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Project Summary 
 
 The highly productive waters over the continental shelf in the western Gulf of Alaska have 

historically supported the seasonal and/or year-round feeding of baleen whales, including fin and 
humpback whales, that share reliable access to vast prey resources with a myriad of intermediate 
and upper level consumers. Since the diets of these whales can be highly diverse, the functional 
roles of fin and humpback whales in the tropho-dynamics of a region vary, with varying impacts on 
local food webs. Within the western Gulf of Alaska, the foodweb of the nearshore waters of the 
Kodiak Archipelago support large aggregations of foraging fin and humpback whales whose 
numbers appear to be recovering from years of heavy exploitation.  

 
The removal and subsequent recovery of balaenopterids have undoubtedly had widespread 
ecosystem impacts in the western Gulf of Alaska, especially since recovery has occurred during 
community reorganization following regime shifts and significant pinniped and seabird declines. To 
date, however, our understanding of these interactions is limited despite the fact the region is 
oceanographically and biologically data-rich. This wealth of data presents an opportunity to 
explore the role of balaenopterid whales in the Gulf of Alaska ecosystem using empirical data 
collected over decades and multiple ocean regimes.  

 
The goal of GAP2010 is to take a top-down approach to exploring the impact of balaenopterids on 
the nearshore marine ecosystem that includes the waters of the Kodiak Archipelago by utilizing a 
combination of collaboration, synthesis, modeling and monitoring methodologies. GAP2011 is a 
continuation of GAP2010, in which we seek to continue monitoring marine mammal diets and 
foraging behavior, and monitor variability in nearshore “Variability Index Sites”.  This Interim 
Report summarizes activities and progress made jointly towards GAP2010 and GAP2011 
objectives.  

 
Summary of Progress and Results 
 

1) Collaborative Synthesis: compiling Kodiak area metadata  
This objective has been completed as reported previously.   
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2) Ecosystem modeling and data integration 
During this reporting period, our modeling efforts focused on a) spatial and temporal variations 
of consumption estimates and b) the assessment of consumption estimate errors. 
 

a) Spatial and temporal variations of consumption estimates 
Analyses were based on strata that were previously established based on depth, 
proximity to shore, submarine bank/trough features, and trawl-ability (details in the 
last progress report). Consumption by arrowtooth flounder and walleye pollock, the 
two most abundant groundfish species in the Gulf of Alaska, was estimated through 
bioenergetic models and biomass estimates from National Marine Fisheries Services 
(NMFS) bottom-trawl surveys. Within each of the seven years when the biannual 
bottom-trawl surveys were conducted in the Gulf of Alaska (1999, 2001, 2003, 2005, 
2007, 2009, and 2011), consumption estimates are significantly different among strata 
for both arrowtooth flounder and walleye pollock (ANOVA, p < 0.001; Figures 1 and 
2). Differences are substantial. For example, in 2003, the minimum summer 60-day 
areal consumption was 0.004 mt km-2 while the maximum was 23 mt km-2, a difference 
of more than 5 × 103-fold. Stomach contents of arrowtooth flounder and walleye 
pollock from 1999 to 2007 are also significantly different among strata (ANOSIM, 
PRIMER-E, p < 0.001), although no single prey item accounts for more than 2% of the 
overall differences (SIMPER, PRIMER-E). 
 
Interannual differences in consumption estimates are noticeable (Figures 1 and 2), 
but not statistically significant (ANOVA, p = 0.24), primarily due to inter-strata 
differences of a higher magnitude. Interannual differences in stomach contents are 
significantly different (ANOSIM, PRIMER-E, p < 0.01), with capelin and juvenile 
pollock combined accounting for 12% of the differences (SIMPER, PRIMER-E). 
 

b) the assessment of consumption estimate errors 
Sensitivity analyses of the key bioenergetic model parameters (Table 1) were 
conducted with the individual parameter perturbation method (Kitchell et al. 1977). 
Specifically, each parameter is varied discretely by ±10%, while temperature 
parameters are varied by ±1°C. A sensitivity value of ±1 means that a change in the 
given parameter by 10% results in a 10% change in the consumption estimate. 
Because the goal was to assess errors related to consumption estimates, parameter 
CA, CB, and CQ (described in Table 1) were omitted from the sensitivity analyses. 
The results of the sensitivity analyses indicate that consumption estimates are most 
sensitive to respiration and temperature parameters (Figures 3 and 4). For both 
species, a ± 10% deviation in the respiration parameters resulted in up to 8% change 
in consumption estimates, while a ± 1°C deviation in temperature parameter resulted 
in up to 10% change in consumption estimates. 

