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Abstract 

In recent years, salmon hatcheries in Southeast Alaska (SEAK) have reported 

humpback whales (Megaptera novaeangliae) feeding on juvenile salmon during and 

after their release in late spring and early summer. Given that the abundance of 

humpback whales in SEAK is increasing at a rate of about 5.1% a year, this predation 

is likely to become an increasing problem. To gain a better understanding of why some 

individual whales prey on hatchery-released salmon, I investigated the role of kinship 

in this feeding behavior. I hypothesized that salmon-feeders would be closely related 

(e.g., mother and offspring) if this specialized predation was influenced by maternal 

experience. I used behavioral observations, long-term sighting histories, and genetic 

samples of humpback whales observed near Hidden Falls Hatchery during and after 

their release of chum and coho salmon (Oncorhynchus keta and O. kisutch) in May 

2014 to compare life-history characteristics and estimate relatedness between 

individuals who fed on salmon and those who did not. I found that of the 22 unique 

individuals encountered during the study, only four were confirmed to be feeding on 

hatchery-released salmon. Of these four, I considered two – IDs 2227 and 2571 – to be 

“hatchery-salmon specialists.” These individuals were encountered repeatedly during 

the study feeding on hatchery-released salmon and shared an unusual pattern of feeding 

behavior. ID 2571 had no sighting history before 2014, but ID 2227 has been observed 

near Hidden Falls in multiple years since 2008, suggesting localized site fidelity. A 

kinship analysis based on DNA profiles indicated that IDs 2227 and 2571 are not 

closely related, suggesting either cultural inheritance of hatchery-salmon predation, or 

independent innovation. Long-term studies of humpback presence at multiple 
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hatcheries could determine whether our results hold true over time and space. If 

hatchery-salmon predation continues to spread through cultural transmission, 

humpback whales could have a significant impact on hatchery production.  
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Introduction 

Humpback whale predation on hatchery-released salmon 
 

In recent years, salmon hatcheries in Southeast Alaska (SEAK) have reported 

humpback whales (Megaptera novaeangliae) feeding on juvenile salmon during and 

after releases in late spring and early summer (Chenoweth et al. 2010). Salmon are not 

typically a target prey for humpback whales and it is unclear what factors are 

motivating some humpback individuals to pursue hatchery-released salmon in favor of 

more conventional prey. Little is known about what impact humpback whale predation 

on hatchery-released salmon may be having on the hatcheries' productivity, the local 

ecosystem, and the whales themselves.  

Aquaculture associations that operate hatcheries are concerned about the 

possibility of this predation lowering their return rates of salmon, as humpback whales 

are theoretically capable of consuming 1,190kg of prey per day, the equivalent of over 

half a million 2g salmon fry (Chenoweth et al. 2010). However, it is unknown how 

many whales feed at hatcheries or how many salmon they are consuming. Some 

hatcheries have begun adjusting their release strategies to avoid predation by 

humpback whales: towing net pens out into deeper water and away from the shoreline, 

changing what time of day they release, and releasing fewer fish over a longer period 

of time (Chenoweth et al. 2010). The efficacy of these adjustments is poorly 

understood, however. Because humpback whale predation occurs after release, it is 

difficult to isolate from the myriad other sources of salmon mortality in the marine 

environment. Furthermore, released salmon are not counted again until they return to 



spawn 1-7 years later, making it difficult to monitor populations and assess practices 

year to year. 

The population of humpback whales is increasing in Southeast Alaska due to 

successful conservation efforts (NOAA Fisheries 2015). This increase could have 

radiating effects on the marine ecosystem as a whole, as well as on hatchery production 

and other human activities. Humpback whales are protected by the Marine Mammal 

Protection Act and, at present, the Endangered Species Act, so efforts to decrease 

conflict with human industry must be either non-invasive or permitted by the National 

Oceanic and Atmospheric Administration (NOAA) in order to comply with these 

protections. 

As the Southeast Alaska humpback whale population continues to grow, 

predation on hatchery-released salmon could become a more pressing issue. 

Understanding why humpback whales prey on hatchery-released juvenile salmon is an 

important step in developing techniques to help hatcheries adapt to increased presence 

of humpback whales and mitigate their economic impact. Preventing conflict between 

humpback whales and salmon hatcheries is key to protecting and conserving the 

whales while maintaining a productive and sustainable Alaskan salmon fishery. 

Additionally, learning more about this unusual behavior will help build a greater 

understanding of the growing population of SEAK humpback whales, particularly their 

intelligence and capacity for learning specialized feeding strategies, and their 

behavioral adaptation to a changing environment.  

I hypothesized that humpback whale predation on hatchery-released salmon is a 

maternally inherited behavior. An alternative hypothesis is that hatchery specialization 
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is culturally transmitted among individuals that are not closely related and are perhaps 

recent immigrants to Southeast Alaska. 

 

Humpback whale distribution and natural history 
 

Humpback whales (Megaptera novaeangliae) are a globally-distributed 

mysticete (baleen) whale with populations in each of the three primary ocean basins: 

the North Pacific (including Southeast Alaska), the North Atlantic and the Southern 

Hemisphere. Within each ocean basin, humpback whales migrate yearly, spending their 

winters breeding in tropical waters and their summers feeding in temperate to sub-polar 

waters, taking advantage of the seasonally rich productivity blooms in these areas 

(Clapham 2000). 

Humpback whales are on average 13-14m long, with females usually measuring 

1-1.5m longer than males. However, this size disparity is difficult to observe in the 

field and genitalia differences are the only other sexual dimorphism. Humpback whales 

are long-lived; there are individuals who have been known to researchers for over 30 

years and average lifespan is thought to be twice this based on counts of annual growth 

layer in the vestigial ear canals (Chittleborough 1965; Gabriele et al. 2010).  

 Typical prey species for humpback whales include zooplankton such as 

euphausiids (krill), and small schooling fish such as herring, capelin, sand-lance, and 

mackerel. The relative proportion of these various prey sources to a humpback whale's 

total diet differs among populations and the local feeding grounds (Witteveen et al. 

2001). Like all members of the Balaenopteridae family (“rorquals,” baleen whales with 

throat pleats), humpback whales are filter feeders. By expanding their pleated throat, 
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they engulf large volumes of water and prey and then use their tongues to push the 

water out through their baleen, thin keratin plates in place of teeth.  

Humpback whales have a greater variety and complexity of feeding strategies 

than other rorquals such as blue, fin, and minke whales, which tend to feed in a mostly 

linear fashion. This may be due in part to humpback adaptations such as their unusually 

long flippers (up to a third of their body size) which grant them greater hydrodynamic 

maneuverability than other rorquals (Clapham 2000; Fish and Battle 1995; Wiley et al. 

2011). Though many cetaceans are known to use bubbles while foraging, humpback 

whales' use of bubbles to confuse and corral prey is particularly extensive and 

complex. Bubble clouds, curtains (vertical sheets of bubbles), and nets (circular bubble 

enclosures) may be used to herd and entrap prey (Sharpe 2001). Different groups and 

populations use different particular bubble feeding techniques, in groups or 

individually, and may adapt their bubble techniques to different situations (Hain et al. 

1982). Humpback whales frequently use barriers such as the shoreline and their own 

bodies to corral prey, sometimes in combination with bubbles. They are also known to 

stun or confuse prey using vocalization or the sound and pressure created by slapping 

their pectoral fins or tail on the surface of the water (Clapham 2000; Wiley 2011).  

Researchers have documented the spread of novel humpback whale feeding and 

foraging innovations to other – often unrelated – individuals in the population through 

cultural transmission. In Icy Strait, Southeast Alaska, a group of largely unrelated 

whales innovated a temporally stable, coordinated group feeding technique (Sharpe 

2001). Researchers in New England observed a new humpback feeding technique 

called lobtail feeding emerge in the 1980s that quickly spread throughout the 
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population through cultural transmission and not maternal inheritance (Weinrich 1992). 

Male singing is also known to be transmitted laterally through the population (Garland 

et al. 2011). This ability to culturally transmit feeding behaviors, as well as 

communication behaviors such as singing, demonstrates a capacity for learning and 

suggests social intelligence. 

Unlike the social odontocetes such as killer whales, humpback whales do not 

typically form stable social groups, rather, their social structure is more fluid and 

subject to situation or environment. Though they often feed alone, humpback whales 

may feed in coordinated pairs or larger groups (Clapham 2000). These coordinated 

feeding groups tend to be fluid and transient, but in some cases persist or reoccur 

throughout a feeding season or even over multiple feeding seasons. One notable 

example is the Icy Strait feeding group mentioned above, a relatively stable group of 

seven to nine mostly unrelated whales that have been observed feeding together since 

1984 (Baker et al. 1992; Neilson et al. 2015; Perry et al. 1990; Sharpe 2001). The fact 

that cooperative groups can be composed of unrelated individuals (not mother-calf 

pairs as might be expected) that may persist throughout multiple feeding seasons 

indicates a high level of social structure (Sharpe 2001). Humpback whales do not 

maintain territories, and while individuals show strong fidelity to certain feeding 

grounds, their movements and habitat use are influenced more by their mobile prey 

than by specific locations, and individuals will abandon local feeding ranges in 

response to changing prey distribution (Clapham 2000).  

In general, humpback whales are adaptable and opportunistic 

feeders.  Preferences for particular prey sources, skills at certain foraging techniques or 
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styles, and the composition and endurance of feeding groups all vary geographically 

and among individuals. This propensity to adapt and innovate makes humpback whales 

a fascinating species in which to study feeding behavior and ecology. 

 

Whaling and recovery 
 
 Until the International Whaling Commission banned commercial hunting of 

humpback whales in 1966, they were among the great whales hunted for their oil, 

baleen, and other products. This overexploitation resulted in a steep decline of 

humpback numbers worldwide; it is estimated that the global humpback population 

was reduced to less than 10% of its historic abundance (Clapham et al. 1999).  

Although most populations of humpback whales are now recovering from 

whaling, they are subject to other anthropogenic threats. These include ‘bycatch’ 

entanglement in fishing gear, ship-strike, aboriginal coastal whaling, and potential 

depletion of fish stocks. Despite these obstacles, the global population of humpback 

whales has been increasing since the 1960s; the North Pacific population now numbers 

more than 20,000, greater than some estimates of pre-whaling era abundance (Barlow 

et al. 2011). In response to this recovery, NOAA recently proposed a subdivision of the 

North Pacific humpback whale population into 14 distinct population segments, with 

ten of these distinct populations (organized by breeding region) proposed for ‘de-

listing’ under the Endangered Species Act. Hawaii – the major breeding ground for 

SEAK humpback whales – is one of these populations proposed for de-listing (Baker et 

al. 2014; Barlow et al. 2011; Calambokidis et al. 2008; NOAA Fisheries 2015).  
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Studies of living humpback whales 
 
 Throughout the history of research on the ecology of living whales, the most 

important methods of data collection have been boat-based observation and 

photographic identification. Humpback individuals are identifiable by distinct 

pigmentation patterning on the underside of their tail flukes and nicks and ridges on the 

trailing edge of the flukes. The individual fluke patterns are said to be as unique as 

human fingerprints, and can be photographed when a whale lifts its tail for a dive. 

