long-term ecosystem models 
provided evidence supporting our hypothesis that predation pressure from the 
rising populations of local consumers has negative impacts on biomass of key 
forage fish species. 

1. Capelin biomass seems to have declined from the 1990s and 2000s, 
because major consumers of capelin, including arrowtooth flounder and 
humpback whales experienced population increase over the 2000s. 
2. Proportions of capelin in arrowtooth flounder and humpback whale diets 
declined from the 1990s to the 2000s, suggesting that the two opportunistic 
consumers had less access to capelin. In contrast, frequency of occurrence 
of capelin in Steller sea lion scat samples increased from the 1990s to the 
2000s. 
3. Distributions of capelin and arrowtooth flounder biomass were highly 
patchy; capelin were important prey only in a small number of strata of shelf 
waters. 
4. Humpback whale population growth is likely to have negative long-term 
impacts on capelin biomass, while humpback whale consumption rates are 
potentially comparable with that of arrowtooth flounder and walleye pollock. 

 
SUMMARY 

  Model simulations showed that the decline of capelin was due to top-
down effects, instead of bottom-up effects. Capelin are considered the more 
energy-efficient prey choice compared to euphausiids for arrowtooth flounder and 
humpback whales, because of relatively high energy density and shallow 
distribution depth, unless euphausiid densities are high. Local arrowtooth 
flounder and humpback whales are likely to compete for capelin, especially at 
medium spatial scales of 10’s to 100’s km. However, the potential competition for 
capelin between arrowtooth flounder and humpback whales has not hindered the 
population growth of the two predators for the last several decades, which may 
be attributed to the consumption of euphausiids. The high rate of production and 
biomass of local euphausiids provide an abundant and reliable food source for 
both species, supported by 1) relatively high proportions of euphausiids in both 
arrowtooth flounder and humpback whale diets, 2) population growth of the two 
consumers, and 3) the positive correlation between consumption rates and 
frequencies at which euphausiids occur in the diet of arrowtooth flounder. 

If the current state of local plankton community does not change 
significantly, the population growth of arrowtooth flounder and humpback whales 
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are likely to continue. If forage fish species are the preferred prey in term of 
energy efficiency, the continued predator population growth will impose higher 
predation pressure on the biomass of local forage fishes in the future, until the 
decline of forage fishes reaches certain threshold that makes them less profitable 
than alternative prey. 

  A manuscript summarizing these results is being drafted for submission 
and subsequent publication in Fishery Bulletin. 
 

7. MAINTAIN AND MONITOR LONG-TERM INDICES OF CETACEAN AND PINNIPED 
DIETS AND DISTRIBUTION 

a.  Whale distribution 
APPROACH 

The spatial distribution of mysticetes in high-latitude waters is often 
associated with oceanographic features that support the productivity and 
aggregation of both persistent and ephemeral prey. Therefore monitoring 
seasonal and interannual changes in the distribution of mysticetes can reflect 
temporal changes in prey availability.  

In GAP13 we maintained a minimal amount of monitoring through both 
aerial and vessel surveys.  

 
i. Aerial surveys 

METHODS 
We conducted fixed-wing aerial surveys following a track line established 

during GAP09 (Figure 28). A team of 2-3 observers flew the route in a Found 
Bush Hawk (or equivalent) on floats. Flights were conducted at altitudes of 700-
1000ft and speeds of 100kn. Whales observed along the transect were marked 
with GPS location, time, species and estimated group size.    

 
RESULTS 

Aerial surveys were conducted quarterly throughout 2014. Surveys 
occurred on 11 March, 24 July, 23 September and 16 December 2014 (Figure 
29). Whales were sighted in all surveys, with the fewest sightings in March and 
the most in September (Table 25). The species-specific number of sightings was 
divided by the hours of effort in each survey to measure whale density as 
adjusted by effort (Table 26).   

 
SUMMARY 

As past GAP aerial surveys have shown, cetaceans are seen in Kodiak 
waters throughout the year. Gray whales were seen in the highest numbers of all 
cetaceans, with large numbers sighted in September and December. However, 
survey conditions were poor in March and may have attributed to few sightings of 
all species.  

Traditionally, gray whales have been sighted in Kodiak waters during their 
northbound (late spring) and southbound (late fall) migrations to and from the 
Bering Sea. Since 1999, however, GAP and other researchers have documented 
gray whales in Kodiak year round (Moore et al. 2007, Calambokidis et al. 2010). 
Interestingly, this pattern only holds partially here with very few animals seen in 
March or July. If, in 2014, gray whales were not utilizing newly cultivated feeding 
grounds in Kodiak as previously described, than a paucity of sightings in July 
would be expected. The location of most gray whale sightings was consistent 
with concentrations documented in the past (Figure 17; Moore et al. 2007)).   
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Humpback whales were seen in the greatest numbers in September, 
followed by July with few seen during the other survey months (Table 25). Most 
sightings were isolated to the southeastern portion of the survey route and, to a 
lesser extent, Marmot Bay (Figure 29). These results are consistent with known 
foraging habits of humpback whales (Baraff 2006, Witteveen et al. 2015, Wright 
et al. 2015, Wright et al. 2016).  

Patterns in fin whale sightings were similar to those for humpback whales 
(Table 25). It should be noted that a large number of whales that were not 
identified to species were sighted during the September survey. Given their 
location (Figure 29), we believe it is likely these animals were fin whales. As with 
humpback whales, the distribution of fin whales during 2014 aerial surveys was 
consistent with previously documented sightings and known foraging habits 
(Baraff 2006, Witteveen et al. 2015).  

A thorough analysis of these, and all, GAP aerial sighting data is detailed 
in Section 6.b.ii.  

 
ii. Vessel surveys 

METHODS 
Cetacean sightings were recorded during vessel surveys in Chiniak and 

Marmot Bays throughout the summers of 2014 and 2015 (Table 27). Surveys 
were either shore-based skiff surveys or a large-vessel multi-day cruise (2014 
only, see Section 7.ii.b. Whale Foraging). The goal of these surveys was to 
document the presence, distribution and relative abundance of fin and 
humpback whales throughout the foraging season. During vessel surveys, all 
sightings of whales were documented. At each sighting event, the date, location 
(latitude and longitude), group composition and general whale behavior were 
recorded. Additionally, individual whales were documented by photographing 
features unique to individuals. This entailed photographing the ventral surface of 
tail flukes for humpback whales and the dorsal fin and flank of fin whales. 
Photographs were compared with archival catalogs of individual whales to 
evaluate site fidelity and seasonality of individuals.  

 
RESULTS 

Vessel surveys occurred on 13 days in 2014 and 10 days in 2015 (Table 
27). In the Kodiak study area, sightings were dominated by humpback whales, 
especially in 2015 when few fin whale were documented (Table 28; Figure 30). 
The number of individual humpback whales sighted was higher in 2014 than in 
2015, though the relative number of previously sighted whales (resights) was 
greater in 2015 (Table 28).  

 No surveys were conducted in the Shumagin Islands in 2014 and only a 
handful of humpback whales (n = 6) and no fin whales were documented in 2015 
(Table 28, Figure 30).   

 
SUMMARY 

It is difficult to compare the distribution patterns of fin and humpback 
whales between 2014 and 2015 due to a difference in where vessel survey effort 
was concentrated. However, there are still some notable observations that can 
be drawn from the survey data. First, there was an obvious lack of fin whales in 
2015 in both Kodiak and the Shumagin Islands. This may be particularly 
noteworthy given the high number of whale deaths that resulted in the 
declaration of an Unusual Mortality Event 
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(http://www.nmfs.noaa.gov/pr/health/mmume/large_whales_2015.html).  
In 2014, when surveys covered both Marmot and Peronosa Bays, the 

distribution of fin and humpback whales was similar to past observations in that 
fin and humpback whales are more likely overlap spatially in Marmot Bay 
(Witteveen et al. 2015 and see Section 6.b.ii).  

A virtual absence of whales in the Shumagin Islands in 2015 is highly 
unusual. While past years have shown a reduced number of sightings, 2015 
represented the fewest number of humpback whales sighted and the only year in 
which no fin whales were documented. Locals in the Shumagin Islands indicated 
that the entire summer season was similar to what was observed during the 
survey window, so the paucity of whales did not seem to the result of poor timing. 
Reasons for this are unclear, but again may be related to the UME event or 
anomalous oceanographic conditions present throughout the Gulf of Alaska 
during 2015.  

Though the results presented here represent only a short time-series, 
they contribute to the long-term monitoring of baleen whale populations in the 
Gulf of Alaska initiated by GAP in 1999 and may prove invaluable to describing 
alterations in whale distributions as the result of short-term or fine-scale 
environmental perturbations or broader climate change.    

 
b. Whale foraging 

APPROACH 
In GAP2013 we sought to maintain a minimal effort at monitoring the diet 

of humpback and fin whales using both direct and indirect means including: 1) 
collecting skin biopsies from both species for stable isotope analysis, 2) 
conducting a multi-day cruise along a previously established sampling grid (see 
GAP2011) in order to collect repeated measurements of physical and biological 
parameters, and 3) deploying depth-recording tags to whales to evaluate 
foraging patterns.  

 
METHODS 
Biopsy sampling 

Biopsy samples were collected from free-ranging fin and humpback 
whales in 2014 and in the Kodiak study area only. No samples were collected 
during 2015 field efforts. Samples were analyzed for stable carbon (13C) and 
nitrogen (15N) isotope ratios as described in section 1.b. 

 
Multi-day cruise 

A large vessel multi-day cruise was conducted between 27 August and 3 
September 2014. The cruise followed track lines in two of three Index Sites 
(Marmot Bay and Shuyak Island) established in GAP2011 (Figure 31). The third 
Index Site, Uganik Bay, was not surveyed in 2014.  

Along track lines within each Index Site, the following measures were 
recorded: water temperature and salinity profile (CTD), proportional backscatter 
of fish and zooplankton (via a towed 38 & 120 kHz transducer), zooplankton 
samples (300  mesh bongo net) and species-specific whale counts. Additionally 
whales were photographed and biopsy sampled when opportunity allowed.  

Active acoustic volume backscatter data were collected at 38 kHz and 
120 kHz using a Simrad ER60 echo-sounder system during daylight hours. A tow 
body that houses the 38- and 120-kHz split-beam transducers was towed at 3-m 
depth while transiting.  
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We applied a dual-frequency differencing technique to assign collected 
backscatter as consistent with either “fish” or “zooplankton.” When directed prey 
sampling cannot be achieved, this technique provides a useful means of 
describing general prey availability. Acoustic backscatter was processed in 
Echoview 5.4 (Myriax Pty Ltd, Hobart, Tasmania, Australia). Backscatter was 
partitioned into signals consistent with fish or zooplankton based on their relative 
frequency response, using a 2-frequency variant of the method described in De 
Robertis et al. (2010). Acoustic records were averaged into five-ping by 5m depth 
cells and the frequency response (SV120kHz – SV38kHz) in each cell was computed. 
The fish and zooplankton categories were echo-integrated into the Nautical Area 
Scattering Coefficient (sA, m2nmi-2) in 5 m depth layers by 185.2 m length 
intervals. For each Index Site, sA from both prey categories was summed down 
layers to estimate overall relative sA and averaged across intervals to calculate a 
ratio of fish to zooplankton backscatter. The ln of this ratio was also calculated as 
it scales this variable for easier comparison. In these analyses, a positive ln value 
indicated that the backscatter ratio of fish was greater than zooplankton and, 
thus, a negative value meant that zooplankton backscatter was greater than fish.  

