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EXECUTIVE SUMMARY 

Mysticetes are acknowledged as key components of ecosystems (Perez and Mcalister 1993, 
Kenney et al. 1997) and recently as sentinel species, whose population health is indicative of the health 
of their environment (Moore et al. 2007). By virtue of their size, mysticetes (baleen whales of the suborder 
Mysticeti) are easily visible and their presence, distribution, and numbers on feeding grounds can be 
monitored with relative ease. As such, mysticetes are effective indicators of the environmental conditions 
affecting the abundance and concentration of their prey, primarily zooplankton and small schooling fish.   

Kodiak supports feeding grounds for three species of baleen whales that occupy different 
habitats, rely on different prey, and are known to interact with coastal fisheries. The recent but persistent 
presence and feeding of gray whales (Eschrichtius robustus) in temperate Kodiak waters may imply a 
response to changes in the Arctic and/or Gulf of Alaska environments they exploit (Moore et al. 2007). 
Likewise, migratory humpback and fin whales may be sentinels of environmental changes in the Gulf of 
Alaska where they are massive consumers on coastal and pelagic concentrations of forage fish (e.g. 
capelin, herring, sand lance) and/or zooplankton (e.g. euphausiids, copepods) (Nemoto 1957, Nemoto 
and Kasuya 1965).  

As the abundance of these three species continues to increase in Kodiak waters, there is a 
growing potential for direct (collisions with fishing gear and vessels) and indirect (increased noise, 
competition) interactions with coastal sport, subsistence, and commercial fisheries. The goal of GAP09 is 
to monitor the measurable response of these three whale species to changes in their physical and 
acoustic environment.  
 

PURPOSE OF PROJECT 

Since 1999, the Gulf Apex Predator-prey (GAP) study has collected data on whales feeding in the 
Gulf of Alaska in order to assess their role in the environment shared with Steller sea lions. With 10 years 
of data on the seasonal distribution, residency, and foraging patterns of long-lived mysticetes, GAP has 
established a basis for monitoring the response of Gulf of Alaska mysticetes to environmental variability 
over time.  In GAP09, we built on this body of data by documenting and comparing seasonal shifts in the 
distribution of three mysticete species to identify temporal shifts in habitat use that may indicate changes 
in prey availability. In addition, GAP09 explored the fine-scale response of whales to a physical change in 
their environment: point source noise generated by acoustic deterrent devices. By monitoring whales’ 
response to abrupt acoustic change in their environment, we sought to identify effective means of 
avoiding entanglement while minimizing the introduction of noise into coastal water.  

The goal of GAP09 was to monitor the measurable response of three mysticetes whale species to 
changes in their physical and acoustic environment. Our specific objectives were to: 
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1. Monitor trophic-level shifts in prey use via isotopic ratios in fin and humpback whale skin 
2. Monitor distribution, diet, and residency of a sentinel species (gray whales in Ugak Bay) 
3. Monitor the seasonal distribution of fin and humpback whales as an indicator of changing 

prey/environment  
4. Document fine-scale response of humpback whales to acoustic deterrents 

 
1. MONITOR TROPHIC-LEVEL SHIFTS IN PREY USE BY FIN AND HUMPBACK WHALES 
 

APPROACH 

The analysis of stable isotope signatures of animal tissue is a technique that is becoming 
increasingly valuable to ecological studies. The utility of stable isotope analysis results from the fact that 
the ratios of heavy to light stable nitrogen (15N/14N; δ15N) and carbon (13C/12C; δ13C) isotopes of prey are 
reflected in the consumer’s tissues in a predictable manner. A consumer’s tissues are relatively enriched 
in 15N relative to food sources, making δ15N a good indicator of trophic position (Post 2002b). In contrast, 
13C remains relatively constant along the food chain and can be used to determine sources of primary 
productivity in a trophic network (Kelly 2000). 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). 

We analyzed δ13C and δ15N from whale skin to assess trophic-level shifts in prey use by fin and 
humpback whales with the Gulf of Alaska. Skin samples were collected from free-swimming fin and 
humpback whales during vessel surveys in Kodiak and the Shumagin Islands (Table 1). Samples were 
collected using a hollow-tipped stainless steel biopsy dart fired by a pneumatic .22 rifle. Results from 
samples analyzed prior to GAP09 efforts were combined with new results from GAP09 to evaluate fin and 
humpback whale trophic ecology on a longer time scale.  

Samples were prepared for analysis by first oven drying for 24 hours following by extraction of 
lipids using petroleum ether in a Soxhlet extractor. The sample was then oven dried for an additional 24 
hours to evaporate off any remaining solvent. Dried and lipid extracted samples were ground to a powder 
to ensure homogenization. Aliquots (~1mg) of homogenized sample were sealed in 5 mm by 9 mm tin 
capsules and shipped for stable isotope analysis. Samples were analyzed using a Finnigan MAT Delta 
Plus XL isotope ratio mass spectrometer. All stable isotope ratios were reported as per mil (‰) using 
delta notation determined from the equation:  X = [(Rsample/Rstandard)-1] x 1000, where X is 15N or 13C and R 
is the corresponding ratio of 15N/14N or 13C/12C. Standard reference materials were carbon from Pee Dee 
Belemnite and atmosphere nitrogen gas.  

Differences in mean stable isotope values were explored using analysis of variance (ANOVA). 
Factors considered included species, year, and region.  Relative trophic level was calculated for each 
species in each region and for both regions combined. Trophic level (TL) was calculated as: δX = 2 + 
(δ15Nspecimen- δ 15Nprimary consumer)/2.4 where 2 is the trophic level of the primary consumer (Post 2002a), and 
2.4 is the average δ5N enrichment per trophic level for marine mammal muscle (Hobson et al. 1996). 2.4 
was used to allow for direct comparison with previous GAP studies on humpback whales (Witteveen et al. 
2011). Previous studies have used primary consumers, such as copepods and filter feeding bivalves as 
surrogates for food web bases (Kling et al. 1992, Cabana and Rasmussen 1996, Post 2002b, Matthews 
and Mazumder 2007, Witteveen 2008). Weathervane scallops (Patinopecten caurinus) were used as the 
primary consumer in this study. Scallops were collected opportunistically during annual bottom trawl 
surveys conducted through the Gulf of Alaska by the Alaska Department of Fish and Game.  Scallop 
samples were prepared and analyzed for stable isotope ratios as whale samples above. 

