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Project Summary 
  
  GAP2012 represents 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 have 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 nearshore ecosystem. In GAP2011, we continue to 
identify and quantify the ecosystem processes, drivers, sensitivities, and variability that affect 
Kodiak’s marine mammal populations and their prey. In GAP2012, we are focusing 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 marks 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 to submit for publication in 
peer-reviewed journals.  
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Summary of Progress and Results 
 

1) Data Synthesis 
a. Synthesize mysticetes stable isotope data  

i. Build a Gulf of Alaska stable isotope clearinghouse and 
“isoscape” 
In December 2015, P.I. Witteveen attended a workshop held by the 
Neotoma Palaeoecology Database (NPD) working group in Berkley, 
California. Part of the mission of this working group is to develop an 
isotope database for faunal material that will be a part of the greater 
NPD. While the group was enthusiastic about incorporating the Gulf 
of Alaska isotopes into the larger database, the concept is still a work 
in progress and may be several years before it is ready for data 
contributions.   

    
ii. Determine the degree of fine-scale temporal and spatial overlap 

between and among fin and humpback whales from Kodiak and 
Shumagin Islands 
Upon receipt of reviews of our manuscript (see 3.a.i) during the report 
period, we revisited some of the stable isotope analyses to provide a 
more robust description of diet composition and niche overlap 
between fin and humpback whales in the Gulf of Alaska. Briefly, these 
revisions first entailed utilizing a new version of the stable isotope 
mixing model software. The previous routine, Stable Isotope Analysis 
in R (SIAR; Parnell et al. 2008) has been replaced by simmr (Parnell 
et al. 2013). The simmr package is an upgrade to SIAR with more 
sophisticated mixing models, a simpler user interface and more 
advanced plotting and metrics. The second major revision was to 
create new categories of prey based on similarities in isotopic 
signatures, rather than simply by species. Diet composition models 
were then explored in simmr with these prey categories (Table 1, 
Figure 1). Results modeling the relative contributions of the prey 
categories in diets were similar to the previous efforts. For Kodiak fin 
whales, results showed that zooplankton (mean, low-high 95% 
credibility intervals) species were still the highest contributors, with 
copepods contributing the most (0.40, 0.04-0.71), followed by krill 
(0.25, 0.02-0.77; Figure 2). For humpback whales, age zero capelin 
was actually the highest contributor (0.28, 0.15-0.39) followed closely 
by krill (0.25, 0.03 - 0.56; Figure 2).  
 
The remaining analyses remain as they were presented in the 
previous progress report and resubmission of this manuscript will 
occur in March 2016.  

 
b. Synthesize humpback whale sighting histories and association data  

During the reporting period, humpback whale sighting data based on 
photo-identifications collected from Kodiak and the Shumagin Islands 
between 1999 and 2015 were analyzed to estimate annual return (site fidelity) 
to each area, as well as evaluate movement between these two areas (Figure 
3). In addition, movement between subareas within the Kodiak study area was 
also explored as was seasonal occupancy (Figure 3). These analyses were 
not performed for the Shumagin Islands due to the lack of extended seasonal 
effort in that study area.  
 
Kodiak 
Across 17 years of data collection, 2173 sightings of 1187 whales were 
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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 2a). The average rate of annual return was 34% (SD 15.2%; Figure 
4a).  The highest percentage of resighted animals occurred in 2009 (57%), 
with the lowest in 2002 (7%). Most animals sighted in Kodiak were seen only 
one occasion (n=718). Of the animals that were sighted more than once (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 individual was sighted in all four 
subareas. 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 3).   
 
Average occupancy time in Kodiak was 16d (SD 16.3), although the majority 
of animals were seen for between two and five days. The maximum residency 
of an individual whale was 316d. This was whale #497 who was sighted on 5 
Feb 2011 and again on 14 Dec 2011. However, without sightings between 
these dates it is impossible to say whether this whale actually remained “in 
residence” within the Kodiak study area during this entire period.    
 
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 2b). The rate of annual return was slightly higher for the 
Shumagin Islands than for Kodiak at 37% (11.8%; Figure 4b). This rate 
ranged from a low of 10% in 2000 to a high of 57% in 2009.  
 
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 y (1137 d) 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.  
 
Movements between the Shumagin Islands and Kodiak subareas were much 
higher for the East and South, regardless of the direction of movement (Table 
4). 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 4).  
 