CTD (conductivity, temperature and depth) casts were carried out at pre-
determined systematically designed stations (Figure 31). The nominal speed of 
CTD downcasts was 0.5 m s-1 and data were logged four times per second.  

Data in hexadecimal format retrieved from CTD were converted to 
decimal format and averaged at 0.5-m depth intervals. Salinity and density were 
derived from downcast values based on International Equation of State of 
Seawater (EOS-80). Data logged in the surface 2 m were excluded due to their 
tendency to be erratic, when water inside of the CTD was reaching equilibrium 
with ambient water before downcasting. All variables and associated metadata 
were compiled into a single MS Access database.  

We analyzed and report three parameters from CTD cast data. These 
include the depth of the thermocline, surface temperature, and the stratification 
parameter. The stratification parameter  (Simpson et al. 1977), denoting the 
amount of work per unit volume (J m-3) required to vertically mix the water 
column, was calculated for each CTD cast following the equation modified from 
Simpson et al. (1981): 

 

      (1) 
where h is the maximum depth (m) of logged CTD data, ρ is density (kg m-3) 

with the mean as: 
  

       (2) 
The local value of g approximates to 9.81 m s-2, z is interval depth (m), 

and dz is interval width (m). Data logged in the surface 2 m were excluded due to 
their tendency to be erratic, when water inside of the CTD was reaching 
equilibrium with ambient water before down-casting. 

   
  Whale tagging 

In order to evaluate specific foraging patterns while concurrently 
assessing available prey fields during the Index Sites, we aimed to deploy real-
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time acoustic depth tags to foraging whales.  
 
RESULTS 
 Biopsy sampling 

In 2014, three fin whale and six humpback whale biopsy samples were 
collected. The result of the stable isotope analysis of these samples were 
included in the larger diet and niche analysis described in section 1.b. and in the 
publications outlined in section 6.a.   

 
  Multi-day cruise 

In Marmot Bay, zooplankton backscatter dominated fish backscatter and 
more fin whales were sighted than humpback whales (Table 29; Figure 32a). The 
pattern was opposite in the Shuyak site where fish backscatter was greater than 
zooplankton and more humpback whales than fin whales were sighted (Table 29; 
Figure 32b). In general, whales appeared to be concentrated in areas of highest 
relative prey densities at both sites (Figure 32 a, b). Mean surface temperatures 
were similar between the two sites, but both the mean depth of thermocline and 
the  were very different (Table 29).  

   
 Whale tagging 

No tags were deployed during the multi-day cruise or during 2014 
monitoring efforts.   

   
SUMMARY 

Result of monitoring efforts in 2014 suggest humpback whales and fin 
whales were showed more spatial overlap and were observed in higher numbers 
when zooplankton was available in substantial densities, as seen in Marmot Bay 
(Figure 32a). Alternatively, when the backscatter ratio favors fish, humpback 
whales were observed in much greater numbers and no fin whales were 
documented, as in the Shuyak site (Figure 32b). These observations are 
consistent with observations and conclusions that have been made throughout 
the GAP program (Witteveen et al. 2015, Witteveen and Wynne In press).  

Results from efforts such as these highlight the importance of monitoring 
in order to document short and long-term changes in oceanography, predator 
distribution and prey assemblages. Further, these results support the idea that 
large visible predators, such as baleen whales, can serve as good indicators of 
environmental conditions in a given year.     
 

c.  Maintain and monitor long-term Index of Steller sea lion diet and 
distribution 
APPROACH  

Despite some biases, the identification and analysis of prey remains in 
scats is recognized as a means of monitoring the relative importance of prey 
species within SSL diets (Olesiuk, et al. 1990, Tollitt, et al. 2003). SSLs are 
known to be opportunistic foragers and their diets reflect spatial and temporal 
patterns of prey species availability (Womble, et al 2005, Sinclair, et al. 2013). 
Since 1999, GAP researchers have collected SSL scat samples from Kodiak 
area haulouts as a means of monitoring seasonal and regional patterns of prey 
use (Wynne et al. 2005, Wynne 2009, Wynne, et al 2011, Wynne and Witteveen 
2011). 

In GAP12-13 we continued seasonal sampling of Steller sea lion scats 
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during five collections between January 2013 and March 2014. While present on 
haulouts to collect scats, the team photo-documented all branded SSLs 
observed. Data and photos of these “brand resights” were sent to Steller sea lion 
researchers at NMML and AK Dept of Fish and Game for use in theirs longterm 
monitoring of SSL movements and life history. 
 
METHODS 

The GAP field crew visited three regionally-separated SSL haulouts in the 
Kodiak Archipelago to collect scats and record the presence of individually 
branded SSLs. These haulouts are located on the North (Sea Otter, SO), West 
(C. Ugat ,CU), and East (Long Island,LI) sides of the Kodiak Archipelago (Figure 
15). Scat collections were seasonal, occurring in winter, spring and fall but 
avoiding summer months when sample sizes were historically smallest and the 
potential for sea lion (and nesting bird) disturbance greatest. Individual scats, 
collected under provisions of NMFS Scientific Permit #14326, were placed in 
separate plastic bags and frozen at -20°C for subsequent processing.  

Whenever possible, the collection team scanned the haulout prior to 
disturbance for scat collection. Any branded sea lions observed were 
photographed and their behavior recorded. The approximate age of each animal 
was subsequently determined based on the NMML sea lion brand database. 
 
RESULTS 

A total of 705 fresh scat samples were collected during 5 collections 
between January 2013 and March 2014 (Table 30). The individually packaged 
scats were stored and shipped frozen NMML’s pinniped diet lab for Processing. 
The hard prey remains that passed through the digestive tract (bones, otoliths, 
cephalopod beaks, and scales) and recovered from the scats will be identified to 
the lowest possible taxa.  

These samples represent an archived ‘snapshot’ of contemporaneous 
diet (prey species of importance) and are of particular interest during a period of 
unprecedented oceanographic warming. When subsequently analyzed, they will 
contribute to the longterm monitoring and assessment of the relative size, 
diversity, and frequency of occurrence of prey in the diets of Kodiak Steller sea 
lions and (Sinclair and Zeppelin 2002, McKenzie and Wynne 2008, Sinclair et al 
2013).  

During these five scat sampling trips, 16 different branded SSLs (6 males, 
10 females) were observed and photographed 19 times. Based on their branding 
history, the age of these animals was determined to range from 2.5 to 13.5yrs old 
Eleven of the 16 branded SSLs observed had been born on Marmot Island; 
resightings of these animals were nearly evenly split between the LI and SO 
haulouts with only one resight on the west Kodiak site (Cape Ugat) (Table 31). 

In addition to scat and brand-resight samples, one premature fetus found 
dead on Cape Ugat haulout on 13 March 2013 was collected and shipped for 
necropsy by NMML pathologists. 
 

8. DEVELOP AN INDEX OF FORAGE FISH DISTRIBUTION AND BIOMASS IN 
WATERS AROUND THE KODIAK ARCHIPELAGO 
APPROACH 

Through GAP efforts to assess predator-prey relationships and model 
consumption rates, we identified one critical data gap that consistently impeded 
quantification of tropho-dynamics in waters around the Kodiak Archipelago: distribution 
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and biomass estimates of non-commercial forage fish species, such as capelin, Pacific 
sandlance, and eulachon. The importance of these forage species as prey for a variety 
of predators has been extensively documented in the Kodiak area and in the Gulf of 
Alaska (e.g. Knoth and Foy 2008, McKenzie and Wynne 2008). However, despite the 
ecological importance of these forage species, direct efforts to assess their distribution 
and biomass through acoustic-trawl surveys or other sampling methods are sparse and 
limited in spatial coverage. In addition, the schooling behavior and frequent cross-shelf 
movement of forage fishes lead to highly patchy distribution (Guo 2010), which makes 
systematic surveys difficult given logistic limitations. The lack of distribution and biomass 
estimates for non-commercial forage fish species have been noted as key data gaps in 
the GOA (Springer and Speckman 1997, Gaichas and Francis 2008). Without adequate 
distribution and biomass estimates for these important forage fishes, our ability to test 
hypotheses regarding interactions among potentially competitive consumers of those 
species within upper trophic-levels (e.g. marine mammals, birds, and piscivorous fish) is 
limited. 

We proposed to develop an index of forage fish distribution and biomass in 
waters around the Kodiak Archipelago. Because direct assessments of non-commercial 
forage fishes are limited, other large-scale datasets that are correlated with direct 
assessment are needed to expand the spatial and temporal extents. We proposed to 
explore indirect indicators or indices of forage fish distribution and biomass using data 
gathered during NMFS groundfish bottom-trawl surveys in the GOA. Specifically, we 
examined the existing data on groundfish stomach contents, groundfish biomass, and 
incidental catch of forage fishes. Various predatory groundfish species feed in the water 
column and consume forage fishes extensively (Yang et al. 2006). Because most 
groundfishes are considered opportunistic predators, their diets are likely to reflect 
availability of prey within a given spatial and temporal extent. As a result, datasets from 
bottom-trawl surveys, such as groundfish biomass, stomach contents, and incidental 
catch of forage fishes, may reflect the distribution and biomass of pelagic and semi-
pelagic forage fishes, and can be used to establish a forage fish index. 
 
METHODS 

We used consumption models, stomach contents and incidental catch data to 
estimate capelin distribution for the 2000s. The consumption models focused on two 
predatory fishes, arrowtooth flounder and walleye pollock, both of which experienced 
biomass increase over the 2000s. The objective of these models was to assess spatial 
and interannual variations in consumption, particularly on forage fishes. Fish 
Bioenergetics 3.0 (Wisconsin Sea Grant) was used for predatory fishes. 

We initially carried out a three-step procedure for short-term consumption 
models. The first step was to approximate physiological parameters for bioenergetic 
simulations. Physiological parameters of arrowtooth flounder and walleye pollock were 
approximated for bioenergetic simulations. The approximation was based the following 
energy-balanced equation:  

 C = (R + A + SDA) + (F + U) + (S + G),   (1) 
where C = consumption, R = respiration, A = active metabolism, SDA = specific dynamic 
action, F = egestion, U = excretion, S = somatic growth, and G = gonad production 
(Hanson et al. 1997). Because our simulation period was in summer, gonad production 
was considered negligible for both arrowtooth flounder (Knoth and Foy 2008) and 
walleye pollock (Buckley and Livingston 1994). A total of 12 parameters related to 
various physiologic functions in Equation (1) were approximated based on available 
literature values. Over 100 permutations of parameter combinations were tested in 
Equation 1 and the optimal set of parameters was selected based on two criteria. The 



 
 

[Type here] 
 

36

first criterion was conversion efficiency: gross conversion efficiency rate of food to 
somatic tissue is generally assumed to be 25% for juvenile fishes and 10% for adults 
(Brett and Groves 1979). The second criterion was somatic growth: growth potential from 
model estimate was compared with daily somatic growth rates for arrowtooth flounder 
and walleye pollock that were calculated based on average weight-at-age 
measurements from NMFS bottom-trawl surveys from 1999 to 2011 (NMFS per. comm.). 
The second step was to estimate length-specific consumption based on bioenergetic 
simulation. The length interval was 1.0 cm in fork length (FL) and the simulation period 
was 60 days, during which growth was mostly less than 1.0 cm in FL for both species. 
For each simulation, daily growth rate was set at the annual average and two times the 
annual average. The annual average was based on NMFS summer survey data with the 
assumption that daily growth rate is constant throughout the year. Consumption 
estimates based on annual average are likely to produce conservative values since most 
of the annual growth is likely to occur during summer months (Buckley and Livingston 
1994). Consumption estimates based on two times the annual average are likely to 
produce more realistic values. For arrowtooth flounder, males and females were 
simulated separately because of difference in growth rate (Turnock and Wilderbauer 
2011). The length range was 10.0 to 99.0 cm for arrowtooth flounder and 10.0 to 95.0 
cm for walleye pollock. Average starting weight for each length interval was calculated 
using weight-length regression based on NMFS summer survey data (NMFS per. 
comm.). The two average ending weights for each length interval corresponded to the 
two growth rates. The third step was to integrate length-specific consumption estimates 
with strata-based biomass estimates from waters around the Kodiak Archipelago. NMFS 
summer survey data from 1999 to 2011 were used to estimate biomass of arrowtooth 
flounder and walleye pollock in 58 strata in the central and western Gulf of Alaska. 
Delineation of the strata was primarily based on bottom depth and secondarily on known 
groundfish distribution (Figure 33). Within each stratum, catch per unit effort (CPUE) 
values of the two species from bottom trawls were averaged, weighted by swept area, 
across the stratum. Biomass was calculated for each 1-cm length interval and, in the 
case of arrowtooth flounder, separately for male and female. Then length-specific 
consumption estimates were multiplied by length-specific biomass estimates and total 
consumption was calculated by summing across length intervals for each stratum. The 
final product was spatial-explicit consumption estimates for both arrowtooth flounder and 
walleye pollock. 