Dorsal fins also have individual variation in shape, pigmentation, and scarring, but they 

tend to not be as recognizable as flukes (Clapham 2000). Researchers collect 

identification photographs for mark-recapture studies and tracking of individuals for 

behavioral observation, and maintain photo-identification catalogues for particular 

geographic areas. However, cetaceans – especially wide-ranging ones such as 

humpback whales – are notoriously difficult to study in the field. Small-boat studies 

have long been the keystone of humpback research, but are geographically limited and 

time and resource intensive (Clapham 2000). Though there are some areas of Southeast 

Alaska, such as Glacier Bay and Sitka Sound, which have been surveyed extensively 

for decades, other areas remain relatively under-surveyed. Because humpback whales 

tend to have strong regional site fidelity, there are probably still many individuals in 

Southeast Alaska that are not included in photo-identification catalogues. 

 As molecular tools have become easier to use, cheaper, and more powerful, 

genetic markers such as mitochondrial DNA sequencing and microsatellite genotyping 

have been used with great success to study humpback population structure on both 

regional and global scales. Genetics can also reveal information that can be difficult to 
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determine in the field such as sex and kinship, and can be used to identify individuals. 

Generally speaking, the DNA of humpback whales is isolated from small tissue 

samples taken from living animals either as sloughed skin or through biopsy sampling. 

Samples can also be taken from dead whales, however beached or floating whales are 

relatively rare. Genetic catalogues, sometimes referred to as ‘DNA registers,’ are now 

used in conjunction with photo-identification catalogues to monitor populations 

(DeSalle and Amato 2004).  

 

Southeast Alaska feeding region 
 
 Humpback whales that spend their summers feeding in Southeast Alaska 

primarily winter in Hawaii, although a small number of individuals migrate to waters 

around Mexico (Calambokidis et al. 2001). Humpback whales have genetically distinct 

populations within ocean basins, indicating that there is limited gene flow between 

breeding grounds (Baker et al. 2013). In their first year, humpback calves migrate with 

their mothers from their natal winter ground to a summer feeding region and most 

individuals return to these same regions throughout their lives (Gabriele et al. 2007). 

This behavioral pattern, known as maternally directed site fidelity, results in a 

geographically distinct population structure for the mitochondrial genome, which is 

inherited through the maternal line (Baker et al. 1998).  

The genetic differentiation of the SEAK humpback whale population is now 

well described, having been the subject of early genetic studies (Baker et al. 1990; 

Baker et al. 2009). The most complete and thorough description of North Pacific 

humpback populations comes from a collaborative project titled SPLASH (Structure of 
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Populations, Levels of Abundance and Status of Humpback whales) undertaken from 

2004-2008. One of the strengths of SPLASH was that it had a more geographically 

consistent survey effort than past studies, and covered both inshore and offshore areas. 

Estimates from SPLASH put the current SEAK population at 3,000-5,000 and the 

North Pacific metapopulation at 21,808 individuals (Barlow et al. 2011). Although 

SEAK is currently included in the North Pacific management stock, results from 

SPLASH indicated that the SEAK population is distinct in respect to stable isotope 

ratios, genetics, and movement patterns (Witteveen et al. 2009). Another study 

estimates that the SEAK population has been growing at a rate of 5.1% per year since 

1986, which suggests that SEAK humpback whales are continuing to recover from the 

whaling years (Hendrix et al. 2012).  

 

Hatchery-raised salmon 
 
 There are five species of Pacific salmon: Chinook (Oncorhynchus 

tshawytscha), coho (O. kisutch), sockeye (O. nerka), chum (O. keta), and pink (O. 

gorbuscha). All five of these species are native to Southeast Alaska. Salmon are 

anadromous, meaning that they are born and spend their early life in freshwater before 

exiting to the ocean to spend their adult life and eventually returning to spawn and die. 

Salmon generally return to their natal stream to spawn, and the native population of a 

stream is called a run. Salmon fisheries are one of Alaska's most important industries, 

as well as an integral part of the state's culture. In 2014, over 700 million pounds of 

salmon were caught commercially, with an estimated exvessel value (the combined 

statewide value of salmon as it leaves the boat) of almost $600 million (Vercessi 2015).  
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When overfishing caused Alaskan wild salmon stocks to reach a record low in 

the 1970s, the state government began enhancement programs to allow commercial and 

recreational fishing to continue while decreasing pressure on wild stocks. Today, 

enhancement programs in Southeast Alaska are run by private non-profit aquaculture 

associations, which are managed and in some cases partially funded by salmon fishery 

stakeholders (i.e. commercial, subsistence, and recreational fisherman). These 

enhancement programs operate salmon hatcheries that serve as spawning and rearing 

facilities, essentially artificial nurseries. Young salmon are raised until they reach a 

certain size (which varies by species) before being released into the marine 

environment. Returning adult salmon are caught by commercial and recreational 

fisherman or are artificially spawned at the hatchery for the next year's brood stock. 

These hatcheries operate under permit from the Alaska Department of Fish and Game. 

Hatcheries are purposefully sited far from native runs to avoid possible interbreeding 

or competition with wild salmon (Heard 2012).  

Salmon enhancement programs play an important role in the Alaskan salmon 

industry. In 2014, approximately 58 million salmon were produced by hatcheries, 

accounting for 34% of the state’s total common property commercial catch (Vercessi 

2015).  

 

Preliminary research 
 
 In 2010, researchers from the University of Alaska Southeast (UAS) and the 

Sitka Sound Science Center (SSSC) collaborated with hatchery operators to monitor 

humpback whale presence and activity as it related to juvenile salmon release at five 
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remote-release sites in Southeast Alaska. These locations were: Hidden Falls, Takatz 

Bay, and the Coho Lake Rearing Project’s release site at Mist Cove, all managed by the 

Northern Southeast Regional Aquaculture Association; Little Port Walter Marine 

Station, managed by the National Oceanic and Atmospheric Administration; and Port 

Armstrong, managed by Armstrong-Keta, Inc (Chenoweth et al. 2010).  

 Researchers at all five sites reported whale sightings and feeding behavior. 

There was a statistically significant relationship between the timing of salmon releases 

and the presence of humpback whales, with the whales often remained in the area 

feeding for several days after releases, as juvenile salmon typically do not disperse 

from the release site immediately. Interestingly, there were two “repeat offenders,” 

humpback individuals who were observed feeding repeatedly on released salmon. At 

Port Armstrong, whale ID 970 was seen feeding on juvenile salmon for three 

consecutive days after release, and at Hidden Falls ID 2227 was seen feeding on 

released salmon on three separate occasions. Both of these individuals were observed 

blowing bubble-nets to corral salmon, as well as using the shoreline and net pens as 

barriers for trapping prey (Chenoweth et al. 2010).  

Of the five sites, Hidden Falls Hatchery had both the largest release biomass 

and the most whale activity (Chenoweth et al. 2010). Hidden Falls is a remote hatchery 

located in Kasnyku Bay on the eastern side of Baranof Island on Chatham Strait (Fig. 

7). Hidden Falls releases chum, coho, and Chinook and is one of the most 

economically important salmon enhancement programs in Southeast Alaska (NSRAA 

2013). 
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Research questions 
 

In May and June of 2014, researchers from UAS, NOAA, and SSSC conducted 

boat-based survey of whales and prey at Hidden Falls Hatchery during their chum 

salmon release period. With the support of a NOAA Hollings Scholarship, I 

participated in this survey as an intern and was granted access to genetic samples and 

field records for this thesis research. With the guidance of the Principal Investigator, 

Jan Straley, UAS, I undertook to investigate the role of kinship in humpback whale 

predation on hatchery-released salmon by addressing the following questions: 

1) Are all humpback whales equally likely to feed on juvenile hatchery-released 

salmon? 

I used photo-identification, DNA profiling (mitochondrial DNA, sex, and 

microsatellite genotypes), and feeding behavior observation from the 2014 Hidden 

Falls survey to determine whether all humpback whales in the area around the hatchery 

during the study period fed on hatchery-released salmon, or whether the majority of 

this predation was performed by certain individuals.  

2) Do individuals who feed on hatchery-released salmon have different life history 

characteristics that those who do not? 

Where certain individual whales were more likely than others to feed on hatchery-

released salmon, I used observation and genetic analysis to determine whether there 

were traits that are associated with this prey choice. Specifically, I investigated the 

following characteristics: 

Behavior: I used behavioral observation and photo-identification to determine if there 

were trends in these individuals’ feeding techniques used to target salmon, including 
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their use of bubbles and barriers to corral the prey. I also looked at their social 

associations to establish whether they tended to be solo or in persistent affiliations with 

other individuals. 

Site fidelity: I used encounter data from the survey to determine whether individuals 

who fed on hatchery-released salmon were seen more frequently than other individuals 

during the study, which could indicate localized site fidelity to Hidden Falls. I also 

looked at their long-term sighting histories to determine whether they had narrower or 

more widely distributed historical sightings relative to other, non salmon-feeding 

individuals encountered during the study. A geographically restricted sighting history 

would suggest localized site fidelity, while a sighting history that was more dispersed 

relative to other individuals could suggest that that individual was more nomadic. 

Regional origin: I used tissue samples collected in the field and DNA profiles from 

other members of the SEAK population to compare mtDNA haplotype and average 

genetic relatedness (i.e. kinship) of salmon feeders to the rest of the population in order 

to determine whether they were members of the SEAK population or possibly 

immigrants from other feeding sites. 

Sex: Tissue samples collected in the field were used for genetic identification of sex to 

investigate the potential for sex bias in behavior or residency. 

Relatedness: Using microsatellite genotypes, I compared average pairwise genetic 

relatedness (kinship) between individuals who fed on hatchery-released salmon and the 

general SEAK population to determine if salmon feeders were more related to each 

other than to the general population, and/or whether salmon feeders were less related to 

the general population than expected. 

13 
 



3) Is predation on hatchery-released salmon an inherited, culturally transmitted, or 

individually innovated behavior? 

Evidence of a high degree of genetic relatedness between individuals who feed on 

hatchery-released salmon (especially parent-offspring or sibling relationship) could 

indicate that this behavior was ‘inherited’ as a result of learning during early maternal 

experience. If salmon feeders were not closely related, the behavior is likely to be 

culturally (laterally) transmitted or individually innovated. It is difficult to differentiate 

between these latter two possibilities, but social interaction between salmon feeders, 

similar feeding techniques, and large numbers of individuals practicing this behavior 

could suggest cultural transmission. 
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Materials and Methods 

Field survey and data processing 
 
Humpback identification, data collection, behavioral observation, and tissue sampling 

We collected encounter data on humpback whales over 28 days (May 12th – 

June 9th, 2014) from an area of western Chatham Strait ranging from Kelp Bay in the 

north to Takatz Bay in the south (Fig. 1). This area was centered on Hidden Falls 

Hatchery located in Kasnyku Bay and included the Takatz Bay remote-release site, 

both of which are operated by the Northern Southeast Regional Aquaculture 

Association. The study coincided with Hidden Falls Hatchery’s annual release of 

juvenile chum and coho salmon (Oncorhynchus keta and Oncorhynchus kisutch). 

During the study, Hidden Falls released approximately 26,000,000 chum salmon.  

Observations of humpback whales were made from a 50ft sailboat (S/V Bob) 

and a 13ft rigid-hull inflatable skiff, as well as from the Hidden Falls dock and floating 

net pens within Kasnyku Bay. We recorded encounter data on standard forms and 

included information such as time, weather, latitude and longitude, group size and age-

sex composition (e.g., cow-calf pair), behavior, identity if known, and information 

about other data taken (prey mapping, tissue sampling, tagging, etc). Feeding behavior 

was of special interest and prey species were identified when possible with underwater 

videography or by direct prey sampling by jigging with a hook-and-line or cast-netting. 