For the final report, we will discuss the interpretation of these results and how 
they relate to humpback whale population dynamics in the Gulf of Alaska. 
Additionally, a manuscript detailing these analyses will be submitted as 
described below in 3.b.i.   

 
c. Synthesize dive data from foraging fin and humpback whales 

This task has been completed.  
 

d. Synthesize pinniped diet data 
i. Examine seasonal and regional prey overlap between Steller sea 

lions and harbor seals in waters around the Kodiak Archipelago. 
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This task has been completed. A manuscript is currently being 
prepared based on the synthesized data. 
 

ii. Compare prey distribution patterns to the diet of Kodiak’s 
Steller sea lions. 
During this reporting period, we identified that Pacific sandlance 
(Ammodytidae) and Pacific salmon (Salmonidae) contributed the 
most to the differences between trawl catch compositions and Steller 
sea lion scat contents from May to October, while flatfish species 
(Pleuronectiformes) contributed the most to the differences in 
November to April. The discrepancy between the two datasets 
prompted us to explore potential explanatory factors. During this 
report period, our efforts were focused on developing multiple indices 
that are related to trawl catch bias, prey patchiness, and Steller sea 
lion foraging selectivity. The work is currently underway and details 
will be described in the final report.  
 

e. Synthesize prey quality data 
This task has been completed. A manuscript is currently being prepared 
based on the synthesized data. 
 

2) Data Collection & Analysis 
a. Collect Steller sea lion scats 

This task has been completed. 
 
b. Analyze stable isotopes 

During the report period, no additional whale biopsy samples were collected 
nor analyzed for stable isotope ratios. See sections 1.a.ii and 3.a.i for a 
detailed description of stable isotope trophic ecology analyses.  

 
c. Analyze whale dive data 

This task has been completed.  
 

d. Maintain and monitor long-term indices of cetacean and pinniped diets 
and distribution 

i. Whale distribution & foraging  
1. Aerial Surveys  

This task has been completed. 
 

2. Vessel Surveys  
This task has been completed.  

 
ii. Steller sea lion diet  

1. Archiving scat samples and data  
This task has been completed. 
 

3) Prepare manuscripts of GAP results for publication in peer-reviewed journals 
a. Whale stable isotopes –  

i. Niche separation of fin and humpback whales in the Gulf of 
Alaska as shown by stable carbon and nitrogen isotope ratios 
During the reporting period a manuscript, entitled “Trophic niche 
partitioning and diet composition between sympatric fin and 
humpback whales in the Gulf of Alaska revealed through stable 
isotope analysis” was submitted for consideration for publication in 
Marine Mammal Science. In December 2015, the manuscript was 
returned with the invitation to resubmit following major revisions (see 



 5 

1.a.ii) These revisions are presently being addressed and the 
manuscript will be resubmitted in March 2016.   

     
ii. Using stable isotopes to explore spatial and temporal variability 

in the diet and trophic levels of Kodiak humpback whales 
This task has been completed 

 
iii. Resource overlap and foraging impacts of Kodiak humpback 

whales 
A manuscript entitled “Fine-scale spatial differences in humpback 
whale diet composition near Kodiak, Alaska”, was accepted for 
publication by Marine Mammal Science in February 2016.  

 
b. Whale sightings 

i. Associations of humpback whales within the central and western Gulf 
of Alaska 
During the reporting period analysis for this objective continued as 
described in section 1.b. We anticipate submission of a manuscript 
based on this analysis in the early spring of 2016. 

 
ii. Long-term patterns of habitat use by cetaceans near the Kodiak 

Archipelago as shown by aerial surveys 
Model effort of these data continue to be problematic, showing 
unreasonably high levels of uncertainty. As such, much of this 
reporting period was again spent diagnosing the source of the 
uncertainty and revisiting our models and model parameters. We 
hope these issues will be settled during the final report period and can 
submit a manuscript for publication by May 2016.   

 
c. Whale foraging behavior 

This task has been completed. 
 

d. Pinniped diets 
Two manuscripts were being prepared in this reporting period. The draft of the 
first manuscript, titled “Regional and seasonal comparison of scat contents 
between Steller sea lions and harbor seals around the Kodiak Archipelago”, 
describes primarily niche separation between the two local species, as well as 
dietary overlap when densities of specific prey are relatively high, is nearing 
completion and coauthor review. A second manuscript, titled “Steller sea lion 
diets in relation to prey distribution around the Kodiak Archipelago”, compares 
Steller sea lion scat contents to catch compositions in research trawls, will be 
drafted in May 2016. 
 

e. Prey quality 
A manuscript is currently being prepared based on four forage fish species, 
namely, Pacific herring, capelin, eulachon, and walleye pollock. The first draft, 
titled “Regional comparison of forage fish fatty acid composition in relation to 
stomach contents in the Gulf of Alaska” is expected to be finished by May 
2016. 
 

f. GAP Ecosystem modeling 
No significant progress was made for this task during the report period. 
 