RESULTS 

A total of 26 humpback whale and 10 fin whale samples were collected in GAP09 vessel surveys 
during the 2010 field season conducted in Kodiak and the Shumagin Islands (Table 1).  Of these, 32 were 
analyzed for δ13C and δ15N. These results were added to the existing GAP catalog of stable isotope ratios. 
Mean values for stable isotope ratios for humpback whales were -17.8 ± 0.08 (SE) for Kodiak and -18.0 ± 
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0.10 for the Shumagin Islands for carbon and 13.4 ± 0.07 for Kodiak and 13.1 ± 0.09 for Shumagin for 
nitrogen. Mean values for stable isotope ratios for fin whales were -18.3 ± 0.55 for Kodiak and -18.4 ± 
0.20 for the Shumagin Islands for carbon and 12.8 ± 0.36 for Kodiak and 12.6 ± 0.33 for the Shumagin 
Islands (Table 2).  

Mean values of δ13Cand δ15N were significantly different between fin and humpback whales 
without considering region (F1,235 = 4.2, p = 0.042  for δ13C and F1,235 = 9.1, p = 0.003 for δ15N).  Mean 
values of both were also significant between regions without considering species (F1,235 = 5.2, p = 0.023  
for δ13C and F1,235 = 31.4, p < 0.000 for δ15N). Within Kodiak, mean values of neither isotope were found 
to be significantly different between species. Similarly, mean carbon isotope ratios were not significantly 
different between species in the Shumagin Islands while δ15N means were (F1,89 = 6.1, p = 0.016) (Figure 
1).  

 Mean stable nitrogen isotope ratios for weathervane scallops were 10.3 ± 0.10 for Kodiak and 9.2 
± 0.15 for the Shumagin Islands. These values were used to calculate relative TLs of fin and humpback 
whales. Mean TLs for fin whales were 3.1 ± 0.15 for Kodiak and 3.4 ± 0.14 for the Shumagin Islands 
and 3.3 ± 0.03 for humpback whales in Kodiak and 3.7 ± 0.03 for the Shumagin Islands (Table 1; Figure 
2).  A univariate ANOVA showed that differences in mean TLs were significantly influenced by species 
(F1,233 = 4.8, p = 0.03) and region (F1,233 = 9.7, p = 0.002), but not the interaction.   Finally, mean TLs 
were analyzed for each species in each region by year. The mean TLs for fin whales in both Kodiak and 
the Shumagin Islands did not differ significantly by year (F1,1 = 146.2, p = 0.053 for Kodiak and F1,9 = 
0.0, p = 0.861 for the Shumagin Islands).  For humpback whales, mean TLs for Kodiak were not 
significantly different by year (F6,136 = 1.6, p = .155), but were so in the Shumagin Islands (F6,73 = 3.4, p 
=0.005; Figure 3). 

SUMMARY 

Results from stable isotope analysis provided evidence that there are likely differences in the 
foraging habits of fin and humpback whales in the Gulf of Alaska.  Values of δ13C were consistently less 
enriched (more negative) for fin whales than humpback whales Carbon values follow a gradient with 
values becoming less enriched from nearshore to offshore. Thus, results suggest that fin whales are 
foraging in more pelagic or offshore waters compared to humpback whales, which may favor more 
coastal feeding grounds.   

Mean values of δ15N were lower for fin whales than humpback whales in both regions (Figure 1).  
Nitrogen becomes increasingly enriched by approximately 3‰ between consumer and prey and, thus, is 
a good indicator of TL. Our results, therefore, indicate that fin whales are likely feeding lower trophically or 
on a diet comprised less of fish and more of zooplankton than humpback whales.  However, without 
accounting for differences in δ15N at the base of the food web, direct comparison of nitrogen isotopic 
signatures can result in erroneous conclusions. We confirmed the lower trophic foraging of fin whales 
compared to humpback whales by calculated TL, which adjusts for differences in baseline nitrogen 
values. Mean TLs for fin whales were lower in both Kodiak and the Shumagin Islands.  These results are 
in agreement with a general understanding of fin and humpback whale prey preferences. While both are 
labeled as generalist consumers, humpback whales seem to target pelagic forage fish more than fin 
whales, which are more planktivorous and often associated with copepods (Whitehead and Carscadden 
1985, Borobia et al. 1995, Baraff 2006).  

  There may be some evidence for a trophic level shift for humpback whales in the Shumagin 
Islands (Table 1; Figure 3). ANOVA showed that Year significantly influenced mean TL values for this 
group of whales.  This result is likely most strongly influenced by the high trophic level estimated in 2010. 
However, both fin and humpback whales were believed to be foraging on dense zooplankton schools 
during this year and, the limited fin whale samples suggest there was no marked increase in TL for fin 
whales in the Shumagin Islands in 2010.   

A surprising result was that TLs were higher in the Shumagin Islands than Kodiak.  Humpback 
whales feeding in the Shumagin Islands often targeted dense patches of zooplankton, while those 
foraging in Kodiak often targeted capelin and juvenile pollock. Thus, we would have expected higher TLs 
values for Kodiak humpback whales. One explanation for this finding may be related to the primary 
consumer we used as reference. Calculating TL is entirely dependent on the selection of an appropriate 
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representative of the nitrogen base. We used weathervane scallops as a primary consumer, which have 
been used by other studies but may not have been the most appropriate here. Exploration of additional or 
alternatives sources of primary consumers, such as copepods or salps, would be insightful.  

Differences in mean values of stable isotope ratios were not always statistically significant, so 
some caution is needed in interpreting results. The substantial difference in fin whale vs. humpback whale 
sample sizes can impact results. By continuing to collect and analyze samples from both species, we can 
further explore these preliminary observations and elucidate potential differences in the foraging 
strategies and trophic levels of these sympatric whale species.  

 

MODIFICATIONS OF GOALS AND METHODS 

There were no modifications of goals or methods related to this task.   

  

2. MONITOR DISTRIBUTION, DIET, AND RESIDENCY OF A SENTINEL SPECIES (GRAY WHALES 
IN UGAK BAY) 

Eastern North Pacific gray whales are often considered a truly Arctic species because of their   
exploitation of benthic amphipod swarms in the Bering and Chukchi seas in the 1980’s (Kim and Oliver 
1989, Moore et al. 2000). But since the mid-1980’s, some gray whales have been observed foraging 
along their migration route from Baja north into BC. From 1998-2003, nearly 300 of these individual gray 
whales have been photo-identified and described as members of the “Pacific Coast Feeding Aggregation” 
(PCFA) (Calambokidis et al. 1999).  