Individuals were confirmed to be preying on hatchery-released salmon by feeding 

behavior and successful identification of juvenile salmon as prey. I considered 
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individuals who were observed feeding on hatchery-released salmon on three or more 

days during the study to be ‘hatchery-salmon specialists.’ 

  Humpback whales were approached by boat for individual identification and 

tissue collection. Identification photos were taken of flukes and dorsal fins. Individuals 

were later identified using these photos by the unique black and white pigment 

patterning on their ventral flukes as well as by dorsal fin shape, pigmentation, and 

scarring (Fig 2). Identified individuals from the 2014 Hidden Falls survey will be 

referred to collectively in this thesis as the ‘2014 Hidden Falls encounters.’ 

 

Data Recording and Processing 

Photographic identification records of humpback whales have been collected in 

Southeast Alaska since the 1970s by various research groups, starting with Charles 

Jurasz and family (1973-1979). Other groups include J. Straley Investigations and the 

University of Alaska Southeast (1979-present); the University of Hawaii (1980-1984); 

the Glacier Bay National Park Humpback Whale Monitoring Program (1985-present); 

and the collaborative SPLASH project (2004 and 2005). Identification photographs are 

primarily of flukes, but some distinctive dorsal fins are also included. Collaboration 

between the National Park Service (NPS) and the University of Alaska Southeast 

(UAS) has resulted in one of the longest photo-identification monitoring efforts of a 

whale species anywhere in the world (Neilson et al. 2015). These records contain 

encounter histories and known life history information (e.g., mother/offspring 

relationships and known age) for approximately 2,000 photographically identified 

humpback whales from 1974 to present and are archived in the SEAK Regional 
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Database. Under NPS and UAS photo-identification protocol, each photographed 

encounter of an individual whale is assigned a unique SEAK photo code. When an 

individual is re-sighted (i.e., the identification photograph from a previous encounter is 

matched to a new encounter) it receives a sequential SEAK ID (Southeast Alaska 

identification code) (Pierszalowski 2014). 

Identification photos collected in the field were visually matched to the SEAK 

Regional Database photo catalogue and all encounter data was entered into the 

database using Microsoft Access. Historical sightings of whales encountered during the 

field study were obtained from the SEAK Regional Database and were organized 

according to region. There are eight established subregions in the SEAK Regional 

Database: Chatham Strait, Frederick Sound, Lynn Canal, Peril Strait, Seymour Canal, 

Stephen’s Passage, Sitka Sound, and Tenakee Inlet. The study area for this thesis 

project falls within the Chatham Strait region.  

 

Biopsy sampling and DNA profiling 
 
Biopsy sampling and the DNA register 

Tissue samples were collected from humpback whales for genetic analyses 

using a small stainless-steel biopsy dart deployed from a crossbow (Lambertson 1987). 

The dart is equipped with a flange or ‘stop’ to provide rebound, and removes a plug of 

skin and blubber approximately 1 cm in diameter and 2 cm in length from the flank of 

the whale. When possible, sloughed skin was also collected following high-energy 

behavior (eg., breaching) or from the paths of whales, using a small scoop net. Skin 
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was subsampled from the larger tissue sample for genetic analysis and kept frozen until 

analysis. 

  In addition to biopsy samples, I was provided access to DNA profiles and 

photo-identification records held in the ‘SEAK DNA Register and Tissue Database.’ 

This includes the DNA profiles of over 1,000 humpback whales that have also been 

photo-identified (Pierszalowski 2014). Using the photo-identification records provided 

by the Hidden Falls survey team, I was able to cross-reference the DNA register to 

extract DNA profiles for whales that had not been sampled during the survey. The 

SEAK DNA Register and Tissue Database was collated by Sophie Pierszalowski and is 

maintained by Debbie Steel and the Cetacean Conservation and Genetics Laboratory at 

Oregon State University. 

A set of standard genetic markers have been developed by SPLASH and 

previous investigations (Baker et al. 2009). These have now been reconciled with the 

photo-identification record, providing records such as the linked SEAK photo-

identification catalogue and DNA register. A typical DNA profile of a humpback 

whale contains genetic sex, mitochondrial DNA haplotype, and a microsatellite 

genotype. The microsatellite genotype for North Pacific humpback whales contains ten 

loci determined by SPLASH (Baker et al. 2009). Genetic profiles generated for this 

thesis were consistent with those established by SPLASH. 

 

DNA extraction 

 Total genomic DNA was isolated from the pigmented outer epidermal layer of 

the skin biopsy by homogenization in a low-molarity salt buffer and digestion with 
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proteinase K, SDS (detergent), heat, and agitation following standard protocols (Baker 

et al. 1994; Sambrook and Russell 2006). I extracted the homogenate twice with 

neutralized phenol-chloroform-isoamyl alcohol (25:24:1), once with chloform-isoamyl 

alcohol (24:1), precipitated with cold 95% ethanol and resuspended in TE buffer. I 

visually estimated approximate DNA concentration using gel electrophoresis and, if the 

concentration was sufficiently high, normalized the samples to approximately 10 ng/µl 

before amplification. 

 

Genetic sex identification 

With the exception of mothers of calves, humpback sex cannot be reliably 

identified in the field. I identified sex by amplifying sex-specific genetic markers 

according to protocols established by Gilson et al. (1998). This involves a multiplex 

PCR with primers Y53-3C (forward) and Y53-3D (reverse) designed to amplify the 

male-specific Sry gene located on the Y-chromosome, and primers P1-5EZ and P2-

3EZ designed to amplify the ZFY/ZFX genes of both males and females (on the X-

chromosome) as positive controls (Fig. 3). Amplifications were carried out in a final 

volume of 10μl at the following concentrations: 1x reaction buffer, 1.25mM MgCl2, 

0.4μM each primer, 0.2mM dNTPs, 0.125U Platinum taq (Invitrogen) and 

approximately 10ng DNA. Samples were thermocycled according to the following 

protocol: initial denaturation at 94˚C for ten minutes followed by 35 cycles of 

denaturation at 94˚C for 45 seconds, annealing at 60˚C for 45 seconds and extension at 

72˚C for 60 seconds with a final extension at 72˚C for ten minutes. I then visually 

identified sex using gel electrophoresis (Fig. 3).  
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Mitochondrial control region sequencing and quality control 

Given that humpback whales tend to maternally inherit fidelity to specific 

breeding and feeding grounds, control regions on the mitochondrial genome – which is 

also maternally inherited and does not recombine – can serve as a genetic marker of the 

cultural inheritance of migratory destinations, as direct maternal descendants will share 

a mitochondrial DNA (mtDNA) ‘haplotype’ (a unique mitochondrial sequence). 

Maternal site-fidelity influences the geographic distribution of haplotypes and thus 

significant differences in haplotype frequencies are consistent with population 

divisions (Baker et al. 2013). 

I amplified an approximately 800 base-pair (bp) sequence of the mitochondrial 

DNA control region using the primers light-strand tPro-whale Dlp-1.5 and heavy 

strand Dlp-8G (Garrigue et al. 2004). Amplifications were carried out in a final volume 

of 10μl at the following concentrations: 1x reaction buffer, 2.5mM MgCl2, 0.4μM each 

primer, 0.2μM dNTPs, 0.125U Platinum taq (Invitrogen) and approximately 10ng 

DNA. Samples were thermocycled according to the following protocol: initial 

denaturation at 94˚C for two minutes followed by 35 cycles of denaturation at 94˚C for 

30 seconds, annealing at 55˚C for 40 seconds and extension at 72˚C for 40 seconds 

with a final extension at 72˚C for ten minutes. Unincorporated nucleotides and primers 

were removed from the amplified product using shrimp alkaline phosphatase (SAP) 

and exonuclease I (Ex). Purified products were sequenced with BigDye vs3.1 and run 

on an ABI 3730xl (Applied Biosystems).  

I aligned, manually edited and identified haplotypes of 500 bp sequences of the 

mtDNA control region using the software Sequencher v4.7 (Gene Codes). Following 
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recommended guidelines for quality control (Morin et al. 2010), sequence quality was 

calculated in Sequencher from the ABI base scores using a cut off of 30, which 

indicates a sequencing error rate of less than 1 in 1000 (Ewing & Green 1998). Low 

quality sequences are unlikely to be accurate and were removed from later analysis. I 

visually assessed variable sites in all samples to confirm haplotype identity. I observed 

apparent heteroplasmy in one individual at a variable site previously identified by 

Pierszalowski (2014). Heteroplasmy is the presence of two different haplotypes within 

the cytoplasm of a single individual, and is identified by the presence of a secondary 

peak at greater than 30% of the primary peak in the electropherogram. 

I used a Chi-squared test of independence to compare the haplotype frequencies 

of the 2014 Hidden Falls encounters to the greater SEAK population (represented by 

the SEAK DNA Register). 

 

Microsatellite amplification 

Microsatellites are non-coding tandem-repeats of 1-6 base pairs of nuclear 

DNA that have high levels of polymorphism. Their high rate of mutation is due 

primarily to slippage during replication, in which the emerging strand of DNA briefly 

disassociates from the template strand and reanneals out of phase, causing the 

replication enzymes to either add or eliminate one or more repeats (Hancock 1999). 

Because microsatellite regions are neutral, codominant, and inherited in a strictly 

Mendelian fashion, these mutations in length occur and disperse through the population 

at a predictable rate. By comparing individuals at multiple microsatellite loci across the 
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genome, researchers can identify individuals, and estimate kinship and population 

subdivision (expressed as Fst). 

I amplified samples for a collection of ten previously published microsatellite loci 

(Table 1) that are standard for identifying North Pacific Humpback whales and 

consistent with SPLASH and the SEAK DNA Register and Tissue Database. 

Microsatellite amplifications were carried out in a final volume of 10μl at the following 

concentrations: 1x reaction buffer, 1.5 – 4mM MgCl2 (Table 1), 0.4μM each primer, 

0.2mM dNTPs, 0.5U Platinum taq (Invitrogen) and approximately 10ng DNA. 

Samples were thermocycled according to the following protocol: initial denaturation at 

94˚C for three minutes followed by 35 cycles of denaturation at 94˚C for 30 seconds, 

annealing at 50˚C for 30 seconds and extension at 72˚C for 30 seconds with a final 

extension at 72˚C for ten minutes. The amount of MgCl2 was adjusted for each locus to 

allow them all to run at the same thermocycle protocol (Table 1). To optimize 

genotyping and enhance efficiency, microsatellites were fluorescently labeled and 

mixed post-PCR into sets of non-overlapping loci before being run on an ABI 3730xl 

sequencer (Applied Biosystems) with formamide and 500 LIZTM size standard 

(Applied Biosystems). Each well contained 2μl of PCR product mix and 10ul of 

formamide/ladder mix with 0.25μl/well of ladder. 

 

Microsatellite quality control and genotype identity 

I sized and binned microsatellite alleles with the software program Genemapper 

v3.7 (Applied Biosystems). This program also assesses the quality of each allele based 

on several criteria (e.g., peak height, peak shape, bin fit) and assigns a quality score 
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(QS) for each sample. I visually inspected alleles to ensure accuracy. Special attention 

was paid to peaks for all alleles with a quality score less than 0.75. If the peaks could 

not be visually confirmed, these alleles were rejected, but where the peaks of these low 

quality alleles were deemed to be readable and clean they were accepted. For some 

loci, a varying stutter or ‘plus A’ signal caused problems for the automatic binning 

component of Genemapper. A stutter is a well-documented PCR artifact that is caused 

by occasional primer slippage or mis-alignment during amplification (much the same 

as the process of microsatellite mutation and evolution), resulting in a small amount of 

PCR product that is usually one repeat smaller than the microsatellite (Goldstein and 

Schlötterer 1999). In these instances where loci could not be automatically binned due 

to stutter, bins were assigned manually (Fig. 4).  

