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ABSTRACT 
Humpback whales (Megaptera novaeangliae) are firmly established as apex predators in the Gulf of Alaska (GOA) and the level of prey overlap that exists between humpbacks and other apex predators, 
including Steller sea lions (Eumetopias jubatus) may be quite significant. Therefore humpback whale research is one component of the GAP project, a study of trophic interactions within Steller sea lion critical 
habitat in the GOA.  The Kodiak Island region has been shown to support a probable geographically separate humpback whale feeding aggregation. Historic whaling records indicate this aggregation was much 
larger prior to exploitation. Removal and recent recovery of humpback whales may have significant effects on ecosystem dynamics. As a result, research focusing on the current and pre-whaling abundance 
estimation and prey consumption of both populations began in 2001. Results estimate a current population of 157 humpback whales feeding within the Long Island Steller sea lion critical habitat in Kodiak, 
Alaska. A pre-whaling population was estimated at 1464 whales. Biomass removal caused by humpback whales was modeled for three hypothetic diets that were created based on prey availability surveys 
conducted within the study area and stomach contents of commercially caught whales. Results show that currently, feeding humpback whales may be removing nearly 24,000 tons of prey annually, including 
9,000 tons of juvenile pollock (Theragra chalcogramma) and 2,500 tons of capelin (Mallotus villosus). Historic populations may have been responsible for removing well over 200,000 tons of prey.   
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INTRODUCTION 
     The presence of a feeding aggregation of humpback whales around Kodiak Island could 
significantly affect ecosystem dynamics. Estimating abundance and examining foraging ecology 
of these whales would provide information essential to evaluating species interactions and the 
environment impacts of feeding humpback whales.  Estimation of consumption by humpback 
whales is of particular importance within the Kodiak region, as wide sweeping biological 
changes have been seen throughout the Gulf of Alaska (GOA) and Bering Sea within the last 30 
to 40 years. The GOA and Bering Sea ecosystems have undergone a shift in community 
structure (Anderson and Piatt 1999). Several marine mammal and bird species, as well as a 
variety of forage fishes, have severely declined, while some gadid and flatfish species, such as 
walleye pollock and arrowtooth flounder, have increased.  One of the most prominent of these 
shifts is the decline in the western stock of Steller sea lions (Eumetopias jubatus), as much as 
80% in some areas of western Alaska (NRC 1996; Merrick 1997).  The cause of these changes 
is unclear, though several hypotheses have been proposed in an attempt to explain these 
phenomena. One proposed hypothesis states that changes in abundance of forage fish species 
(capelin, herring, sandlance), and subsequent decline in marine mammal species, may have been 
brought about through a reorganization of the ecosystem caused by historical patterns of 
exploitation and climate changes (Merrick 1995; NRC 1996; Trites et al. 1999).   
     One such pattern of exploitation resulted from a large scale whaling operation out of Port 
Hobron, Alaska from 1926 to 1937, which resulted in the taking of nearly 1,600 humpback 
whales from the waters of the southeastern shores of Kodiak Island (Williams S. Lagen 
Collection unpub. data) (Figure 1). The reduction in humpback population size caused by 
whaling was likely to have had profound effects on the surrounding ecosystem. 
     The relationship between the humpback’s decline due to commercial whaling and changes 
in prey composition are essential in understanding current and historic trends and predator-prey 
interactions in the GOA. Prior to this analysis, there was no reliable information on abundance 
for the Kodiak Island feeding aggregation. Without abundance estimates and boundaries for this 
feeding aggregation, it is impossible to determine the amount of prey being consumed by these 
large predators. Historical and current abundance and predation data for the eastern Kodiak 
Island feeding aggregation of humpback whales can be combined to obtain an understanding of 
their role as apex predators.  Further, this knowledge will provide insight into the Kodiak 
ecosystem as a whole and help to determine which apex predators may be in resource 
competition with one another.  When better understood, these competitive relationships may aid 
in uncovering the cause of recent declines in such species as the Steller sea lion and growth of 
various groundfish species and to diagnose the current state of the Kodiak Island ecosystem.  

METHODS 
Study area and period 
• The study area was limited to the waters of eastern Kodiak Island, including Chiniak and Marmot Bays.  
• The study area was selected because of its accessibility and because it contained the Steller sea lion Long 
Island critical habitat.  
• In 2002, the study area was divided into four subareas of approximately equal size to equalize sampling 
effort and ensure thorough coverage within the study area (Figure 2).  
• Subareas were also used to separate sightings of humpback whales for the purpose of weighting diet 
composition in relation to prey availability.  
• Vessel surveys were conducted June 13th through September 14th, 2001 and June 4th through September 
17th, 2002. These study periods were divided into week long sample periods within each year.  
Photo-identification and abundance estimation 
• Individual whales were identified from black and white photographs of the ventral surface of their flukes 
(Katona et al. 1979) (Figure 3). All photographs were taken with a 35 mm camera with 300 mm lens. 
• Current (2002) humpback whale abundance within the study area was estimated using the Schnabel 
maximum likelihood estimator (MLE). 
•  Historic (pre-whaling and immediate post-whaling) estimates of abundance were calculated following a 
delay-difference model adapted from Breiwick et al. (1981). Historic abundances were dependent upon the 
current abundance estimate, historic catch, and published values of mortality and recruitment.  
Diets and prey consumption 
• Seasonal consumption was estimated for both the current humpback whale population and the pre-
whaling humpback whale population using three hypothetical diets (A through C).  
• Diets B and C were used to estimate consumption of current humpback whales only. 
•  Consumption based on all three diets was modeled for the pre-whaling population so as to model 
biomass removal if humpback whales had not been commercially harvested.  
• Diet A was created based on the stomach contents of humpback whales harvested out of Port Hobron as 
analyzed by Thompson (1940).  
• Diets B and C were designed to be proportional to whale sightings within subareas and reflect prey 
availability for 2001 and 2002 respectively. Information on prey availability came from mid-water trawl 
surveys conducted seasonally within eastern Kodiak Island waters in 2001 and 2002 (See 2003 Gulf Apex 
Predator (GAP) Poster). 
• Estimates of consumption were calculated by two methods. Method 1 assumes each humpback whale 
consumes one ton of food per day.  Method 2 accounts for the energy requirements (kcal/day) of whales 
and the energy density (kcal/g) of their prey based on equations from Perez and McAlister (1993). 
• Energy densities were available for local prey species collected during 2002 trawl surveys for all months 
within the study period with a few exceptions (R. Foy unpubl. data).  

