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Study History: The North Gulf Oceanic Society independently maintained a monitoring 
program for killer whales (Orcinus orca) in Prince William Sound from 1984-1988 (Matkin 
et. al. 1994). This work was partially funded by a variety of non-profit foundations and 
government grants. Following the Exxon Valdez Oil Spill killer whales were monitored in 
Prince William Sound, Alaska with funding from the Exxon Valdez Oil Spill Trustee Council 
in 1989, 1990, and 1991 (Dahlheim and Matkin 1993) and in 1993 (Dahlheim 1994). The 
North Gulf Oceanic Society independently maintained a monitoring program in 1994. An 
assessment of the status of killer whales from 1984 to 1992 in Prince William Sound was 
published by Matkin et al. in 1994. 

The current study builds upon this historical work as well as four other Exxon Valdez Oil 
Spill Trustee Council-supported projects, initiated in 1995 as Restoration Project 95012 
“Comprehensive Killer Whale Investigations” and followed by “Photographic and Acoustic 
Monitoring of Killer Whales” initiated in 1999 and completed in 2002. The combined final 
report for these and later projects are available from the Alaska Resources Library and 
Information Services or from the North Gulf Oceanic Society as: 

Matkin, C. O., G. Ellis, L. Barrett Lennard,  H. Yurk, E. Saulitis, D. Scheel, P. Olesiuk, G. Ylitalo. 
2003. Photographic and acoustic monitoring of killer whales in Prince William 
Sound and Kenai Fjords. Exxon Valdez Oil Spill Restoration Project Final Report 
(Restoration Project 030012), North Gulf Oceanic Society, Homer, Alaska.  

Matkin, C. O., G. Ellis, E. Saulitis, D. Herman, R. Andrews, A. Gaylord, and H. Yurk. In Review. 
Monitoring, tagging, remote acoustics, feeding habits, and restoration of killer 
whales in Prince William Sound/Kenai Fjords 2003-2009. Exxon Valdez Oil Spill 
Restoration Project Final Report (Restoration Project 090742). North Gulf Oceanic 
Society, Homer, Alaska 99603  

Matkin, C. O., G. Ellis, E. Saulitis, D. Herman, R. Andrews, and A. Gaylord. In Review. 
Monitoring, tagging, feeding habits, and restoration of killer whales in Prince 
William Sound/Kenai Fjords 2010-2012. Exxon Valdez Oil Spill Restoration Project 
Final Report (Restoration Project 10100742). North Gulf Oceanic Society, Homer, 
Alaska 99603.  

Matkin, C. O., G. W. Testa, G. M. Ellis, and E. L. Saulitis. 2014. Life history and population 
dynamics of southern Alaska resident killer whales (Orcinus orca). Marine Mammal 
Science 30:460-479 

Fernback, H., J. W. Durban, D. K. Ellifrit, J. M. Waite, C. O. Matkin, et al. 2014 Spatial and 
social connectivity of fish-eating resident killer whales (Orcinus orca) in the North 
Pacific. Marine Biology 161:459-472. 
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Data from this project is also published in Olsen et al. (2018). 

Abstract: In the four-year period, 2013-2015 a total of 249 days were spent in surveys 
with 138 encounters with killer whales (Orcinus orca). The Exxon Valdez oil spill-damaged 
AB pod contained 21 whales in 2015 and hadn’t recovered to the pre-spill number of 27 
individuals. The threatened AT1 transient population numbered 7 whales in 2015 and 
totaled 22 prior to the spill. Extinction is likely with no new calves produced since 1984. 
The 33 tags attached to resident killer whales indicated distinct shifts in core use areas that 
were highly specific to season and pod. Genetic analysis supported the area south of Kodiak 
Island as the southwestern limit of the Southern Alaska resident population as well as a 
boundary for the Gulf of Alaska transient population. Sampling of fish scales from southern 
Alaska resident predation sites indicates a pattern of Chinook salmon (Oncorhynchus 
tshawytscha) predation in the spring followed by increasing predation on chum salmon 
(Oncorhynchus keta) and Coho salmon (Oncorhynchus kisutch) the summer and fall. There 
has also been a decline in the average annual stable isotope levels in resident killer whales 
over the past twelve years. This suggests a change in food habits; possibly a decline in 
Chinook salmon and an increase in chum salmon in the diet. 

Key words: feeding habits, foraging, genetics, Kenai Fjords, killer whales, offshore, Orcinus 
orca,  photo-identification, populations, Prince William Sound, resident, transient  

Project Data:  

Data description and format - Data includes frame-by-frame analysis of photo-identification 
pictures and an annual tabulation of all whales present (Excel spreadsheet). In Excel 
spreadsheets all biopsy samples are described and results from chemical analysis are 
detailed. Catalogues of all known individuals and pods are provided in Powerpoint 
diagrams including most recent ID photo. Tracks and associated data for all tagged killer 
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whales are also provided. Long term summaries of field surveys and encounters are found 
in an ACCESS database.  

Data location and access limitations - All data are available online at:  
http://portal.aoos.org/gulf-of-alaska.php#metadata/2f42dd1c-d67a-4c49-8c2e-
1d63387e0ad0/project.  All data are also archived by North Gulf Oceanic Society, 3430 
Main St Ste B1, Homer, AK 99603. There are no limitations on the use of the data, however, 
it is requested that the authors be cited for any subsequent publications that reference this 
dataset. It is strongly recommended that careful attention be paid to the contents of the 
metadata file associated with these data to evaluate data set limitations or intended use. 

