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Long-Term Monitoring of Humpback Whale Predation on Pacific Herring in  

Prince William Sound 
 

Exxon Valdez Oil Spill Trustee Council Project 16120114-N 
Final Report 

 

Study History: In 2005, a group of scientific investigators collaborated to integrate 
information about the Pacific herring (Clupea pallassi) population in Prince William Sound 
and identify factors contributing to its lack of recovery (Exxon Valdez Oil Spill Trustee 
Council project 050794); top-down control was identified as probably having more 
influence in Prince William Sound than on other herring stocks in Alaska. The group 
concluded that lingering oil exposure from the Exxon Valdez oil spill does not play a role in 
limiting the recovery of herring. Of the two top-down forces, disease and predation, there 
was recent evidence that disease continues to have episodic events affecting the 
population, but there were insufficient data to assess the role of predators in limiting 
recovery. Future herring population assessment modeling requires better quantification on 
the significance of predation. For the winters of 2007-2008 and 2008-2009, project 100804 
evaluated humpback whale (Megaptera novaeangliae) predation rates on herring in Prince 
William Sound and estimated between 27%–77% and 21%-63%, respectively, of the pre-
spawning adult herring biomass to be consumed by whales. Project 100804 yielded several 
publications relating to interactions between cetaceans and herring (Ballachey et al. 2015, 
Boswell et al. 2016, Moran et al. 2018a, Moran et al. 2018b, Straley et al. 2017). This study 
continues the assessment of humpback whale predation on Pacific herring in Prince 
William Sound. Results are published in Moran et al. (2018a) and Straley et al. (2018) and 
presented as Appendices in this report. 

Abstract: Humpback whale (Megaptera novaeangliae) predation continues to be a 
significant source of mortality on Pacific herring (Clupea pallasii) in Prince William Sound. 
Using mark–recapture models we estimated a population of 461 (95% C.I. 402–547) 
humpback whales that forage in Prince William Sound during at least part of the year. The 
seasonal movement of these whales into the Sound is largely driven by the movements of 
adult herring. Whale numbers increase in the spring with the spawn, decline during the 
summer, then peak in the fall and winter as herring move into the Sound to overwinter. Our 
lowest estimate of consumption represents 12%-34% of the pre-spawning adult biomass 
of herring being removed by whales. In 2012-2014, an increase in krill consumption 
(Thysanoessa sp.) may have buffered herring populations from whale predation. In 
December of 2014, we did not locate any overwintering shoals of herring. During the 
following spawning event, in the spring of 2015, whales were seen feeding on small 
scattered schools of herring, while the large spawning schools typically targeted were 
absent. We do not know if these behavioral shifts are a temporary anomaly associated with 
unusual oceanographic events, or a new paradigm for humpback whale herring 
interactions within Prince William Sound. 
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EXECUTIVE SUMMARY 

In this report we describe the relationship between humpback whales (Megaptera 
novaeangliae) and Pacific herring (Clupea pallasii) in Prince William Sound (PWS) from 22 
surveys covering 7627 nautical miles. To produce a more comprehensive time series, we 
have included data from Restoration project 100804, collected during the fall/winter 
months of 2007-2008 and 2008-2009, as well as opportunistic observations made by other 
researchers. 

The Exxon Valdez Oil Spill Trustee Council (EVOSTC)-funded Prince William Sound Herring 
Synthesis (Restoration project 050794) associated the failed recovery of PWS herring with 
top-down effects such as predation and disease. However, evidence of disease as a 
significant factor is episodic suggesting a potential for population recovery. In contrast, 
predation would be continuous, if not increasing, as humpback whale populations in PWS 
recover. Increased whale predation on herring is consistent with stable isotope analyses 
indicating PWS whales are primarily piscivores and reports that humpback whale 
populations in the north Pacific are increasing by 5%–7% per year. In addition, humpback 
whales exhibit a high degree of fidelity to their foraging grounds. If the number of whales 
foraging in PWS is increasing, and they preferentially forage on herring, then whales may 
be removing an increasing biomass from local herring populations. These removals could 
represent a substantial proportion of the total herring biomass if local whale populations 
are sufficiently large.  

This project continues the work begun under Significance of Whale Predation on Natural 
Mortality Rate of Pacific Herring in Prince William Sound (Restoration project 10080), to 
determine, if humpback whales could be limiting the recovery of PWS herring and the 
relevance of whale predation in PWS relative to Sitka Sound and Lynn Canal. Restoration 
project 100804 identified humpback whales as significant predators on herring in PWS, 
consuming between 2,639–7,443 tonnes in 2007–2008 representing a predation intensity 
of 27%-77%. In 2008-2009 whales consumed between 4,388 and 12,989 tonnes and 
predation intensities ranged between 21% – 63% of the adult biomass present in spring 
2008. For comparison the last significant harvest of herring from PWS was 3,904 tonnes in 
1998. 

Whale attendance patterns were used to estimate whale abundance through mark-
recapture analysis. We used the unique marking patterns on whale flukes to identify 
individual whales. The modeled abundance of 461 (95% C.I. 402,547), is in close agreement 
with 447 individual whales identified by flukes. Both of these estimates represent the 
number of whales that were present within the Sound at some point during the study and 
not necessarily the number of whales occupying PWS at any given time. 

The presence of humpback whales within in PWS varies seasonally. Whales are generally 
associated with large shoals of adult herring. Seasonal trends were monitored using 
encounter rates (whales seen/nautical miles traveled) during surveys. The typical pattern 
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of whale movement into the Sound begins in early fall as herring migrate through 
Montague Strait. Whale numbers increase during the fall and early winter as they 
accompany herring to overwintering areas in bays and fjords. In late winter, whale 
numbers drop off dramatically with the migration to the Hawaiian breeding grounds. In the 
spring whales return to the Sound to target dense aggregations of spawning herring. After 
spawning, herring and whales disperse, resulting in lower whale numbers during the 
summer months. In December of 2014 there was an exception to this pattern, whales and 
herring did not return to their traditional overwintering grounds in December. During the 
following spawning event (April 2015), no large shoals of herring were seen and whales 
were feeding on small, fast moving, schools of herring. 

Using encounter rates with (whales seen/NM traveled), we did not detect a significant 
inter-annual increase or decrease in the number of individual whales encountered within 
PWS from September 2007 to April 2015. However, for recent years, 2012–2015, we 
detected a 39% decline in the encounter rate within the Sound. This decline may be linked 
to changes in prey associate with above average water temperature in the Gulf of Alaska or 
a reduction in herring abundance within the Sound.  