We then made changes in each of the initial three steps to enhance the 
consumption models. For the first step, due to paucity of euphausiid data, our 
consumption models focused on predation pressure on forage fishes, e.g. capelin or 
Pacific sandlance, by various predator groups. Previous GAP results (Knoth 2006) have 
shown that, in waters around the Kodiak Archipelago, the smallest arrowtooth flounder 
and walleye pollock with identifiable capelin or sandlance in their stomachs were 25.5 
cm and 21.7 cm in FL respectively. Therefore, we truncated the length ranges of 
arrowtooth flounder and walleye pollock for bioenergetic simulation to 25-99 cm and 20-
95 cm, respectively. As a result, we revised four physiological parameters for arrowtooth 
flounder and three parameters for walleye pollock in order to reflect the ontogenetic 
differences and minimize potential bias. Revised physiological parameters of arrowtooth 
flounder are a combination of those from adult pollock and flatfishes. Because 
arrowtooth flounder of FL ≥ 25 cm and walleye pollock of FL ≥ 20 cm inhabit similar 
geographic ranges, it was assumed that temperature effects on feeding of the two 
species are similar (Knoth and Foy 2008). Physiological parameters of walleye pollock 
exhibit large ontogenetic variations (Buckley and Livingston 1994, Ciannelli et al. 1998), 
therefore the length range was divided into four weight groups used in Buckley and 
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Livingston (1994) and parameters were group-specific to account for ontogenetic 
differences. For the second step, bioenergetic simulations were rerun with revised 
parameters to estimate length-specific consumption for both species. The length interval 
was 1.0 cm FL and the simulation period was 60 days, during which growth was 
generally less than 1.0 cm FL. For each simulation, daily growth rate was set at the 
annual average as well as two times the annual average. The annual average was 
based on NMFS summer survey data with the assumption that daily growth rate is 
constant throughout the year. Consumption estimates based on annual average are 
likely to produce conservative values since most of the annual growth is likely to occur 
during summer months (Buckley & Livingston 1994). Consumption estimates based on 
two times the annual average are likely to produce more realistic values. For arrowtooth 
flounder, simulations for males and females were run separately because of a difference 
in growth rate (Turnock & Wilderbuer 2011). In order to account for different stratum 
size, total consumption (mt) in each stratum was divided by area of the stratum (km2) to 
calculate an areal consumption rate (mt km-2). For the third step, we re-configured the 
strata used in our initial spatial comparison. Specifically, we divided multiple strata into 
smaller ones based on depth, proximity to shore, recorded humpback and fin whale 
sightings, and the number of bottom trawls from 1999 to 2011. We then re-calculated 
consumption estimates for each stratum. 

Then we developed a spatially explicit biomass index for the 1990s and the 
2000s in waters around the Kodiak Archipelago using catch data from NMFS summer 
bottom-trawl surveys in the 1990s (tri-annually) and 2000s (bi-annually) and groundfish 
stomach content composition from both GAP and NMFS summer bottom-trawl surveys 
(1990 to 2009). Stomach contents of arrowtooth flounder and walleye pollock from both 
GAP and NMFS surveys were analyzed by stratum. Because of low sample size in each 
survey year, stomach samples were grouped into the 1990s and the 2000s. 

 
RESULTS & SUMMARY 

Spatial structure of stratum in the area is shown in Figure 33. Arrowtooth flounder 
distribution by stratum in summer months from 1999 to 2011 is shown in Figure 34, while 
consumption rate is shown in Figure 35. Biomass distribution of capelin in the 1990s and 
the 2000s based on the index are shown in Figures 36 and 37, respectively. 

We were unable to develop an index for either Pacific sandlance or eulachon, 
because they were not encountered in either incidental catch or stomach samples in 
eight strata. 

 
 

MODIFICATIONS OF GOALS AND METHODS 
The following represent modifications to the goals or methods originally proposed in 

GAP12 or GAP13 scopes of work.   
 

1. Build a Gulf of Alaska stable isotope clearinghouse and “isoscape” 
As described in section 1.a., our attempts to synthesize stable isotope data in the Gulf of 
Alaska were not successful. While repeated attempts to engaged researchers with 
stable isotope data were met with enthusiasm, follow-through was absent. As a result, 
we were ultimately unable to meet this objective.  
 

2. Submission of manuscript describing long term patters of habitat use by cetaceans near 
the Kodiak Archipelago as shown by aerial surveys. 
As described in section 6.b., while we were successfully able to model the results of 
aerials surveys, predictions resulting from these models had unreasonably high 



 
uncertainty. This uncertainty was likely the result of the difference in survey goals and 
effort. Unfortunately, this level of uncertainty prevented the data from being submitted for 
publication.  
 

3. SSL diet analysis. Although this project included funding for the collection of SSL scats 
in 2012-2014, no funds were included for the processing and analysis of the samples 
collected. A subsequent proposal to NOAA to fund the processing, analysis, and 
archiving of SSL collected during this project, was not funded. 

 
4. Submission of two manuscripts related to sympatric pinniped diets and their relationship 

to spatial/temporal variations in prey distribution.   
Drafts of these manuscripts were not yet completed as of this writing. 

 
5. Due to low sample size and mismatching sample parameters, we were unable to draft a 

quality manuscript that summarizes the synthesized data that characterizes and 
compare inter- and intra- species variations in fatty acid compositions of forage fish 
species as prey for upper level consumers.  
 

 
PRODUCTS 

Publications  
 Witteveen, B. H. and K. Wynne. In review. Sighting intervals, movement and site fidelity of 

humpback whales (Megaptera novaeangliae) in the western Gulf of Alaska. Aquatic 
Mammals. 

Witteveen, B. H. and K. Wynne. In review. Trophic niche partitioning and diet composition of 
sympatric fin (Balaeantopera physalus) and humpback whales (Megaptera novaeangliae) 
in the Gulf of Alaska revealed through stable isotope analysis. Marine Mammal Science. 

Wright, D. L., B. H. Witteveen, K. Wynne and L. Horstmann-Dehn. 2015. Evidence of two 
subaggregations of humpback whales on the Kodiak, Alaska, feeding ground revealed 
from stable isotope analysis. Marine Mammal Science 31: 1378-1400. 

Wright, D. L., B. H. Witteveen, K. Wynne and L. Horstmann-Dehn. 2016. Fine-scale spatial 
differences in humpback whale diet composition near Kodiak, Alaska. Marine Mammal 
Science. DOI: 10.1111/mms.1231. 

Witteveen, B. H., A. De Robertis, L. Guo and K. M. Wynne. 2015. Using dive behavior and 
active acoustics to assess prey use and partitioning by fin and humpback whales near 
Kodiak Island, Alaska. Marine Mammal Science 31: 255-278. 

 
In addition to publications listed above, the following products resulted from GAP 

studies. 
 
Presentations 
Witteveen, B., L. Guo, and K. Wynne. 2014. Whales as sentinels in a changing marine 

environment. Oral presentation at the Kodiak Area Marine Science Symposium April 22-25, 
2014. Kodiak, Alaska. 

Guo, L., B. Witteveen, and K. Wynne. 2014. Spatial variation in consumption by groundfishes 
in the Kodiak area. Oral presentation at the Kodiak Area Marine Science Symposium. April 
22-25, 2014. Kodiak, Alaska. 

Wright, D. L., B. H. Witteveen, K.M. Wynne, L. Horstmann-Dehn, and T. Quinn II. 2014. 
Modeling the diet of Kodiak, AK, humpback whales: Regional diet estimation. Oral 
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presentation at the Kodiak Area Marine Science Symposium. April 22-25, 2014. Kodiak, 
Alaska.  

Witteveen, B., L. Guo, and K. Wynne. 2014. Whales as sentinels in a changing marine 
environment. Oral presentation at the PICES FUTURE Open Science Meeting April 14-18, 
2014. Kohola, HI.  

Witteveen, B., L. Guo, and K. Wynne. 2014. Monitoring interannual variability in marine 
mammal and prey distribution near Kodiak Island, Alaska. Poster presentation at the 
Alaska Marine Science Symposium. January 20-24, 2014. Anchorage, Alaska. 

Wright, D. L., B. Witteveen, K. Wynne, L. Horstmann-Dehn, and T.Quinn II. 2014. Estimating 
Kodiak humpback whale (Megaptera novaeangliae) trophic levels using benthic basal 15N 
values. Poster presentation at the Alaska Marine Science Symposium. January 20-24, 
2014. Anchorage, Alaska. 

Wright, D. L., B. Witteveen, K. Wynne, L. Horstmann-Dehn, and T.Quinn II. 2014. Modeling 
the diet of Kodiak, AK, humpback whales (Megaptera novaeangliae): Regional diet 
estimate comparison. Poster presentation at the Ocean Sciences Meeting. February 23-28, 
2014. Honolulu, HI. 

Witteveen, B.H., De Robertis, A., Guo, L., and Wynne, K. 2013. Using acoustic assessment of 
pelagic backscatter to assess prey use and niche separation of fin and humpback whales 
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Table 1: Mean (±SD) values of stable carbon and nitrogen isotope ratios and sizes of fin and 
humpback whale samples collected in Kodiak and the Shumagin Islands. Samples from both 
locations were used in isotopic niche analysis, while only samples from Kodiak were used in diet 
analysis.  
 

Whale species Region n 13C 15N 
Model 

Abbreviation 

Fin  Kodiak 6 -18.6 ± 0.95 12.5 ± 0.84 FWKOD 
Shumagin I. 9 -18.3 ± 0.68 12.5 ± 1.19 FWSHU 

Humpback  Kodiak 145 -17.9 ± 0.64 13.4 ± 0.91 HBKOD 
Shumagin I. 86 -18.3 ± 0.66 13.2 ± 0.74 HBSHU 

 

 

 

 

Table 2: Mean (±SD) values of stable carbon and nitrogen isotope ratios and sample sizes of 
prey species used in simmr mixing models. Also shown are the length ranges for size classes 
when applicable. 