 
3) Monitor marine mammal diets and foraging 

There were a number of tasks completed under the monitoring category for this report period.  
a) Steller sea lion diet 

Steller sea lions fecal samples (scats) have been collected in the study area 
periodically since 1999 as a means of monitoring temporal and regional diet 
patterns of this apex predator. During this reporting period, 183 scats were 
collected on 1 October 2013 from three major haulouts/sampling sites in the 
Kodiak Archipelago: Cape Ugat (53), Sea Otter Island (54), and Long Island (76). 
Fecal samples were individually bagged and frozen for subsequent analysis of the 
prey hard parts contained within. 

 
b) Whale foraging patterns 

a. Aerial Surveys  
Bi-monthly aerial surveys to document seasonal distribution of cetaceans in north 
Kodiak occurred on 8 July, 10 September and 6 November 2013. The number of 
individual whales observed during each survey was tallied for each species  
(Table 2, Figure 5). The species-specific number of sightings was divided by the 
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hours of effort in each survey as a proxy for whale density (Table 3).  
 

b. Vessel Surveys 
Vessel surveys were conducted to photo-document the presence and collect 
biopsy samples of individual fin and humpback whales in Kodiak and Shumagin 
Island study areas throughout the summer season of 2013 (Table 4). Vessel 
surveys were either executed as small boat day-trips or large boat, multi-day 
surveys to monitor Index Sites (see Monitor variability in nearshore water below). 
In the Kodiak study area, a total of 100 individual whales were photo-identified 
during vessel surveys, including 12 calves. Of these, 42 individuals had been 
sighted in a previous year yielding a resight rate of 42% for 2013 (Table 5). The 
number of individual humpback whales identified in the Shumagin Island was 46, 
12 of which were previously identified for a resight rate of 26% (Table 5). 
Reconciling and matching of fin whale photographs is in progress, though fin 
whale sightings were relatively low in 2013.   
 
Photographs and sightings of both whale species will be added to GAP databases 
and will be used in population estimation and ecosystem modeling efforts.  

  
c) Whale diet 

During the reporting period, biopsy samples were collected from 14 humpback 
whales in the Kodiak study area. No samples were collected from fin whales in 
Kodiak or either species in the Shumagin Islands (Table 5). These samples, along 
with 22 humpback whales samples collected in 2012 and a suite of prey species 
(capelin, Pacific herring, copepod, and krill) were analyzed for stable carbon 
(δ13C) and nitrogen (δ15N) isotope ratios (Table 6; Figure 6). Values of δ13C 
ranged from a high of -17.5 for capelin to a low of -19.4 for krill. Humpback whales 
had the highest δ15N value at 13.3, while copepods were the lowest at 8.3  
(Figure 6).   
 
All stable isotope results will be added to the GAP stable isotope database and 
will contribute to long-term monitoring of isotopic signatures across time and diet 
composition in ecosystem models.     

 
4) Monitor variability in nearshore water 

 
The monitoring surveys of three Variability Index Sites: Marmot Bay (Figure 7A), 
Uganik Bay (Figure 7B), and East Shuyak (Figure 7C) completed in 2012 were 
repeated in August and September 2013. Within each Variability Index Site, we 
collected a suite of physical and biological parameters including water temperature 
and salinity profile (CTD), zooplankton composition, and acoustic backscatter. All 
surveys were conducted from the F/V Mythos (Table 7).   
 
Acoustics 
Active acoustic volume backscatter data were collected at 38 kHz and 120 kHz using 
a Simrad ER60 echo-sounder system during daylight hours (Table 7). A tow body that 
houses the 38- and 120-kHz split-beam transducers was towed at 3-m depth while 
transiting. The survey vessel followed pre-determined systematically designed 
transects in the three index sites at constant rpm of the main engine. The rpm value 
was set at 1,000 for F/V Mythos as a compromise between vessel speed and 
propeller cavitation.  
 