Their high energy density, large biomass, and predictable migration patterns in 
combination with a lack of alternative prey, make adult herring the most important forage 
species for humpback whales in PWS. Visual observations, prey sampling, and stable 
isotope analysis were in agreement; humpback whales foraging within the Sound are at a 
higher trophic level than other whales in the Gulf of Alaska. If herring populations decline, 
we can expect a corresponding decline in the number of whales using the Sound, unless 
alternative prey such as krill dramatically increases in abundance. 

We used biomass data generated by the herring age structured assessment model 
developed by the Alaska Department of Fish and Game in conjunction with our 
consumption model to evaluate the impact of humpback whales on the PWS herring 
population. Whales foraged on herring in large numbers over much of the spring, fall and 
winter. Our most conservative model, starting with 50 whales, estimated an average of 
20% of the pre-spawning adult biomass of herring being consumed over the course of the 
study. For our high end model, starting with 200 whales, 114% of the pre-spawning adult 
biomass of herring was consumed. While the high end models overestimates consumption, 
large influx of whales into the sound would be plausible given the scale of whale 
movements seen in recent years. Although many factors play into predation intensity (i.e., 
number of whales, prey availability, attendance patterns) maintaining a high herring 
biomass provides a buffer to predation.  

Humpback whales are a key component of the PWS ecosystem. Their ecological absence 
from the Gulf of Alaska following intense commercial whaling has ended and populations 
may now be approaching carrying capacity in the North Pacific. We have demonstrated that 
herring are an important resource for humpback whales, and that relatively small changes 
in whale numbers can have a large impact on herring populations when herring abundance 
is low. If whales skip or delay their southern migration due to nutritional stress, age 
structured models may not account for increased natural mortality, if there is a dramatic 
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increase in predation during the winter and early spring months after the Guideline 
Harvest Level is set. Our monitoring efforts have provided information to National Marine 
Fisheries Service regarding reclassification of humpback whales under the Endangered 
Species Act, Ecosystems Considerations Chapter for the North Pacific Fishery Management 
Councils Stock Assessment Reports, Unusual Mortality Events of large whales in the Gulf of 
Alaska during 2014–2015, and numerous consultations for estimating “takes” under the 
Marine Mammal Protection Act. 

INTRODUCTION 

Humpback whales (Megaptera novaeangliae) are important predators in marine 
ecosystems that have the potential to control the productivity of forage populations. The 
potential is highlighted by the revised status of nine of the 14 worldwide distinct 
population segments of humpback whales to “not warranted for listing under the 
Endangered Species Act“ in the United States (Department of Commerce 2016). The 
existence of “recovered” humpback whale populations has motivated growing controversy 
over their impacts on commercial fisheries. As of 2011, the humpback whale population in 
the north Pacific was growing at about 5% per year and was estimated to be in excess of 
20,000 individuals (Barlow et al. 2011), which prompted concern that whales may be 
competing for fishery production directly by consuming commercially valuable species or 
indirectly by consuming prey resources used by harvested species (Gerber et al. 2009, 
Clapham et al. 2007, Morishita 2006, Pearson et al. 2012). At this time, Gulf Watch Alaska 
and Glacier Bay National Park have the only funded surveys dedicated to humpback whales 
in Alaska. 

In the Gulf of Alaska this concern is focused on evidence that humpback whales prey on 
Pacific herring (Clupea pallasii), capelin (Mallotus villosus), eulachon (Thaleichthys 
pacificus), juvenile walleye pollock (Gadus chalcogrammus) and sand lance (Ammodytes 
personatus) (Witteveen, 2008) in addition to euphausiids. The forage fish species were 
found to comprise one third of humpback whale diets near Kodiak, Alaska (Witteveen, 
2008) and  isotopic analysis of humpback whale tissues indicates whales selectively 
consume these forage fish. These same isotopic data indicate that some whale subunits 
selectively consume forage fish to an even greater extent than those near Kodiak 
(Witteveen et al. 2009). Pacific herring are commercially exploited in Alaskan waters with 
an ex-vessel value of approximately $20 – $30 million annually for the years 2008–2009 
(ADFG 2010), most of which supports the economies of small coastal communities. Many of 
these harvested herring populations are also preyed upon by humpback whales. Their 
large size and relatively high metabolic rates in combination with an increase in population 
have warranted concern that humpback whales could be removing a significant amount of 
biomass from these locally harvested fish populations. 

The degree of top-down control that humpback whales exert on local forage fish 
populations is likely to vary across their range. Humpback whales demonstrate inter-
annual fidelity to foraging areas (Baker et al. 2013) and show individual preferences for a 
particular prey type. By returning each year and focusing their foraging in specific locations 
whales could exert top-down control on some local prey populations, while other 
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populations remain unaffected. However, the extent of control depends on the size of the 
prey population (Bax 1988). Impacts of humpback whale foraging on local populations 
would be particularly acute when humpback whales exploit forage fish that congregate in 
predictable locations, as is the case for overwintering herring (Sigler and Csepp 2007). 
Humpback whales have been observed foraging on large, dense, overwintering shoals of 
herring in southeastern Alaska and PWS (Boswell et al. 2016, Straley et al. 2018). The 
relationship between whales and their prey further complicated by several years of 
anomalously warm water (Di Lorenzo and Mantua 2016) that may be adding additional 
stress to the North Pacific ecosystem. 

In addition to estimating abundance, seasonal and inter-annual trend and diet, we continue 
to address the significance of whale predation on herring by relating the potential biomass 
removed in PWS to estimates of herring abundance. To estimate the biomass removed we 
combined attendance models and observed diets with published data on whale size and 
metabolic demands. Parameter values for the models were varied in order to provide low 
and high end estimates that bracketed the range of all potential population estimates.  

OBJECTIVES 

1. Estimate population of humpback whales through the use of photographic mark- 
recapture models.  

2. Monitor the seasonal trends of humpback whales in Prince William Sound relative 
to their prey.  

3. Estimate inter-annual trends in humpback whale abundance.  

4. Determine the diet and dietary shifts of humpback whales.  

5. Estimate predation rates on herring by humpback whales.  

6. Incorporate mortality rates into herring age structure models.  

METHODS 

Study Area and Sampling Effort 

We monitored humpback whales abundance and attendance patterns within PWS (60° 35’ 
N, 147° 10’ W), an area of relatively protected waters in the northern Gulf of Alaska, 
characterized by complex coastlines of glacial fjords and islands. Effort exerted toward 
identifying whales in the field was quantified as the number of hours spent searching and 
the distance covered over water. Depending on weather, surveys were conducted in a clock 
wise or counter clock wise circuit around PWS. Aerial surveys, other EVOSTC projects, and 
traditional local knowledge were employed to ensure aggregations of whales in areas that 
could not directly surveyed, were not being overlooked during boat based surveys. 
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Figure 1. Effort in kilometers surveyed within 5 km grids for humpback whales in Prince 
William Sound, Alaska for the years 2007–2015. 