Gray whales migrate past Kodiak Island while transiting through the western Gulf of Alaska to and 
from their arctic and subarctic feeding areas. In addition, 50-200 gray whales since 1999 have been seen 
throughout the year feeding in waters in and near Ugak Bay, off Kodiak’s east coast (Wynne and 
Witteveen 2005). Their recent but persistent presence and feeding in temperate Kodiak waters may imply 
a response to changes in the Arctic and/or Gulf of Alaska environments they exploit (Moore et al. 2007). 
Interest in the summer feeding of gray whales in this area prompted preliminary photographic surveys in 
the summers of 2002 and 2004 and an assessment of the benthic prey available to them in Ugak Bay in 
2004 (Moore et al. 2007). In 2008, GAP researchers returned to Ugak Bay to replicate the prey sampling 
and photo-ID efforts of these prior studies. Of 24 individual gray whales photographed in June 2008, four 
were matched to photographs from the North Pacific gray whale catalog; only one had been 
photographed previously in Ugak Bay (2002). The other three had been photographed 1-5 times on 
Northern BC, CA/OR, and Vancouver summer feeding grounds. 

In GAP09, we sought to increase our understanding of the significance of the Kodiak feeding area 
to gray whales by a) documenting the seasonal presence and feeding of whales in the area through aerial 
surveys and b) determining the identity, residency, and diet of individual gray whales using Ugak Bay via 
photo-identification.  

 

APPROACH 

Seasonal presence, distribution, and feeding 

The seasonal presence, distribution and feeding activity of gray whales near Kodiak Island were 
monitored during monthly aerial surveys (Figure 4). Monthly surveys were conducted by a team of 2 or 3 
observers from either a Cessna 206 or Bush Hawk airplane on floats at an altitude of 700 feet and speed 
of 100 kn. For each sighting, the species and estimated size of the group was marked along with a GPS 
location.  Efforts were also made to document plumes or fecal trails to indicate foraging behavior of gray 
whales. A feeding index was calculated based on the proportion of whales sighted with a plume.  

 

Identity, residency, and diet 

 To determine the residency of gray whales in Kodiak, vessel surveys were conducted to 
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photograph individual gray whales in Ugak Bay. Photographs of the dorsal regions and, when possible, 
ventral flukes, were collected and compared to GAP’s Kodiak gray whale catalog. Photographs were also 
shared with Cascadia Research Collective for comparison to the PCFA catalog.   

Benthic prey resources available to gray whales in Ugak Bay were identified through mud 
sampling. A 0.1 m2 van Veen grab weighing 88.7 kg (including a 32 kg weight) was used to collect 
epibenthic/benthic invertebrates from eight sample sites that had been previously sampled (Moore et al. 
2007) in 2002 and by GAP in 2008 (Figure 5).  To allow comparison to previous studies, the number of 
organisms from each taxa recovered per 0.1m2 grab was multiplied by 10 to estimate density as number 
of individuals per m2.  

 

RESULTS 

Seasonal presence, distribution, and feeding 

Fifteen aerial surveys were conducted monthly between October 2009 and February 2011 (Table 
3). No survey was conducted during November 2009 or December 2010 due to extended periods of 
inclement weather. Gray whales were observed on twelve of these surveys (Table 3).  Gray whales were 
consistently seen near the mouth of Ugak Bay on northeast Kodiak Island (Figure 6), but presence was 
variable throughout much of the year (Table 3). When grouping surveys results by season, winter 
(December – February) clearly represents the season during which the greatest number of gray whales 
were sighted, with summer (June – August) showing the fewest number of sightings (Figure 7). While the 
two surveys during which no gray whales were sighted both occurred in February, poor sighting 
conditions hampered these surveys.   

For each survey in which more than one gray whale was sighted, a feeding index was calculated 
as the number of sightings with an associated plume divided by the total number of sightings. The feeding 
index was highly variable ranging from 0 to 0.67, with an average value of 0.28 (Table 3). Thus, 28% of 
gray whale sightings were associated with signs of foraging. However, due to the difficultly in observing 
plumes and associating plumes with specific whales, we suggest that the feeding index should be used 
as an indicator of foraging rather than a quantitative assessment of the degree or amount of foraging 
occurring.  

 

Identity, residency, and diet 

 Vessel surveys to collect identification photographs of individual gray whales were conducted 18-
19 June 2010 and 18 – 21 June 2012. Additional photographs were collected opportunistically in 
collaboration with the US Fish and Wildlife Service on 8 May 2012.  A total of 58 individual gray whales 
were photographed during these surveys (Table 4).  No whales were resighted between surveys, nor 
matched to animals photographed during previous GAP efforts in 2008.  All GAP photographs were 
submitted to Cascadia Research (Olympia, WA), who maintains the PCFA photographic catalog, for 
matching. At the time of this report, only comparison of 2008 and 2010 photographs had been complete 
and 2012 remains in progress. Matching of GAP photographs to the PCFA showed that six gray whales 
had been previously identified in other PCFA regions (Table 5).    

 Benthic prey samples were collected from nine sites during the June 2012 survey (Figure 5). All 
sampling sites had been previously sampled in 2002 and 2008. Samples were analyzed for species 
composition and density. Because cumaceans (Diastylopisi dawsoni) were the dominant fauna observed, 
densities (individuals/m2) were compared to previous results (Figure 5, Table 6).  Results showed that 
cumacean density was substantially less at all sampling sites in 2012, except for Site 2 which showed 
greater densities in 2012 than in 2008 but less than in 2002 (Table 6).  

 

SUMMARY 

Results suggest that gray whales may be using Ugak Bay as a feeding ground outside of the 
summer feeding season. It may be that these whales are briefly stopping to feed during both their 
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northward and southward transit between breeding grounds in Mexico and traditional Bering and Chukchi 
Sea feeding grounds. Some support for this is seen in the fact that no individual whales were resighted 
between surveys or years.  Alternatively, these whales may be moving further offshore and outside of our 
survey transects during the summer months. Sightings of gray whales offshore of Kodiak Island have 
been previously reported (Moore et al. 2007).  