Species Size Range  n 13C 15N 
Model 

abbreviation 

Copepod spp n/a 14 -19.6 ± 1.35 8.3 ± 0.64 COPE 

Krill n/a 22 -19.3 ± 0.80 9.7 ± 0.43 KRILL 

Copepod spp, Krill n/a 36 -19.5 ± 1.04 9.1 ± 0.89 ZOOP 

Capelin <59 mm 9 -19.8 ± 0.92 11.3 ± 0.45 CAZERO 

Capelin, Pacific sandlance, 
Pollock  

60-100 mm 92 -18.2 ± 0.91 11.7 ± 0.68 SMFH 

 Capelin, Eulachon, Pacific 
herring, Pollock 

101-220 
mm 

176 -17.6 ± 0.80 13.2 ± 0.66 LGFH 
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Table 3: Summary of vessel survey effort for the two western Gulf of Alaska study areas 
between 1999 and 2015. The sampling period indicates the first and last day surveys were 
conducted within each calendar year.  

  Kodiak Shumagin Islands 

Year 
Effort 
Days 

Effort 
Hours Sampling Period 

Effort 
Days 

Effort 
Hours Sampling Period 

1999 2 * 10 Aug - 11 Aug 11 25.2 13 Jun - 5 Sep 

2000 7 * 1 Jul - 11 Oct 18 42.6 21 Jun - 2 Sep 

2001 20 73.5 13 Jun - 1 Sep 5 24.3 5 Aug - 10 Aug 

2002 46 220.8 2 Jun - 17 Sep 4 29.2 29 Jul - 1 Aug 

2003 45 33.1 21 May - 14 Sep       

2004 22 194.8 28 Jun - 31 Aug 4 31.1 21 Jul - 26 Jul 

2005 18 121.2 17 Jun - 13 Aug 4 36.4 19 Jul - 23 Jul 

2006 15 77.7 21 Jun - 8 Aug       

2007 46 222.8 
13 Jun - 13 Sept   
28 Nov - 30 Dec 

5 36.2 2 Aug - 7 Aug 

2008 31 105.2 
2 Jan - 30 Jan  12 
Jun - 29 Aug 

5 32.2 4 Aug - 8 Aug 

2009 18 94.9 12 Jun - 30 Aug 2 14.6 7 Aug - 8 Aug 

2010 18 123.5 18 Jun - 24 Aug 4 37.6 24 Jul - 28 Jul 

2011 14 70.3 30 Jun - 23 Aug 3 18.5 14 Jul - 16 Jul 

2012 19 79.6 5 May - 13 Sep 6 24.4 1 Aug - 6 Aug 

2013 15 51.1 26 Jun - 25 Aug 5 19.5 7 Aug - 11 Aug 

2014 12 66.8 2 Jul - 19 Sep       

2015 8 34.7 16 Jun -3 Nov 2 8.1 8 Aug - 10 Aug 

Totals 356 1569.9   78 379.6   

Avg 20.9 104.7   5.6 27.1   

*Survey hours were not documented in Kodiak in 1999 and 2000.  
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Table 4: Table summarizing the total number of unique humpback whales identified by year and the number of animals resighted in 
each subsequent year of effort for Kodiak (a) and the Shumagin Islands (b). Bold numbers along the diagonal represent the total 
number of within year resights, meaning an individual was seen on more than one occasion in that year.  

a) Kodiak  

Year Unique IDs 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 

  Kodiak 

99 5 0 2 1 1 2 2 2 2 3 2 1 0 0 0 2 0 0 
00 6 2 3 2 1 2 3 2 3 2 1 1 0 0 1 0 0 
01 29 9 7 3 4 9 4 12 5 2 1 0 4 1 0 2 
02 120 15 7 21 17 13 33 6 5 4 4 7 7 4 6 
03 53 2 11 7 4 6 3 3 5 1 5 4 1 2 
04 267 34 21 13 34 6 11 10 0 5 5 4 7 
05 172 39 10 32 8 5 9 7 11 5 5 2 
06 99 25 19 9 4 7 1 4 5 0 0 
07 293 116 17 16 17 19 18 13 8 8 
08 38 18 7 2 1 6 9 4 1 
09 51 11 10 9 6 10 6 2 
10 132 7 10 6 8 8 5 
11 93 28 12 13 10 4 
12 127 12 14 9 2 
13 87 15 8 2 
14 66 16 4 
15 62                                 1 
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Table 4. (cont.) 

b) Shumagin Islands 

    Shumagin Islands 

99 15 0 6 6 2 0 4 8 0 2 3 1 7 1 4 2   0 
00 60 32 17 9 0 10 16 0 9 8 6 12 1 14 1   1 
01 76 24 5 0 5 17 0 10 10 4 11 1 16 4   1 
02 35 5 0 7 12 0 11 9 9 6 0 8 1   0 
03                             
04 56 9 13 0 9 6 8 11 1 9 0   0 
05 89 49 0 16 18 11 21 6 19 1   1 
06 0                     
07 123 30 16 19 18 4 25 4   2 
08 116 36 17 17 4 20 2   1 
09 69 13 16 3 23 1   0 
10 141 46 8 37 5   1 
11 39 5 11 1   0 
12 169 69 7   1 
13 40 3   0 
14         
15 6                                 0 

 

 



Table 5. Movement of humpback whales between subareas in the Kodiak study area. The 
vertical column represents the subarea in which the animal was first sighted while the horizontal 
column represents the subareas of the subsequent sighting. 

Subarea 2nd 

1st East North South West 

East    23 (15%) 39 (26%) 12 (8%) 
North  13 (9%)   1 (1%) 3 (2%) 
South 48 (32%) 0   3 (2%) 
West 4 (3%) 6 (4%) 0   

 

 

 

Table 6. Movement of humpback whales between the Shumagin Islands (Shu) to Kodiak 
subareas. 

  Kodiak Subarea 

  East North South West 

From Shu 11 (19%) 1 (2%) 11 (19%) 4 (7%) 

To Shu 14 (24 %) 0 (0%) 14 (24%) 3 (5%) 



Table 7: Summary of acoustic sampling effort between 2004 and 2011. Fishes were sampled with a midwater trawl (MW) and 
zooplankton with a tucker trawl (TT) in some surveys. Also shown are the number of individual humpback (HB) and fin whales (FW) 
sighted (#) and tagged during each survey. For acoustic gear HM = hull mounted and T = towed. 

 

Survey Dates Location Acoustic gear 
Frequencies 

(kHz) 
Sampling 

Tags 
deployed 

# 
HB 

# 
FW 

2004 3-11 Aug Marmot Bay Simrad EK60 (HM) 38,120  MW 4 HB 73 2 

2005 4-5 Aug Marmot Bay Simrad EK60 (HM) 38,120  MW, TT 1 HB 47 1 

2007Summer 14-22 Aug Marmot Bay Simrad EK60 (HM) 38,120  MW, TT 2 HB 247 129 

2007Winter 27 Nov - 6 Dec Uganik Bay 
BioSonics DXT-70 

(T) 
38, 200  MW, TT 

1 HB      
1 FW 

19 7 

2009 15 - 30 Aug Marmot Bay Simrad EK-60 (T) 38, 120  None 3 FW 4 10 

2011 17 - 21 Aug Perenosa Bay Simrad EK-60 (T) 38, 120  None 2 HB 42 1 



 

Table 8: Description and units of dive parameters calculated for each tagged whale.  

Parameter Unit Description 

MaxDepth M Maximum depth reached 

AvgDepth M Average depth reached 

MeanBotDepth M Mean depth during bottom phase 

Duration Min Total duration of the dive 

Surface Min Surface interval 

Botttime Min Duration spent at the bottom phase 

BottVertDist M Sum of vertical distance traveled during bottom phase 

BottRange M Range of depth transited during the bottom time 

Efficiency Botttime/(Duration + Surface) 
 

 

 

Table 9: Summary of humpback and fin whales tagged during GAP surveys between 2004 and 
2011.  The tag attachment time, number of dives and mean foraging depth are given. HB = 
humpback whales, FW = fin whale. Tag_ID codes represent the species, year and sequential 
tag number. 

Tag_ID Date Species 
Attachment duration 

(h) 
No. of 
dives 

Mean foraging dive depth  
(m) ± SD 

HB04-01 8/3/04 HB 6.2 42 76 ± 33.7 
HB04-02 8/7/04 HB 5.78 29 104 ± 8.3 
HB04-03 8/8/04 HB 1.9 11 89 ± 19.2 
HB04-04 8/8/04 HB 2.82 22 105 ± 9.2 
HB05-01 8/5/05 HB 3.38 5 71 ± 8.7 
HB07-01 8/15/07 HB 3.57 25 120 ± 12.6 
HB07-02 8/16/07 HB 8.12 52 129 ± 6.5 
FW07-04 12/2/07 FW 3.98 26 103 ± 9.2 
HB07-05 12/5/07 HB 5.87 37 120 ± 20.5 
FW09-01 8/15/09 FW 1.68 11 114 ± 9.5 
FW09-02 8/16/09 FW 2.2 21 100 ± 8.5 
FW09-03 8/30/09 FW 1.22 9 144 ± 4.0 
HB11-01 8/20/11 HB 1.45 7 114 ± 10.1 

HB11-02 8/21/11 HB 2.33 17 103 ± 7.7 



 

Table 10. Acoustic backscatter apportioned to fish and zooplankton using the dual-frequency technique for each survey. Asterisks 
indicate the year between which echosounders were calibrated and backscatter can be directly compared. The dominant prey 
species as determined by sampling from mid-water trawls (MW) and Tucker Trawls (TT) are also shown. No net sampling occurred in 
2009 or 2011. 

  Scattering Coefficient (SA)     

Survey 
Avg fish SA 
(m2 nmi-2) 

Avg zoop SA 
(m2 nmi-2) 

fish:zoop Ratio MW TT 

2004* 817 360 2.3 
Capelin                           
Juv. walleye pollock        
Eulachon 

N/A 

2005* 1335 659 2 
Capelin                       
Age-0 walleye pollock 

N/A 

2007 Summer* 914 2505 0.4 
Capelin                          
Juv. walleye pollock 

Euphausiids     
Copepods 

2007 Winter - - 3.4 Pacific herring 
Copepods              
Amphipods             
Euphausiids 

2009 - - 4 N/A N/A 

2011 - - 216.7 N/A N/A 



Table 11. Summary of mean Global Index of Collocation (GIC) comparing the vertical 
distribution of tagged whale foraging dives and fish and zooplankton backscatter (sA). 
Backscatter data were truncated to include only data collected within 1,500 m and 60 h of the 
tagged whale tracks. The mean GIC values for all whales and all sA combined for each survey 
are also shown. A presumed targeted prey type is listed for each tagged whale based on either 
dive assignment tests or mean GIC values. Asterisks denote sign tests showing dive 
assignments were significantly different than random. Prey for non-significant tests were 
determined based on similarity of box plots using Kolmogorov-Smirnov comparison of 
distributions. N/A indicates that no data within the temporal or spatial restrictions matched to the 
tagged whale. 

 

    Average GIC   

 Survey Whale Fish Zoop Presumed prey 

20
04

 

HB04-01 N/A 
HB04-02 0.87 0.58 Fish* 
HB04-03 0.38 0.34 Fish 
HB04-04 0.75 0.32 Fish* 

All 0.79 0.52 Fish* 

20
05

 

HB05-01 0.69 0.15 Fish* 

All 0.76 0.17 Fish 

20
07

S
um

m
er

 

HB07-01 0.74 0.63 Zooplankton 

HB07-02 0.72 0.84 Zooplankton* 

All 0.84 0.94 Zooplankton* 

20
07

W
in

te
r FW07-04 0.61 0.67 Zooplankton 

HB07-05 0.35 0.58 Zooplankton* 

All 0.53 0.57 Zooplankton* 

20
09

 

FW09-01 N/A 

FW09-02 N/A 

FW09-03 0.89 0.85 Zooplankton 

All 0.64 0.59 Zooplankton 

20
11

 HB11-01 N/A 
HB11-02 0.82 0 Fish* 

All 0.57 0.24 Fish* 

 



Table 12. Mean values (±SD) of dive parameters for foraging dives recorded from tagged humpback (HB) and fin (FW) whales 
summarized by prey type or survey. Means for each parameter were calculated for each tagged whale and then averaged across 
whales by year, species or prey type as needed for comparisons. Parameters are defined in Table 8.  