 

Estimation of Whale Abundance  

To address objective 1, whale attendance records were used to estimate whale abundance 
by cataloging individuals present and through mark-recapture analysis. We used the 
unique marking patterns on whale flukes to identify individual whales and maintained 
photographic records for each individual (Katona et al. 1979). We used these records to 
develop attendance histories for each whale in each location. Cataloged photographs for 
PWS include opportunist observations that were not included in other analysis presented 
here. PWS photographic records for the mark-recapture analysis were collected on 22 boat 
based surveys (Table 1). Surveys were conducted aboard the 17.7m vessel M/V Auklet.  
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Table 1. A summary of humpback whale survey effort in Prince William Sound, Alaska 
(including surveys from Restoration Project 100804). 

Survey Season 
Distance 

covered (NM) 
Counts of 
Whales 

Whales 
Photo ID 

September-07 Fall 370 15 3 
November-07 Winter 193 59 24 
January-08 Late winter 359 123 26 
September-08 Fall 412 101 44 
October-08 Fall 371 58 45 
December-08 Winter 287 8 30 
January-09 Late winter 313 140 22 
March-09 Late winter 381 190 5 
October-11 Fall 441 38 33 
December-11 Winter 220 3 30 
February-12 Late winter 279 29 2 
April-12 Spring 259 16 17 
September-12 Fall 444 20 38 
November-12 Winter 316 107 30 
April-13 Spring 507 49 19 
September-13 Fall 355 60 41 
December-13 Winter 309 98 29 
March-14 Spring 435 146 33 
July-14 Summer 366 7 9 
September-14 Fall 427 80 44 
December-14 Winter 209 20 7 
April-15 Spring 374 80 19 
 

Photographic Identification 

We used Nikon D-300, D-200, and D-70 cameras with 80-200 mm lenses to capture digital 
images of the ventral side of humpback whale flukes to identify individuals (Katona et al. 
1979). For the mark-recapture analysis, all photographs were ranked as good, fair, poor, 
and insufficient quality (Straley et al. 2009). Photographs deemed poor or of insufficient 
quality were excluded from the mark-recapture analysis to avoid potential bias from 
matching errors. Further, photographs of humpback whale calves were also excluded, this 
is because the capture probability for a calf is complicated by their co-occurrence with 
their mothers (and is therefore not independent), and the probability of recapture in later 
years can be difficult as calf flukes tend to change more than adult flukes.   
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Huggins closed-capture model 

In addition to estimating whale abundance by cataloging the number of unique individuals, 
we also estimated abundance using the Huggins closed-capture model. All modeling was 
done in program MARK (White and Burnham 1999). Models were structured to consider 
the population closed during the survey season only. The Huggins style closed-capture 
model was chosen because it distinguishes between "no sightings" from "no effort” for a 
given sampling period. This is important because there was not always a consistent 
number of surveys within a given survey season and it is important that gaps in survey 
effort are not treated as an absence in humpback whales. Instances where there was no 
equivalent survey counterpart for a given year were assigned fixed capture probabilities of 
zero. The Huggins model estimates accounts for whales not seen during surveys, hence it 
represents an upper limit to the number of whales present. 

A suite of competing models of humpback whale abundance were developed for each study 
area. These included models where capture probabilities covaried with different measures 
of effort (nautical miles and hours spent on effort), and a model where all capture 
probabilities were constrained. We evaluated these different models using the Akaike's 
Information Criterion corrected for small sample sizes (AICc) by selecting the model which 
had the lowest AICc value (Burnham and Anderson 2002). 

Each year was grouped separately to allow the population to be “open” between survey 
seasons. This allows for migration and thus poses no requirement for a given level of 
feeding ground fidelity. In each area, individual capture probabilities were estimated for 
each survey, and estimates of absolute abundance were derived for each survey year. 
Misidentification errors were minimized by a relatively small population size. The lower 
and upper 95% confidence intervals (LCI, UCI) were corrected to consider the number of 
unique individuals input into the model, M. Since M can be considered the minimum 
number of whales, the correction ensures that the LCI no less than this value. This 
adjustment was made by (Pers. comm. G. White):  
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Seasonal Trends in Humpback Whale Abundance 

Although mark-recapture models provide an estimate of abundance, they do not describe 
seasonal trends. Consequently, to address objective 2, we used the average number of 
unique whales seen each month for establishing seasonal patterns of whale present within 
PWS. The data used to establish the seasonal attendance patterns included calves and 
individuals identifiable in poor quality photographs and represent a lower bound to the 
daily attendance pattern for whales. By identifying individuals, we avoid overestimating 
whale numbers by double counting. Seasons were delineated by the seasonal behaviors of 
whales and herring (Table 2). The locations of whales were mapped relative to known 
concentrations of prey to establish a link between whale movements and their prey. 
Observations from Restoration Project 100804 were included in this analysis. 

Table 2. Seasonal transitions based on whale and herring behavior in Prince William 
Sound, Alaska. 

Season Period Days Characteristics of season 
Spring Mar 15–May 31 78 Returning from breeding grounds, herring spawning. 
Summer  Jun 1–Aug 31 92 Numbers drop in PWS as herring disperse. 
Fall Sep 1– - Nov 15 76 Return to PWS with migrating herring. 
Winter Nov16–Dec 31 46 Feed on overwintering herring shoals. 
Late 
Winter Jan 1–Mar 14 73 Depart for breeding grounds. 
 

Inter-annual Trends in Humpback Whale Abundance 

To address objective 3, long term population trends within PWS were evaluated by 
combining observations from this study and from Restoration Project 100804. Because the 
mark recapture model may be estimating an area larger than PWS, we used encounter 
rates with individually identified whales (whales seen/NM traveled) to account for varying 
effort between years. Linear regression was used to detect inter-annual trends. We used an 
α = 0.05 to determine statistical significance. 