Target strength calibrations at both 38 and 120 kHz were conducted using copper 
spheres (60 mm and 23 mm in diameter respectively) on 17 and 22 August and 1 
September 2013.  
 
We applied a dual-frequency differencing technique to assign collected backscatter as 
consistent with either “fish” or “zooplankton.” When directed prey sampling cannot be 
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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 5 m 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. 
 
CTD 
CTD (conductivity, temperature and depth) casts were carried out at pre-determined 
systematically designed stations (Table 7; Figures 7A-C). 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. 
 

   
Problems 

There are no problems to report on for this reporting period.  
 
There have been no unexplained expenditures or significant differences between 
budgeted and actual expenditures.  

 
 
 
 

Prepared by:       Date:  13 December 2013  
   Principal Investigator
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Table 1. Physiological parameters used in bioenergetic simulations for arrowtooth flounder (ATF) 
and walleye pollock (WP). Parameter notations are consistent with those in Hanson et al. (1997). 

symbol parameter description ATF WP 

 consumption: C = CA × WCB × p × f (T)   

C specific consumption rate (g/g/d)   

CA intercept of allometric mass function (g/g/d) 0.0117 0.119 

CB slope of allometric mass function -0.233 -0.6292 

p proportion of maximum consumption   

f (T) temperature dependence function   

T water temperature (°C)   

CQ temperature dependent coefficient 0.3763 0.3763 

 respiration: R = RA × WRB × f (T) × ACT; SDA = SDA × (C – F)   

R specific respiration rate (g/g/d)   

RA intercept of allometric mass function (g/g/d) 0.0025 Note* 

RB slope of allometric mass function -0.219 -0.26 

f (T) temperature dependence function   

T water temperature (°C)   

RQ temperature dependent coefficient 3.0 Note** 

Topt optimal respiration temperature (°C) 9.5 9.0 

Tmax maximum respiration temperature (°C) 24.9 16.0 

ACT activity multiplier 1.30 1.30 

SDA specific dynamic action 0.125 0.125 

 egestion & excretion: F = FA × C; U = UA × (C – F)   

F specific egestion rate (g/g/d)   

FA proportion of consumed food egested 0.20 0.20 

U specific excretion rate (g/g/d)   

UA proportion of assimilated food excreted 0.11 0.11 
* RA = 0.0069 (< 100 g), 0.0066 (100-299 g), 0.0063 (300-400 g), 0.0061 (> 400 g). 
** RQ = 6.04 (< 100 g), 4.5 (100-299 g), 3.0 (300-400 g), 1.8 (> 400 g). 
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Table 2. Number of individuals of three main cetacean species sighted during bimonthly aerial 
surveys conducted between June and December 2013. Species: GW= gray whale, FW= fin whale, 
HB= humpback whale, UNK represents sightings of large whales that could not be identified to 
species. 

  7/8/13 9/10/13 11/6/13 Total 
GW 0 52 9 61 
FW 2 1 0 3 
HB 17 13 8 38 

UNK 0 0 3 3 
Total 19 66 20 105 

 
 
Table 3. Number of individual whales sighted per hour of survey effort of three main cetacean 
species during bimonthly aerial surveys conducted between June and December 2013. Species: 
GW= gray whale, FW= fin whale, HB= humpback whale, UNK represents sightings of large whales 
that could not be identified to species. 
 

  7/8/13 9/10/13 11/6/13 
Survey Hrs 2.1 2.5 2.0 

GW 0.0 21.1 4.5 
FW 0.9 0.4 0.0 
HB 8.0 5.3 4.0 

UNK 0.0 0.0 1.5 
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Table 4. Summary of 2013 daily whale survey effort, including vessel platform and effort type. Also 
shown are the total number of effort days and hours.  