Data contact – Carol Janzen, 1007 W. 3rd Ave. # 100, Anchorage, AK 99501, 907-644-6703, 
janzen@aoos.org, http://portal.aoos.org/gulf-of-alaska.php 

Citation:  

Matkin, C., D. Olsen, G. Ellis, G. Ylitalo, R. Andrews. 2018. Long-term killer whale monitoring 
in Prince William Sound/ Kenai Fjords. Exxon Valdez Oil Spill Long-term Monitoring 
Program (Gulf Watch Alaska) Final Report (Exxon Valdez Oil Spill Trustee 
CouncilProject 16120114-M), Exxon Valdez Oil Spill Trustee Council, Anchorage, 
Alaska. 
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EXECUTIVE SUMMARY 
This report covers the four-year period from 2013-2016 of a 28 year photo-identification 
based study of killer whales (Orcinus orca) in Prince William Sound and Kenai Fjords, 
Alaska. It has followed four separate killer whale populations, the largest being the 
southern Alaska residents, but also the threatened AT1 (Chugach) transients, the lesser-
known Gulf of Alaska transients and the infrequently seen offshore killer whales. In the 
current study period, 249 days were spent in surveys that covered 10,031 km between May 
1 and October 30 of each year. There were 138 encounters with killer whales that spanned 
1848 km. The Exxon Valdez oil spill-damaged AB pod contained 21 whales in 2015 and has 
not recovered to pre-spill number of 27 individuals. The threatened AT1(Chugach) 
transient population numbered 7 whales in 2015 and totaled 22 prior to the spill. The 
AT1(Chugach)transient population is likely headed toward extinction with no new calves 
produced since 1984. In 2015, there were 272 resident killer whales in the 10 frequently 
encountered resident pods used in population analysis. Based on photographs taken since 
2004, we estimate a minimum population size for southern Alaska resident killer whales of 
1062, of which 347 have not been assigned to pods. 

We tagged 33 resident killer whales representing 14 pods in the southern Alaska resident 
population between 2006 and 2014 during the months of June to January. Distinct shifts in 
core use areas were revealed that are highly specific to season and pod. In June, July, and 
August, the waters of Hinchinbrook Entrance and west of Kayak Island were the primary 
areas used, mainly by the AB, AI, and AJ pods. These same pods shifted their focus to 
Montague Strait in August, September, and October. Port Gravina was a focal area for the 
AD16 and AK pods in June, July, and August, but this was not the case in later months. AK 
and AD16 pods were responsible for seven of eight documented trips by tagged whales into 
the deeper fjords of Prince William Sound. However, these fjords were not a focus for most 
groups. These temporal shifts in habitat use are likely a response to the seasonal returns of 
salmon. 

In our genetic analysis we used data from 26 nuclear microsatellite loci and mitochondrial 
DNA sequences (988 bp) to test a priori hypotheses about population subdivisions. Our 
samples were grouped with other samples generated from a decade of killer whale surveys 
across the northern North Pacific. This work confirmed that the area south of Kodiak Island 
defines the southwestern limit of the Southern Alaska resident population as well as a 
similar southwestern boundary for the Gulf of Alaska transient population, which uses the 
ocean entrances of Prince William Sound and the Kenai Fjords region.  

Sampling of fish scales from southern Alaska resident predation sites indicates an annual 
pattern of Chinook salmon (Oncorhynchus tshawytscha) predation in the spring followed by 
increasing predation on chum salmon (Oncorhynchus keta) and Coho salmon 
(Oncorhynchus kisutch) as the summer and fall progress. This is reflected also in the stable 
isotope levels in the blubber of the killer whales over the course of the season. Additionally, 
the average annual stable isotope levels of the whales have declined over the past 12 years. 
This change has not been observed in the Southern residents of Puget Sound region. This 
indicates either a change in stable isotope values across the entire Gulf of Alaska ecosystem 
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or a change in feeding habits over the past 12 years. Considering there is little evidence for 
a trophic ecosystem shift of that magnitude, it is more likely that southern Alaska resident 
feeding habits have changed which is supported by increased chum salmon samples from 
predation sites. Further evidence of this shift in diet is provided by the surprisingly strong 
annual decline in DDT levels in southern Alaska residents (8%) while the Southern 
Residents of Puget Sound have only had DDT declines of about 2% per year. The apparent 
change in prey composition may be due to the decline of abundance of Chinook in the 
region over the past decade or due to the expanded nutritional needs of an increasing 
population of resident killer whales (excluding the oil spill-impacted AB pod). 

It appears AT1 killer whales remain primarily harbor seal (Phoca vitulina) predators with 
Dall’s porpoise (Phocoenoides dalli) also an important component of the diet. Gulf of Alaska 
transients appear to focus on Steller sea lions (Eumetopias jubatus) and recently we have 
observed an increasing number of predation events on Dall’s porpoise by whales from this 
population. Offshore killer whale prey samples continue to indicate Pacific sleeper shark 
(Somniosus pacificus) as the primary prey in the northern Gulf of Alaska in summer. 

INTRODUCTION 
Population monitoring of killer whales in Prince William Sound and adjacent waters has 
occurred annually since 1984. The existence of data prior to the Exxon Valdez oil spill made 
it possible to determine that the resident AB pod and the AT1 (Chugach) transient group 
declined dramatically following the spill (Matkin et al. 2008). This project continued using 
photo-identification methods to monitor changes in resident killer whale pods and monitor 
recovery of the AB pod and the AT1 transient population. We continued to emphasize 
photo-identification during the funding cycle 2013-2016 over all other aspects of the 
project. A journal paper detailing the population dynamics of resident killer whales in the 
northern Gulf of Alaska was published during this funding cycle (Matkin et al. 2014). In this 
report we update status of the AB pod and the AT1 transient population as well as 
regularly sighted groups and infrequently sighted whales to develop an overall population 
estimate and establish population trend. 

Both whales of the resident ecotype, the AB pod, and whales of the transient ecotype, the 
AT1 population, suffered significant mortalities following the Exxon Valdez oil spill in 1989. 
The AB pod is recovering after 26 years but has still not reached pre-spill numbers. The 
AT1 population is not recovering and may be headed toward extinction. This project has 
determined that killer whales are sensitive to perturbations such as oil spills, but has not 
yet determined the ultimate long-term consequence (which may include extinction) or the 
recovery period required after such a perturbation. Ecosystem changes may also 
complicate aspects of recovery. As an apex predator, this species (both fish and mammal 
eating ecotypes) has an important role in the “top down” processes of the ecosystem. 
Additionally, they are a primary focus of viewing in the region by a vibrant tour boat 
industry. Data from this project is used by tour boats to enhance viewer’s experience and to 
promote appreciation of the local environment and fauna. Unlike many cetaceans, killer 
whales can be closely monitored using photo-identification and other investigative tools. 
This long term monitoring project is a unique opportunity to continue a comprehensive 
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database initiated in the early 1980’s for one of the regions keystone marine species. The 
importance of long-term killer whale monitoring has been borne out by companion studies 
in other regions such as Puget Sound and British Columbia.  