Sampling of available prey suggests a decline in cumacean density over the past decade. 
However, prey sampling always occurred during summer months, which corresponded to the lowest 
number of whale sightings during aerial surveys.  It would be insightful to sample available prey when 
sightings peak to access prey densities during those times.  

 

MODIFICAITON OF GOALS AND METHODS 

 Vessel surveys to collect identification photographs were originally proposed to occur in May and 
September 2010. Shifts in gray whale presence in Ugak Bay prohibited us from complete vessel charters 
as originally proposed. The first survey was moved from May to June 2010 without issue. However, the 
second survey had to be repeatedly moved due to a paucity of gray whales in and around Ugak Bay. We 
requested, and were granted, a no-cost extension in January 2011 to conduct the second survey in June 
2011.  Unfortunately, a series of research vessel, personnel and, again, a lack of whales, resulted in no 
survey being conducted in 2011. We requested, and were granted, a second no-cost extension to 
conduct the second survey in summer 1012. As seen in the results above, we were able to successfully 
conduct this survey in June 2012 and complete our tasks for this objective.  

 

3. MONITOR THE SEASONAL DISTRIBUTION OF FIN AND HUMPBACK WHALES  

APPROACH 

The spatial distribution of mysticetes in high latitudes is often associated with oceanographic 
features, both persistent and ephemeral, that support the productivity and aggregation of their prey 
(Moore et al. 2000a, Moore et al 2000b, Piatt and Methven 1992, Baumgartner et al. 2003, Zerbini et al. 
2006). Therefore, monitoring seasonal and interannual changes in the distribution of mysticetes can 
reflect temporal changes in prey availability.  

The diets of fin and humpback whales have been documented to include an overlapping variety 
of zooplankton and small fish species (Nemoto 1957, Nemoto and Kasuya 1965, Kawamura 1982). Large 
aggregations of both fin and humpback whales are found in Kodiak and Shumagin Island waters, feeding 
on seasonally abundant prey resources and often in close proximity (Zerbini et al. 2006). In Kodiak 
waters, individuals of both species can be found in every month of the year (Wynne and Witteveen 2005).  
In areas where they coexist, monitoring the distribution of these species relative to each other sheds light 
on the implied abundance of prey resources and/or the potential partitioning of those prey resources by 
these conspecific consumers. 

In GAP09 we monitored the seasonal distribution of fin and humpback whales through a 
combination of aerial and vessel surveys. Data gathered contributed to the longterm monitoring of the 
relative abundance and distribution of Kodiak’s mysticetes, a key to assessing their population response 
to future oceanographic, climatic, and anthropogenic changes.   

 

Aerial surveys 

Surveys were conducted along a predetermined transect route on a monthly basis, with the exact 
timing of the surveys dependent upon weather and sighting conditions (Figure 4). A team of 2-3 
observers flew surveys in a Cessna 206 or Bush Hawk on floats at an altitude of 700 feet and speed of 
100 kn. Sightings of cetaceans were documented with time, GPS location, species, estimated group size 
and notable behaviors.  
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Vessel surveys 

 Vessel surveys were conducted to document the presence, distribution and relative abundance of 
fin and humpback whales in the coastal waters of Kodiak and the Shumagin Islands.  During vessel 
surveys, all sightings of whales were documented. At each sighting event, the date, time, location 
(latitude and longitude), group size and composition, and general behavior were recorded. Individual 
whales were documented by photographing features unique to individual whales. This entailed 
photographing the ventral surface of tail flukes for humpback whales and the dorsal fin and flank of fin 
whales.  Photographs were compared to archival catalogs of individual whales that contain photographs 
of both species dating back to 1999 for humpback whales and 2002 for fin whales. Photographs of both 
species were also collected opportunistically during the winter months.  

 

RESULTS 

Aerial surveys 

Fourteen aerial surveys were conducted between 27 October 2009 and 23 February 2011. No 
survey was conducted during November 2009 or December 2010 due to an extended period of inclement 
weather (Table 7).  An additional survey was conducted on 01 September 2010 in an effort to locate any 
dense aggregations of foraging humpback whales that could be targeted for tagging efforts (see 
Documenting Fine-Scale Response of Humpback Whales to Acoustic Deterrents below).  Whales were 
sighted in all surveys except the two conducted in February.  The highest numbers of fin whales were 
sighted in June and July, while August and October were peak months for humpback whale sightings 
(Table 7, Figure 8) Humpback whales were seen throughout the survey area, while fin whales were 
definitely more abundant on the west side of Kodiak Island (Figure 9).  

 

Vessel surveys 

 Vessels surveys directed at documented fin and humpback whale abundance and distribution 
were conducted during 13 days in Kodiak and 4 days in the Shumagin Islands (Table 1). A total of 151 
individual humpback whales were photographed, of which 61 had been seen in at least one previous year 
for a resight rate of 43% (Table 8).  Fewer individual fin whales were photographed : of 67 individuals 
photographed, only 8 had been seen on a previous occasion (Table 8).  

 

Summary 

Results from aerial surveys suggest within the Kodiak archipelago there are regions of distinct fin 
whale habitat and distinct humpback whale habitat but that regions of overlap may exist. The primary 
regions of overlap are Uganik Bay and, to a lesser extent, Marmot Bay. Overlap in these areas could be 
due to favorable densities of a shared prey source, as was seen during a previous GAP survey in 2007.   
However, peak abundances of these species did not coincide, with fin whales peaking in June and July 
andhumpback whales more prevalent in the later summer and early fall.  This suggests that there may be 
a degree of temporal as well as spatial segregation between these whale species.   

Densities of both fin and humpback whales were relatively low in the Kodiak region during GAP09 
compared to previous years. Fin whales were patchily distributed throughout most areas covered by our 
vessel surveys, but traditional “hot spots” for humpback whales were not occupied.  The local absence of 
humpback whales was likely due to minimal prey densities or lack of preferred prey.  Humpback whales 
have been shown to prefer capelin when juvenile pollock and euphausiids are present (Witteveen et al. 
2008). Fin whales, however, are thought to require less dense prey aggregations than humpback whales 
and therefore their distribution is likely less impacted on an interannual basis (Baraff 2006).  