 

Probability of identity 

I calculated the expected probability of identity (PI; the probability that unique 

individuals have identical genotype at that locus by chance) for each locus (Table 1), 

and for all ten loci combined in GenAlex using the SEAK DNA Register and Tissue 

Database to represent the Southeast Alaska population. The main purpose of this 

analysis was to identify possible re-sampling of individuals. 

 

 Pairwise relatedness 

I calculated pairwise relatedness in GenAlex according to the Queller and 

Goodnight (1989) index of relatedness using the ten microsatellite loci. The QGM 

(Queller and Goodnight (1989) indicator mean) is an estimator of pairwise relatedness 
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between two individuals in a population. A QGM of 0.0 indicates the expectation of 

relatedness between two unrelated individuals in a population (i.e. two unrelated 

individuals chosen at random from the population should have a QGM of 0.0), given 

the number and frequency of loci and assuming codominance and Mendelian 

inheritance of alleles. A negative QGM indicates that the pair is less related than 

expected (with -1.0 indicating no alleles in common), while a positive QGM denotes 

that the pair is more related than expected at random. In general, a QGM of 0.25 is 

consistent with half siblings and a QGM of 0.50 is consistent with parent-offspring 

pairs. A QGM of 1.0 indicates an exact match between individuals, which for whales is 

usually evidence of repeat genotyping of the same individual, although it can also 

indicate identical twins in other species. The population mean QGM is the average 

pairwise relatedness of the entire population. Generally, a population will have a 

normal distribution of QGM values centered on the average of 0.0. Population mean 

QGMs were calculated for the genotyped members of the 2014 Hidden Falls 

encounters, for the greater SEAK population as defined by individuals included in the 

SEAK DNA Register, and for these two populations combined. Individual QGMs were 

calculated for 2014 Hidden Falls hatchery-salmon specialists, and indicate the average 

pairwise relatedness between two particular individuals. Average individual mean 

QGMs were also calculated for hatchery-salmon specialists, representing the average 

pairwise relatedness between a particular individual and all other individuals in the 

population. 
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Genetic differentiation 

To investigate the potential for population subdivision, I used the ten 

microsatellite loci to calculate differences in allele frequency between the following: 1) 

genotyped individuals from the 2014 Hidden Falls encounters and the SEAK 

population (represented by the SEAK DNA Register); 2) the hatchery-salmon 

specialists and the larger Hidden Falls encounters group; and 3) the hatchery-salmon 

specialists and the SEAK population and Hidden Falls encounters combined. These 

analyses were performed using Fisher’s exact probability test of genic differentiation 

with Markov chain parameters set to 1000 dememorization steps, followed by 100 

batches of 1000 iterations per batch in Genepop v4.2, under the null hypothesis that 

alleles are drawn from the same distribution in all populations (Raymond and Rousset 

1995). Sex ratio of the 2014 Hidden Falls encounters was compared to a null 

hypothesis of a 1:1 sex ratio using an exact binomial test. 

 

Maternity analysis 

I used GenAlex to conduct maternity analyses for hatchery-salmon specialists using all 

ten microsatellite loci and all of the females and unknown-sex individuals from the 

SEAK DNA Register and the 2014 Hidden Falls encounters. Candidate mothers were 

identified as the individuals with the largest number of loci compared with zero 

mismatches (indicating that the individuals shared at least one allele at every locus) for 

each candidate offspring. Missing allele values for either the candidate offspring or 

mother caused a fewer number of loci to be compared, which gives a lower confidence 

in parental assignment. Likelihood of true maternity was calculated using an LOD 
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(natural logarithm of odds) score. LOD score indicates the likelihood ratio of correct 

parental assignment for each candidate parent, relative to an individual chosen at 

random from the population, and is calculated by multiplying together the likelihood of 

each locus. A positive score indicates that the candidate parent is more likely to be the 

true parent than an individual chosen at random. Delta score was also used to help 

determine correct parental assignment in the case of multiple maternal candidates. 

Delta score is the difference in LOD score between the most likely candidate parent 

and the second most likely candidate parent. A delta score close to 0 indicates little 

confidence in distinguishing the true parent. Maternal candidates identified by 

matching microsatellite alleles were also checked for consistency with the maternally 

inherited mtDNA. Maternal candidates that did not share mtDNA haplotypes with the 

candidate offspring were considered to be unlikely, i.e., excluded barring error in 

haplotype assignment. 
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Results 

Individual identification 
 
Number of encounters and group size 

We had 41 encounters with humpback whales over the 28 field days from May 

14th to June 8th, 2014. Of these, 29 encounters were with single whales, nine encounters 

were with pairs, and three were with trios or larger groups (Fig. 5). Among these 

groups, there were 22 unique individuals confirmed by a fluke identification photo. 

These individuals will be referred to collectively as the ‘2014 Hidden Falls 

encounters.’ Of these 22 individuals, 12 were successfully matched to the photo-

identification catalogue and confirmed to have SEAK IDs or were assigned SEAK IDs 

after repeat sightings. Ten individuals without a SEAK ID were only encountered once 

during the study and retain a temporary code (or, in the case of SWL-20110804-008, a 

photo code). Of the 22 unique individuals, 17 were photographically identified on only 

one day during this study, one was identified on two different days, and four were 

identified on three or more days (Fig. 6). Although we encountered and photo-

identified some individuals multiple times in a single day, only one photo-

identification record per day is considered here.  

 

Genetic samples and DNA profiles of 2014 Hidden Falls encounters 

 We successfully collected genetic samples from ten unique individuals during 

the study. Of these, nine were extracted and genotyped, while one was known by 

photo-identification (i.e. a SEAK ID) as already having a genetic profile in the SEAK 
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DNA Register. An additional two identified individuals were not sampled during the 

study, but had genetic profiles in the SEAK DNA Register, making for a total of 12 out 

of 22 encountered individuals with genetic profiles (Table 2). Of the 12 genotyped 

individuals, ten were female and two were male (Table 2). According to an exact 

binomial goodness-of-fit test, this is a significant deviation from the expected 50:50 

ratio (p = 0.039).  

 

Probability of identity 

The probability of identity (PI) for all ten microsatellite loci tested was  

1.3 x 10-10 for the 2014 Hidden Falls encounters and 7.0 x 10-11 for the Southeast 

Alaska population overall (based on all genotypes from the SEAK DNA Register). 

Based on these low values, I considered that unique genotypes represented unique 

individuals and that we did not unintentionally resample any individuals during the 

study. 

 

Behavior and sighting history 
 
Feeding behavior 

We observed feeding behavior in 25 of the 41 encounters with humpback 

whales including 11 of the identified individuals. Of these, we only confirmed four 

individuals (IDs: 1834, 2227, and 2571 and temporary code: UASE_ID_13544_Temp) 

to be feeding on hatchery-released juvenile chum and coho salmon (Oncorhynchus keta 

and O. kisutch). 
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Behavior of hatchery-salmon specialists 

 Two of the four individuals confirmed to be feeding on hatchery-released 

salmon, IDs 2227 and 2571, were also encountered and photographically identified 

most often during the study; ID 2227 was encountered on five days and ID 2571 on ten 

days (Fig. 6), five of which were consecutive (May 23rd to 30th, 2014). Together, these 

two whales accounted for 35% of the total daily photo-identified encounters during the 

study. IDs 2227 and 2571 were both identified as female based on the genetic markers. 

These two individuals shared unusual patterns of feeding behavior that were not 

observed in any other whales during the study. This behavior involved very close 

approaches to the shore and the release pens in inner Kasnyku Bay. One particularly 

well frequented and easily observed area was approximately 50x30m and bounded on 

three sides by a boat ramp, a dock, and floating net pens with ropes running to the 

shore (Fig. 7). The ~15m research vessel was often tied up to the dock, additionally 

restricting this space. Furthermore, this area between the dock and net pens had high 

human activity and boat traffic. IDs 2227 and 2571 both used individual bubble nets to 

corral the salmon, most likely in addition to using the shoreline, the surface, and 

anthropogenic structures (eg., the dock and net pens) as barriers to increase prey 

capture. ID 2227 was also seen feeding near the Takatz Bay remote-release site. These 

two individuals were seen alone with one exception: they were observed feeding 

together in and around the aforementioned area near the dock once on June 3rd, 2014. 

ID 2227 may also have been seen in a loose association with UASE_ID_37637_Temp 

on May 21st, 2014, but this encounter was not confirmed with photo-identification. Due 

29 
 



to the frequency of their predation on hatchery-released salmon, I will refer to these 

individuals as “hatchery-salmon specialists.” 

 

Other hatchery-salmon feeding behavior 

ID 1834 and UASE_ID_13544_Temp were also confirmed to be feeding on 

hatchery-released salmon. These two individuals were also identified by genetic 

markers as female. We observed both whales on June 7th in a loose association feeding 

on juvenile salmon along the shoreline between Kasnyku and Takatz Bays. Both 

individuals were observed using individual bubble-nets and the shoreline to corral 

salmon. ID 1834 was seen performing a similar behavior again the next day (June 8th). 

This was the last day of significant photographic identification effort during this study, 

so further observation was not possible. UASE_ID_13544_Temp was not encountered 

again. Because these individuals were not seen repeatedly and were not observed 

feeding close to the hatchery and anthropogenic structures, I do not consider them to be 

hatchery-salmon specialists for the purpose of this thesis. 

 
Sighting history 

 A query of the SEAK database showed that 11 of the 12 humpback individuals 

with SEAK IDs among the Hidden Falls encounters (as well as individual UASE-

SWL-20110804-008) have been previously encountered in other regions of Southeast 

Alaska (Fig. 8; Table 3). Many of these individuals also have extensive and long-term 

sighting histories, dating back to 1981 with over 40 sightings for ID 281 (Table 3).

 Of the two hatchery-salmon specialists, ID 2227’s first sighting was in 

Frederick Sound in 2007, and she was encountered in Chatham Strait in 2008, 2010, 
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and 2013. She was observed in all three years feeding near the Hidden Falls dock and 

net pens during and after juvenile salmon releases (Chenoweth et al. 2010). ID 2571 

had no sighting history previous to this study.  

 

Genetic analysis 
 
mtDNA haplotype of 2014 Hidden Falls encounters 

Of the 12 Hidden Falls individuals with DNA profiles, 50% (n=6) of the 

individuals had an A+ haplotype, while 42% (n=5) were A- (including IDs 2571 and 

2227) (Table 2). These are common haplotypes in both the Southeast Alaska 

population and the North Pacific metapopulation (Fig. 9). However, the haplotype 

frequency of the 2014 Hidden Falls encounters differed significantly from the greater 

SEAK population (χ2 = 18.847, df = 5, p = 0.002). 

One individual (ID 2354) was heteroplasmic for haplotypes A-/A8 (Table 2). 