In this project we used photo-identification, prey sampling, biopsy sampling, and satellite 
tagging to develop population parameters and to study feeding ecology, range, and 
distribution. Analyses include population dynamics, genetics, examination of lipids and 
fatty acids and environmental contaminants in the blubber, and development of location 
and dive data from satellite tags. Although we focused on the southern Alaska resident and 
AT1 transient populations, which were impacted by the spill, the study also included the 
other two recognized populations in the region, the Gulf of Alaska transients and offshore 
killer whales and contributed substantially to the National Marine Fisheries Service 
(NMFS) killer whale stock assessments. 

Data were collected during a minimum 50-day field season from May through October from 
the R.V. Natoa. In addition, other collaborating vessels contributed opportunistic 
photographic data. This is the continuation of a long-term project initiated in 1984 and has 
benefited from continued support of the Exxon Valdez Oil Spill Trustee Council and from 
individuals living in coastal communities along the north Gulf coast of Alaska. 

OBJECTIVES 
1) Photo-identification of all major resident pods and AT1 (Chugach) and other transient 

groups that use Prince William Sound/Kenai Fjords on an annual basis. Realistically, all 
pods are completely documented on a biennial basis, despite annual field effort. 
Extension of individual histories, identification catalogues of individuals and an annual 
update of population were products of these data. 

2) Collection of blubber samples for chemical monitoring of PCBs, DDTs and PBDEs, lipid 
and fatty acid (FA) content and stable isotope values to gauge changes in contaminant 
loads as examine feeding habits.  

3) Collection of fish scale samples and marine mammal tissue from kill sites to monitor 
potential changes in feeding habits. 

4) Collection of skin samples for genetic analysis.  

5) Tracking of individuals from a variety of pods using ARGOS satellite telemetry to 
improve re-sighting rate in the field and foster completion of objectives 1-3. 

6) Determine details of range of pods and populations using both ARGOS and photo-
identification data and identify important habitat on a pod specific basis. 

METHODS 
The vessel surveys conducted in this project focused on the bays and passes of Prince 
William Sound and the Kenai Fjords region and particularly the ocean entrances (Fig. 1) 
These waters are glacially carved and relatively deep (300-500m), and experience strong 
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tidal currents (Halverson et al. 2013). Strong downwelling conditions in winter promote 
inflow into Prince William Sound through Hinchinbrook Entrance and outflow through 
Montague Strait, but this pattern is less distinct in the summer months as offshore 
downwelling conditions relax (Halverson et al. 2013). 

Data Collection 
Fieldwork during the 2013-2016 study period was completed from the R/V Natoa, a 10.3 m 
inboard diesel powered vessel, capable of 12 knots and sleeping four researchers. Data 
were recorded on daily vessel logs and killer whale encounter sheets (updated in 2014) 
and basic field data was input into an ACCESS database. Vessel tracks and encounter tracks 
were recorded on a Garmin Mark V GPS and converted to GIS shapefiles for analysis. 

Researchers attempted to maximize the number of encounters with as many killer whale 
pods or groups as possible and based field timing and search tracks on current and 
historical sighting information. Consequently, searches were centered in areas that had 
produced the most encounters with killer whales in the past, unless sighting or report 
information indicated changes in whale distribution. Satellite data (Olsen et al. 2018), 
Appendix 1) supported long term survey areas as killer whale hot spots. Whales were 
found visually, by listening for killer whale calls with a directional hydrophone, or by 
responding to VHF radio calls from other vessel operators. Regular requests for recent 
killer whale sightings were made on hailing Channel 16 VHF. In Kenai Fjords, Channel 71, 
the tour boat channel was also monitored in Kenai Fjords. An encounter was defined as the 
successful detection, approach and taking of identification photographs. Accounts of 
whales from other mariners (generally by VHF radio) were termed "reports." Although 
reports were used to select areas to be searched, all identifications were made from 
photographs taken during encounters or provided on our website by other mariners if of 
sufficient quality and accompanied by appropriate data. Photographs for individual 
identification were taken of the port side of each whale showing details of the dorsal fin 
and saddle patch. Digital images were taken at no less than 1/1000 sec. using a Nikon D-
700 or D-750 camera and a 300mm f4.5 auto focus lens. When whales were encountered, 
researchers systematically moved from one subgroup (or individual) to the next keeping 
track of the whales photographed. If possible, individual whales were photographed 
several times during each encounter to insure an adequate identification photograph. 
Whales were followed until all whales were photographed or until weather and/or 
darkness made photography impractical. 

A vessel log and chart of the vessel track were kept for each day the research vessel 
operated using a Garmin GPS V that was downloaded each evening. Tracklines were then 
converted to GIS shapefiles using Minnesota DNR Garmin 5.4 software. Similar logs were 
kept for all previous study years and stored as shapefiles with encounter tracks separated 
from overall vessel tracks and used to estimate effort (Scheel et al. 2001). On daily logs, the 
elapsed time and distance traveled were independently recorded. Weather and sea state as 
it affected daily surveys was noted.  

Specifics of each encounter with killer whales were recorded on standardized data forms 
originally developed in 1984. These forms have been updated every few years to reflect 
changes in data collection needs and emphasis (most recently modified in 2016). Data 
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recorded included date, time, duration, and location of the encounter. References to digital 
photographic files were created and the estimated number of whales photographed also 
were recorded. Specific group and individual behaviors (i.e., feeding, resting, traveling, 
socializing, milling) were recorded by time and location. Directed observations of feeding 
behavior and identification and collection of killer whale prey and fecal material were 
made when possible.  

Evidence of resident killer whale predation was collected using an extendable, fine mesh, 
dip net to retrieve fish scales or pieces of flesh from prey at the site of a kill. This collection 
technique provided prey species identification as well as data on the life history of the prey 
as determined from scale annuli. Scales were aged and identified at the Pacific Biological 
Station, Nanaimo, British Columbia by making acetate impressions and viewing the 
impressions on a Neopromar projecting scope. Magnifications of 10x to100x were used in 
the analysis (MacLellan 2004). Sampling of prey was coupled with standard killer whale 
photo-identification procedures (detailed in Bigg et al. 1990 and Matkin et al. 1999) to 
determine the identity of the population, the pod, and, in some cases, the individual whale, 
using existing photographic catalogues (Matkin et al. 1999). Sampling of prey remains 
occurred opportunistically during the period of our annual photo-census (April-
September). Time and location of all predation events were also recorded.  