Date Effort Time (hrs) Location Platform Effort Type 
6/26/13 4.28 Kodiak Small Boat Photos & Biopsy 
6/28/13 1.63 Kodiak Small Boat Photos & Biopsy 
7/3/13 3.80 Kodiak Small Boat Photos & Biopsy 

7/10/13 6.98 Kodiak Small Boat Photos & Biopsy 
7/16/13 2.88 Kodiak Small Boat Photos & Biopsy 
7/23/13 2.20 Kodiak Small Boat Photos & Biopsy 
7/26/13 6.48 Kodiak Small Boat Photos & Biopsy 
7/30/13 3.47 Kodiak Small Boat Photos & Biopsy 
8/7/13 2.90 Shumagin Is. Small Boat Photos & Biopsy 
8/8/13 4.55 Shumagin Is. Small Boat Photos & Biopsy 
8/9/13 1.78 Shumagin Is. Small Boat Photos & Biopsy 

8/10/13 6.35 Shumagin Is. Small Boat Photos & Biopsy 
8/11/13 3.88 Shumagin Is. Small Boat Photos & Biopsy 
8/18/13 5.63 Kodiak Small Boat Index Site 
8/20/13 0.27 Kodiak Large Boat Index Site 
8/23/13 0.72 Kodiak Large Boat Index Site 
8/23/13 3.48 Kodiak Small Boat Index Site 
8/25/13 5.98 Kodiak Small Boat Index Site 
8/25/13 3.25 Kodiak Large Boat Index Site 

17 70.53       
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Table 5. Summary of individual humpback and fin whales photo-identified in the Kodiak and 
Shumagin Island study areas, 2013.  

    Humpback Whales Fin Whale 

    Kodiak 
Shumagin 

Islands Kodiak 
Shumagin 

Islands 
Unique IDs 100 46 

In Progress 

2 

 
Unique IDs (non-calf) 79 46 1 

New IDs 58 34 2 

 
New IDs (non-calf) 37 34 1 

Calves 21 0 1 
Resights 42 12 0 

 
% Resights 42% 26% 0% 

 
% New 58% 74% 100% 

Biopsies 14 0 0 0 
 

Table 6. Mean values of stable carbon (δ13C) and nitrogen (δ15N) isotope ratios (± SD) for whale 
and prey samples collected near Kodiak Island in 2012 and 2013.  

Species n δ13C δ15N 
Capelin 6 -17.5 ± 0.27 12.2 ± 0.23 
Copepod spp 15 -19.7± 1.31 8.3 ± 0.63 
Fin 1 -17.9 12.9 
Humpback 37 -18.3 ± 0.59 13.3 ± 0.80 
Krill spp 22 -19.4 ± 0.80 9.7 ± 0.43 
Pacific Herring 10 -18.0 ± 0.88 12.9 ± 0.39 

 

Table 7. Variability Index Site survey effort in 2013, including dates, location, and total transect 
distance covered. 

Dates Location 

Distance 
Covered 

(nm) CTD casts Ring Net Tows 
29 Aug - 1 Sept Marmot Bay 77 22 0 
17 - 20 August Uganik Bay 67 27 0 
22 - 26 August East Shuyak 79 20 0 
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Figure 1. Summer 60-day estimate of areal consumption (mt km-2) by arrowtooth flounder in strata 
around the Kodiak Archipelago from 1999 to 2011. Scale is linear. 
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Figure 2. Summer 60-day estimate of areal consumption (mt km-2) by walleye pollock in strata 
around the Kodiak Archipelago from 1999 to 2011. Scale is linear. 
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Figure 3. Sensitivity of consumption estimates to changes in individual parameters of bioenergetic 
models for arrowtooth flounder. Parameters are described in Table 1. 

 

 

Figure 4. Sensitivity of consumption estimates to changes in individual parameters of bioenergetic 
models for walleye pollock. Values are based on pollock that are less than 100 g. Parameters are 
described in Table 1. 
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Figure 5. Locations of cetacean sightings made during bimonthly aerial surveys conducted 
between 8 July and 6 November 2013. GW= gray whale, FW= fin whale, HB= humpback whale, 
UNK represents sightings of large whales that could not be identified to species. 
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Figure 6: Mean stable carbon (δ13C) and nitrogen (δ15N) isotope ratios (± SD) for fin and humpback 
whales, as well as potential prey species.
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Figure 7. Hydroacoustic transect lines (black lines) and CTD stations (blue stars) for Variability 
Index Sites at Marmot Bay (A), Uganik Bay (B) and East Shuyak (C). Also shown are the locations 
of fin (FW) and humpback (HB) whales sightings.  
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