The A8 haplotype is recently described and differs by one base pair from the A- 

haplotype. This haplotype has only been documented in Southeast Alaska 

(Pierszalowski 2014). 
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Relatedness of 2014 Hidden Falls encounters 

A pairwise relatedness analysis of the genotyped members of the 2014 Hidden 

Falls encounters (n=12) gave a group mean QGM (Queller and Goodnight (1989) 

Mean) of -0.098, suggesting that, on average, these individuals were not closely related 

(Fig. 10; Table 4). For comparison, I calculated QGM for the greater Southeast Alaska 

population (consisting of genotypes included in the SEAK DNA Register, excluding 

2014 Hidden Falls individuals, n = 556). After removal of three identical pairs (QGM = 

1.0), this population sample had a mean QGM of  -0.002. A pairwise relatedness 

comparison of these populations combined (SEAK DNA Register including 2014 

Hidden Falls individuals; n = 568) also gave a mean QGM of -0.002 (Table 4). All 

three of these populations had relatively normal QGM distributions centered on 0.0 

(Fig. 10). 

 

Relatedness of hatchery-salmon specialists 

  The estimated pairwise relatedness of the two hatchery-salmon specialists, IDs 

2227 and 2571, provided no evidence of either genetic distinctiveness or close kinship 

to each other. When compared to the 2014 Hidden Falls encounters, ID 2227 had an 

individual mean QGM of -0.130. When compared to the Hidden Falls encounters and 

SEAK populations combined, ID 2227 had a mean QGM of -0.084 (Table 5).  

When compared to the 2014 Hidden Falls encounters, ID 2571 had a mean 

QGM of -0.088. When compared to the Hidden Falls encounters and SEAK 

populations combined, ID 2571 had a mean QGM of -0.041 (Table 5).  
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The pairwise relatedness between IDs 2571 and 2227 was -0.021. This indicates 

that the two hatchery-salmon specialists are not close relatives, i.e. not a parent 

offspring pair or full siblings, and probably not half siblings. 

 

Genetic differentiation 

 Fischer’s exact probability test showed a significant differentiation in 

microsatellite allele frequencies between the 2014 Hidden Falls encounters and the 

SEAK population (χ2 = 46.261, df = 20, p = 0.0007). Although the sample size is too 

small for a meaningful test, there was no significant differentiation between the two 

hatchery-salmon specialists (IDs 2227 and 2571) and the larger Hidden Falls 

encounters group (χ2 = 18.367, df = 20, p = 0.563), but there was slightly significant 

differentiation when comparing the hatchery-salmon specialists to the Hidden Falls 

encounters and SEAK population combined (χ2 = 31.534, df = 20, p = 0.0485).  

 

Maternity analysis  

 To investigate the potential for maternal culture in the hatchery-salmon 

specialists, I searched the SEAK DNA Register for potential mothers of IDs 2227 and 

2571. Using all of the females and individuals of unknown sex (n= 399) from the 

SEAK DNA Register with at least eight microsatellite loci, I identified two candidate 

mothers for ID 2227 based on simple Mendelian exclusions (i.e. ID  2227 shared at 

least one allele at every locus with these two candidates (Table 6)). The first candidate 

(ID 580) had a relatively high LOD (natural logarithm of odds) score of 4.11, and a 

pair delta score of 2.19, suggesting that ID 580 was about 60x more likely to be the 
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mother than an individual picked at random from the population. Although ID 580’s 

LOD and delta scores were high, she was excluded as a possible mother of ID 2227 

because of differences in mtDNA haplotype. The second most likely maternal 

candidate (no SEAK ID) had a rather modest LOD score of 1.92, and a pair delta score 

of 0, providing little confidence in parental assignment (Table 6). Barring a sequencing 

error with the mtDNA, it is unlikely that either of these individuals is the mother of ID 

2227. 

A maternity analysis of ID 2571 at nine microsatellite loci with zero 

mismatches also gave two maternal candidates. The most likely candidate mother for 

ID 2571 (no SEAK ID) had relatively high LOD and delta scores of 2.86 and 0.539, 

respectively (Table 6). However, she was also eliminated as a candidate mother due to 

differences in mitochondrial haplotype. The second most likely candidate mother (ID 

2502) had a slightly lower LOD score of 2.42 and a delta score of 0, indicating 

uncertainty in parental assignment. Additionally, this maternal candidate had missing 

values for sex and mitochondrial haplotype, further decreasing confidence in maternal 

assignment. It is unlikely that either of these two individuals is the true mother of ID 

2571. 
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Discussion 

Hatchery-salmon specialists 
 

Only four of the 22 humpback whales encountered during the 2014 Hidden 

Falls survey were confirmed to be feeding on juvenile hatchery-released salmon, 

despite observation of feeding behavior in over half of the humpback encounters 

during the study. Although prey species was not always confirmed, presumably most 

of these non-salmon feeding events involved conventional humpback prey such as 

herring, which were confirmed to be in the area during the study by prey sampling, 

underwater photography, and hydroacoustics. Of the four salmon feeders, one 

individual (UASE_ID_13544_Temp) was only seen once and one (ID 1834) was only 

seen on two consecutive days. Because of their limited sightings during the study and 

the fact that neither was seen feeding close to the hatchery, it is likely that these two 

individuals were only feeding on hatchery-released salmon opportunistically. However, 

we observed ID 1834 feeding on salmon on the last day of significant photographic 

identification effort, suggesting that this individual may have continued feeding on 

hatchery-released salmon after the survey was completed.  

 The other two individuals (IDs 2227 and 2571) were responsible for the 

majority of the observed predation on hatchery-released salmon. These two whales 

were repeatedly encountered feeding on juvenile salmon very close to the hatchery and 

at risk to themselves, due to the obstacles such as net pens and ropes in the water and 

the high amount of human activity in the area. The behavioral distinctions between 

these two individuals and the other whales encountered during the study leads us to 
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believe that IDs 2227 and 2571 have developed specific feeding techniques for 

predation on hatchery-released salmon and that not all humpback whales will feed on 

hatchery-released salmon despite availability of this prey source. 

 

Hatchery-salmon specialists and other Hidden Falls individuals 
 
 Observations revealed a unique, distinct pattern of behavior associated with 

repeated salmon predation performed by the hatchery-salmon specialists IDs 2227 and 

2571. These individuals were encountered more often than any other whales during the 

study, suggesting that they were remaining in the area and habitually visiting the 

hatchery to feed. Many of the encounters with IDs 2227 and 2571 occurred close to the 

hatchery, where these two individuals were both repeatedly observed preying on 

juvenile salmon very close to the shore and other structures, using these features as 

barriers to corral the salmon, in conjunction with bubble-nets. These two individuals 

were almost always seen alone, but were seen together once and ID 2227 may have 

been observed once with one other individual. We do not have any data to suggest that 

group size is a significant aspect of hatchery-salmon specialization. 

Genetic identification of sex showed that the hatchery-salmon specialists were 

both female. We cannot establish whether sex played any role in hatchery-salmon 

specialization, as the majority of the genotyped Hidden Falls individuals were female. 

This significantly skewed sex ratio of the 2014 Hidden Falls encounters is intriguing, 

but it is difficult to draw meaningful conclusions because the sample size was small 

(n=12). However, one possible explanation of the biased sex ratio could be because the 

study was performed fairly early in the feeding season. Pregnant or ‘resting’ females 
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may migrate earlier due to increased nutritional needs during pregnancy and lactation, 

while males may stay longer at the breeding grounds to increase their mating success.   

 Most individuals were only encountered once during the study, suggesting that 

Hidden Falls, at this time of year at least, is an area with relatively low localized site 

fidelity. The exception to this was the hatchery-salmon specialists, who were both 

encountered repeatedly over the entire study. Their frequent sighting was most likely 

linked to their habitual feeding on hatchery-released salmon and suggests a temporal, 

localized site fidelity to Hidden Falls. It is not known whether these individuals will 

retain this strong site fidelity to Hidden Falls later in the season when the released 

juvenile salmon have dispersed. 

 This short-term observation of highly localized site fidelity in hatchery-salmon 

specialists is supported by the difference in long-term sighting histories between the 

hatchery-salmon specialists and the other individuals encountered during the study. 

The majority of the identified individuals encountered during the study have been seen 

many times in other subregions of Southeast Alaska. Given Hidden Falls’ central 

location in Chatham Strait near its confluence with Peril Strait, and the fact that most 

individuals were only seen once during the study, it is likely that these individuals were 

traveling to other feeding subregions in Southeast Alaska, using Chatham Strait as a 

corridor. ID 2571 had no sighting history before the study, making it difficult to make 

assumptions about her long-term habits, but ID 2227’s long-term sighting history is 

informative. ID 2227 has been observed feeding at Hidden Falls on hatchery-released 

juvenile salmon in three previous years (2008, 2010, 2013) and was sighted only once 

in another nearby subregion (Frederick Sound in 2007) suggesting that this is a 
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repeated, long-term pattern of feeding behavior and that this individual has an enduring 

localized fidelity to the Hidden Falls area (Chenoweth et al. 2010). 

 The majority of Hidden Falls individuals with DNA profiles had either A+ or 

A- mitochondrial haplotypes, both of which occur very frequently in Southeast Alaska 

and in the greater North Pacific humpback metapopulation. Although the 2014 Hidden 

Falls encounters, overall, showed significantly different mtDNA haplotype profiles to 

previous samples from this region, this, like the female-biased sex ratio, is hard to 

interpret with such small sample sizes. The hatchery-salmon specialists both had A- 

haplotypes, so it is likely that they have maternally-inherited fidelity to the SEAK 

region, and are not transplants from another feeding region. This is supported by the 

statistical test of genetic differentiation, which showed that these individuals did not 

have significantly different microsatellite allele frequencies from the other genotyped 

Hidden Falls individuals. We can infer from this lack of differentiation that hatchery-

salmon specialization does not arise from a lack of familiarity with the local feeding 

ground and prey sources; i.e. the specialist females are genetically part of the larger 

SEAK population. 

 Interestingly, the 2014 Hidden Falls encounters had a lower average pairwise 

relatedness than the larger SEAK population and were also significantly genetically 

differentiated from the larger population. Given the high degree of site fidelity among 

humpback whales to feeding subregions within Southeast Alaska, it is possible that this 

is true population structure reflecting site fidelity to the Hidden Falls area. However, 

this contradicts both the short and long-term sighting history results, which suggest that 

Hidden Falls is an area of generally low site fidelity, with most individuals passing 

38 
 



through as they travel to other feeding sites. The significance in the genetic 

differentiation test could also simply be an artifact of comparing a very small (n=12) to 

a very large (n=556) population sample. High significance when comparing particular 

loci could also artificially increase the significance when comparing across all loci. 

 The hatchery-salmon specialists were not genetically differentiated from the 

rest of the Hidden Falls individuals, and both had low average pairwise relatedness 

values when compared to the 2014 Hidden Falls encounters, providing further evidence 

that they are not genetically distinct from other members of the population. However, 

when these individuals were compared to the larger SEAK population, they did appear 

to be genetically differentiated. Again, since there are only two specialists and given 

that these individuals appear to be genetically undifferentiated members of the Hidden 

Falls encounters, it is likely that this finding is a matter of sampling. Taken with the 

mtDNA haplotype results, the pairwise relatedness and genetic differentiation tests of 

the hatchery-salmon specialists indicate that these individuals are not immigrants from 

another feeding ground. 

 

Cultural transmission of hatchery-salmon specialization 
 
 The pairwise relatedness of less than 0.0 between IDs 2227 and 2571 suggests 

that the hatchery-salmon specialists are slightly less related to each other than expected 

(i.e. less related than two individuals drawn at random from the population), and thus 

do not have a kinship relationship. The results of the maternity analysis support this 

assumption; although I did not successfully identify the mothers of either ID 2227 or 

ID 2571, the maternity analysis gave different potential maternal candidates for each. 
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This suggests that IDs 2227 and 2571 do not share a mother. Without a high degree of 

relatedness between the hatchery-salmon specialists, it is unlikely that the unique 

feeding pattern associated with hatchery-released salmon predation was maternally 

inherited. Rather, this behavior is either culturally transmitted or individually 

innovated. 