  

MODIFICATION OF GOALS AND METHODS 

There were no modifications of goals or methods related to this task.   
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4. DOCUMENT FINE-SCALE RESPONSE OF HUMPBACK WHALES TO ACOUSTIC DETERRENTS 

Humpback whales migrate between high latitude summer/ fall feeding grounds and winter/spring 
calving and breeding grounds. Most humpback whales found in coastal Alaska waters are identified as 
belonging to the Central North Pacific stock (Baker et al. 1986, Calambokidis et al. 2001). Because they 
fast during migration and while on breeding grounds, humpback whales depend on a variety of school fish 
and large zooplankton to acquire a year’s worth of energy and optimize their foraging in areas with large 
concentrations of these prey resources. In Alaska, humpback whale feeding areas often overlap 
important commercial, sport and subsistence fisheries (Waite et al. 1999, Calambokidis et al. 2001).  

Although humpback whales are listed as Endangered under the Endangered Species Act, the 
Central North Pacific stock is increasing at a rate of 6-10% per year (Calambokidis et al. 2008). Thus, 
nearshore feeding activity by this growing humpback population is increasing the frequency of encounters 
with fishing nets and lines in coastal Alaska.  Entanglement has been documented in nearly all coastal 
fishing gear types in Alaska and entanglement is becoming an increasing management concern (Allen 
and Angliss 2010). As the humpback population and potential bycatch both increase, managers need to 
identify effective means of avoiding entanglement while minimizing the introduction of additional noise 
into coastal waters.  

In GAP09, we sought to address this problem and seek solutions from the whale’s perspective. 
We aimed to a) characterize the acoustic properties of a suite of acoustic deterrent type devices (ADTDs) 
and b) explore the fine-scale response of individual whales to the point-source noise they generate.  

 

APPROACH 

Characterizing deterrent ‘noise’ 

The primary objective was to determine whether ADTDs generated sounds within the hearing 
range of humpback (and fin) whales and how fast the sound attenuated in two habitats were whales and 
seiners overlap.  We subcontracted Greeneridge Sciences, Inc. (Santa Barbara, CA), to perform the 
acoustic assessments. Greeneridge Sciences designed and conducted the experimental protocol that 
involved the deployment of ADTDs for 1-3 minutes each within two habitats where seiners and whales co-
occur: open headland and nearshore in bays. Geeneridge characterized the sounds generated by the 
ADTDs and calculated their attenuation rate.  Proposed ADTDs to test were those being used to deter 
cetaceans from entanglement in fishing gear by some Kodiak fishermen and included (Figure 10):  

• Commercial pinger suspended 2m beneath seiner 
• Commercial pinger on seine float line 
• Large chain on metal skiff 
• Large chain in bucket 

  

Measuring response of whale 

In the second portion of this task, we sought to document the effect of ADTDs on humpback whale 
behavior by monitoring fine scale changes in dive behavior of tagged whales exposed to ADTDs. In this 
portion of the project, we proposed to deploy an Acousonde (www.acousonde.com) archival tag on 
humpback whales to monitor their response to controlled exposure to ADTD sounds. The Acousonde 
Model 03B was designed specifically to measure the effect of sounds on marine mammals (Burgess, 
Greeneridge Sciences Inc, Santa Barbara, CA). The tag simultaneously records sound signals reaching 
the tagged whale and corresponding 3D changes in the whale’s swim direction, respiration, dive angle, 
and depth. The archival tag remains affixed until the attachment suction fails; data is downloaded from 
the tag upon retrieval.  

We proposed to tag, track, and monitor the dive profile of individual humpbacks while activating a 
suite of ADTDs at varying distances from the whale. The Acousonde tag recorded the strength (dB µ 
pascal -1) of the sound of the ADTD, as received at varying distances from the sound source. It also 
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simultaneously recorded changes in the whale’s swim direction, pitch, and speed. We planned to use 
abrupt changes in these parameters immediately following ADTD deployment to signify a response to the 
sound generated. 

 

RESULTS 

Characterizing deterrent ‘noise’ 

 We worked closely with Dr. Suzanna Blackwell of Greeneridge Sciences, Inc. between 21-26 
June 2010 to characterize the acoustic properties of commonly used whale deterrent devices (Figure 10). 
As summarized in Dr. Blackwell’s final report, specific recordings of six sound sources used by salmon 
fishermen were made. Recordings were made at distances ranging from 11to1500 m from the source, 
which allowed description of the received levels and frequency composition of these sounds at close 
ranges as well as their propagation loss as a function of distance. The sound sources included the 
following: 

• Bottle rockets: two types – “black rockets” and “yellow rockets” 
• Pipes: a 1 m long steel pipe was held in the water with a line (about 2/3 submerged). 

Another pipe was used to bang on the in-air part of the submerged pipe, at a rate of 2-4 
bangs were second. 

• Fumunda 10kHz pinger close to the surface 
• Fumunda pinger at 2 m depth 
• Beeper: a “back-up beeper” of the type used by large vehicles and construction 

equipment was placed in air in contact with the bottom of the aluminum skiff.  

Additional recordings were made of non-specific sounds produced during salmon purse-seining 
operations. These recording included a number of simultaneous sound sources and provided a general 
idea of the sound environment near and within such an operation. Effective source levels (dB re 1 µPa at 
1 m) of tested deterrents ranged from 114 – 219 and mean received levels (RL) at 100 m ranged from 
85.2 to 160 (dB re 1 µPa at 1 m; Table 9).  

As summarized in the final report issued by Greeneridge Sciences, Inc., acoustic testing of 
deterrents showed that bottle rockets, pipe bangs, and chain drops produced sound with frequencies well 
within the hearing range of baleen whales. Source levels of these sounds were high enough that they 
should be audible to distances of several hundred meters to a few kilometers, depending on which sound 
source is used and background noise levels. Results also showed that three of the deterrent sounds, the 
bottle rockets, the pipe banging, and the chain dropping, had received levels exceeding 180 dB re 1 µPa 
(SPL) at distances of a few meters to ~ 50 m from the source. Bottle rockets were the only deterrents 
which exceeded these levels at distances of 50 m or greater.  

 In August 2012, we were able to characterize the acoustic properties of a 3 kHz Fumunda “whale 
pinger”, which had not been available for testing during the initial June 2010 testing and recording.  The 
mean RL at 100 m was 118 dB re 1 µPa.  