4) Develop an index of forage fish distribution and biomass in waters around the 
Kodiak Archipelago 
No significant progress was made for this task during the report period. 
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Problems 

 
There were no unexplained expenditures made during this reporting period.  

 
 
 
 

Prepared by:      Date: March 28, 2016 
   Principal Investigator 
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Table 1:  Mean (±SD) values of stable carbon and nitrogen isotope ratios and sample sizes of 
prey species for use in simmr mixing models. Also shown are the length ranges for size classes 
when applicable.  

Species Size Range   δ13C δ15N 
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 2. 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 (2a) and the 
Shumagin Islands (2b). 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. 

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	 3	 2	 2	 3	 2	 1	 0	 0	 0	 2	 0	 0	
00	 6	

	
2	 3	 2	 1	 4	 3	 2	 3	 2	 1	 1	 0	 0	 1	 0	 0	

01	 29	
	 	

9	 7	 3	 6	 9	 4	 12	 5	 2	 1	 0	 4	 1	 0	 2	
02	 120	

	 	 	
15	 7	 23	 17	 13	 33	 6	 5	 4	 4	 7	 7	 4	 6	

03	 53	
	 	 	 	

2	 12	 7	 4	 6	 3	 3	 5	 1	 5	 4	 1	 2	
04	 267	

	 	 	 	 	
34	 24	 14	 39	 7	 11	 11	 2	 6	 5	 5	 8	

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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b. 

		 		 Shumagin	Islands	

99	 15	 1	 6	 6	 2	 0	 4	 8	 0	 2	 3	 1	 7	 1	 4	 2	 		 0	
00	 60	

	
33	 17	 9	 0	 10	 16	 0	 9	 8	 6	 12	 1	 14	 1	 		 1	

01	 76	
	 	

25	 5	 0	 5	 17	 0	 11	 10	 4	 11	 1	 16	 4	 		 2	
02	 35	

	 	 	
5	 0	 7	 12	 0	 11	 9	 9	 7	 0	 8	 1	 		 0	

03	 		
	 	 	 	

		 		 		 		 		 		 		 		 		 		 		 		 		
04	 56	

	 	 	 	 	
9	 13	 0	 9	 6	 8	 11	 1	 9	 0	 		 0	

05	 89	
	 	 	 	 	 	

50	 0	 16	 18	 11	 21	 6	 19	 1	 		 1	
06	 0	

	 	 	 	 	 	 	
		 		 		 		 		 		 		 		 		 		

07	 123	
	 	 	 	 	 	 	 	

31	 17	 20	 19	 5	 26	 4	 		 2	
08	 116	

	 	 	 	 	 	 	 	 	
38	 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	

	 	 	 	 	 	 	 	 	 	 	 	 	
73	 7	 		 1	

13	 40	
	 	 	 	 	 	 	 	 	 	 	 	 	 	

3	 		 0	
14	 		

	 	 	 	 	 	 	 	 	 	 	 	 	 	
		 		 		

15	 6	 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 0	
 

 

 



 10 

 

Table 3. Movement of humpback whales between subregions in the Kodiak study area. The 
vertical column represents the subarea in which the animal was first sighted while the horizontal 
column represents the subregion 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 4. 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%) 
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Figure 1: Bivariate stable isotope values (mean ±S D) of fin and humpback whales from Kodiak 
and potential prey sources. Abbreviations are as listed in Tables 1. 
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Figure 2: Box plots showing results of simmr Bayesian mixing models showing proportional 
estimates of diet composition for Kodiak fin whales (upper panel) and humpback whales (lower 
panel). Abbreviations for prey sources are as in Table 1. 
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Figure 3. Locations of humpback whale sightings in the Shumagin Islands and Kodiak Island 
between 1999 and 2015. Also shown are subareas within the Kodiak Island study area. 