RESULTS AND DISCUSSION 
Sightings 
•   45 adult whales were sighted in 2001; 103 adult whales were sighted in 2002. 40 flukes were photographed in 2001; 90 flukes were 

photographed in 2002. 
•   Seemingly increased abundance in 2002 was not likely a difference in effort between 2001 and 2002.  
•   Continued research will lend insight into interannual variability of sightings within the Kodiak Island study area. 
•   Comparison of fluke photographs between the Kodiak  Island study area and the Shumagin Islands revealed five whales sighted in both 

regions since 1999 indicated the Kodiak Island whales may  utilize a significantly larger area to feed. 
Population estimation 
•   The pre-whaling population was estimated at 1,464 (95% confidence interval: 1,402, 1,556) using the delay-difference model (Figures 4 & 5). 
•   The post-whaling population (1938) was estimated at 128 (95% confidence interval: 68,188) using the delay-difference model (Figures 4 & 

5). 
•   Current population (2002) was estimated at 157 (95% confidence interval: 97, 217) using the Schnabel MLE (Figures 4 & 5). 
•   Historic abundance was estimated within the study area only, though whaling occurred throughout the entire southeast side of Kodiak Island. 

As a result, the historic population may be overestimated within the study area alone.  
•   The delay-difference model is highly sensitive to estimates of mortality and recruitment.  
•   Critical assumptions of the Schnabel MLE, such as equal probability of capture and closure, are likely violated and may bias estimates. The 

presence of capture heterogeneity is likely a larger problem than closure and would cause an underestimation of abundance. Thus,157 should 
be considered the best minimum estimate available. 

Diet 
•   The historic diet (A) contained surf smelt and general euphausiid species (Figure 6). 
•   Current diets (B and C) contained nearly identical prey, though C was more diverse with the addition of sandfish and herring. Diets B and C 

contained none of the same prey as diet A (Figures 7 & 8).  
•   The differences between historic and current diets  may have been an artifact of a regime shift in the North Pacific. The shift is well 

documented and attributed to it are increases in groundfish biomass and decreases in forage fish biomass. 
•   Diets were hypothetical and may or may not reflect true diet. Due to the fact that prey surveys overlapped humpback whale sightings both 

temporally and spatially, however, proposed diets may reflect true targeted prey to a reasonable extent.  
Consumption 
•   Method 1 estimated historic consumption at 222,258 tons and current consumption at 23,864 tons for a 152 day feeding season (Figures 9 

through 11). 
•   Method 2 estimated historic consumption at between 67,810 and 83,543 tons of prey depending on diet. Current consumption was estimated 

at between 7,272 and 8,959 tons of prey depending on diet (Figures 9 through 11).  
•   Biomass removal of prey estimated by method 1 was likely the less accurate of the two methods as it was not supported by biological data. 
•   Consumption was dependent on population size and the length of the feeding season, both of which may have associated error. 
Overall Conclusions 
•   At the current levels of abundance humpback whales are significant consumers of a variety of prey sources, primarily walleye pollock and 

small forage fish. 
•   Resource limitation may be occurring if prey overlap exists between humpback whales and other apex predators. 
•   The removal of humpback whales may have released nearly 200,000 tons of prey annually, invoking a trophic cascade effect and causing a 

reorganization of the marine community. 
•   Complete predictions of the effect of humpback whale consumption cannot be made without sophisticated multi-species models and analysis 

of ecosystem interactions. 
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Figure 8: Composition of diet C based on 2002 Kodiak Island prey 
availability surveys. 

Figure 6: Composition of diet A based on stomach contents of 
commercially caught humpback whales. 

Figure 7: Composition of diet B based on 2001 Kodiak Island prey 
availability surveys. 

Figure 1: Humpback whales were commercially harvested 
from the waters surrounding eastern Kodiak Island between 
1926 and 1937 our of Port Hobron whaling station. 

Figure 2: Map of Kodiak Island showing study area shaded 
with subareas outlined and numbered and the location of the 
Port Hobron whaling station. 

Figure 3: Examples of black and white photographs of 
humpback whale flukes showing variations in pigmentation 
and distinctive marks used to identify individuals. 

Figure 4: Comparison of commercial catch (Ct) and estimated 
abundance (Nt), showing N0, N1938, and N2002. 

Figure 5: Estimates of humpback whale abundance at three time periods, 
showing 95% confidence intervals (CI). N0 represents the pre-whaling 
population size. 

Figure 9:  Estimated consumption by the pre-whaling humpback 
whale population for diet A using the two methods. 

Figure 10: Estimated consumption by the pre-whaling (above) and 
current populations (below) for diet B using the two methods. 

Figure 11: Estimated consumption by the pre-whaling (above) 
and current populations (below) for diet C using the two methods. 
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