 

Measuring response of whale 

 A single humpback whale was successfully equipped with an Acousonde tag on August 21, 2011 
(Figure 11).  The tag remained attached for 140 minutes. During the attachment period, 17 individual 
dives were recorded. We monitored the tagged whale while deploying ADTDs at varying distances (Table 
10). Analysis of the dive data suggest that the tagged whale was engaged in a period of resting, during 
which dives did not exceed 25 m in depth, which influenced the overall mean depth of dive. By excluding 
the “resting” dives, the mean depth of dive increased from 60.7 (±52.74) m to 116.3 (±8.14) m (Table 11).  
Unfortunately, despite deploying a suite of deterrents in the controlled-exposure experiment, equipment 
issues prevented a full execution of this task (see Modification of Goals and Methods below).  

 

SUMMARY 
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Characterizing the acoustic properties of a suite of deterrents used by Alaskan salmon fishermen, 
resulted in the following findings and recommendations:  

• The audibility range of deterrent devices will be maximized by placing the device below 
water, preferably at a depth of 2 m or greater.  

• Deterrent devices need to exceed 115-130 dB re 1 µPa at the whale to be audible above 
general purse-seining operations.  

• The 10kHz pinger would likely not be audible above sounds produced by commercial fishing 
vessels and is thought to be on the edge of the range of the best hearing for baleen whales, 
therefore it is not recommendation as a whale deterrent or alarm device. In contrast, 3kHz is 
within the hearing range of baleen whales and, with RL of 118 dB re 1 µPa at 100 m from the 
source, the 3kHz “whale pinger” should represent a viable deterrent option.  

An RL of 180 dB re 1 µPa is the current “do not exceed” injury criteria for impulse sound for cetaceans 
(Nmfs 2000). Therefore, bottle rockets, should be used with caution at distances of less than 100 m from 
a whale.  MODIFICATION OF GOALS AND METHODS 

 Attachment of the Acousonde tag to document humpback whale response to acoustic deterrents 
was originally proposed to occur in August 2010. However, we had difficultly locating any dense feeding 
aggregations of humpback whales during this time frame, despite flying an additional aerial survey on 
September 1, 2010 to locate an appropriately sized aggregation. We requested, and were granted, a no-
cost extension in January 2011 to deploy the Acousonde tag during the summer of 2011.  As described 
above, with this modification in timeframe, we were able to execute this task successfully.  

 During analysis of both the dive data and audio files recorded on the Acousonde of the tagged 
whales, a number of problems were identified.  Working with Drs Susanna Blackwell and Bill Burgess 
(Greeneridge Sciences, Inc.), it was discovered that the hydrophone component of the tag was unable to 
record any deterrent sounds we generated during the controlled exposure testing. It appeared the 
hydrophone unit recorded an errant signal being transmitted by the VHF component of the tag. In 
addition, we were unable to analyze the dive kinematic (whale depth, pitch, and roll) as a result of an 
inadequate sampling interval (set at 5 kHz). This sample interval was too great to capture fine scale 
movements required to document behaviors such as lunging, fluking, or quick changes in direction or 
velocity.  These factors (hydrophone malfunction and sampling interval) combined to prohibit us from 
analyzing the behavior of the tagged whale in response to controlled-exposure to deterrent devices.  
These problems have been corrected and will be avoided in future deployments. 
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Table 1. Summary of vessel survey effort during GAP09 2010 field season showing the dates, total time and location of each survey. Also shown are the 
number of individual gray, fin and humpback whales photographed and biopsied.  
 

      Humpback whales Fin whales Gray Whales   

Date 
Total Time 

(hrs) Location No. of whales 
No. of 

biopsies No. of whales No. of Bipsies No. of whales No. of Bipsies Survey Goal 
6/18/10 9.57 Kodiak 0 0 0 0 13 0 Photos & Biopsy 
6/19/10 9.55 Kodiak 0 0 0 0 10 1 Photos & Biopsy 
6/22/10 12.00 Kodiak 5 0 4 0 0 0 Deterrent testing 
6/23/10 11.03 Kodiak 6 0 0 0 0 0 Deterrent testing 
6/25/10 7.55 Kodiak 0 0 0 0 0 0 Deterrent testing 
6/30/10 1.58 Kodiak 0 0 0 0 0 0 Photos & Biopsy 

7/4/10 4.18 Kodiak 3 0 7 1 0 0 Photos & Biopsy 
7/8/10 1.05 Kodiak 0 0 0 0 0 0 Photos & Biopsy 

7/12/10 2.75 Kodiak 3 0 0 0 0 0 Photos & Biopsy 
7/14/10 5.58 Kodiak 19 5 1 0 0 0 Photos & Biopsy 
7/24/10 7.52 Shumagin Is. 40 0 13 0 0 0 Photos & Biopsy 
7/26/10 9.05 Shumagin Is. 91 1 9 0 0 0 Photos & Biopsy 
7/27/10 8.78 Shumagin Is. 72 7 33 3 0 0 Photos & Biopsy 
7/28/10 12.25 Shumagin Is. 19 4 18 6 0 0 Photos & Biopsy 

8/3/10 1.12 Kodiak 0 0 0 0 0 0 Photos & Biopsy 
8/6/10 2.40 Kodiak 19 0 0 0 0 0 Photos & Biopsy 
8/8/10 10.63 Kodiak 1 1 0 0 0 0 Photos & Biopsy 
8/9/10 10.67 Kodiak 3 0 14 0 0 0 Photos & Biopsy 

8/10/10 8.15 Kodiak 1 0 1 0 0 0 Photos & Biopsy 
8/22/10 3.60 Kodiak 18 0 0 0 0 0 Photos & Biopsy 
8/23/10 11.17 Kodiak 61 1 12 0 0 0 Photos & Biopsy 
8/24/10 10.90 Kodiak 40 7 2 0 0 0 Photos & Biopsy 

Total 161.08   401 26 114 10 23 1   
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Table 2. Mean (± SE) stable carbon (δ13C), nitrogen (δ15N) isotope ratios, and trophic level (TL) for humpback and fin whales by year and region (Kodiak and 
the Shumagin Islands).  Means of samples collected during GAP09 field efforts are in bold.  