Foraging behavior by a group of resident (fish eating) killer whales was initially identified 
acoustically by the presence of echolocation clicks and discrete calls detected using an 
Offshore Acoustics omni-directional hydrophone (100Hz to 25 kHz). In addition, there 
were visual cues such as erratic movements of widely spaced individuals. As in our 
previous study (Saulitis et al. 2000), predation events accompanied by noticeable whale 
surface activity typically triggered our movement to the kill site and the attempted 
collection of scale samples. We also were successful in obtaining scale samples by following 
an individual (or cow/calf pairs) for extended periods during foraging and waiting for 
successful feeding to occur. However, the capture of prey at depth is not always 
accompanied by obvious surface activity, although the whale may occasionally carry prey 
to the surface. This made extended follows of individuals more productive at times than 
searching for obvious surface kills. 

Killer whale feces were also collected in the last year of the study and genetic analysis 
completed at Northwest Fisheries Science Center (NWFSC), Seattle, Washington by Kim 
Parsons. Killer whale feces were collected with a fine mesh net on an extendible handle (4 
m maximum extension). The net was rinsed thoroughly and sprayed with dilute chlorine 
solution between sampling to prevent genetic contamination. The pod or group of killer 
whales and specific individuals present being tracked when feces were collected were 
identified and recorded on the encounter data sheets.  

Marine mammal kills were confirmed by the observation of marine mammal parts in the 
mouths of the transient whales, bits of blubber, skin, viscera, hair, and/or blood in the 
water and/or oil on the surface in the vicinity of the whales. The species identity of marine 
mammal prey was usually determined during observations of attacks and chases. Fish 
predation by residents was confirmed by observations of fish in the mouths of whales or by 
fish scales in the water at the kill site. 
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When successful predation was suspected, the kill site was approached slowly. An observer 
on the bow of the research vessel scanned the area and retrieved fish scales or other prey 
fragments using a long handled dip-net. Samples were placed in envelopes labeled with the 
date, time, location of the kill site, and the identity and/or pod designation of the animal 
making the kill. 

Harassment of prey was considered to have occurred when potential prey animals 
exhibited an avoidance or alarm response in the presence of nearby killer whales or when 
killer whales chased, followed or lunged at potential prey without making a kill, or when, 
following an attack, a kill was suspected but could not be confirmed. 

Biopsy samples were collected using a pneumatic rifle and custom-designed biopsy darts 
(Barrett-Lennard et. al. 1996). A small dart was fired from a specially outfitted rifle 
powered by air pressure from a .22 caliber blank cartridge. The setup is similar to that used 
to deliver tranquilizing drugs to terrestrial mammals in wildlife research. A lightweight 
plastic and aluminum dart (approximately 10 cm long by 1.2 cm diameter) was fitted with 
a beveled tubular sterile stainless steel tip that took a small core of skin and blubber 
(approximately 1.6 cm long and 0.5 cm diameter). The sterilized dart was fired from a 
range of 16-20 m. The dart struck the animal in the upper back, excised a small tissue 
sample, bounced clear of the whale, and floated with sample contained until retrieved with 
long handled net.  

From the biopsy samples, the epidermis, which is heavily pigmented, was separated 
aseptically from the other layers with a scalpel soon after retrieval. The dermal sample 
used for genetics and stable isotope analysis, was stored at about 4° C in a sterile 1 ml 
cryovial. The dermis and hypodermis were made up primarily of collagen and lipid, 
respectively, and were frozen at -20° C in autoclaved, solvent-washed vials for contaminant 
analysis.  Specifically, each biopsy sample was analyzed for their skin carbon and nitrogen 
stable isotope (SI) ratios, blubber fatty acids (FAs), and persistent organic pollutants 
(POPs). Lipid class analyses were also conducted on all blubber samples but those results 
will not be described here. 

ARGOS m onitored, location only Spot 5 satellite tags or Mark10 time/depth/location tags 
produced by Wildlife Computers, Seattle, WA were attached to the dorsal fin of killer 
whales to track longer term movements, determine range and important habitat, map time 
and depth of dives to determine behaviors in particular locations. A small barbed dart 
protruding 5 cm into the dorsal fin of the adult male killer whale was implanted as part of 
the tag to anchor it in the connective tissue. Attachments were made from distances of 
approximately 8-15 m by crossbow using a Barnett Wildcat 170-pound bow or similar.  

Acoustic recordings were made using an Offshore Acoustics omnidirectional hydrophone 
lowered over the side of the vessel in combination with Tascam professional digital 
recorder. Audio files in .wav file format were downloaded after each encounter. The 
hydrophone had a flat frequency response to signals ranging from 100 Hz to 25 kHz. The 
tape recorder showed a flat response to signals up to 15 kHz. 
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Photo-identification 
To meet Objective 1, digital images were examined using PhotoMechanic software 
(CameraBits Inc.) on an Apple computer with a 24-inch high resolution LCD screen. 
Identifiable individuals in each image were recorded. When identifications were not 
certain, they were not included in the analysis. Unusual wounds or other injuries were 
noted.  

The alphanumeric code used to label each individual was based on Leatherwood et al. 
(1990) and Heise et al. (1992) and has been continued in the catalogue of southern Alaska 
killer whales (Matkin et al. 1999). More recently we have posted an updated catalogue of 
individuals on our website (whalesalaska.org. The first character in the code is "A" to 
designate Alaska, followed by a letter (A-Z) indicating the individual's pod. Individuals 
within the pod receive sequential numbers. For example, AB3 is the third whale designated 
in AB pod. New calves were identified and labeled with the next available number. 