Diet and Dietary Shifts of Humpback Whales 

To address objective 4, a combination of techniques were used to identify prey when 
whales were located, including direct observations of prey being consumed, collection of 
remains after feeding, and visual interpretation of the prey fields observed on a dual 
50/200kHz frequency echosounder. Prey distinctly visible on 50kHz was presumed to be 
fish. Prey visible only at 200kHz were presumed to be smaller and categorized as 
zooplankton. Confirmation and collection of target prey was accomplished using herring 
jigs, zooplankton tows, cast nets and skim nets (used to clean swimming pools) to collect 
prey (i.e., fish, scales, or zooplankton) at the surface near feeding whales. Certainty of 
identification of the target prey was recorded as certain, probable or undetermined. Only 
cases were the identification was certain or probable were used to identify specific prey.   
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We identified the trophic level of individual whales and their prey to verify diet using 
stable isotope analysis. The use of stable isotopes obtained from biopsy tissue samples is a 
well-established method to obtain diet information from free-ranging whales (e.g., Bowen 
1997, Witteveen et al. 2009, Bowen and Iverson 2013). Nitrogen stable isotope ratios (14N 
/15N; δ15N) increase with increasing trophic level (Vander Zanden and Rasmussen 1999), 
thereby giving an indication of the trophic level at which individual whales are foraging. In 
marine coastal environments, carbon stable isotope ratios (12C /13C ; δ13C) are useful for 
distinguishing between benthic and pelagic bases of the food web; because carbon fixation 
occurring in benthic organisms results in a greater proportion of the heavy 13C isotope 
when compared to pelagic carbon fixation (France 1995). In PWS the δ13C values in 
consumers are also related to the relative influence of offshore versus coastal feeding 
(Kline 1999, 2010).  

Skin samples for stable isotope analysis were collected from the flank of each whale using a 
150 lb crossbow and modified bolt equipped with a stainless steel biopsy dart tip and 
floatation for retrieval. Photographs were taken at the time of sampling to identify each 
whale and avoid sample misidentification. All samples were stored on ice after collection 
until they could be frozen at -20 or -80 °C freezer.  

Primary consumers (a composite of multiple individual copepods) were collected to 
establish a baseline for δ15N values and to allow for the comparison of trophic level across 
sites. Copepods (Calanus spp.) serve as surrogates for the base of regional food webs and 
account for regional differences in baseline δ15N values (Kling et al. 1992, Cabana and 
Rasmussen 1996, Post 2002, Matthews and Mazumder 2005, Andrews 2010).  

Prepared samples were sent to a mass spectrometry facility at University of Georgia for the 
2008/09 samples for analysis.  FIU prepared the 2014/15 samples for quantification of the 
ratios of δ13C and δ15N for lipid-extracted tissue samples (see Witteveen et al. 2009, 2011, 
Straley et al. 2018) for details regarding sample preparation and isotope analysis. Lipids 
consist mostly of carbon and very little nitrogen, therefore variable lipid content in 
different samples can introduce unwanted variability to δ13C values which may be 
interpreted as habitat changes or diet changes. These values were converted to δ notation 
by comparison against international reference standards.   

Stable isotope ratios are presented in δ notation: 
 

𝛿𝛿𝑎𝑎𝑋𝑋 =
𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
∗ 1000 ‰ 

where R is the ratio of the heavy to light isotope (i.e., 13C / 12C). Stable isotope ratios of δ13C 
and δ15N were analyzed and used to evaluate the relationship between humpback whales 
and their prey sources and to calculate trophic position similar to the methods of 
Witteveen et al. (2009).  
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Trophic levels of individual whales were calculated by taking the difference in δ15N of 
primary consumers (copepods) from humpback whales and accounting for the trophic 
enrichment factor determined by Witteveen et al. (2009) using the following equation: 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇ℎ𝑖𝑖𝑖𝑖 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 (𝑇𝑇𝑇𝑇) = 2 + �𝛿𝛿15𝑁𝑁ℎ𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑤𝑤ℎ𝑎𝑎𝑎𝑎𝑎𝑎 − 𝛿𝛿15𝑁𝑁𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐� 2.4⁄  

where 2 is the trophic position of the primary consumer and 2.4 is the average increase in 
δ15N between trophic levels for marine mammals (Post 2002). 

Estimate Predation Rates on Herring by Humpback Whales 

The large size of humpback whales prevent direct measurement of ingestion rates, 
therefore to address objective 5, estimates of annual consumption were derived from 
seasonal attendance patterns, diet, abundance, and daily consumption rates. Inter-annual 
variation was accounted for by using different numbers of whales as a starting point for the 
model based on the number of whales counted during each survey (Table 1). The model 
was run with 50, 100, and 200 whales. The seasonal trend (Objective 2) was used to vary 
the proportion of whales within the PWS. The proportion of herring in the diet for each 
year was used for the low end estimates. Because of uncertainty in distinguishing herring 
from other fish, the high end estimates treated unidentified fish as herring. Daily 
consumption rates for humpback whales were taken from the literature (Witteveen et al. 
2006, Roman and McCarthy 2010). 

 
 
 
 
 
C = Annual consumption in each year (tonnes of herring).  
P = Proportion of whales eating herring. 
St = Proportion of whales present during each season. 
Dt = Number of days in each season. 
R = Daily consumption rate. 

We used biomass data generated by age structured model to evaluate the impact of 
humpback whales on the PWS herring population. The results of high-end and low-end 
models of whale consumption were compared to the estimated adult pre-fishery run 
biomass for the years 2007, 2008, 2011, 2012, 2013, and 2014 (Pers. comm. S. Moffit). 

We estimated the potential biomass removed for each year using six different modeling 
scenarios because of the uncertainty in daily metabolic needs diet composition, and the 
numbers of whale present. The different scenarios represent the range of plausible 
abundance estimates for whales within PWS. Dividing the total biomass consumed under a 
given scenario with seasonal estimates of herring abundance yields a measure of the 
intensity of humpback whale predation.  
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Incorporate Mortality Rates into Herring Age Structure Models 

This objective was not met due to funding limitations. Our intention was for a graduate 
student to provide abundance estimates and evaluate natural mortality attributed to 
whales using the PWS herring age structured assessment model. Due to circumstances we 
couldn’t control, these tasks were partially completed but funding lapsed before the 
analysis was finalized. We sought additional funding though the EVOSTC Cross-Publication 
Program RFP, but unfortunately the proposal was not funded.  

RESULTS 

Population Estimates of Humpback Whales  

By using the unique markings on the flukes from our surveys and opportunistically 
collected photographs, we identified 447 individual whales that used the waters of PWS 
from November of 2006 through April of 2015. Because it is unlikely that we photographed 
all of the whales in within PWS, this number should be considered a minimum estimate of 
abundance for the time period. 