  Humpback Whales Fin Whales 

  Kodiak Shumagin Is. Kodiak Shumagin Is. 

  n δ13C δ15N TL n δ13C δ15N TL n δ13C δ15N TL n δ13C δ15N TL 

2001 - - - - 10 
 -19.0 ± 

0.46 
13.4 ± 
0.40 

3.8 ± 
0.17 - - - - - - - - 

2004 28 
-17.2 ± 

0.11 
13.5 ± 
0.12 

3.4 ± 
0.05 7 

-17.7 ± 
0.23 

13.0 ± 
0.29 

3.6 ± 
0.12 - - - - - - - - 

2005 54 
-18.0 ± 

0.07 
13.4 
±0.15 

3.3 ± 
0.06 24 

-18.3 ± 
0.07 

13.3 ± 
0.10 

3.7 ± 
0.04 - - - - - - - - 

2006 25 
-18.1 ± 

0.14 
13.1 ± 
0.16 

3.2 ± 
0.07 - - - - - - - - - - - - 

2007 16 
-17.6 ± 

0.10 
13.8 ± 
0.19 

3.5 ± 
0.08 12 

-18.2 ± 
0.14 

13.1 ± 
0.20 

3.6 ± 
0.08 2 

-18.6 ± 
0.71 

12.4 ± 
0.05 

2.9 ± 
0.21 - - - - 

2008 8 
-17.6 ± 

0.14 
13.7 ± 
0.32 

3.4 ± 
0.13 9 

-17.9 ± 
0.11 

12.7 ± 
0.09 

3.5 ± 
0.04 - - - - 2 

-18.3 ± 
0.19 

12.7 ± 
0.05 

3.5 ± 
0.02 

2009 1 -17.7 14.7 3.8 7 
-18.3 ± 

0.13 
12.9 ± 
0.22 

3.5 ± 
0.09 - - - - - - - - 

2010 12 
-17.8 ± 

0.12 
13.3 ± 
0.19 

3.3 ± 
0.09 20 

-18.2 ± 
0.12 

13.3 ± 
0.26 

4.0 ± 
0.09 1 -17.5 13.5 3.4 9 

-18.4 ± 
0.25 

12.6 ± 
0.40 

3.4 ± 
0.17 

Region 
Mean 146 

-17.8 ± 
0.05 

13.4 ± 
0.07 

3.3 ± 
0.03 91 

-18.0 ± 
0.10 

13.1 ± 
0.09 

3.7 ± 
0.04 3 

-18.3 ± 
0.55 

12.8 ± 
0.36 

3.1 ± 
0.15 11 

-18.4 ± 
0.20 

12.6 ± 
0.33 

3.4 ± 
0.14 

Species 
Mean 237 

-18.0 ± 
0.04 

13.3 ± 
0.06 

3.5 ± 
0.03 - - - - 14 

-18.3 ± 
0.19 

12.6 ± 
0.26 

3.4 ± 
0.12 - - - - 

  



Table 3. Summary of gray whale sightings during GAP09 aerial surveys. Shown are the date, sightings, 
total number , and number of gray whales seen per survey hour.  Also shown are the number of sighting 
which had an associated mud plume and the resultant feeding index. Finally, the average value for each 
column is shown. Note: average feeding index excludes sightings with one of fewer animals.  

Date 
Survey 
Time Sightings Number Number/Hr 

# of 
Sightings 
w/Plume 

Feeding 
Index  

10/27/09 2.25 3 4 0.6 0 0 
11/1/09 No survey due to inclement weather 
12/3/09 2.28 6 209 91.7 4 0.67 
1/13/10 2.01 2 2 1.0 0 0.00 
2/18/10 2.21 0 0 0.0 0 0.00 
3/24/10 2.47 8 12 4.9 1 0.13 
4/15/10 2.21 29 71 32.1 4 0.14 
5/12/10 2.50 7 11 4.4 2 0.29 
6/17/10 2.52 2 2 0.8 0 0.00 
7/15/10 2.37 1 1 0.4 0 0.00 
8/19/10 2.82 1 1 0.4 0 0.00 
9/16/10 2.40 1 1 0.4 1 1.00 

10/18/10 2.33 4 39 16.7 1 0.25 
11/12/10 1.80 3 12 6.7 1 0.33 
12/1/10 No survey due to inclement weather 
1/11/11 1.20 3 4 3.3 1 0.33 
2/23/11 2.00 0 0 0 0 0 

Avg 2.2 4.7 24.6 10.9 1.0 0.28 
 
 
Table 4: Summary of the number of individual gray whales photo-identified by date.  

Date 
Number 
of IDs 

6/18/10 13 
6/19/10 10 
5/8/12 30 

6/19/12 5 
 



Table 5: Summary of other documented locations of individual gray whales photographed during GAP vessel surveys in 2008 and 2010.  NBC = Northern 
British Columbia, NCA = Northern California, NWA = Nothern Washington, OR = Oregon, SEAK = Southeastern Alaska, SVI = Southern Vancouver Island, 
and WVI = Western Vancouver Island. GAP sightings are also indicated. Results compiled from Cascadia Research gray whale catalog contributions.  

Whale 
ID 1995 1997 1998 1999 2000 2001 2002 2003 2004 2006 2008 2009 2010 2011 
152 NBC NBC   WVI                 GAP SVI 

323 NBC NBC NBC    NBC NBC NBC NBC GAP    
555     NCA  NCA NCA  OR GAP NCA NCA NCA 

604      NWA  SVI     GAP NCA 

772    SEAK         GAP  
815         SVI  GAP    

1227 
                        OR                

GAP   
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Table 6. Summary of the density of cumaceans (individuals/m2) at Ugak Bay benthic sampling sites. A 
dash indicates that the station was not sampled. Some stations were sampled at both an ebb and flood 
tide in 2008.  
	  	   Site	  

Year	   1	   2	   3	   4	   5	   6	   7	   8	   9	  

2002	   2156	   54006	   0	   52939	   86107	   150	   0	   48686	   -‐	  

2008_Flood	   1840	   0	   -‐	   20640	   0	   0	   -‐	   10720	   -‐	  

2008_Ebb	   1420	   2380	   0	   42240	   0	   2040	   0	   7680	   1820	  

2012	   0	   14400	   0	   5720	   430	   0	   0	   2400	   320	  
 



Table 7: Summary of fin, humpback  and unknown (whales that were not identificable to species) whale 
sightings during GAP09 aerial surveys. Shown are the date, number, and number of whales seen per 
survey hour. The survey conducted on 9/1/2010 was an additional survey directed at locating a density of 
humpback whales suitable for tagging efforts (see Documenting Fine-Scale Response of Humpback 
Whales to Acoustic Deterrents) 