Individual identifications from each roll of film were compiled on a frame-by-frame basis 
and individuals present in each encounter were tabulated and recorded in a continuing 
digital database. From this photographic database, the actual number of whales identified 
and pods of whales present for each encounter was determined and included with each 
encounter summary entered in the Database of Surveys and Encounters tabulating all 
surveys and resulting encounters. These and other data from this project found on AOOS 
Ocean Workspace: 
https://workspace.aoos.org/group/4601/project/4682/folder/4879/data 

Habitat Use 
To meet Objectives 5 and 6 we conducted a satellite telemetry project which is described in 
detail in Appendix 1: Olsen et al. (2018).  

Genetic Analysis 
To meet Objective 4 we conducted a genetic study. See Appendix 2: Parsons et al. (2013).  

Feeding Habits 
To meet Objectives 2 and 3, dietary and behavioral data were gathered concurrently with 
census data during this study although of reduced priority during this current study period 
(2013-2016) in light of reduced field time. Although periods spent in the field varied 
among years, data collection occurred primarily May-September in all years (see above). 

Laboratory analysis included measurements of skin carbon and nitrogen stable isotopes 
were conducted following the procedure described in Herman et al. (2005). In essence, the 
procedure involves freeze-drying ~50-200 mg of wet skin tissue, removing lipid by 
accelerated solvent extraction using methylene chloride, pulverizing the lipid-free skin to a 
powder in a micro ball mill, loading ~500ug of powder into tin cups and combusting the 
powder in a Costech elemental analyzer attached to a Thermo-Finnigan Delta Plus Isotope 
Ratio Mass Spectrometer. Carbon (δ13C) and nitrogen (δ15N) isotope ratios were measured 
relative to Vienna Pee Dee Belemnite and atmospheric nitrogen, respectively. 
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Blubber FAs were analyzed following the procedure described in Herman et al. (2005). 
Prior to analysis, all blubber biopsy samples were sub-sampled by performing two lateral 
cuts, the first ~1mm from the inside edge of the epidermis tissue and a second cut exactly 
20 mm from the epidermis-blubber interface. Because FAs are highly stratified in killer 
whale blubber tissues (Krahn et al. 2004), it was necessary to standardize all blubber 
samples in this fashion in order to represent a constant blubber depth. These standardized 
blubber tissues were then extracted by ASE using methylene chloride, an aliquot containing 
approximately 2 mg total lipid (typically less than 4% of the total extract) and 
transesterified to the respective FA methyl esters (FAMEs) using 3% sulfuric acid in 
methanol. The FAMEs were then extracted into iso-octane, and these final extracts 
separated and analyzed on a 60m DB-23 capillary column using a quadrupole gas 
chromatography/mass spectrometer (GC/MS). All FAME concentration data are expressed 
on a weight-percent basis (wt %) by dividing the concentration of each individual FAME by 
the sum of all FAMEs present in the sample. 

Blubber POPs were analyzed following the procedure described in detail in Sloan et al. 
(2005). In short, the method involves cleanup of half or more of the lipid extract described 
above for the analysis of FAs (which also contains POPs) on a silica/alumina column to 
remove polar extraneous compounds, separation of the POPs from all lipids by High 
Performance Size Exclusion Chromatography (HPSEC), and finally separation and analysis 
on a 60m DB-5 capillary GC column equipped with a quadrupole mass spectrometer 
operated in the selected ion mode. POP concentration data were lipid normalized and 
expressed in units of ng POP/g lipid. In contrast, PCB profile data are expressed on a wt % 
composition basis by dividing the lipid-normalized concentration of each individual PCB 
congener by the sum of the lipid-normalized concentrations of all congeners measured in 
the sample. 

All multivariate and univariate analyses of the stable isotope and contaminant data 
obtained in this study were conducted using either JMP Statistical Discovery Software (PC 
professional edition version 5.01) or Primer-E Software (version 6.16). Unless indicated 
otherwise, all univariate comparisons between two groups were significance tested 
(α=0.05) using a simple two-sample Student’s t-test assuming unequal variances. 
Significant differences among multiple groups assumed to have approximately equal 
variances were evaluate using a Tukey HSD test (α=0.05).  

RESULTS AND DISCUSSION 

Summary of Effort and Encounters  
During the period of this study, 2013-16, the R/V Natoa spent a total of 249 days on the 
water searching for killer whales along 10,031 km of trackline for an average search 
distance of 40.3 km day. Killer whales were encountered on 138 occasions and followed 
over a distance of 1848 km, approximately 13.4 km per encounter (Tables 1, 2; Figs. 1, 2). 
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Table 1. Summary of effort tracking killer whales in Prince William Sound and Kenai 
Fjords, Alaska. 

Year # Vessel 
days 

Distance Surveyed 
(km) 

2013 53 2114 

2014 70 2658 

2015 65 2788 

2016 61 2471 

TOTAL 249 10,031 

 
Table 2. Summary of encounters with killer whales in Prince William Sound and Kenai 
Fjords, Alaska. 

Year # Encounters Distance traveled 
with whales (km) 

2013 21 282 

2014 36 585 

2015 45 588 

2016 36 392 

TOTAL 138 1848 
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Figure 1. Killer whale survey tracklines of the vessel R/V Natoa in Prince William 
Sound and Kenai Fjords, Alaska, 2013-2016.  
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Figure 2. Tracklines of encounters with Killer whales from the R/V Natoa in Prince 
William Sound and Kenai Fjords, Alaska, 2013-2016. 

 

Population Trends 
Killer whales have a cosmopolitan distribution and are top-level predators. Our studies in 
the northern Gulf of Alaska, which were initiated in the mid-1980s indicate that at least 
three ecotypes exist in this region: residents, transients, and offshores (Matkin et al. 1999, 
Ford et al. 2000). Despite their sympatric distribution, these ecotypes do not associate or 
interbreed and are acoustically and genetically distinct. Our population studies have 
focused primarily on the AB pod, the southern Alaska resident population and the AT1 
transient population. Both the AB pod and the AT1 transients lost individuals following the 
Exxon Valdez oil spill (Matkin et al. 2008) and neither have recovered to their pre-spill 
numbers. 

Although there was a slight decline in the AB pod in years prior to the spill, the pod had 
increased to 27 whales in the fall prior to the spill (Fig. 3). Shortly after the oil spill, 
apparently due to social changes within the pod following oil spill-related mortalities, part 
of the AB pod split off (AB25 pod). The remaining core of AB pod (which numbered 27 
whales pre-spill) has been slowly recovering since the spill. In the current study, the AB 
pod was last photographed completely in 2015 and only partially photographed in the final 
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year of work in 2016. There were no new deaths and two new calves were recruited in 
2015 and the pod now totals 21 individuals.  

