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Introduction
As an apex predator, data about the foraging ecology and migratory

 
 

patterns of humpback whales are essential to understanding their
 
role as 

consumers in marine ecosystems. In recent years, stable isotope analysis 
has proved a valuable technique for providing information on diet, trophic 
position, and feeding origins of migratory animals. This project

 
evaluates 

the stable isotope signatures of North Pacific humpback whales on both 
broad and fine scales.  On a broad scale, patterns that emerge in isotope 
biogeography will be used to apply ratios as a marker for feeding

 
 

aggregations. Detailed, fine-scale analysis will be conducted as a case 
study to assess foraging ecology within a well defined study area. 

Preliminary Results
To test the feasibility of this project, 86 samples were analyzed in late 2005. 
These samples were collected from four feeding regions; NGOA, SEAK,

 
 

Washington, and California. 
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Additional Analysis and Future Directions
•Process samples from regions where sample size is under represented or 
absent.

•Collect additional skin and prey samples within the Kodiak Island study 
area in 2007.

•Calculate relative trophic position based on:
•
 


 
+ (15Nspecimen

 

– 15Nbase of food web

 

)/3.4 , where 
 
is the trophic position of the 

organism used at the base of the food web and 3.4 is the average
 
N 

enrichment per trophic level 

•Evaluate 13C and 15N of Kodiak Island humpback whales and their 
potential prey in a dietary mixing model to estimate relative prey 
contributions to the local humpback whale diet.  

•Continue exploration of data through ANOVA or Kruskal-Wallis or
 
 

multivariate statistics such as discriminant
 

function analysis or
 
 

classification and regression trees (CART). 

Objectives
•Determine if 13C and 15N signatures are unique to North Pacific

 
 

humpback whale feeding aggregations. 

•Assign North Pacific humpback whales sampled on winter breeding
 
 

grounds to a specific feeding aggregation. 

•Evaluate the relative trophic positions of foraging humpback whales for 
each of the North Pacific feeding aggregations.

•Evaluate the stable isotope signatures of potential humpback whale prey 
and use these signatures in a mixing model to indicate relative dietary 
composition in a well defined study area

Skin samples collected from the dorsal flank of free-swimming whales

Total
Region Map Key 2004 2005 2006
Hawaii Hawaii 116 121 50 287
Mexico MEX
Japan ASIA
Central America CENT
California - 
Oregon CA-OR 62 67 129
Washington - 
Southern British 
Columbia WASBC 22 27 49
Northern British 
Columba NBC 89 59 148
Southeast Alaska SEAK 121 128 249
North Gulf of 
Alaska NGOA 156 21 177
West Gulf of 
Alaska WGOA 50 50
Eastern Aleutian 
Islands EAI 72 28 100
Western Aleutian 
Islands WAI 12 12
Bering Sea BER 64 1 65
Russia RUS 28 41 69

Total 792 493 50 1335
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Year # of Samples
2004 28
2005 54
2006 25

107

Analysis on a broad-scale: the SPLASH project
Spatial and temporal breadth

Analysis on a fine-scale: Kodiak Island and the GAP project
Detailed analysis within a defined study area

•Each sample is freeze dried, lipid extracted, oven dried and then ground to 
ensure homogenization. 

•Samples are then analyzed for carbon (13C/12C) and nitrogen (15N/14N) 
ratios using a stable isotope ratio mass spectrometer.

•Isotope  ratios are expressed in parts per thousand or delta notation as: 

•Where X is the element and R is the ratio of heavy to light isotope in the sample and in a 
standard.

•Standards are Pee Dee Belemnite limestone  & atmospheric nitrogen gas. 

•
 
13C is used to explore sources of primary production and, thus, location of feeding for 

humpback whales. 

•
 
15N becomes enriched between consumer and prey and is used as an indicator of trophic 

position.
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•Over 5,000 skin samples have been collected from humpback whales
 
as a 

part of the structure of populations, levels of abundance and status of 
humpback whales (SPLASH) project. 

•SPLASH sampling effort is marked by rare spatial and temporal breadth  
with extensive regional effort throughout all known feeding and breeding 
grounds in the North Pacific between 2004 and 2006.

•To date, over 1,300 samples from one breeding region and all feeding
 
 

regions have been processed and submitted for stable isotope ratio analysis 
(see table above).

•Additional samples from all regions will soon be available for processing 
and analysis.

10 Feeding Areas
June –

 

Nov 2004 & 2005

4 Breeding Areas
Dec –

 

May 2004, 2005, & 2006

•Samples for isotope analysis were collected near Kodiak Island, Alaska, 
within the Gulf Apex Predator prey (GAP) study area.

•Samples from 107 humpback whales were collected between June and
 September in  2004, 2005, and 2006.

•Fine-scale analysis includes the collection and analysis of potential
 humpback prey.

•Prey is collected with a midwater trawl net as a part of GAP prey
 
 

assessment surveys and include forage fish <30 cm in length such
 

as 
juvenile pollock, capelin and Pacific herring. 

Results of one-way ANOVA:

•Significant for carbon (F3, 82

 

= 
30.176, P<0.001) and nitrogen 
(F3,82

 

= 17.803, P<0.001)
 indicating mean values of 13C 

and 15N
 
were different among  

these four locations.

•Tukey
 

comparisons for 13C 
were all significant except

 
 

between California and
 
 

Washington (P=0.855). 

•Tukey
 

comparisons for 15N
 were significant except
 
 

between California and
 
 

Washington (P
 

= 0.691) and 
between SEAK and NGOA (P

 
= 

0.999).
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•Results for 13C are expected based on what is presently known about 
segregation on feeding grounds. California and Washington animals are 
currently assigned to the same feeding aggregation. 

•Results for 15N indicate similarity in trophic position and prey choices for 
animals feeding in California and Washington and animals feeding

 
SEAK 

and NGOA.

•Results may also be indicative of differences in carbon and nitrogen ratios 
at the base of regional food webs and should be investigated further. 

Methods
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