  HB FW 

  All Fish Zooplankton 2007Winter All Zooplankton 2007Winter 

N= 8 5 3 1 4 4 1 

MaxDepth 115 ± 18.8 107 ± 16.7 127 ± 15.8 134 ± 25.3 124 ± 18.3 124 ± 18.3 112 ± 10.4 

AvgDepth 87 ± 17.3 80 ± 16.7 98 ± 12.5 101 ± 18.8 98 ± 14.8 98 ± 14.8 91 ± 17.5 

MeanBotDepth 102 ± 18.6 95 ± 16.3 116 ± 15.2 120 ± 20.5 115 ± 19.9 115 ± 19.9 103 ± 9.2 

Duration 6 ± 1.3 6 ± 1.4 6 ± 1.2 7 ± 1.7 6 ± 0.4 6 ± 0.4 5 ± 1.8 

Surface 3 ± 0.8 3 ± 1.0 3 ± 0.3 3 ± 0.7 3 ± 0.8 3 ± 0.8 2 ± 0.8 

Botttime 4 ± 0.8 4 ± 0.8 4 ± 1.0 5 ± 1.3 4 ± 0.7 4 ± 0.7 4 ± 1.1 

BottVertDist 150 ± 29.6 152 ± 31.9 147 ± 29.4 182 ± 73.8 166 ± 31.1 166 ± 31.1 212 ± 82.0 

BottRange 30 ± 9.2 32 ± 11.1 26 ± 2.4 29 ± 11.5 26 ± 2.0 26 ± 2.0 28.7 ± 12.5 

Efficiency 0.44 ± 0.05 0.44 ± 0.07 0.43 ± 0.02 0.46 ± 0.07 0.49 ± 0.10 0.49 ± 0.10 0.51 ± 0.09 



Table 13. Results of ANOVA for each parameter by species, by prey type without considering 
species, and by species for the 2007Winter survey only. Asterisks indicates the level of 
significance with * indicating P<0.05, ** indicating P<0.01, *** indicating P<0.001 and ns 
meaning P≥0.05. The parameters are defined in Table 8.  

  ANOVA Results 

  HB vs. FW HB vs. FW Zoop vs. Fish 

Parameter All 2007Winter only HB only 

MaxDepth ns *** * 

AvgDepth ns * * 

MeanBotDepth ns *** * 

Duration ns *** Ns 

Surface ns *** Ns 

Botttime ns * Ns 

BottVertDist  ns ns Ns 

BottRange ns ns Ns 

Efficiency ns * Ns 
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Table 14. Frequency of occurrence of all prey items represented within 4,179 Steller sea lion 
(SSL) and 1,581 harbor seal (HS) scats containing identifiable prey remains and collected on 
Kodiak area haulouts 1999-2008.  NF = not found. Bold values = prey in >5% of scats. 

Prey Identified % SSL % HS 
 

Poachers: Family Agonidae    

    Unidentified poachers 0.43 1.20  

Sand lances: Family Ammodytidae    

    Pacific sand lance (Ammodytes hexapterus) 35.8 11.9  

Wolffishes: Anarhichadidae    

    Wolf eel (Anarrhichthys ocellatus) 0.05 NF  

Sablefishes: Family Anoplopomatidae    

    Sablefish (Anoplopoma fimbria) 0.62 0.82  

Tubesnouts: Family Aulorhynchidae    

    Tubesnout (Aulorhynchus flavidus) 0.60 0.51  

Deep sea smelts: Family Bathylagidae    

    Northern smooth tongue (Leuroglossus schmidit) 0.02 NF  

Ronquils: Family Bathymasteridae 0.26 7.46  

    Northern ronquil (Ronquilus jordani) 0.05 0.06  

    Searcher (Bathymaster signatus) 0.07 5.57  

    Unidentified ronquils 0.14 1.83  

Squids and octopi: Order Cephalopoda 4.71 12.7  

    Unidentified cephalopods 2.08 6.58  

    Unidentified octopi 2.01 5.38  

    Unidentified squid 0.69 1.20  

Herrings: Family Clupeidae    

    Pacific herring (Clupea pallasi) 22.1 7.21  

Sculpins: Family Cottidae 12.1 38.9  

    Antlered sculpin (Enophrys diceraus) NF 0.06  

    Armorhead sculpin (Gymnocanthus galeatus) 0.02 1.39  

    Brown Irish lord (Hemilepidotus spinosus) NF 0.32  

    Butterfly sculpin (Hemilepidotus papilio) NF 0.06  

    Leister sculpin (Enophrys lucasi) 0.02 0.06  

    Pacific staghorn sculpin (Leptocottus armatus) 0.19 0.13  

    Padded sculpin (Artedius fenestralis) NF 0.57  

    Plain sculpin (Myoxocephalus jaok) 0.05 0.06  

    Red Irish lord (Hemilepidotus hemilepidotus) 0.38 5.44  

    Ribbed sculpin (Triglops pingelii) NF 0.51  

    Roughspine sculpin (Triglops macellus) 0.02 0.06  

    Smoothhead sculpin (Artedius lateralis) NF 0.25  

    Spinyhead sculpin (Dasycottus setiger) NF 0.06  

    Unidentified Irish lords (Hemilepidotus spp.) 10.1 24.4  

    Unidentified sculpins 1.84 16.6  

    Warty sculpin (Myoxocephalus verrucosus) NF 0.19  

    Yellow Irish lord (Hemilepidotus jordani) 0.05 0.19  
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Prey Identified (cont.) SSL HS  
    Smooth lumpsucker (Aptocyclus ventricosus) 1.27 NF  

    Unidentified lumpsuckers 0.17 NF  

Sleeper sharks: Family Dalatiidae    

    Pacific sleeper shark (Somniosus pacificus) 0.02 NF  

Crabs and shrimps: Order Decapoda    

    Unidentified shrimps 0.05 NF  

Anchovy: Family Engraulidae    

    Anchovy (Engraulis mordax) 0.03 NF  

Cods: Family Gadidae 53.6 24.0  

    Pacific cod (Gadus macrocephalus) 30.9 12.5  

    Pacific tomcod (Microgadus proximus) 0.31 0.82  

    Saffron cod (Eleginus gracilis) 0.22 0.06  

    Unidentified gadids 3.85 4.49  

    Walleye pollock (Theragra chalcogramma) 31.9 8.60  

Sticklebacks: Family Gasterosteidae    

    Threespine stickleback (Gasterosteus aculaeatus) 0.26 NF  

Sailfin sculpins: Family Hemitripteridae    

    Bigmouth sculpin (Hemitripterus bolini) 0.02 0.06  

Greenlings: Family Hexagrammidae 5.12 19.2  

    Atka mackerel (Pleurogrammus monopterygius) 1.48 0.44  

    Kelp greenling (Hexagrammos decagrammus) 0.19 4.11  

    Lingcod (Ophiodon elongatus) 0.05 0.82  

    Masked greenling (Hexagrammos octogrammus) NF 0.06  

    Rock greenling (Hexagrammos lagocephalus) 0.98 0.19  

    Unidentified greenlings 2.46 14.4  

Snailfishes: Family Liparidae    

    Unidentified snailfishs 5.41 2.72  

Hakes: Family Merlucciidae    

    Pacific hake (Merluccius productus) 0.02 NF  

Lanternfishes: Family Myctophidae    

    Northern lampfish (Stenobrachius leucopsarus) 0.02 NF  

Smelts: Family Osmeridae 15.4 4.17  

    Capelin (Mallotus villosus) 13.8 3.23  

    Eulachon (Thaleichthys pacificus) 1.63 1.01  

    Rainbow smelt (Osmerus mordax) 0.07 NF  

    Surf smelt (Hypomesus pretiosus) 0.05 NF  

    Unidentified smelts 0.26 NF  

Gunnels: Family Pholidae 1.96 2.72  

    Banded gunnel (Pholis fasciata) NF 0.13  

    Crescent gunnel (Pholis laeta) 0.41 0.13  

    Penpoint gunnel (Apodichthys flavidus) 0.14 0.32  

    Red gunnel (Pholis schultzi) 0.02 NF  

    Stippled gunnel (Rhodymenichthys dolichogaster) 0.02 NF  

    Unidentified gunnels 1.46 2.28  



59 
 

 

Prey Identified (cont.) SSL HS  

Flatfishes: Order Pleuronectiformes 45.8 34.9  

    Alaska plaice (Pleuronectes quadrituberculatus) 0.05 0.06  

    Arrowtooth flounder (Atheresthes stomias) 36.2 9.87  

    Butter sole (Isopsetta isolepis) 0.02 1.52  

    Dover sole (Microstomus pacificus) 0.34 2.97  

    English sole (Parophrys vetulus) NF 0.06  

    Flathead sole (Hippoglossoides elassodon) 0.29 2.15  

    Pacific halibut (Hippoglossus stenolepis) 3.54 6.51  

    Petrale sole (Eopsetta jordani) 0.02 0.19  

    Rex sole (Glyptocephalus zachirus) 0.12 1.52  

    Rock sole (Lepidopsetta bilineata) 9.21 18.0  

    Roughscale sole (Clidoderma asperrimum) 0.10 NF  

    Sand sole (Lyopsetta exilis) 0.31 0.38  

    Slender sole (Psettichthys melanostictus) 0.02 1.20  

    Starry flounder (Platichthys stellatus) 1.46 0.32  

    Unidentified flatfishes 1.24 4.74  

    Yellowfin sole (Limanda aspera) 0.05 NF  

Marine worm: Class Polychaete 6.96 4.30  

Skates: Family Rajidae    

    Unidentified skates 4.98 NF  

Salmonids: Family Salmonidae 22.6 9.74  

    Chinook salmon (Oncorhynchus tshawytscha) 0.11 NF  

    Chum salmon (Oncorhynchus keta) 0.02 NF  

    Coho salmon (Oncorhynchus kisutch) 0.05 NF  

    Dolly varden (Salvelinus malma) 0.14 0.06  

    Unidentified Pacific salmons (Oncorhynchus spp.) 22.4 9.68  

Rockfishes: Family Scorpaenidae 4.28 3.61  

    Unidentified rockfish 4.24 3.61  

    Unidentified Thornyheads (Sebastolobus spp.) 0.05 NF  

Catsharks: Family Scyliorhinidae    

    Unidentified catsharks 0.07 NF  

Dogfish sharks: Family Squalidae    

    Spiny dogfish (Squalus acanthias) 1.36 NF  

Pricklebacks: Family Stichaeidae 1.87 3.16  

    Arctic shanny (Stichaeus punctatus) 0.14 0.06  

    Black prickleback (Xiphister atropurpures) 0.05 NF  

    Daubed shanny (Leptoclinus maculatus) NF 0.19  

    Decorated warbonnet ((Chirolophis decoratus) NF 0.32  

    High cockscomb (Anoplarchus purpurescens) 1.03 1.20  

    Longsnout prickleback (Lumpenella longirostris) 0.02 NF  

    Nutcracker prickleback (Bryozoichthys lysimus)  NF 0.06  

    Rock prickleback (Xiphister mucosus) 0.05 NF  

    Snake prickleback (Lumpenus sagitta) 0.10 0.76  
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Prey Identified (cont.) SSL HS 
 

Pricklebacks: Family Stichaeidae 1.87 3.16  

    Unidentified pricklebacks 0.55 0.51  

    Unidentified warbonnets NF 0.25  

    Whitebarred prickleback (Poroclinus rothrocki) 0.02 NF  

Sandfishes: Family Trichodontidae    

    Pacific sandfish (Trichodon trichodon) 9.43 2.85  

Prowfishes: Family Zaproridae    

    Prowfish (Zaprora silenus) NF 0.86  

Eelpouts: Family Zoarcidae 0.05 0.32  

    Shortfin eelpout (Lycodes brevipes) 0.02 NF  

    Unidentified eelpouts <0.01 0.32  

    Wattled eelpout (Lycodes palearis) 0.02 NF  

Unidentified fish spp. 12.0 18.2  
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Table 15: Frequency of occurrence (%) of prey identified in Steller sea lion scats collected from 
sites in the Kodiak Archipelago (2001 to 2009). SUM: summer, from May to October; WIN: 
winter, from November to April; E: EAST; N: NORTH; S: SOUTH; W: WEST. 
 