Survey FW HB UNK Total 
Date Hours # #/SHr # #/Shr # #/Shr # #/Shr 

10/27/09 2.25 4 1.8 0 0.0 1 0.4 5 2.2 
11/1/09 No survey due to inclement weather 
12/3/09 2.28 0 0.0 2 0.9 8 3.5 10 4.4 
1/13/10 2.01 0 0.0 3 1.5 2 1.0 5 2.5 
2/18/10 2.21 0 0.0 0 0.0 0 0.0 0 0.0 
3/24/10 2.47 7 2.8 0 0.0 1 0.4 8 3.2 
4/15/10 2.21 13 5.9 0 0.0 0 0.0 13 5.9 
5/12/10 2.50 2 0.8 0 0.0 0 0.0 2 0.8 
6/17/10 2.52 22 8.7 5 2.0 3 1.2 30 11.9 
7/15/10 2.37 18 7.6 20 8.4 2 0.8 40 16.9 
8/19/10 2.82 10 3.5 33 11.7 4 1.4 47 16.7 

9/1/2012* 2.43 2 0.8 23 9.5 0 0.0 25 10.3 
9/16/10 2.40 9 3.8 21 8.8 4 1.7 34 14.2 

10/18/10 2.33 8 3.4 59 25.3 1 0.4 68 29.2 
11/12/10 1.80 13 7.2 2 1.1 1 0.6 16 8.9 
12/1/10 No survey due to inclement weather 
1/11/11 1.20 0 0.0 1 0.8 1 0.8 2 1.7 
2/23/11 2.00 0 0.0 0 0.0 0 0.0 0 0.0 

Total 35.80 85 2.4 84 2.3 25 0.7 305 8.5 
 
 
 
Table 8: Summary of the number of unique humpback and fin whales photographically identified during 
GAP09 vessel surveys, including the number of new animals and the number of animals that had been 
sighted in previous years (resights).  
 

  Humpback whales Fin Whales 

Unique IDs 151 67 

Unique IDs (non-calf) 142 67 

New IDs 90 59 

New IDs (non-calf) 81 59 

Calves 9 0 

Resights 61 8 

% Resights 43.0% 11.9% 

% New 59.6% 88.1% 

% Calves 6.0% 0.0% 

Biopsies 
 

12 
 

10 
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Table 9. Effective source level, sound duration, frequency range, and mean received level (RL) at 100 m 
for five deterrent sounds.  

Deterrent 
Effective source level (dB 
re 1 µPa) 

Sound duration 
(s) Frequency range 

Mean RL at 
100 m (dB re 1 
mPa) 

Bottle rocket 199-219 0.02-0.2 
Broadband, but mostly 
near 200 kHz 160 

Pipe 
banging 169-209 0.01-0.14 

Broadband, with peaks at 
450 Hz, 120 Hz, 2180 Hz 
and 7470 Hz 136.1 

Chain drop 171-187 0.06-0.45 
Broadband, but mostly 5 
kHz 131.4 

10 kHz 
pinger 114-142 0.3 

Tonal, in range 9755 - 
9840 Hz 89.9 

Back-up 
beeper 128 0.35 Tonal, at 1.2 kHz 85.2 
 
Table 10: Summary of the deterrents deployed in the vicinity of tagged humpback whale. The table shows 
the type of deterrent, the estimated distance to the tagged whale in meters and the time deployed.  
Deterrent Distance (m) Time Deployed 
3 kHz pinger 110 13:02:57 
3 kHz pinger 196 13:11:13 
3 kHz pinger 260 13:27:50 
Chain ~300 13:38:25 
Chain 208 13:54:31 
Chain 101 14:17:25 
10 kHz pinger ~300 14:20:05 

 
Table 11: Summary of mean (±SD) and maximum dive depth, duration and surface interval for a 
humpback whale tagged on 21 August 2011.  

  Depth (m) Duration (min) Surface Interval (min) 
Avg 60.7 ± 52.74 5.9 ± 3.90 2.4 ± 1.45 
Max 125.4 12.4 6.0 
    



 

 
Figure 1: Biplot showing mean values (±SE) of stable carbon and nitrogen isotopes by species (FW = fin 
whales, HB = humbpack whales) and by regions (KOD = Kodiak, SI = Shumagin Islands).  
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Figure 2: Mean trophic levels (TL) of fin and humpback whales from Kodiak and the Shumagin Islands as 
determined by δ15N of whales and weathervane scallops (as primary consumers).  
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Figure 3. Mean TL by year from humpback whales (n = 91) sampled in the Shumagin Islands. 
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Figure 4. Map showing aerial survey routes conducted within the Kodiak Archipelago during GAP09.. The 
solid line indicates the route followed during monthly aerial surveys to document the numbers and 
distribution of cetaceans.  The hashed line shows the route followed  
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Figure 5: Map of Ugak Bay on the northeast side of Kodiak Island showing location and group 
composition of benthic sampling station in gray whale habitat. The size of the pie charts represents the 
relative number of fauna collected. 
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Figure 6: Sightings of gray whales during GAP09 aerial surveys conducted between 27 Oct 2009 and 23 
Feb 2011. Circles with shading represent sightings with associated mud or fecal plumes.  
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Figure 7: Number of gray whales observed during monthly aerial surveys grouped by season; Fall 
(September – November), Winter (December – February), Spring (March – May) and Summer (June – 
August).  
 

0 

50 

100 

150 

200 

250 

Fall Winter Spring Summer 

N
um

be
r o

f G
ra

y 
W

ha
le

s 



 
Figure 8: The number of fin (FW; red), humpback (HB; blue) and unknown (UNK; yellow) whales sighted during GAP09 aerial surveys.  
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Figure 9: Sightings of fin (FW; red), humpback (HB; blue) and unknown (UNK; yellow) whales during 
GAP09 aerial surveys conducted between 27 Oct 2009 and 23 Feb 2011. 
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Figure 10: Examples of deterrent devices A) back-up beeper, B)10kHz Fumunda pinger, C) pipes, and D) 
bottle rocket.   

 
Figure 11: Acousonde 3A attached to humpback whale.  
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