 Cultural transmission of behaviors is well documented in humpback whales 

(Weinrich 1992; Sharpe 2001; Garland et al. 2011). With only two hatchery-salmon 

specialists observed, it is difficult to determine whether this behavioral pattern is 

culturally transmitted (i.e. one individual learning from another) similar to lobtail 

feeding in New England or group feeding in Icy Strait, or if these two individuals 

developed the same feeding technique separately. The fact that IDs 2227 and 2571 

were almost always seen feeding alone suggests the latter. However, the high degree of 

similarity between the two individuals’ behaviors and the single encounter with the two 

as a pair provides intriguing evidence of cultural transmission. Future humpback 

surveys during salmon releases at Hidden Falls could shed light on this question. If 

additional unrelated individuals are observed using this technique of hatchery-salmon 

predation, it could indicate cultural learning of this behavior. Indeed, our observations 

of UASE_ID_13544_Temp and ID 1834 feeding on hatchery-released salmon towards 

the end of the field survey could suggest that other individuals are beginning to exploit 

this feeding strategy. Additionally, because IDs 2227 and 2571 are both female, it is 

possible that they could bring calves to Hidden Falls in the future. In this case, 

observing the feeding behavior of the cow-calf pair would reveal whether maternal 

inheritance of this behavior occurred. 
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Impacts and implications of hatchery-salmon specialization 
 

Our study may have documented the beginning of a new humpback feeding 

strategy that has the potential to spread culturally to other members of the local 

population, similar to the expansion of lobtail feeding in New England in the 1980s. 

Multiyear studies of humpback behavior around Hidden Falls and other hatcheries in 

Southeast Alaska are necessary to determine whether or not this is the case. Continued 

study at Hidden Falls will also clarify whether UASE_ID_13544_Temp and ID 1834 

were only feeding on hatchery-released salmon opportunistically or if they are 

hatchery-salmon specialists similar to IDs 2227 and 2571. Continued observation of 

these individuals could also help determine whether cultural learning of hatchery-

salmon feeding has occurred.  

As large consumers, humpback whales can have a substantial impact on local 

marine prey fields, and also play a significant role in marine nutrient cycling (Roman et 

al. 2014; Witteveen et al. 2006). However, with only a small number of humpback 

whales feeding on salmon at Hidden Falls, it is difficult to determine whether these 

individuals are significantly impacting the hatchery’s return rates of adult salmon. If 

hatchery-released salmon predation is significantly decreasing the number of salmon 

returning to the hatchery as adults in later years, this could have a negative effect on 

the local salmon fishery. The hatchery’s ability to operate could also be impacted, as 

hatcheries are non-profits that rely on capital generated by the fishing industry. 

 While other humpback-prey relationships (such as humpback-herring) are 

relatively well understood, little is yet known about the predator-prey relationship 
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between humpback whales and hatchery-released salmon that I describe in this thesis. 

This novel predator-prey relationship raises questions about how other humpback-prey 

relationships may be changing in response, and what effects this could have on the 

local prey field and larger marine ecosystem, especially if hatchery-salmon predation 

spreads to a larger proportion of the population. Because they feed on many species 

and are large consumers, humpback whales may be powerful instigators of trophic 

cascades, causing shifts in predator-prey interactions across several trophic levels. The 

marine ecosystem is very complex due to its many overlapping trophic levels, and 

changing predation habits of an influential consumer such as the humpback whale 

could have large-scale and unpredictable consequences.  

 An important factor to consider is the recent proposal to change the status of 

certain breeding populations of humpback whales, including Hawaii, from 

‘endangered’ to ‘unlisted’ under the Endangered Species Act (NOAA Fisheries 2015). 

If the proposed status change is enacted, hatcheries and other industries in the feeding 

regions, including Southeast Alaska, may have more latitude in which activities are 

allowed that can impact humpback whales, including methods of discouraging 

predation on released salmon. All humpback whales will retain protection under the 

Marine Mammal Protection Act, however, and any harassment or incidental ‘take’ will 

still need to be authorized and permitted by NOAA. Additionally, humpback whales 

are a focal species for many conservation organizations, and any applications for ‘take’ 

permits would likely face opposition from conservationist groups and public opinion. 
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Future studies 
 
 Conclusions in this study were only drawn from a single, short field survey at 

one hatchery in Southeast Alaska, making it difficult to extrapolate our results to other 

hatcheries and predict how this predator-prey dynamic may continue or change in the 

future. Anecdotal accounts and previous preliminary studies have shown that limited 

humpback predation on hatchery-released salmon occurs at many hatcheries in 

Southeast Alaska and that there may be habitual salmon feeding among certain 

individuals at other hatcheries. A good direction for future research would be to look at 

humpback predation on juvenile salmon at multiple hatcheries over multiple years. 

This could help determine if hatchery-salmon specialists continue this behavior in the 

future, if other individuals in the area begin to use this feeding strategy, and whether a 

similar dynamic of hatchery-salmon specialization occurs at other hatcheries. 

Humpback whales are presumably intelligent animals with a large degree of 

flexibility in their prey choices and a number of specialized feeding strategies. The 

factors that can contribute to an individual humpback whale’s choice of what to feed 

on, and when and where, can be complex and sundry. In this study we have isolated 

and examined only a few of these variables; ongoing and future studies will continue to 

build our understanding of hatchery-released salmon predation among humpback 

whales.  

 There are many possible explanations for the restriction of salmon predation to 

a few individuals, despite all humpback whales in the local population having the 

opportunity to exploit this prey. Juvenile hatchery-released salmon behavior makes this 

prey source atypical for humpback whales in comparison to more conventional prey 
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such as herring. For example, juvenile salmon tend to disperse rather than school into 

bait balls as herring do, they stay close to the shore and the net pens in which they were 

raised, and they are only available during a limited portion of the feeding season. These 

factors alone could likely cause most humpback whales to ignore hatchery-released 

salmon in favor of more conventional prey.  

It is possible that there are other motivations behind hatchery-salmon 

specialization. Hatchery-released salmon could be a superior prey (in terms of nutrition 

and energy), but more difficult to feed on, and hatchery-salmon specialists may have 

unique skills or knowledge that allow them to exploit this prey source. Alternatively, 

hatchery-salmon could be an inferior prey, but with comparatively less intraspecific 

competition. If this is the case, as the humpback population in Southeast Alaska 

increases, competitive pressure for food could be forcing less fit individuals towards 

inferior prey sources and more energy intensive feeding strategies such as hatchery-

salmon specialization. 

 These hypotheses rely on optimal foraging theory, which assumes that an 

animal will employ feeding strategies that maximize its net energetic gain. The 

intelligence, longevity, and large capacity for learning found in humpback whales 

complicates optimal foraging theory, as humpback behavior – including feeding 

behaviors – may be subject to more complex decision making, as well as stochastic 

environmental or social influences. Researchers have repeatedly observed individual 

humpback whales create distinctive behavioral ‘habits’ that may or may not conform to 

optimal foraging theory. While there may be an optimal foraging component to 
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hatchery-salmon specialization, at this time we can only conclude that this is a habitual 

pattern of behavior among a few individuals.  

Researchers at the University of Alaska Southeast are currently studying the 

predator-prey relationship of humpback whales and hatchery-released salmon and the 

influence of the prey field on humpback foraging strategies in the context of optimal 

foraging theory. Part of this project involves an energetic analysis of humpback 

predation on hatchery-released salmon in comparison to other prey sources. This 

analysis will help determine whether it is energetically advantageous for humpback 

whales to favor hatchery-released salmon over other prey sources, possibly because it 

requires an easier feeding strategy with less energetic input, and/or because hatchery-

salmon have higher nutritional value. If an optimal foraging component to hatchery-

salmon specialization is apparent, an eventual goal of the project is to identify 

particular release strategies for hatchery-salmon that are less energetically efficient for 

humpback whales, pushing them towards other, more conventional prey sources. 

Another characteristic of hatchery-salmon specialists that could be considered in future 

studies is their relative health and fitness (reproductive success). If the hatchery-salmon 

specialists are in poor health or have lower fat stores than other individuals in the area, 

it would provide evidence in favor of the hypothesis that hatchery-salmon 

specialization is an inferior foraging strategy. Because humpback whales are long-lived 

and relatively slow breeding, investigating fitness by looking at survival and fecundity 

can be challenging. However, such a long-term study could shed light on whether the 

hatchery-specialization behavior has any connection to fitness, and explore the 

possibility that hatchery-salmon specialization is linked to increasing humpback 
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populations and intraspecific competition. Future studies could investigate the 

influence of a humpback individual’s fitness and health on its choice to feed on 

hatchery-released salmon or not, as well as the effect of this unusual feeding strategy 

on the relative health, survival, and fecundity of a particular whale. 

It would also be informative to determine the age of humpback hatchery-

salmon specialists. Given that ID 2227 was first identified in 2007, this individual must 

now be mature adult. However, ID 2571 had no previous sighting history, so it is 

possible that she is a juvenile who has not yet learned to feed efficiently on 

conventional prey sources.   

 NOAA researchers in Juneau are currently investigating the impact of 

increasing humpback populations on the Alaskan marine ecosystem and their 

influential role in ecological processes. One aspect of the project is specifically looking 

at the larger ecological effects of humpback predation on hatchery-released salmon. 
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Conclusions 
 
  Predation on juvenile hatchery-released salmon appears to be confined to a 

small number of ‘hatchery-salmon specialists’ who employ a distinctive pattern of 

feeding behavior. These individuals share certain short and long-term behavioral 

characteristics, but do not appear to be genetically distinctive members of the 

population or immigrants from other feeding grounds. Given that the hatchery-salmon 

specialists are no more closely related than expected, this behavior is likely either 

culturally transmitted or independently innovated by each individual. It is not yet 

known whether hatchery-salmon specialization will persist or spread to other 

individuals over time, or if the same dynamic exists at other hatcheries in Southeast 

Alaska. 

 As humpback populations continue to increase in Southeast Alaska due to 

successful conservation efforts, and as human presence continues to grow and expand 

into humpback habitat, the interactions and conflicts between humpback whales and 

human activities are likely to intensify. Specifically in this context, hatcheries are 

releasing ever-increasing numbers of juvenile salmon to meet growing consumer 

demands for wild Alaskan salmon. The confluence of these two factors is likely to lead 

to mounting conflict between humpback whales and hatcheries. Humpback whales are 

currently protected by both the Endangered Species Act and the Marine Mammal 

Protection Act, so strategies to discourage their predation on hatchery-released salmon 

must be non-invasive and non-lethal; however the dynamics of how human activities 

can influence humpback whales may change with the proposed de-listing of SEAK 

humpback whales under the Endangered Species Act. A better understanding of 
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hatchery-released salmon predation will help hatcheries adapt to humpback whale 

presence and to develop new release strategies to reduce this predation. Additionally, 

continued studies of humpback predation on hatchery-released salmon will add to the 

growing body of knowledge about humpback behavior in Southeast Alaska, and our 

understanding of how increasing humpback populations affect the marine ecosystem, 

human activities and industry, and the whales themselves. 