Prey taxa SUM-E SUM-N SUM-S SUM-W WIN-E WIN-N WIN-W 

Agonidae 2.13 0.00 0.78 0.00 0.60 0.54 0.46 

Ammodytidae 43.97 25.49 37.98 70.00 32.50 36.96 33.59 

Anarhichadidae 0.00 0.10 0.00 0.00 0.00 0.00 0.15 

Anoplopomatidae 1.42 1.02 0.78 0.28 0.70 0.22 0.46 

Aulorhynchidae 0.00 0.00 0.00 0.28 0.80 1.74 0.00 

Bathylagidae 0.00 0.00 0.00 0.00 0.00 0.11 0.00 

Bathymasteridae 0.00 0.41 0.00 0.56 0.10 0.22 0.31 

Cephalopoda 3.55 2.25 0.00 3.61 5.48 6.20 6.93 

Clupeidae 4.96 24.67 4.65 37.50 6.38 10.00 58.24 

Cottidae 19.15 5.22 2.33 7.78 18.34 15.98 10.32 

Cyclopteridae 0.71 0.10 0.00 1.11 1.30 0.98 4.93 

Dalatiidae 0.00 0.00 0.00 0.00 0.00 0.11 0.00 

Decapoda 0.00 0.00 0.00 0.00 0.00 0.22 0.00 

Engraulidae 0.00 0.00 0.00 0.28 0.00 0.00 0.00 

Gadidae 58.16 32.45 37.98 53.06 67.70 56.30 61.94 

Gasterosteidae 2.13 0.20 0.00 0.56 0.30 0.11 0.00 

Hemitripteridae 0.00 0.00 0.00 0.00 0.00 0.11 0.00 

Hexagrammidae 8.51 6.14 0.78 5.83 3.69 5.76 4.62 

Liparididae 2.13 0.51 1.55 0.28 9.57 8.15 6.78 

Merlucciidae 0.00 0.00 0.00 0.00 0.00 0.00 0.15 

Myctophidae 0.00 0.10 0.00 0.00 0.00 0.00 0.00 

Osmeridae 20.57 34.70 27.13 21.39 6.08 8.15 4.31 

Pholidae 2.13 0.20 3.88 1.67 3.79 1.30 2.47 

Pleuronectiformes 52.48 53.22 52.71 50.83 37.69 44.89 43.14 

Polycaeta 7.09 4.81 0.00 7.50 7.18 6.85 11.09 

Rajidae 9.22 4.40 5.43 3.33 4.29 5.43 6.16 

Salmonidae 14.89 30.09 40.31 53.61 11.27 24.78 6.78 

Scorpaenidae 3.55 2.15 2.33 2.22 5.08 9.46 0.62 

Scyliorhinidae 0.00 0.00 0.78 0.00 0.10 0.00 0.15 

Squalidae 1.42 2.35 0.78 0.00 0.70 2.50 0.15 

Stichaeidae 0.71 0.72 0.00 1.67 2.69 1.52 3.54 

Trichodontidae 10.64 0.51 10.08 29.72 9.67 3.26 19.57 

Zaproridae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Zoarcidae 0.00 0.00 0.00 0.00 0.20 0.00 0.00 
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Table 16: Frequency of occurrence (%) of prey identified in harbor seal scats collected from 
sites in the Kodiak Archipelago (1999 to 2009). SUM: summer, from May to October; WIN: 
winter, from November to April; E: EAST; N: NORTH; S: SOUTH; W: WEST. 
 

Prey taxa SUM-E SUM-N SUM-S SUM-W WIN-E WIN-N WIN-W 

Agonidae 0.00 0.00 1.90 0.00 0.46 1.06 0.00 

Ammodytidae 22.35 20.83 7.47 50.68 12.33 3.19 5.63 

Anarhichadidae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Anoplopomatidae 1.12 2.08 0.22 8.22 0.46 0.00 1.41 

Aulorhynchidae 0.00 0.00 0.00 0.00 1.37 5.32 0.00 

Bathylagidae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Bathymasteridae 2.79 0.00 10.81 0.00 4.57 6.38 0.00 

Cephalopoda 7.26 8.33 15.05 6.85 10.50 18.09 4.23 

Clupeidae 10.06 22.92 0.56 17.81 9.59 1.06 63.38 

Cottidae 29.61 10.42 48.27 0.00 38.36 40.43 2.82 

Cyclopteridae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Dalatiidae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Decapoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Engraulidae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Gadidae 22.91 16.67 19.73 47.95 28.31 22.34 49.30 

Gasterosteidae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Hemitripteridae 0.00 0.00 0.11 0.00 0.00 0.00 0.00 

Hexagrammidae 24.02 12.50 17.73 5.48 20.09 47.87 4.23 

Liparididae 2.23 0.00 2.34 1.37 4.57 5.32 2.82 

Merlucciidae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Myctophidae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Osmeridae 10.06 39.58 2.12 0.00 1.83 5.32 1.41 

Pholidae 3.35 0.00 2.01 12.33 1.83 3.19 4.23 

Pleuronectiformes 50.28 16.67 32.78 26.03 50.23 9.57 29.58 

Polycaeta 5.03 2.08 3.57 0.00 5.94 12.77 1.41 

Rajidae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Salmonidae 17.88 18.75 6.80 61.64 2.74 1.06 0.00 

Scorpaenidae 4.47 6.25 1.00 0.00 2.74 32.98 0.00 

Scyliorhinidae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Squalidae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Stichaeidae 6.15 2.08 2.45 4.11 3.20 4.26 2.82 

Trichodontidae 6.70 0.00 1.90 1.37 5.94 2.13 0.00 

Zaproridae 0.56 0.00 0.33 13.70 0.00 0.00 0.00 

Zoarcidae 1.12 0.00 0.11 0.00 0.00 0.00 2.82 
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Table 17. Differences in frequency of occurrence (%) of prey identified in Steller sea lion (SSL) 
and harbor seal (HS) scats collected from sites in the Kodiak Archipelago (1999 to 2009). 
Values are those of SSL minus those of HS. 
 

prey taxa SUM-E SUM-N SUM-S SUM-W WIN-E WIN-N WIN-W 

Agonidae 2.13 0.00 -1.12 0.00 0.14 -0.52 0.46 

Ammodytidae 21.63 4.65 30.52 19.32 20.17 33.77 27.96 

Anarhichadidae 0.00 0.10 0.00 0.00 0.00 0.00 0.15 

Anoplopomatidae 0.30 -1.06 0.55 -7.94 0.24 0.22 -0.95 

Aulorhynchidae 0.00 0.00 0.00 0.28 -0.57 -3.58 0.00 

Bathylagidae 0.00 0.00 0.00 0.00 0.00 0.11 0.00 

Bathymasteridae -2.79 0.41 -10.81 0.56 -4.47 -6.17 0.31 

Cephalopoda -3.72 -6.08 -15.05 -3.24 -5.02 -11.89 2.71 

Clupeidae -5.09 1.75 4.09 19.69 -3.21 8.94 -5.14 

Cottidae -10.46 -5.20 -45.95 7.78 -20.01 -24.45 7.51 

Cyclopteridae 0.71 0.10 0.00 1.11 1.30 0.98 4.93 

Dalatiidae 0.00 0.00 0.00 0.00 0.00 0.11 0.00 

Decapoda 0.00 0.00 0.00 0.00 0.00 0.22 0.00 

Engraulidae 0.00 0.00 0.00 0.28 0.00 0.00 0.00 

Gadidae 35.25 15.78 18.25 5.11 39.39 33.96 12.65 

Gasterosteidae 2.13 0.20 0.00 0.56 0.30 0.11 0.00 

Hemitripteridae 0.00 0.00 -0.11 0.00 0.00 0.11 0.00 

Hexagrammidae -15.51 -6.36 -16.95 0.35 -16.40 -42.11 0.40 

Liparididae -0.11 0.51 -0.79 -1.09 5.01 2.83 3.96 

Merlucciidae 0.00 0.00 0.00 0.00 0.00 0.00 0.15 

Myctophidae 0.00 0.10 0.00 0.00 0.00 0.00 0.00 

Osmeridae 10.51 -4.89 25.01 21.39 4.26 2.83 2.91 

Pholidae -1.22 0.20 1.87 -10.66 1.96 -1.89 -1.76 

Pleuronectiformes 2.20 36.56 19.94 24.81 -12.54 35.32 13.57 

Polycaeta 2.06 2.73 -3.57 7.50 1.24 -5.92 9.69 

Rajidae 9.22 4.40 5.43 3.33 4.29 5.43 6.16 

Salmonidae -2.98 11.34 33.51 -8.03 8.53 23.72 6.78 

Scorpaenidae -0.92 -4.10 1.32 2.22 2.35 -23.52 0.62 

Scyliorhinidae 0.00 0.00 0.78 0.00 0.10 0.00 0.15 

Squalidae 1.42 2.35 0.78 0.00 0.70 2.50 0.15 

Stichaeidae -5.44 -1.37 -2.45 -2.44 -0.50 -2.73 0.73 

Trichodontidae 3.93 0.51 8.18 28.35 3.73 1.13 19.57 

Zaproridae -0.56 0.00 -0.33 -13.70 0.00 0.00 0.00 

Zoarcidae -1.12 0.00 -0.11 0.00 0.20 0.00 -2.82 
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Table 18. Comparison in frequency of occurrence of prey identified in Steller sea lion (SSL) and 
harbor seal (HS) scats collected from sites in the Kodiak Archipelago (1999 to 2009). Summer: 
from May to October; winter: from November to April; n: the number of scat samples including 
identified prey. Statistics are produced by analysis of similarity based on permutation (per.). 

 

Season region SSL-n HS-n R-value p-value 
per. 

total 
per. 
>=R 

summer EAST 141 179 0.074 0.001 999 0 

summer NORTH 977 48 0.121 0.001 999 0 

summer SOUTH 129 897 0.29 0.001 999 0 

summer WEST 360 73 0.099 0.002 999 1 

winter EAST 1003 219 0.18 0.001 999 0 

winter NORTH 920 94 0.34 0.001 999 0 

winter WEST 649 71 -0.049 0.961 999 960 
 
 
 
 
 
 
Table 19. Comparison of prey composition between samples collected from 1990 to 1998 and 
those from 1999 to 2008 in the Kodiak area. Values are frequency of occurrence (%) of prey 
remains in Steller sea lion scat samples. 
 