In 2015 for the first time in several years, we were able to photo-document all of the 
remaining seven individuals of the AT1 (Chugach) transients in a single year. It is often 
difficult to locate AT6, an elusive male that often travels alone and these whales appear to 
have shifted their historical range to spend more time in glacial areas where we seldom 
operate (Fig. 4). Complete coverage was possible because of cooperative effort with other 
mariners, particularly tour boats that travel to tidewater glacial areas (e.g., Columbia 
Glacier, Holgate Glacier).  

During the period ending 2015 (the 2016 data could not be used until mortalities are 
confirmed in 2017 whales must be missing for two years to be considered dead). We 
documented 272 resident killer whales in the 10 frequently encountered resident pods (AB 
pod excluded; Table 3) which represents a substantial increase in southern Alaska resident 
numbers from the 197 whales reported in 2010. These pods have been used in tracking 
population trends and in examining population dynamics since 1984 (Matkin et al. 2014). 
There appears to be little slowing in birth rate nor is there a rising mortality rate as we 
would expect as the population approaches carrying capacity. Although the population has 
been growing for the more than 30 years we have been tracking them, there seems to be no 
slowing of this growth averaging slightly over 3% per year and may be representative of a 
population at rmax (Matkin et al. 2014). Eventually southern Alaska residents would be 
expected to reach equilibrium with carrying capacity and end this period of growth. Due to 
our study design, this slowing or decline should be clearly observable when it occurs. As 
these resident (fish eating) pods continue to grow, there has been some splitting of pods 
and some changes in range (Olsen et al. 2018, Appendix 1). The growth seems still to be 
driven by the long-term rebound of salmon from depleted levels in the mid-1900s (Matkin 
et al. 2014; see Feeding Habits, this report). 

The minimum number of whales in the southern Alaska resident population we now place 
at 1062 (Table 4). This includes all the whales we have photographed since 2004 across 
their range from southeastern Alaska through Kodiak. It includes 347 whales that have not 
been assigned to pods. Although some of these whales may have died since they were last 
photographed, it is unlikely that we have photographed all pods and individuals in the 
population and consider this a minimum population estimate. 

We continued to get reasonable coverage of transient killer whales (both AT1 and GAT 
populations) in most years despite the reduction in field time from peak years of the study 
following the oil spill (Table 5, Fig. 4). In part, this was accomplished by using contributed 
photographs from vessels of opportunity. We have no current minimum estimate or trend 
data for the Gulf of Alaska transients at this time but there has been recruitment observed 
in some more frequently observed groups that suggest there has not been a decline since 
our last population analysis (Matkin et al. 2012). 

We encountered the shark-eating offshore ecotype killer whales on only four occasions 
during this study period (Table 6). Encounters with offshore killer whales have always 
been infrequent and unpredictable in the study area. There is not a minimum population 
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estimate across their range, which extends from Alaska to California; however, there are 
over 400 whales in the offshore identification catalogue maintained at the Department of 
Fisheries and Oceans Canada, Nanaimo, British Columbia, Canada. 

 
Figure 3. Number of killer whales in the AB pod and AT1 population from 1984 to 
2015. 
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Table 3. Recruitment, mortalities, and total number of killer whales since 2010 (unless 
otherwise noted) for frequently seen resident pods. 

POD Total 
2010 

Total 
Recruited 
since 2010 

Total 
Died since 

2010 

Year of 
last 

census 

Most 
Recent 
Total 

AB25 18 7 1 2015 24 

AD05 19 7 0 2015 26 

AD16 8 3 1 2015 10 

AE 17 4 3 2015 19 

AG 39 (2005) 13 2 2015 50 

AI 7 4 2 2015 9 

AJ 55 17 5 2015 67 

AK02 9 6 1 2015 15* 

AK06 6 4 1 2015 8** 

AY 19 6 2 2015 23 

TOTAL 197   2015 272 

AB 20 6 5 2015 21 

                                  *one animal gained by immigration from AK06 pod 
                                **one animal lost through immigration to AK02 pod 
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Table 4. Estimated total population of southern Alaska resident killer whales in 2015 
by pod and including animals not assigned to pods. Regularly monitored resident pods 
are in bold. 

Pod    
(may be a single 

matriline) 

Number of 
whales 

Year last completely 
documented 

AA1 and AA30 32 2010 
AB 21 2015 

AB25 24 2015 
AD05 26 2015 
AD16 10 2015 

AE 19 2015 
AF5 46 2010 

AF22 (not incl AF16s) 31 2014 
AG 50 2014 

AH01 and AH10 21 2010 
AI 9 2015 
AJ 67 2015 
AK 23 2015 
AL 23 2010 
AM 7 2014 
AP 19 2012 

AN10 36 2012 
AN20 30 AN29s in 2007, AN15s AN69s 

and AN 32s in 2005 and AN23s 
in 2002 

AS2 32 2012 
AS30 19 2012 
AW 27+ 2010 

AX01 29 2008 
AX27 26 2010 
AX32 21 2010 
AX40 16 2010 

AX48 (not including 
AX48, AX50, AX55 and 

AX56) 

28 2015 

AY 23 2015 
Unassigned to pods 347 (crude 

count) 
Seen between 2004 and 2015 

TOTAL 
SEA to KODIAK 

1,062  
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Table 5. Sighting histories for all AT1 transient whales for years with effort greater than 40 days. “X” indicates the animal was 
present, “O” indicates missing and a carcass was found, and “-” indicates missing and presumed dead. 