 Further research of humpback predation on hatchery-released salmon can lead 

to better management of Southeast Alaskan humpback whales and coexistence with 

human activities. Understanding this behavior will help us protect and conserve 

humpback whales in Southeast Alaska while maintaining a productive and sustainable 

Alaskan salmon fishery, allowing us to enjoy both wild Alaskan salmon and wild 

Alaskan whales for years to come. 

  

48 
 



Literature Cited 

 
Baker, C. S., & Clapham, P. J. (2004). Modelling the past and future of whales and 

whaling. Trends in Ecology & Evolution, 19(7), 365-371. 
 
Baker, C. S., & Medrano-Gonzalez, L. (2002). World-wide distribution and diversity 

of humpback whale mitochondrial DNA lineages. Molecular and Cell Biology 
of Marine Mammals. Krieger Publishing Company, Malabar, Florida. 

 
Baker, C. S., Medrano Gonzalez, L., Calambokidis, J., Perry, A., Pichler, F., 

Rosenbaum, H., ... & Von Ziegesar, O. (1998). Population structure of nuclear 
and mitochondrial DNA variation among humpback whales in the North 
Pacific. Molecular Ecology, 7(6), 695-707. 

 
Baker, C.S., Palumbi, S.R., Lambertsen, R.H., Weinrich, M.T., Calambokidis, J., & 

O’Brien. S.J. (1990). Influence of seasonal migration on the distribution of 
mitochondrial DNA haplotypes in humpback whales. Nature 344, 238-240. 

 
Baker, C. S., Slade, R. W., Bannister, J. L., Abernethy, R. B., Weinrich, M. T., Lien, J., 

... & Palumbi, S. R. (1994). Hierarchical structure of mitochondrial DNA gene 
flow among humpback whales Megaptera novaeangliae, world-wide. 
Molecular Ecology, 3(4), 313-327. 

 
Baker, C. S., Steel, D., Calambokidis, J., Falcone, E., González-Peral, U., Barlow, J., ... 

& Yamaguchi, M. (2013). Strong maternal fidelity and natal philopatry shape 
genetic structure in North Pacific humpback whales. Marine Ecology Progress 
Series, 494, 291-306. 

 
Baker, C. S., Steel, D., Murdoch, V., Barlow, J., Burdin, A. M., Calambokidis, J., ... & 

Yamaguchi, M. (2009). geneSPLASH: genetic differentiation of ‘ecostocks’ 
and ‘breeding stocks’ in North Pacific humpback whales. In Abstract in 
Symposium on the results of the SPLASH humpback whale study: Final report 
and recommendations. Presented (Vol. 11). 

 
Baker, C. S., Straley, J. M., & Perry, A. (1992). Population characteristics of 

individually identified humpback whales in Southeast Alaska: summer and fall 
1986. Fishery Bulletin, 90(3), 429-437. 

 
Barlow, J., Calambokidis, J., Falcone, E. A., Baker, C. S., Burdin, A. M., Clapham, P. 

J., ... & Yamaguchi, M. (2011). Humpback whale abundance in the North 
Pacific estimated by photographic capture-recapture with bias correction from 
simulation studies. Marine Mammal Science, 27(4), 793-818. 

 

49 
 



Calambokidis, J., Falcone, E. A., Quinn, T. J., Burdin, A. M., Clapham, P. J., Ford, J. 
K. B., ... & Maloney, N. (2008). SPLASH: structure of populations, levels of 
abundance and status of humpback whales in the North Pacific: Final report for 
Contract AB133F–03-RP-00078. Seattle, WA, USA: Western Administrative 
Center. 

 
Calambokidis, J., Steiger, G. H., Straley, J. M., Herman, L. M., Cerchio, S., Salden, D. 

R., ... & Ii, T. J. Q. (2001). Movements and population structure of humpback 
whales in the North Pacific. Marine Mammal Science, 17(4), 769-794. 

 
Chenoweth, E., Straley, J., McCauley, E., Sheridan, T., Garrison, L., Moran, J., ... & 

Contag, B. (2010). Preliminary investigations of humpback whale predation at 
salmon enhancement facilities on eastern Baranof Island, Southeast Alaska 
April 2010 to June 2010 [abstract], Alaskan fisheries in a changing 
world. American Fisheries Society, Alaska, 3-5. 

 
Chittleborough, R. G. (1965). Dynamics of two populations of the humpback whale, 

Megaptera novaeangliae (Borowski). Marine and Freshwater Research, 16(1), 
33-128. 

 
Clapham, P. J. (2000). The Humpback Whale. In J, Mann, R. C. Connor, P. L. Tyack, 

& H. Whitehead (Eds.), Cetacean Societies, field studies of dolphins and 
whales. (173-196) Chicago: The University of Chicago Press. 

 
Clapham, P. J. & Baker, C.S. (2002). Whaling, modern. Encyclopedia of marine 

mammals (1st ed., pp. 1328-1332.). Burlington, MA: Academic Press. 
 
Clapham, P. J., Young, S. B., & Brownell, R. L. (1999). Baleen whales: conservation 

issues and the status of the most endangered populations. Mammal 
Review, 29(1), 37-62. 

 
DeSalle, R., & Amato, G. (2004). The expansion of conservation genetics. Nature 

Reviews Genetics, 5(9), 702-712. 
 
Ewing, B., & Green, P. (1998). Base-calling of automated sequencer traces using 

phred. II. Error probabilities. Genome research, 8(3), 186-194. 
 
Fish, F. E., & Battle, J. M. (1995). Hydrodynamic design of the humpback whale 

flipper. Journal of Morphology, 225(1), 51-60. 
 
Gabriele, C. M., Lockyer, C., Straley, J. M., Jurasz, C. M., & Kato, H. (2010). Sighting 

history of a naturally marked humpback whale (Megaptera novaeangliae) 
suggests ear plug growth layer groups are deposited annually. Marine Mammal 
Science, 26(2), 443-450. 

 

50 
 



Gabriele, C. M., Straley, J. M., & Neilson, J. L. (2007). Age at first calving of female 
humpback whales in Southeast Alaska. Marine Mammal Science, 23(1), 226-
239. 

 
Garland, E. C., Goldizen, A. W., Rekdahl, M. L., Constantine, R., Garrigue, C., 

Hauser, N. D., ... & Noad, M. J. (2011). Dynamic horizontal cultural 
transmission of humpback whale song at the ocean basin scale. Current 
Biology, 21(8), 687-691. 

 
Garrigue, C., Dodemont, R., Steel, D., & Baker, C. S. (2004). Organismal and 'gametic' 

capture-recapture using microsatellite genotyping confirm low abundance and 
reproductive autonomy of humpback whales on the wintering grounds of New 
Caledonia. Marine Ecology Progress Series, 274, 251-262. 
 

Gilson, A., Syvanen, M., Levine, K., & Banks, J. (1998). Deer gender determination by 
polymerase chain reaction: validation study and application to tissues, 
bloodstains, and hair forensic samples from California. California Fish and 
Game, 84(4), 159-169. 

 
Goldstein, D., & Schlötterer, C. (1999). Microsatellites Evolution and Applications. 

New York: Oxford University Press. 
 
Hain, J. H. W., Carter, G. R., Kraus, S. D., Mayo, C. A., & Winn, H. E. (1982). 

Feeding-behavior of the humpback whale, Megaptera-Novaeangliae, in the 
western North-Atlantic. Fishery Bulletin, 80(2), 259-268. 

.  
Hancock, J. (1999). Microsatellites and other simple sequences: genomic context and 

mutational mechanisms. In D. Goldstein & C. Schlötterer, Microsatellites 
Evolution and Application (1st ed.). New York: Oxford University Press, Inc. 

 
Heard, W. R. (2012). Overview of salmon stock enhancement in southeast Alaska and 

compatibility with maintenance of hatchery and wild stocks. Environmental 
Biology of Fishes, 94(1), 273-283. 

 
Hendrix, A. N., Straley, J., Gabriele, C. M., & Gende, S. M. (2012). Bayesian 

estimation of humpback whale (Megaptera novaeangliae) population 
abundance and movement patterns in Southeast Alaska. Canadian Journal of 
Fisheries and Aquatic Sciences, 69(11), 1783-1797. 

 
Johnson, J. H., & Wolman, A. A. (1984). The humpback whale, Megaptera 

novaeangliae. Marine Fisheries Review, 46(4), 30-37. 
 
Kalinowski, S. T., Taper, M. L., & Marshall, T. C. (2007). Revising how the computer 

program CERVUS accommodates genotyping error increases success in 
paternity assignment. Molecular Ecology, 16(5), 1099-1106. 

 

51 
 



Klumov, S. K. (1963). Food and helminth fauna of whalebone whales in the main 
whaling regions of the world ocean. Trudy Instituta Okeanologii, 71, 94-194. 

 
Lambertsen, R. H. (1987). A biopsy system for large whales and its use for 

cytogenetics. Journal of Mammalogy, 443-445. 
 
Morin, P. A., Martien, K. K., Archer, F. I., Cipriano, F., Steel, D., Jackson, J., & 

Taylor, B. L. (2010). Applied conservation genetics and the need for quality 
control and reporting of genetic data used in fisheries and wildlife management. 
Journal of Heredity, 101(1), 1-10. 

 
Neilson, J. L, Gabriele, C.M., & Vanselow, P.B.S. (2015). Humpback Whale 

Monitoring in Glacier Bay and Adjacent Waters 2014, Annual Progress Report, 
Natural Resource Report NPS/GLBA/NRR—2015/949. National Park Service, 
Glacier Bay National Park and Reserve. 

 
NOAA Fisheries, U.S. Department of Commerce (2015). Endangered and Threatened 

Species; Identification of 14 Distinct Population Segments of the Humpback 
Whale (Megaptera novaeangliae). (Report no. 2015-09010). Retrieved from: 
https://federalregister.gov/a/2015-09010.   

 
NSRAA, 'Hidden Falls'. N.p., 2013. Web. 19 Apr. 2015. 
 
Perry, A., Baker, C. S., & Herman, L. M. (1990). Population characteristics of 

individually identified humpback whales in the central and eastern North 
Pacific: a summary and critique. Rep. Int. Whal. Comm. (Special Issue 12), 
307-317. 

 
Perry, S. L., DeMaster, D. P., & Silber, G. K. (1999). The great whales: History and 

status of six species listed as endangered under the US Endangered Species Act 
of 1973. Marine Fisheries Review, 61(1), 1-74. 

 
Pierszalowski, S. P. (2014). The influence of local fidelity and recruitment on 

population dynamics and specialized foraging of humpback whales in Glacier 
Bay and Icy Strait, Alaska (Master’s dissertation, Oregon State University). 

 
Queller, D. C., & Goodnight, K. F. (1989). Estimating relatedness using genetic 

markers. Evolution, 258-275. 
 
Raymond, M., & Rousset, F. (1995). GENEPOP (version 1.2): population genetics 

software for exact tests and ecumenicism. Journal of Heredity, 86(3), 248-249. 
 
Roman, J., Estes, J. A., Morissette, L., Smith, C., Costa, D., McCarthy, J., ... & 

Smetacek, V. (2014). Whales as marine ecosystem engineers. Frontiers in 
Ecology and the Environment, 12(7), 377-385. 

 

52 
 



Sambrook, J., & Russell, D. W. (2006). Purification of nucleic acids by extraction with 
phenol: chloroform. Cold Spring Harbor Protocols, 2006(1), pdb-prot4455. 

 
Sharpe, F. (2001). Social foraging of the southeast Alaskan humpback whale, 

Megaptera novaengliae (Doctoral dissertation, Simon Fraser University). 
 