The estimate of 447 whales derived from photographs of each whale’s flukes is in 
agreement (within the bounds of the confidence intervals) with the results of the Huggins 
closed-capture model, which accounts for the unseen fraction of the population. The 
analysis suggested that a model with time variation and heterogeneity would be 
appropriate. The estimator with this model is called M(th) Chao, which produced an 
estimate of 461 individuals (95% confidence interval of 402,547). Capture probabilities 
varied from 0.03 to 0.21. It is important to note that these are estimates of the number 
whales that have used PWS at some point during the study, but are not resident in the 
Sound throughout the year. 

Estimates of total number of whales (this includes whales that were not photographed) 
within PWS on each survey ranged from a low of three to a high of 190, with an average of 
66 based on counts from our surveys (Fig. 2). Although many factors influence counts of 
whales (e.g., weather, effort, recounting whales), these values provide a frame of reference 
for our modeling efforts by estimating the number of whales that were actually within 
PWS. 
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Figure 2. Raw counts of humpback whales in Prince William Sound, Alaska (not 
corrected for effort). These counts provided an estimate of the whale numbers within 
the Prince William Sound during each survey. (Aug 12 was an opportunistic survey, 
distance was not record as a measure of effort). 

 

Seasonal Trends of Humpback Whales in Prince William Sound Relative to Prey 

Seasonal trend in whale numbers are influenced by the annual migration to low latitude 
breeding ground and the movement of herring in PWS. Encounter rates with whales in PWS 
varied seasonally, peaking in the fall and winter months (Fig. 3). Whale numbers were at 
their minimum in late January through early March, which coincides with peak numbers of 
whales in Hawaiian waters. 
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Figure 3. Average seasonal encounter rates (number of whales individually 
identified/nautical mile surveyed) by season for the years 2007-2015 in Prince 
William Sound, Alaska (Error bars represent ± 1 SD). 

 

Whales in PWS were generally associated with large shoals of adult herring (Fig. 4). 
Herring were accompanied by whales as they moved into the Sound during early fall 
through Montague Strait on their way to overwintering grounds. Whale numbers within 
the Sound increased during the fall and early winter then drop off dramatically in late 
winter when they migrate to the Hawaiian breeding grounds. In the spring whales returned 
to the Sound to feed on spawning herring. After spawning both herring and whales 
dispersed, resulting in lower whale numbers during the summer months. The distribution 
of whales within PWS mirror tagged herring movements (Bishop and Eiler 2017) 
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Figure 4. The distribution of humpback whales (solid circles) and important areas for 
adult herring (open ovals) in Prince William Sound, Alaska (2006–2015). 

 

In December of 2014, whales and herring did not return to the Port Gravina as they had in 
previous years. Instead, whales were scarce throughout the Sound with the exception of a 
group of whales feeding on a school of herring was located off the southwest side of 
Latouche Island. In other years of the study, this area was more typically occupied by 
whales and herring in the early fall. Deteriorating weather and darkness prevented a 
complete survey of this area in December 2014. The following spring, April of 2015, large 
pre-spawning adult herring aggregations were not seen. Herring schools were small, 
dispersed and mostly found in Port Fidalgo rather than on in the Knowles Head/Hell’s Hole 
area (Figs. 5 and 6). Whale numbers during this survey were lower and less concentrated, 
as they pursued small fast moving schools. Whales were also found in the Green Island 
area, an area not typically used during spring of recent years, spawning herring were 
reported there later in the spring (Pers. comm. M.A. Bishop). 
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Figure 5. The distribution and density of humpback whales during the herring spawn 
in Prince William Sound, Alaska for the years 2008–2014 (Surveys in 2009 and 2010 
were not funded.). 
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Figure 6. The distribution and density of humpback whales during the herring spawn 
in Prince William Sound, Alaska for the year 2015.  

 

Inter-annual Trends in Humpback Whale Abundance 

We did not detect a significant inter-annual trend in the number of individual whales 
encountered within PWS from September 2007 through April 2015 (p=0.607; Fig. 7, only 
one survey was conducted in 2015, during April). However, for recent years, 2012–2015, 
we observed a 39% decline in the encounter rate (p=0.009; Fig. 8). 
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Figure 7. Encounter rates (whales seen/nautical mile surveyed) for the years 2007–
2015 Prince William Sound, Alaska (January and early March surveys from 2009 are 
reported in 2008. These whales are hold overs that have not yet migrated. Surveys in 
2009 and 2010 were not conducted.). 

 

 

Figure 8. Encounter rates (whales seen/nautical mile surveyed) for the years 2012–
2015 in Prince William Sound, Alaska. 
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Diet and Dietary Shifts of Humpback Whales 

Humpback whales in PWS primarily feed on Pacific herring (Table 3). From 1045 
observation of foraging whales where prey could be determined, 81.0% were feeding on 
herring. An additional 11.2% of prey was identified as fish, which may include herring. The 
proportion of euphausiids varied between years. In 2012 and 2014 the amount of herring 
observed in the diet was reduced, this was partially the result of abundant age-0 walleye 
pollock in the Sound (Dorn et al 2015; Arimitsu 2017). The ubiquitous pollock schools, 
present in these years, made it difficult to determine what species was being targeted by 
the whales when both herring and pollock were present. Based on observational data, 
herring were the dominant prey item for humpback whales in all seasons except summer 
(Table 4). 

Table 3. Observed prey from 1045 encounters with foraging humpback whales in 
Prince William Sound, Alaska from Sept. 2007–April 2015.* Only one survey was 
conducted in 2015 during April. 

     
Year 

   
 

2007 2008 2011 2012 2013 2014 2015* Total 
Pacific Herring  77.4% 97.7% 94.4% 56.9% 86.6% 35.1% 70.8% 81.0% 
Fish (may include 
herring) 18.0% 0.2% 2.8% 16.7% 0.0% 45.8% 0.0% 11.2% 
Euphausiids  3.8% 1.7% 2.8% 22.2% 11.9% 12.2% 8.3% 5.7% 
Zooplankton (may 
include euphausiids) 0.0% 0.4% 0.0% 4.2% 1.5% 3.1% 20.8% 1.4% 
Juvenile Coho Salmon 0.8% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 
Walleye Pollock  0.0% 0.0% 0.0% 0.0% 0.0% 3.8% 0.0% 0.5% 
Number of 
observations 239 476 36 72 67 131 24 1045 
 

Table 4. Observed prey by season for 1045 humpback whales in Prince William Sound, 
Alaska from Sept. 2007–April 2015. 