             May to October November to April 
Prey 

1990-1998 1999-2008 1990-1998 1999-2008 

Walleye pollock 63.9 24.4 56.2 36.9 

Arrowtooth flounder 35.3 45.1 21.3 30.2 

Pacific cod 5.0 19.1 30.9 38.7 

Pacific salmon spp. 41.1 10.8 34.4 14.4 

Pacific herring 7.1 23.5 22.8 21.1 

Pacific sandlance 9.5 38.0 17.7 34.4 

Capelin 2.9 25.7 <1 5.8 

     Sample size 202 1607 280 2572 
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Table 20. Horizontal distribution parameters of four forage fish species (post-kriging, length classes combined) in five regions around 
the Kodiak Archipelago, Alaska, in May 2005. n: total number of area units; n’: number of area units with positive fish density; 
median: median of positive area-unit fish density (number km-2); IA: index of aggregation; different superscript letters indicate 
significant inter-region differences within species (Mann-Whitney U or Kruskal Wallis, p < 0.05) and letter A indicate the highest 
values. 

 

  Tonki Shelf Perenosa Uganik North Uganik South 

 n 1555 14825 2862 4523 1506 

Pacific 
herring 

n’ 0 0 0 1205 668 

n’/n (%) 0 0 0 26.6 44.4 

median (103 km-2) na na na 1.60B 35.7A 

IA (10-5 km-2) na na na 0.91 13.8 

Eulachon 

n’ 0 5032 1574 3939 0 

n’/n (%) 0 33.9 55.0 87.1 0 

median (103 km-2) na 15.5B 0.15C 21.3A na 

IA (10-5 km-2) na 0.09 1.29 0.49 na 

Capelin 

n’ 363 8117 2395 1208 464 

n’/n (%) 23.3 54.8 83.7 26.7 30.8 

median (103 km-2) 58.7A 15.7C 1.73E 7.01D 54.5B 

IA (10-5 km-2) 42.0 0.27 0.81 6.04 11.3 

Walleye 
pollock 

n’ 1020 5141 1806 4150 1282 

n’/n (%) 65.6 34.7 63.1 91.8 85.1 

median (103 km-2) 1.43E 2.24D 3.07C 4.69B 6.98A 

IA (10-5 km-2) 3.89 0.09 1.15 0.70 3.78 
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Table 21. Horizontal distribution parameters of four forage fish species (post-kriging, length classes combined) in five regions around 
the Kodiak Archipelago, Alaska, in August 2005. n: total number of area units; n’: number of area units with positive fish density; 
median: median of positive area-unit fish density (number km-2); IA: index of aggregation; superscript letters indicate significant inter-
region differences within species (Kruskal Wallis, p < 0.05) and letter A indicate the highest values. 

 

  Tonki Shelf Perenosa Uganik North Uganik South 

 N 1482 13446 2966 4506 1503 

Pacific 
herring 

n’ 0 0 2529 3889 1473 

n’/n (%) 0 0 85.3 86.3 98.0 

median (103 km-2) na na 16.9A 0.25C 5.91B 

IA (10-5 km-2) na na 1.43 0.30 5.61 

Eulachon 

n’ 1101 3968 1470 3520 838 

n’/n (%) 74.3 29.5 49.6 78.1 55.8 

median (102 km-2) 18.2C 0.22D 28.9B 825A 500A 

IA (10-5 km-2) 6.02 0.43 1.08 0.33 6.69 

Capelin 

n’ 1353 11450 2962 4495 1050 

n’/n (%) 91.3 85.2 99.9 99.8 69.9 

median (104km-2) 34.7D 581A 264B 116C 0.78E 

IA (10-5 km-2) 4.81 0.07 0.80 0.44 4.23 

Walleye 
pollock 

n’ 1343 5679 2540 4312 1240 

n’/n (%) 90.6 42.2 85.6 95.7 82.5 

median (104 km-2) 8.98C 0.21E 4.97D 27.8A 46.4B 

IA (10-5 km-2) 4.74 0.30 0.91 0.54 4.23 

 



Table 22. Summary of species sampled for fatty acid composition from Kodiak area waters, 
2000 to 2007. Planktons include copepods, euphausiids, chaetognaths, and pteropods. 
Invertebrates include pink shrimp, side-stripe shrimp, tanner crab, majestic squid, and common 
Pacific octopus. 
 
 

 
  

Common name Sample size 

Walleye pollock 273 

Pacific herring 140 

Eulachon 98 

Capelin 76 

Pacific cod 51 

Arrowtooth flounder 28 

Rock sole 24 

Flathead sole 22 

Rex sole 21 

Pacific halibut 19 

Yellow Irish Lord 16 

Dover sole 13 

Butter sole 11 

Rougheye rockfish 11 

Starry flounder 10 

Pacific sand lance 9 

Yellowfin sole 9 

Sand sole 9 

Dolly varden 9 

Other finfish 84 

Planktons 80 

Invertebrates 20 

Total 1033 
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Table 23: Summary of aerial survey effort during which seasonal presence and distribution of 
cetaceans were recorded in the Kodiak region. Shading indicates a survey was conducted 
during that month and year.  

 

  Month   

Year 1 2 3 4 5 6 7 8 9 10 11 12 n 
1999                         4 

2000                       12 

2001                         13 

2002                       12 

2003                       11 

2004               8 

2005           5 

2006       3 

2007       3 

2008                     10 

2009                     10 

2010                       11 

2011                 8 

2012             6 

2013             6 

2014                         4 

Total 9 7 13 9 11 10 12 14 13 10 9 9 126 
 

  



69 
 

 

Table 24. Summary of forward stepwise GAM selection for a) gray whales, b) humpback 
whales, and c) fin whales.  The best model at each step is marked by bold text and the best 
overall model is indicated by asterisks 
 

a) Gray whale Step Variables REML % Deviance Explained 
  0  Null  2859.6  0.21 

  1a  te(x,y,dDate)  2408.9  69.8 

  1b  Depth  2749.7  27.4 

  1c  Slope  2748  22.2 

  1d  DFS  2855.2  2.16 

  2a  te(x,y,dDate) + Depth  2408.9  69.8 

  2b  te(x,y,dDate) + Slope  2403.5  71 

  2c  te(x,y,dDate) + DFS  2405.5  70.1 

  3a  te(x,y,dDate) + Slope + Depth  2403.5  71 

  3b**  te(x,y,dDate) + Slope + DFS  2400.1  72 

  4a 
te(x,y,dDate) + Slope + DFS + 
Depth  2399.9  71.4 

b) Humpback Step Variables REML % Deviance Explained 
  0  Null  2446.50  ‐6.9 

  1a  te(x,y,dDate)  2325.1  37.6 

  1b  Depth  2425.8  ‐0.2 

  1c  Slope  2434.8  ‐5.0 

  1d  DFS  2420.2  ‐0.6 

  2a  te(x,y,nDate) + Depth  2318.2  37.7 

  2b  te(x,y,nDate) + Slope  2319.5  38.1 

  2c  te(x,y,nDate) + DFS  2323.1  37.1 

  3a**  te(x,y,nDate) + Slope + Depth  2315.6  37.8 

  3b  te(x,y,nDate) + Slope + DFS  2317.1  37.3 

c ) Fin whale Step Variables REML % Deviance Explained 
  0  Null  0.0  ‐7.4 

  1a  te(x,y,dDate)  1814.3  47.8 

  1b  Depth  1921.3  6.8 

  1c  Slope  1955.4  ‐0.9 

  1d  DFS  1962.2  ‐7.1 

  2a  te(x,y,dDate) + Depth  1809.4  48.3 

  2b  te(x,y,dDate) + Slope  1814.1  47.8 

  2c  te(x,y,dDate) + DFS  1816.8  49.1 

  3a  te(x,y,dDate) + Depth + Slope  1809.4  48.3 

  3b**  te(x,y,dDate) + Depth + DFS  1815.4  52.6 

  4a 
te(x,y,dDate) + Depth + 
DFS + Slope  1815.1  52.5 
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Table 25: The number of individual cetaceans, by species, sighted during quarterly aerial 
surveys flown in 2014. GW= gray whale, FW = fin whale, HB = humpback whale, KW = killer 
whale and UNK = sightings of large whales that could not be identified to species.  

Survey date 

Species 3/11/14 7/24/14 9/23/14 12/16/14 Total 

GW 0 4 69 57 130 
FW 2 6 33 4 45 
HB 0 18 61 3 82 

UNK 3 0 83 3 89 
KW 0 51 0 9 60 

Total 5 28 246 67 406 
 

 

Table 26: The number of individual whales sighted per hour of survey effort during quarterly 
aerial surveys flown in 2014. GW= gray whale, FW = fin whale, HB = humpback whale, KW = 
killer whale and UNK = sightings of large whales that could not be identified to species.  

Survey Date 

  3/11/14 7/24/14 9/23/14 12/16/14 

Survey Hrs 1.7 1.9 2.3 1.9 

GW 0.0 2.1 30.0 30.0 

FW 1.2 3.2 14.3 2.1 

HB 0.0 9.5 26.5 1.6 

UNK 1.8 0.0 36.1 1.6 

KW 0.0 26.8 0.0 4.7 
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Table 27. Summary of vessel survey effort, platform, and purpose during which whales were 
photographed or biopsied in the Kodiak and Shumagin Island regions, 2014 -2015.  

Survey Date 
Effort Time 

(hrs) Platform Effort Type Area 
06/20/14 2.4 Small Boat Photos & Biopsy Kodiak 
07/02/14 4.0 Small Boat Photos & Biopsy Kodiak 
08/01/14 2.7 Small Boat Photos & Biopsy Kodiak 
08/19/14 5.8 Small Boat Photos & Biopsy Kodiak 
08/27/14 6.9 Small Boat Index Site Kodiak 
08/29/14 5.5 Small Boat Index Site Kodiak 
08/30/14 2.1 Large Boat Index Site Kodiak 
08/31/14 2.8 Small Boat Index Site Kodiak 
08/31/14 6.3 Large Boat Index Site Kodiak 
09/01/14 11.0 Small Boat Index Site Kodiak 
09/02/14 8.6 Small Boat Index Site Kodiak 
09/03/14 7.9 Small Boat Index Site Kodiak 
09/19/14 3.2 Small Boat Photos & Biopsy Kodiak 
06/16/15 4.0 Small Boat Photos Kodiak 
06/18/15 6.4 Small Boat Photos Kodiak 
07/20/15 5.0 Small Boat Photos Kodiak 
07/24/15 4.9 Small Boat Photos Kodiak 
08/03/15 3.6 Small Boat Photos Kodiak 
08/08/15 1.5 Small Boat Photos Shumagin Islands 
08/10/15 6.6 Small Boat Photos Shumagin Islands 
08/19/15 2.9 Small Boat Photos Kodiak 
08/25/15 4.0 Small Boat Photos Kodiak 
11/04/15 3.4 Small Boat Photos Kodiak 
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Table 28. Number of unique and resighted individual humpback and fin whales photo-identified and biopsied in Kodiak and 
Shumagin Island during vessel surveys in the Kodiak and Shumagin Island study areas, 2014-2015. 

  2014 2015 

    Humpback Whales Fin Whales Humpback Whales Fin Whales 

    Kodiak 
Shumagin 

Islands Kodiak 
Shumagin 

Islands Kodiak 
Shumagin 

Islands Kodiak 
Shumagin 

Islands 

Unique IDs 92 

NA 

50 

NA 

72 6 5 

0 

Unique IDs (non-calf) 85 50 68 6 5 

New IDs 61 39 40 3 4 

New IDs (non-calf) 54 39 36 3 4 

Calves 7 0 4 0 0 

Resights 31 11 32 3 1 

% Resights 34% 22% 44% 50% 20% 

% New 66% 78% 56% 50% 80% 

Biopsies 6 3 0 0 0 
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Table 29. Survey effort, oceanographic conditions, and acoustic backscatter recorded in Marmot Bay and Shuyak Index Sites in 
relation to the presence of fin and humpback whales, 2014. 