 
                       

 AT1 AT2 AT3 AT4 AT5 AT6 AT7 AT8 AT9 AT10 AT11 AT12 AT13 AT14 AT15 AT16 AT17 AT18 AT19 AT20 AT21 AT22 

1984    X    X    X    X    X    X    X    X    X    X    X    X    X    X    X    X    X    X    X    X    X  
1985    X    X    X    X    X     X    X    X    X    X    X    X    X    X    X    X    X    X    X    X  
1986    X    X    X    X    X    X    X    X    X    X    X    X    X    X    X    X    X    X    X     X    X 
1988    X    X    X    X       X    X    X    X    X    X    X     X     X    X     X    X    X 
1989    X       X    X    X    X    X    X    X    X    X    X    X    X    X    X    X    X    X    X 
1990    X    X    X    X    -    X    -    -    X    X    X    X    X    X    -    -    X    X    O    -    -    - 
1991    X    X    X    X    -    X    -    -    X    X    -    X     X    -    -     X     -    -    - 
1992    X    X    X    X    -    X    -    -    X    X    -    -    X    X    -    -    X    X     -    -    - 
1993     X    X    X    -    X    -    -    X    X    -    -      -    -    X    X     -    -    - 
1994    X       -     -    -    X    X    -    -     X    -    -     X     -    -    - 
1995    X    X    X    X    -    X    -    -    X    X    -    -    X    X    -    -    X    X     -    -    - 
1996    X    X    X    X    -    X    -    -    X    X    -    -     X    -    -     X     -    -    - 
1997    X    X    X    X    -     -    -      -    -    X     -    -    X      -    -    - 
1998    X       -    X    -    -    X    X    -    -    X    X    -    -    X    X     -    -    - 
1999     X    X    X    -    X    -    -    X    X    -    -      -    -     X     -    -    - 
2000    O       -     -    -      -    -    X    X    -    -    X      -    -    - 
2001     X    X    X    -    X    -       -    X     -    -    X     -    -    X    X     -    -    - 
2002     X    X    X    -     -    -    -     -    -     O?    X    -    -    -      -    -    - 
2003     X    X    X    -   X    -    -   X    X    -    -     -    O?    -    -         -   X     -    -    - 
2004     X    X    X    -   X    -    -   X    X    -    -     -    -    -    -         -   X     -    -    - 

 2005     X    X    X   -   X    -    -   X    X    -    -    -   -    -    -    -   X     -    -    - 
 2006     X    X    X   -   X    -    -   X    X    -    -    -   -    -    -    -   X     -    -    - 
 2007     X    X    X   -   X    -    -   X    X    -    -    -   -    -    -    -   X     -    -    - 
 2008     X    X    X   -   X    -    -   X    X    -    -    -   -    -    -    -   X     -    -    - 
 2009     X    X    X   -   X    -    -   X    X    -    -    -   -    -    -    -   X     -    -    - 
 2010     X    X    X   -   X    -    -   X    X    -    -    -   -    -    -    -   X     -    -    - 
 2011     X    X    X   -   X    -    -   X    X    -    -    -   -    -    -    -   X     -    -    - 
 2012     X    X    X   -   X    -    -   X    X    -    -    -   -    -    -    -   X     -    -    - 
 2013     X    X    X   -   X    -    -   X    X    -    -    -   -    -    -    -   X     -    -    - 
 2014     X    X    X   -   X    -    -   X    X    -    -    -   -    -    -    -   X     -    -    - 
 2015     X    X    X   -   X    -    -   X    X    -    -    -   -    -    -    -   X     -    -    - 
 2016     X    X    X   -   X    -    -   X    X    -    -    -   -    -    -    -   X     -    -    - 



 

17 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AT4 (F) 

<1974 

 AT14  (M) 

<1962-03? 

AT13 (M) 

<1959-02? 

   AT17 (M) 

<1964-02? 

 

AT1 (M) 

1968-01 

AT2 (F)  

<1969 

AT3 (M) 

 1984 

AT21(M)  

-1990 

 

    AT20 

   -1990 

 

 

AT19(M) 

-1990 

 

AT15 (M) 

<1957-90 

AT16 (M) 

<1957-90 AT7 (F) 

1968-90 

 AT9(F) 

<1965 

 

AT18 (F) 

<1974 
AT10 (M) 

<1980 

 AT6 (M) 

<1976 

AT22 

1976-90 

AT12 (F) 

-1991 

 

AT1 Group 
AT 11 (M) 

<1963-91 

= Presumed dead 

     

      

Arranged 
by 
association 

 

 
 = Alive 

AT8 (M) 

1971-90 

 

AT5 (M) 

1963-90 

 

 

 

= male 
= female or 
immature 

Figure 4. Diagrammatic representation of the AT1 (Chugach) transient population as it appeared in 
1988 prior to the Exxon Valdez oil spill. Individuals are grouped by their associations, animals in dark 
grey are missing and presumed dead. Males are in square boxes. Years represent estimated or known 
birth and/or death years of individual whales.   
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Table 6. Summary of sightings of offshore killer whales from 2013 to 2016, with 
description of prey, if collected. 

Year Location Number of whales 
photographed 

Prey Samples 

2013 Kachemak Bay,  AK 16 Pacific sleeper shark 

2015 Little Green Island, 
Prince William 
Sound, AK 

25 Pacific sleeper shark 

2015 Granite Cape, Kenai 
Fjords, AK 

11 - 

2015 Sea Otter Island, 
Kodiak, AK 

17 - 

Feeding Habits 

Prey sampling and observation of kills by resident killer whales 
A total of 222 scale samples were collected from 1991 to 2016 between April 1 and 
October 1 of each year, 39 were collected in the current study (2013-16). Of these 
samples, 106 were collected from Prince William Sound (Fig. 5) and 116 from Kenai 
Fjords (Fig. 6). Of the total collected, 6 were from a sockeye salmon (Onchorhynchus 
nerka), 88 were from Coho salmon, 32 were from chum salmon and 94 were from 
Chinook salmon. Despite their frequent abundance in the areas of prey collection, no 
samples were obtained from pink salmon (O. gorbuscha).  