Vercessi, Lorraine (2015). Alaska salmon fisheries enhancement program 2014 annual 

report. Fishery Management Report No. 15-15. Alaska Department of Fish and 
Game, Division of Sport Fish, Research and Technical Services. 

 
Weinrich, M. T., Schilling, M. R., & Belt, C. R. (1992). Evidence for acquisition of a 

novel feeding behaviour: lobtail feeding in humpback whales, Megaptera 
novaeangliae. Animal Behaviour, 44(6), 1059-1072. 

 
Wiley, D., Ware, C., Bocconcelli, A., Cholewiak, D., Friedlaender, A., Thompson, M., 

& Weinrich, M. (2011). Underwater components of humpback whale bubble-
net feeding behaviour. Behaviour, 148(5), 575-602. 

 
Witteveen, B. H., Foy, R. J., & Wynne, K. M. (2006). The effect of predation (current 

and historical) by humpback whales (Megaptera novaeangliae) on fish 
abundance near Kodiak Island, Alaska. Fishery Bulletin, 104(1), 10-20. 

 
Witteveen, B. H., Worthy, G. A., Wynne, K. M., Hirons, A. C., Andrews III, A. G., & 

Markel, R. W. (2011). Trophic levels of North Pacific humpback whales 
(Megaptera novaeangliae) through analysis of stable isotopes: implications on 
prey and resource quality. Aquatic Mammals, 37(2), 101-110. 

 
Witteveen, B. H., Worthy, G. A., Wynne, K. M., & Roth, J. D. (2009). Population 

structure of North Pacific humpback whales on their feeding grounds revealed 
by stable carbon and nitrogen isotope ratios. Marine Ecology Progress 
Series,379, 299-310. 

 
 

 

  

53 
 



Tables and Figures  

Figure 1: Study area for the 2014 Hidden Falls field survey. The study area was centered on Hidden 
Falls Hatchery on the western (Baranof Island) side of Chatham Strait and ranged from Kelp Bay in 
the north to Takatz Bay in the south. Inset: Admiralty, Baranof, and Chichagof Islands in the 
Alexander Archipelago of Southeast Alaska. 
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Figure 2: Humpback whale fluke and dorsal fin identification photos. Identification photos of a humpback whale with 
SEAK ID 2571. Identifying features include the black and white pigmentation patterns on the fluke (left), scarring on the 
edge of the fluke, and the shape and coloration of the dorsal fin (right). Biopsy dart used for tissue sampling is visible 
below the dorsal fin (right). Photos taken under NOAA permit #14122. 
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Figure 3: Gel electrophoresis of humpback whale sex. From 
left to right: female, male, female, female, and 100bp ladder. The 
control X-chromosome band is evident in all four samples; the 
smaller Y-chromosome band is apparent in the male sample. 
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Table 1: Summary of humpback whale microsatellite loci. The ten microsatellite loci used for genotypes of both Hidden Falls and SEAK DNA Register 
individuals. Label refers to fluorescent label used in multiplexed PCR; repeat refers to size of tandem repeats; and range refers to the microsatellite lengths. 
Probability of identity was calculated in GenAlex. 
 

Locus N Source label [Mg] mM repeat range n alleles Probability of Identity 
Ev14 14 (Valsecchi and Amos 1996) VIC 2.5 2 131-141 6 0.197 
Ev37 14 (Valsecchi and Amos 1996) NED 3.5 2 192-216 9 0.030 
Ev96 14 (Valsecchi and Amos 1996) FAM 1.5 2 149-167 7 0.083 

GATA417 14 (Palsboll et al. 1997) FAM 2.5 4 195-226 9 0.024 
GATA28 14 (Palsboll et al. 1997) NED 2.5 4 147-187 6 0.338 
GT211 14 (Berube et al. 2000) FAM 2.5 2 104-116 7 0.080 
GT23 14 (Berube et al. 2000) VIC 2.5 2 109-119 6 0.130 
GT575 14 (Berube et al. 2000) FAM 1.5 2 149-163 7 0.072 
rw4-10 14 (Waldick et al. 1999) VIC 3 2 194-208 7 0.159 
rw48 14 (Waldick et al. 1999) NED 2.5 2 112-122 6 0.144 

mtDNA 14 - - - - 500bp 7 - 
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Figure 4: Electropherogram of humpback whale microsatellite locus EV37. This individual is heterozygous, with one 110bp allele and one 212bp. Visible to 
the left of each allele is a ‘plus A’ stutter. Grey bars indicate bins for established alleles, and do not necessarily reflect exact sequence length. 
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Table 2: Summary of the genetic profiles for 12 individuals identified among the 2014 Hidden 
Falls encounters. Sex, mitochondrial control region haplotype, and genotype source for all 2014 Hidden 
Falls encounters humpback whales with genetic profiles. Individuals with the genotype source “Hidden 
Falls sample” were successfully biopsy sampled during the 2014 Hidden Falls survey and DNA was 
extracted from this sample. Individuals with the genotype source “SEAK DNA Register” had genetic 
profiles already available. 

 
SEAK ID or temporary code Sex Haplotype Genotype source 

229 F A+ SEAK DNA Register 
549 F A+ Hidden Falls sample 
555 F A- Hidden Falls sample 
933 M A+ SEAK DNA Register 
1834 F A+ SEAK DNA Register 
2227 F A- Hidden Falls sample 
2306 F A+ Hidden Falls sample 
2354 F A-/A8 Hidden Falls sample 
2571 F A- Hidden Falls sample 

SWL-20110804-008 F A- Hidden Falls sample 
UASE_ID_42359_Temp M A- Hidden Falls sample 
UASE_ID_13544_Temp F A+ Hidden Falls sample 
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Figure 8: Location of humpback whale sighting histories in Southeast Alaska. Previous sightings of 
all identified humpback whale individuals encountered during the 2014 Hidden Falls survey. These 
sighting histories were obtained from the SEAK Regional Database and are organized by eight established 
subregions: Chatham Strait, Frederick Sound, Lynn Canal, Peril Strait, Seymour Canal, Stephen’s 
Passage, Sitka Sound, and Tenakee Inlet. Hidden Falls Hatchery and the study area for the 2014 Hidden 
Falls survey are within the Chatham Strait subregion. 

63 
 



 

 

Table 3: The sighting histories of known individual among the 2014 Hidden Falls encounters. Year of first sighting, total number of historical sightings, and 
sighting history by subregion for all identified humpback whale individuals of the 2014 Hidden Falls encounters. Note: only sightings that occurred previous to 
the Hidden Falls study are included here; table does not include individuals first sighted during the 2014 Hidden Falls study. Sighting history subregions: CS - 
Chatham Strait, FS - Frederick Sound, LC - Lynn Canal, PS - Peril Strait, SC - Seymour Canal, SP - Stephen’s Passage, SS - Sitka Sound, TI - Tenakee Inlet. 

 
SEAK ID or temporary code Year of first sighting Number of unique sightings Sighting history subregions 

229 1989 41 CS, FS, LC, SC, TI 
281 1981 17 CS, FS, SC, SP, TI 
549 1984 21 CS, FS, PS, SC, SS, TI 
555 1987 17 CS, FS, SC, SS, TI 
933 1986 20 CS, FS, SP, TI 
1320 1987 21 CS, FS, SP, TI 
1834 2001 4 SS, TI 
2172 2008 3 LC, SP, SS 
2227 2007 8 CS, FS 
2306 2006 4 SC 
2354 2006 9 LC, SC 

UASE-SWL-20110804-008 2011 1 TI 
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Figure 10: The distribution of pairwise relatedness indices for 
humpback whale populations. Distributions of humpback whale pairwise 
relatedness according to Queller and Goodnight (1989) estimator means. A. 
2014 Hidden Falls encounters (n=12); B. SEAK population (from SEAK 
DNA register (n=556); C. SEAK and 2014 Hidden Falls encounters 
combined (n=568). Queller Goodnight (1989) estimator mean (QGM) = 0, 
indicates expected relatedness, QGM = 0.25 indicates half-siblings, QGM = 
0.50 indicates parent-offspring pair, and QGM = 1.00 indicates an identical 
match. 
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Table 4: The average pairwise relatedness of humpback whales based on ten microsatellite loci. Summary statistics for 2014 Hidden Falls encounters and 
SEAK population pairwise relatedness of humpback whales. Summary statistics are calculated from the mean QGM (pairwise relatedness) between all pairs on 
individuals in the population. QGM - Queller and Goodnight (1989) estimator – Mean. 

 
 2014 Hidden Falls encounters 

QGM 
SEAK Population 

QGM 
SEAK population and 2014 Hidden Falls encounters 

combined QGM 
n 12 556 568 

Min - 0.472 - 0.674 - 0.675 
Max 0.424 0.815 0.857 
Mean -0.098 -0.002 -0.0018 

SD 0.175 0.184 0.183 
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Table 5: The pairwise relatedness of hatchery-salmon specialists. Summary statistics for comparing 
humpback whale hatchery-salmon specialists to the 2014 Hidden Falls encounters and SEAK population 
using individual mean pairwise relatedness. QGM = Queller and Goodnight (1989) estimator – Mean. 

 
 2227 2571 

Comparing to 2014 
Hidden Falls 

encounters QGM 

Min -0.292 -0.208 
Max -0.082 0.166 
Mean -0.130 -0.088 
SD 0.125 0.125 

Comparing to SEAK 
population and 2014 

Hidden Falls 
encounters combined 

QGM 

Min -0.474 -0.454 
Max 0.364 0.417 
Mean -0.084 -0.041 
SD 0.154 0.154 
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Table 6: Maternity analysis of hatchery-salmon specialists. Results of the Cervus maternity analysis 
for humpback whale hatchery-salmon specialists IDs 2227 and 2571 as candidate offspring with 
candidate mothers sourced from females and missing-sex individuals from the SEAK DNA register and 
2014 Hidden Falls encounters. 0s indicate missing values. Microsatellite alleles in common between 
offspring and candidate mothers are highlighted. 

 

 
 Offspring Potential Mothers Offspring Potential Mothers 

SEAK ID 2227 580 none 2571 none 2502 

Sample Name SK201406
06-01 

gMno96SE
A008 

gSEA04-
44013 

Mn201405
14-01 

gSEA05-
62371 

gSEA04-
43508 

M
ic

ro
sa

te
lli

te
 L

oc
us

 

EV14 131 131 131 131 131 131 
EV14 139 131 133 137 133 133 
EV37 196 192 208 208 208 208 
EV37 210 196 210 208 212 208 
EV96 161 163 161 161 161 161 
EV96 163 163 163 153 163 163 

GATA28 147 147 147 147 147 0 
GATA28 179 147 147 156 183 0 
GATA417 218 218 214 203 203 207 
GATA417 230 226 218 207 226 210 

GT211 0 106 104 112 104 110 
GT211 0 116 114 116 112 112 
GT23 109 109 109 109 109 109 
GT23 109 115 111 115 115 113 

GT575 151 159 149 145 0 151 
GT575 163 163 151 163 0 163 
rw4-10 196 196 194 196 196 196 
rw4-10 204 204 196 204 204 200 
rw48 0 112 112 112 116 116 
rw48 0 112 114 116 116 118 

 

Sex F F F F F 0 
mtDNA A- A+ A- A- E2 0 

Loci 
compared - 8 8 - 9 9 

Loci 
mismatch - 0 0 - 0 0 

Pair LOD 
score - 4.11 1.92 - 2.96 2.42 

Pair Delta - 2.19 0.00 - 0.539 0.00 
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