 
    Index Site 
    Marmot Bay Shuyak 
  Dates 1 - 3, 8 Sept 27 - 31 Aug 
Survey Effort Distance Covered (nm) 93 77 
  Ring Net Tows 3 0 

Hydroacoustics 

avg Fish SA 631 877 

avg Zoop SA 1134 227 
Ratio 0.6 3.9 
ln Ratio -0.6 1.4 

CTD 

Casts 22 17 
Mean Depth of Thermocline (m) 41.2 20.9 
Mean Surface Temperature (°C) 10.1 9.9 
Phi 176.2 90.3 

Whale Counts 
Humpbacks 74 56 
Fins 120 4 
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Table 30. Collection dates and number of Steller sea lion fecal samples (scats) and 
brand resights collected from haulouts in the Kodiak Archipelago, Jan 2013-2014. Long 
Island (LI) is on the East side, Cape Ugat (CU) is on West side, and Sea Otter Island 
(SO) is on North side of Kodiak Archipelago (see Figure 15). 

Date Site # scats # brands obs 

01/16/2013 LI 71 1 

03/13/2013 LI 88 4 
		 CU 62 0 

		 SO 48 4 

10/01/2013 LI 76 2 

		 CU 53 1 
		 SO 54 2 

12/11/2013 LI 78 1 

03/19/2014 LI 67 1 
		 CU 44 0 
		 SO 64 3 

 

Table 31. Summary of branded SSL observations made during scat collections on three 
area haulouts January 2013- March 2014, including age at time of observation, haulout 
site where observed [Long Is (LI), Sea Otter Is (SO), Cape Ugat (CU)], and year /rookery 
where born and branded (see Figure 14). 

SSL OBSERVED BORN 

Brand Sex Date  Site  Age@Obs Year  Rookery 

T66 M 12/11/2013 LI 13.5 yr 2000 Marmot 

T197 M 
03/13/2013 LI 8.75 

2004 Marmot 
03/09/2014 LI 9.75 

T203 F 03/13/2013 SO 8.75 2004 Marmot 

T220 F 03/13/2013 SO 8.75 2004 Marmot 

T243 F 03/09/2014 SO 9.75 2004 Marmot 

T253 F 03/09/2014 CU 9.75 2004 Marmot 

T302 M 03/13/2013 LI 4.75 2008 Marmot 

T314 F 
03/13/2013 SO 4.75 

2008 Marmot 
10/01/2013 SO 5.25 

T370 F 03/13/2013 SO 2.75 2010 Marmot 

T412 M 03/13/2013 LI 2.75 2010 Marmot 

T434 F 
01/16/2013 LI 2.5 

2010 Marmot 
03/13/2013 LI 2.75 

X53 F 03/09/2014 SO 3.25 2008 Sugarloaf 

X367 M 10/01/2013 LI 5.25 2008 Sugarloaf 

X461 F 10/01/2013 LI 3.25 2010 Sugarloaf 

X540 M 10/01/2013 SO 3.25 2010 Sugarloaf 

E178 M 10/01/2013 CU 3.25 2010 Sugarloaf 
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FIGURES 
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Figure 1. Locations where samples were collected from fin whales (FW), humpback whales (HB), and potential prey species for 
stable isotope analysis. 
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Figure 2. Stable isotope biplot showing ratios of 13C	and	15N in samples from two consumers [fin whales (FW), humpback whales 
(HB)] and five prey groups [copepods (COPE), krill (KRILL), age-zero capelin (CAZERO), aggregate of small forage fish (SMFH), 
and aggregate of large forage fish (LGFH)] collected in the Kodiak Region. 
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Figure 3. Niche spacing and trophic overlap between humpback (HB) and fin whales (FW) in the Kodiak (KOD) and Shumagin 
(SHU) Islands, as indicated by isotopic ratios of 13C	and	15N in their skin samples. 
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Figure 4. Isotopic niche width and trophic overlap between fin whales (FW) and humpback whales from the Kodiak (KOD) and 
Shumagin (SHU) Islands, as described using standard ellipse areas (SEAc) for all 13C	and	15N values. 
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Figure 5. Estimated contribution of five prey groups to the diet of fin (FW) and humpback (HB) 
whales as estimated by Bayesian stable isotope mixing models. Prey groups= age-zero capelin 
(CAZERO), copepods (COPE), krill (KRILL), aggregated large forage fish (LGFH), and 
aggregated small forage fish (SMFH). 
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Figure 6. Individual humpback whale sightings (photo-IDs) used to assess site fidelity in the Shumagin Islands and within four sub-
area of the Kodiak region, 1999-2015. 
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Figure 7. Yearly number of new and resighted individual humpback whales and rate of annual return to the Kodiak (KOD) and 
Shumagin Island (SHU study areas, 1999-2015. 
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Figure 8. Discovery curve showing increase in number of individual humpback whales identified in Kodiak (KOD) and Shumagin 
Island (SHU) regions during the study, 1999-2015. 
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Figure 9. The number of years individual humpback whales were sighted in Kodiak (KOD) and Shumagin (SHU) study areas 1999-
2015 and the number of years between their first and next sighting. Sample sizes on bars. 
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Figure 10. Overlay of tagged whale tracking (solid lines) and acoustic prey sampling (dashed 
lines) gconducted synchronously, 2004-2011. 
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Figure 11.  Screen shots taken during hydro-acoustic sampling showing vertical distribution of prey fields in vicinity of tagged whales. 
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Figure 12. GIC box plots comparing vertical distribution of zooplankton and fish acoustic backscatter to foraging dive depths of 
nearby tagged fin (FW) and humpback (HB) whales. 
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Figure 13. Proportion of dives made by tagged whales in association with prey fields dominated by fish (F) and zooplankton (Z), as 
determined by synchronously recorded acoustic backscatter in vicinity of each whale. 
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Figure 14. Location of Kodiak area pinniped haulouts and rookeries referenced in this report. 
SSL scats were collected Jan 2013-Oct 2014 on Cape Ugat (CU), Sea Otter Island (SO), and 
Long Island (LI). Fourteen branded SSL seen during these surveys were born/branded as pups 
on Marmot (n=7), Sugarloaf (n=6), and Chiswell (n=1) Island rookeries between 2000 and 2010. 
Tugidak Island has historically been an important pupping site for harbor seals. 
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Figure 15. Haulouts in the Kodiak Archipelago where Steller sea lion scats were collected from 
1999-2009. Sites were grouped in four geographical regions for analysis: north (), east (), 
south (), and west (�). From McKenzie and Wynne (2008)	
 
. 
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Figure 16. Comparison of the relative frequency of occurrence (FO) of dominant prey families 
found in 4283 Steller sea lion (SSL) and 1916 harbor seal (HS) scats collected in the Kodiak 
area, 1999-2009. 

	
	

	
	

0

10

20

30

40

50

60

70

F
re

q
u

en
cy

 o
f 

O
cc

u
rr

en
ce

FO in SSL (%)

FO in HS (%)



92	
	

	

Figure 17. Seasonal comparison of the relative frequency of occurrence (FO) of dominant prey 
families in SSL and HS scats collected in the Kodiak area, 1999-2009. 
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Figure 18. Biomass estimates of walleye pollock from winter acoustic surveys conducted in the 
Shelikof Strait in the Gulf of Alaska, excerpted from Dorn et al. 2011. 
	

	
	
	
	
 
Figure 19. Biomass estimates of arrowtooth flounder from summer trawl surveys conducted in 
the Gulf of Alaska, excerpted from Turnock & Wilderbuer 2011. 
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Figure 20. The five acoustic mid-water trawl survey regions in waters off the northern part of the 
Kodiak Archipelago, Alaska and cited in Tables 20 and 21. 1: Tonki; 2: Shelf; 3: Perenosa; 4: 
Uganik North; 5: Uganik South. See. 
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Figure 21. MDS ordination of fatty acid composition of four forage fish species (n = 274) 
sampled around Kodiak Archipelago, Alaska from 2000 to 2003. 

	
	
 
 

Figure 22. MDS ordination of walleye pollock fatty acid composition (n = 120) sampled from 
embayments of the Kodiak Archipelago, Alaska. MDS two-dimensional stress = 0.083. 
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Figure 23. MDS ordination of Pacific herring fatty acid composition (n = 57, of which one sample 
considered as outlier) sampled from embayments of the Kodiak Archipelago, Alaska. MDS two-
dimensional stress = 0.059. 
 

 
 
Figure 24. MDS ordination of capelin fatty acid composition (n = 56) sampled from embayments 
of the Kodiak Archipelago, Alaska. MDS two-dimensional stress = 0.081. 
 

 



97	
	

	

Figure 25. Sampling grid of 5km x 5km cells generated from ArcGIS projection of aerial survey 
tracklines and for which cetacean distribution survey effort was estimated. 
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Figure 26. Seasonal and annual summary of the number of groups and individual gray, fin, and humpback whales counted during 
GAP aerial surveys, 1999-2014.
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Figure 27. Time series of abundance predictions based on the model and spatial distribution of 
fin, gray, and humpback whales from direct surveys, 2007-2014.
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Figure 28. Approximate trackline followed during seasonal aerial surveys to monitor presence 
and distribution of cetaceans in the Kodiak area study area.
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Figure 29. Number and distribution of cetaceans observed during spring, summer, fall, and winter aerial surveys in the Kodiak area 
study area, 2014. GW= gray whale, FW= fin whale, HB= humpback, KW= killer whale, UNK= unknown whale. 
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Figure 30. Number and distribution of cetaceans observed during 23 days of vessel surveying in the Kodiak and Shumagin Island 
study areas, 2014-2015. GW= gray whale, FW= fin whale, HB= humpback, KW= killer whale, UNK= unknown whale. 
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Figure 31. Tracklines followed during the 27 Aug-3 Sept 2014 assessment of oceanography, prey fields, and whale presence in 
Marmot Bay and Shuyak Island Index sites (see Wynne and Witteveen 2015). 

	



104	
	

	

Figure 32a. Relative fish and zooplankton backscatter measured along acoustic survey tracklines in vicinity of concurrent 
observations of humpback and fin whales in the Marmot Bay Index Site, 2014. 
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Figure 32b. Relative fish and zooplankton backscatter measured along acoustic survey tracklines in vicinity of concurrent 
observations of humpback and fin whales in the Shuyak Island Index Site, 2014. 
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Figure 33. Spatial structure of strata used to develop the forage fish index in waters around the Kodiak Archipelago. 
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Figure 34. Arrowtooth flounder distribution by stratum in summer from 1999 to 2011 in waters around the Kodiak Archipelago. 
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Figure 35. Arrowtooth flounder consumption rate by stratum in summer from 1999 to 2011 in waters around the Kodiak Archipelago. 
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Figure 36. Biomass distribution of capelin by stratum in summer in waters around the Kodiak Archipelago in the 1990s. 
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Figure 37. Biomass distribution of capelin by stratum in summer in waters around the Kodiak Archipelago in the 2000s  
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APPENDIX A. Combined uncertainty for abundance estimates by species, 2007-2014. aFollowing pages are monthly plots of 
humpback, fin, and gray whale abundance estimates (95% confidence intervals) by species and year, 2007-2014.  
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