   
Season 

  
 

Spring  Summer Fall Winter Late Winter 
Pacific Herring  81.9% 0.0% 69.8% 83.5% 97.3% 
Fish (may include herring) 18.0% 0.0% 19.8% 11.2% 1.8% 
Euphausiids  10.6% 100.0% 7.1% 5.0% 0.0% 
Zooplankton (may include euphausiids) 7.4% 0.0% 1.4% 0.3% 0.9% 
Juvenile Coho Salmon 0.0% 0.0% 0.5% 0.3% 0.0% 
Walleye Pollock  0.0% 0.0% 1.4% 0.0% 0.0% 
Number of observations 94 6 368 358 219 
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Diets inferred from stable isotope analysis were in agreement with field observations: PWS 
humpback whales feed at a relatively high trophic level (Fig. 9). Humpback whale isotope 
values for δ13C and δ15N averaged -18.29 ‰ (SE= 0.3) and 14.58 ‰ (SE= 0.15), 
respectively (Table 5). The forage fish (herring, pollock, and Pacific sand lance) all had 
similar δ13C and δ15N isotope values although herring had highly variable δ13C values, 
reflecting seasonal or individual variability in offshore to coastal feeding histories (Kline 
2010). Krill had variable isotope values generally lower in δ15N and δ13C values than forage 
fish or humpback whales however some krill and all Thysanoessa spinifera were higher in 
δ15N values similar to forage fish species (Fig. 9).  

PWS mean monthly trophic levels for PWS whales ranged from a low of 3.28 in March 2009 
to a high of 5.26 in December 2015 (Fig. 10, Table 6) while the average trophic level for 
PWS whales was 4.02 (SE=0.08). In 2014 and 2015, the trophic level of humpback whales 
within PWS was elevated relative to earlier samples. 
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Figure 9. Isotope biplot (δ13C and δ15N) of non-lipid extracted humpback whale skin 
and whole prey items in Prince William Sound, Alaska, 2014-2015. 
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Table 5. Mean and 1 SE for δ13C and δ15N values of humpback whales and their prey 
sources from Prince William Sound, Alaska, 2008-2015.  *one sample made up of 
many individuals 

Species N Mean δ13C SE δ13C Mean δ15N SE δ15N 
Copepod 1* -23.52 NA 7.18 NA 
Herring 48 -20.04 0.26 12.65 0.06 
Humpback Whale 12 -18.29 0.30 14.58 0.15 
Krill 12 -21.17 0.23 9.46 0.33 
Pacific Sandlance 6 -19.58 0.08 12.09 0.11 
Pollock 8 -20.37 0.40 11.67 0.13 
Thysanoessa 
spinifera 

5 -20.15 0.25 12.03 0.18 
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FIGURE 10. Trophic levels reported as monthly means with standard errors (SE) for 
humpback whales sampled (N=49) in Prince William Sound, 2008 to 2015. Higher 
trophic levels represent a piscivorous diet, as planktivorous cetaceans have lower 
trophic levels (2.8 to 3.0; Hoekstra et al. 2002). 
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Table 6. Mean monthly trophic position and 1SE of humpback whales (N49) in Prince 
William Sound, Alaska, 2008-2015. 

Year N Month Mean Trophic level SE Trophic level 
2008 9 Sep 3.91 0.07 
2008 11 Oct 3.84 0.10 
2008 11 Dec 3.89 0.08 
2009 9 Jan 3.78 0.12 
2009 2 Mar 3.28 0.10 
2014 3 Apr 5.05 0.13 
2014 2 Dec 5.26 0.15 
2015 2 Apr 5.18 0.23 
 

Fall adult herring are the most energy dense prey available to humpback whales in PWS 
(Fig. 11), their abundance, schooling behavior, and predictability (during spawning, 
migration and overwintering) are other characteristics that increase their status as the 
preferred prey. As adult herring numbers drop during summer months, other prey such as 
krill and age-0 herring become more important (Table 4). 

 

 

Figure 11. Average energy density (kJ/g of dry mass) of humpback whale prey in 
Prince William Sound, Alaska (error bars represent ±1SE). 
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Predation Rates on Herring by Humpback Whales 

Over the course of this study whales fed primarily on herring in PWS (Table 3). This 
translates into average of 2,695 (SD= 876) to 4,454 (SD = 500) tonnes of herring /year if 
we assume a starting point of 50 whales (Fig. 12). When 200 whales are used as a starting 
point, they have the potential of consuming an average of 10,779 (SD. = 3504) to 17,817(SD 
= 2001) tonnes of herring /year, essentially all of the adult herring in PWS (Fig. 12).  

 

 

Figure 12. Modeled consumption of herring in Prince William Sound, Alaska based on 
the observed diet composition for 50 (blue), 100 (red), and 200 (green) whales. Low 
estimates (dashed lines) exclude other fish and use Witteveen’s consumption value of 
338 kg/whale/day (Witteveen et al. 2006). High estimates (solid lines) treat other fish 
as herring and use Roman’s daily consumption value of 471kg/whale/day (Roman and 
McCarthy 2010). 

 

Although many factors play into predation intensity (e.g., number of whales, diet, and 
attendance patterns) maintaining a high herring biomass provides a buffer to whale 
predation when predation intensity is variable. Whales foraged on herring in large 
numbers over much of the spring, fall and winter in PWS. Our most conservative model, 
starting with 50 whales, estimated an average of 20% of the pre-spawning adult biomass of 
herring in PWS being consumed by whales over the course of the study. For our high end 
model, starting with 200 whales, 114% of the pre-spawning adult biomass of herring was 
consumed (Table 7). For comparison, the last significant harvest of herring from PWS was 
3,904 tonnes in 1998 approximately 20% of the spawning biomass (ADFG 2010). While the 
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high end models overestimates of consumption, a large influx of whales into PWS is 
plausible given scale of whale movements seen in recent years. 

 

Table 7. Modeled percent of pre-spawning adult herring biomass (from age structured 
model) removed by in Prince William Sound, Alaska based on the observed diet 
composition for a peak number of 50, 100, and 200 whales. Low estimates exclude 
other fish and use Witteveen’s consumption value of 338 kg/whale/day (Witteveen et 
al. 2006). High estimates treat other fish as herring and use Roman’s daily 
consumption value of 471kg/whale/day (Roman and McCarthy 2010). 

Biomass 
Year 

Biomass 
(mt) 50 low 50 high 100 low 100 high 200 low 200 high 

2007 8,293 33.7% 35.0% 40.8% 70.1% 81.6% 140.1% 

2008 13,688 25.7% 27.9% 40.0% 55.9% 80.0% 111.7% 

2011 19,237 17.7% 28.8% 40.2% 57.6% 80.3% 115.2% 

2012 16,964 12.1% 27.7% 30.8% 55.4% 61.6% 110.9% 

2013 13,350 23.4% 21.4% 30.8% 42.9% 61.6% 85.8% 

2014 20,295 17.7% 28.8% 40.2% 57.6% 80.3% 115.2% 

 
DISCUSSION 

Population estimates of humpback whales 

The population of humpback whales in PWS has increased dramatically since the 1980s 
(Teerlink et al. 2015). This trend paralleled the population growth observed across the 
North Pacific (Calambokidis et al. 2008). Our population estimates from the mark-recapture 
model and photographic identification represent the number of whales that spend some 
portion of their time within PWS. The number of humpback whales in PWS at any given 
time is influenced by many factors (Fig. 13);the primary driver being the annual migration 
between high latitudes for feeding and low latitudes for reproduction. During migration 
and while in Hawaiian waters very little feeding takes place, whales rely on blubber 
reserves accumulated on the feeding grounds. The peak of breeding activities for PWS 
humpbacks generally occurs in February and March in Hawaiian waters and a round trip 
migration takes approximately 60 days. The migration to the breeding ground is staggered, 
with some whales leaving and returning early, while other leave and return later in the 
season. This pattern accounts for the year-round presence of humpbacks in Alaska’s 
waters. 
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Figure 13. A conceptual model of the factors influencing the number of whales present 
in Prince William Sound, Alaska. Maybe a short explanation of what the ? means – 
factors that we still don’t understand that influence movement between offshore GOA 
and PWS? Thanks. 

 

The distribution and abundance of prey influences where humpbacks will be found on the 
feeding grounds. Mitochondrial DNA suggests that there are separate feeding aggregations 
across the Gulf of Alaska (i.e., whales in southeastern Alaska are generally not the same 
individuals that forage in PWS; Baker et al. 2013). Thus, movement in and out of the PWS, 
with some exceptions, is limited to whales that reside in the northern Gulf of Alaska. 
Although we have little data on prey resource outside of the Sound, euphausiids production 
in the Gulf of Alaska, eulachon runs on the Copper River, and herring are probably 
influencing PWS whale numbers. 

Seasonal Trends 

The seasonal trends for the majority of humpback whales in PWS are influenced by the 
movements of adult herring into and around the Sound. (i.e., spawning, migration into the 
sound, and over-wintering). At these times herring form large shoals that are predictable in 
time and space providing a high energy resource for whales just prior to the southern 
migration and as they return from to the Gulf of Alaska after two to four months of fasting 
(Darling and McSweeney 1985). Throughout this study, groups of whales were associated 
with large shoals of adult herring.  
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The timing of whale movements into and within PWS mirrors the herring life cycle. Whale 
numbers increase in the spring as they return from the breeding grounds to feed on 
spawning herring. As the herring disperse following spawning, whale numbers within the 
Sound drop. In the fall, herring aggregate near Montague Entrance and are accompanied by 
an increasing number of whales. The whales follow the herring into the over-wintering 
bays, such as Port Gravina, and remain there until they leave for the breeding grounds in 
late winter. Whales were seen feeding on other prey types including krill and juvenile 
herring, however, it is unlikely these prey types are driving the movements of the majority 
of whales in PWS. One prey type we did not evaluate was juvenile salmon. Our surveys did 
not overlap with the outmigration of salmon from PWS. Anecdotal reports of whales 
feeding near hatchery release sites suggest that juvenile salmon may be important prey for 
whales when herring and krill are scarce. 

We considered other factors that may affect the number of humpback whales in PWS such 
as predation, competition and anthropogenic effects (Fig. 14). Killer whales are the only 
potential predator on humpback whales in PWS. Although we have seen aggressive 
interactions between humpback and killer whales it is unlikely that predation risk is great 
enough to influence humpback numbers within the Sound. There is potential for 
competition between whales, other marine mammals, marine birds and fish for forage fish 
and krill. We were not able to evaluate the impacts of interspecific competition on whale 
numbers; this is an area of concern that warrants further investigation.  
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Figure 14. A conceptual model of top-down and bottom-up factors that affect 
humpback whale numbers in Prince William Sound, Alaska. 

 

Inter-annual Trends 

Given the seasonal variation in humpback whale number within PWS, identifying inter-
annual trends abundance presents a challenge. Because our surveys were limited to the 
waters with PWS we are unable to account for whales outside of the Sound. Weather 
conditions also play into assessing inter-annual trends. By examining encounter rates, we 
standardized for varying effort between years and eliminate the possibility of counting the 
same animal more than once. Although the inter-annual trend from 2007-2015 was not 
statistically significant, the last four year of this series represented a 39% decline in 
encounter rates. These later years correspond to anomalous oceanographic events in the 
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North Pacific (“The Blob”, El Niño) and poor primary production (Zador and Yasumiishi 
2016, Di Lorenzo 2016).We surmise that this climatic forcing event influenced changes in 
prey and may account for the decline in encounter rates in recent years. Large shoals of 
herring have consistently overwintered in Port Gravina since at least 2008, when we began 
been monitoring humpback whale predation on herring. Avian and mammalian predators 
feed heavily upon these shoals during the fall and winter months when little alternative 
prey is available. During our December 2014 survey, we did not locate any large schools of 
overwintering herring and the number of herring predators was greatly reduced. The 2015 
spawning event also proved to be unusual, we did not locate large shoals herring typical of 
the area in spring, whales were present, but targeting small, fast moving herring schools. 
Continued monitoring is needed to determine if this trend is the result of a decline in the 
herring biomass within PWS, a response to warmer water or a combination of the two. 

Diet and Dietary Shifts of Humpback Whales 

Their high energy density, large biomass and predictable migration patterns make adult 
herring the most important forage species for humpback whales in PWS. We consistently 
observed humpbacks feeding on adult herring during the spring, fall and winter months. 
Observational data was in agreement with the stable isotope analysis indicating that PWS 
humpback whales are feeding at a higher trophic level than other humpbacks in the Gulf of 
Alaska. 

Higher trophic levels are indicative of a more piscivorous (e.g., foraging exclusively on 
herring) diet; as planktivorous (e.g., foraging exclusively on krill) cetaceans have lower 
trophic levels (TL 2.8 to 3.0, Hoekstra et al. 2002). These data confirmed the visual prey 
observations of a fish (herring) diet for the whales feeding in PWS. Whales biopsied in April 
2014, December 2015, and April 2015 were found at trophic levels higher than expected 
although analysis of herring and krill isotope data suggests that this could be caused by the 
presence of carnivorous krill feeding on copepods and extending the food chain length in 
coastal waters of Prince William Sound compared to more oceanic waters to the west 
(Arimitsu 2016).  The increase in whale trophic level occurred during an unusual mortality 
event for large whale in the Gulf of Alaska. Trophic level data should be interpreted with 
caution as trophic level increases can be attributed to starvation in animals (Gannes et al. 
1997). Therefore, further investigation and collaboration is needed to explain the increase 
in whale trophic level. 

A lack of alternative prey, such as krill, may have driven PWS individuals into becoming 
herring specialists relative to their counterparts in southeastern Alaska and the Bering Sea, 
where krill are the dominant prey. However, from 2012-2014 we did see an increase in the 
number of whales of feeding on krill, suggesting an increase in the krill biomass during 
these years. Corresponding to the increase in krill, was an increase in age-0 pollock during 
2012 and 2014. Pollock were so abundant and widely distributed during these years that it 
was difficult to determine what the whales were feeding on. Generally during the two big 
pollock years there were always herring present when whales were feeding, but in many 
cases pollock were also present, we couldn’t say with certainty what species were being 
targeted. We did encounter large schools of age-0 pollock with no whales associated with 
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them, suggesting that herring were the primary target. We made several observations of 
whales feeding on krill with schools of adult herring nearby, implying that krill may be 
important prey to PWS whales when available. When selecting prey, whales are making a 
tradeoff between energy content, abundance, and the cost of locating and capturing prey 
(Fig. 15). For humpbacks, which feed on many individuals at once, school density as well as 
the energetic value of the prey become important considerations in prey selection.  

 

 
Figure 15. A conceptual model of the factors influencing humpback whales prey 
selection in Prince William Sound, Alaska. 

 

Predation Rates on Herring by Humpback Whales 

The estimated biomass of herring removed by humpback whales was strongly influenced 
by the number whales within PWS. The challenge is determining a starting point, the 
number of whales present, for the model. Our population estimate from the mark-
recapture model and unique IDs are over estimates of the number of whales with the 
boundaries of PWS. They represent the number of whales that make use of the Sound (i.e., 
the whales in the spring may not be the same whales seen in the fall). The number of 
unique whales seen on each survey underestimates the number of whales present; because 
we know that we did not photograph every whale. Using the number of whales seen on 
each survey provides a better reference point for starting the model, although there are 
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still biases (whales not seen or whales counted more than once) between three and 190 
whales were counted, knowing the seasonal trends, we selected 50, 100, and 200 whales as 
reasonable starting points for the model.  

Identifying prey posed less of a challenge. Herring schools generally present a distinct 
signal on echosounders, they are easily captured using nets and jigs, and their scales are 
often found near foraging whales. Stable isotope analysis supports a diet high in fish for 
PWS humpbacks. In 2012 and 2014 age-0 pollock were so abundant that they we couldn’t 
be certain which species was being targeted. Based on their higher energy density and 
denser schooling behavior, it is likely that herring were preferred over pollock as prey. For 
those years, including fish with herring is probably a reasonable assumption. 

At the current biomass, the PWS herring population is vulnerable to whale predation. Even 
at our lowest estimate, 12% of the pre-spawning adult biomass is being consumed. A major 
concern is the sensitivity of the consumption model to whale numbers: movements of 50 to 
100 whales into or out of a feeding area are common and appear to be occurring more 
frequently during the recent warm water events in the Gulf of Alaska. The number of 
whales used in our consumption model represent high and low estimates for whales in 
PWS, however shifts in whale distribution can be sudden. For example, in 2015 
approximately 50 humpbacks moved into Kachemak Bay and were apparently feeding on 
juvenile herring (Pers. comm. K. Holderied). In southeastern Alaska, 150 -200 whales were 
missing from Seymour Canal during the fall and winter of 2016 (Pers. comm. L. Barr, S. 
Carey, and D. Rogers). Seymour Canal has consistently been an important late season 
(September through January) feeding area (Straley 1990), and the fall of 2016 was the first 
time since the 1970s that no whales were seen. During winter of 2016-2017 an additional 
50-70 whales may have overwintered in Sitka Sound feeding on herring. Given the scale of 
these whale movements, and the low biomass of PWS herring, there is the potential for 
dramatic and rapid fluctuation in herring mortality due to predation.  

Several aspects of humpback whale and herring biology further exacerbate the potential 
for whale predation on herring. For example, the schooling behavior of herring makes them 
attractive prey to humpbacks even at low population levels. Humpback whales are 
generalists, capable of feeding at many trophic levels if needed. However, there are 
individuals that specialize in certain prey types, including herring. With energy stores that 
exceed other predators and alternative prey, whales can maintain predation pressure for a 
long period of time even when herring abundance is low. 

CONCLUSIONS 

Humpback whales are a key component of the PWS ecosystem. Their ecological absence 
from the Gulf of Alaska following intense commercial whaling has ended and populations 
may now be approaching carrying capacity in the North Pacific. The recovery of this 
population coincided with major perturbations in PWS:1964 earthquake, 1976/1977 
regime shift, introduction of hatcheries, Exxon Valdez oil spill, collapse of the herring 
fisheries, and increased abundance of pollock. These massive changes in their environment 
appeared to have little impact on the population growth of humpback whales. However, 
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recent events may be a cause for concern. We have demonstrated that herring are an 
important resource for PWS humpback, and that relatively small changes in whale numbers 
can have a big impact on herring populations when herring abundance is low. Warm water 
in the Gulf of Alaska from 2014 -2016 put additional stress on the Gulf of Alaska ecosystem. 
During our December 2014 survey we did not locate any large schools of overwintering 
herring and the number of herring predators was greatly reduced. The 2015 spawning 
event also proved to be unusual, we did not locate large shoals herring typical of the area in 
spring, whales were present, but targeting small, fast moving herring schools. Anecdotal 
reports suggest a similar situation during the 2016 spawn. These observations may have 
been a precursor to an Unusual Mortality Event being declared by NMFS for fin and 
humpback whales in the Gulf of Alaska. Surveys in southeastern Alaska during August of 
2016 found reduced calf production and “skinny whales”, suggesting bottom up pressures 
on humpback populations.  

Following over 40 years of population growth, it appears that humpback whales may now 
be experiencing the effects of bottom-up forcing. This will increases pressure on struggling 
herring stocks if whales skip or delay their migration. The current herring age structure 
assessment models may not account increased natural mortality, after the Guideline 
Harvest Level is set, if there is a dramatic increase in predation during the winter and early 
spring months due to an influx of whales.  
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