Although there is variability in the ease with which salmon lose their scales, the use of 
prey sampling has been demonstrated to be an effective method of examining feeding 
ecology of resident killer whales. The detailed fecal studies on resident killer whales 
in Puget Sound and British Columbia found Chinook and coho salmon to be primary 
prey despite the presence of other species (Ford et al. 2016). This work supported the 
results of many years of fish scale sampling at predation sites by Ford et al. (2009). 
Futhermore, there is evidence for preferential selection of the largest, oiliest (highest 
lipid containing) salmon (Chinook, followed by coho and chum) by resident killer 
whales in British Columbia (Ford and Ellis 2006). Resident killer whales frequently 
prey on salmon at depth but they often bring the fish to the surface as part of prey 
sharing behavior as determined by studies using d-tag attachment and closely 
tracking predation and feeding events (Wright et al. 2017). All of this work in British 
Columbia and Washington supports our interpretation of results from killer whale 
predation sites. However, we have initiated a fecal collection/analysis study 
component as a control for the prey sampling work for FY17-21.  
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Figure 5. Species distribution of scale samples collected during southern Alaska 
resident killer whale predation events in Prince William Sound, Alaska, 1991-
2016. Numbers represent sample sizes. 

 

 

Figure 6. Species distribution of scale samples collected during southern Alaska 
resident killer whale predation events in Kenai Fjords, Alaska, 1995-2016. 
Numbers represent sample sizes.  
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Most of the Chinook predation events occurred in May or early June in Kenai Fjords. 
Unfortunately, there is limited data from this same spring period from Prince William 
Sound. The single late April sample from the Sound was a Chinook (Fig. 5) and of the 
14 samples collected in June, three were Chinook while eight were chum. Although the 
sample size is small, in Kenai Fjords in July, August, and September our observations 
suggest that chum and Coho salmon are important prey. There has been an increase in 
chum salmon in the samples from recent years, which suggests an increase in the 
importance of this species in resident killer whale diet and is supported by the results 
of chemical analysis of skin and blubber (see chemical analysis below). Chum salmon 
become more available in summer in this region.  In Prince William Sound in July, 
August, and September, there is some predation on Chinook and chum; however, 
predation appears to be primarily on coho after June. Coho become much more 
available in mid-summer to fall.  Five of the six sockeye predation events occurred in 
Kenai Fjords in May and June but sockeye appear to be rarely taken overall. Often 
predation occurs within schools of pink salmon, but it appears whales are selecting 
other species swimming with the pink salmon. Over all the years of the study, there is 
no evidence of predation on pink salmon. Although fishing harvests in the region are 
primarily pink salmon, other species including coho and Chinook and chum salmon do 
make up part of the catch (Haught et al. 2017, Appendix D2). 

Chemical analysis of resident killer whale blubber 
We examined skin and blubber chemistry using samples randomly taken from the 10 
most regularly encountered pods of whales in the study area over 12 years with little 
repeat in sampling of individuals. Stable isotopes values examined in skin change on a 
relative short term (over months).  Because SI data were compared inter-annually, the 
few repeat samples of individuals over the years would have little effect on overall 
outcome. Over the past 12 years southern Alaska resident killer whales have revealed 
a long-term trend of sharply declining δ13C and δ15N values in the whales of our study 
area (Fig. 7). Isotopic changes in bowhead whale baleen were used by Schell (2000) 
who found evidence for declining productivity in the Bering and Chukchi seas. 
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Figure 7. Changes in the δ13C and δ15N values from skin biopsy samples of 
southern Alaska resident killer whale (2003-2014). Dotted lines represent 
seasonal pattern of change within years. Each data point represents a single 
sample.  

 

This change in δ13C and δ15N values of resident killer whales would likely reflect 
changes in prey composition or a dramatic shift in stable isotope values in the 
ecosystem. Carbon and nitrogen stable isotope values for Chinook salmon and coho 
salmon are substantially higher than values for pink salmon or chum salmon in 
southern Alaska.   From samples taken across the seasons, the decline in isotopic 
values in the salmon eating whales suggests an increase in consumption of lower 
trophic feeding coho and chum salmon (Fig. 8) 
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Figure 8. Isotopic values for the five salmon species found in the northern Gulf of 
Alaska in relation to values from skin of Gulf of Alaska resident (GOA/R) killer 
whales. Samples collected 1997-2013. 

 

There is little evidence for a temporal change in isotope values in salmon sampled 
from 1997-2008 (Fig. 9). These relatively stable δ15N values of the years for all species 
of salmon suggests that there has not been a significant ecosystem shift in the salmon 
food web as measured by stable isotope values, however, these data has not been 
adjusted for the Suess effect  
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Figure 9. Levels of δ15N in five species of Pacific salmon from samples taken 
1997-2008. Each dot represents a single sample. Data courtesy of the Northwest 
Fisheries Science Center, National Marine Fisheries Service, Seattle, Washington. 

 

The annual changes in δ13C and δ15N values have not been as dramatic for the 
endangered southern resident killer whale population of Puget Sound (Fig. 10). This 
suggests that significant changes in prey taken by killer whales and/or trophic 
changes in the food web have not occurred in this region and is supported by both 
scale sampling from predation sites (Ford et al. 2009) and from sampling of feces 
(Ford et al. 2016). 
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Figure 10. Changes in δ13C and δ15N values from skin biopsy samples of southern 
resident killer whale (2006-2014). Solid lines represent seasonal pattern of 
change within years. Indications are that the prey composition has remained 
relatively stable in this region where Chinook salmon are known to be important 
prey. Data provided by Gina Ylitalo and Brad Hanson, Northwest Fisheries 
Science Center, National Marine Fisheries Service, Seattle, Washington. 
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 A sharp decline in contaminant levels (sum PCBs shown here) for southern Alaska resident 
killer whales (Fig. 11) also supports a probable change in diet for these whales over the past 
decade. Here we examined levels only in males where changes were not influenced by 
parturition and nursing. The typical reduction in PCB concentrations due to natural attrition is 
approximately 2% annually (Hickie et al. 2007), yet in southern Alaska residents the decrease 
in sum PCB levels ranged between 8 to 10% annually.  

  

Figure 11. Decline in sum PCBs determined in blubber biopsy samples of male 
southern Alaska resident killer whales (2002-2015). Adult males (≥ 15 years of 
age) indicated as dark blue circles and juvenile males (< 15 years of age) as light 
blue circles. Each dot represents a single sample. 

 

The PCB levels for the Puget Sound southern resident population declined closer to 
the 2%, which is the expected natural attrition rate (Fig. 12). This combination of 
factors, stable isotope and contaminant stability, suggests a relatively consistent diet 
for killer whales in the Puget Sound region over this period. It appears to be 
dominated by higher trophic level feeding Chinook salmon (Ford et al. 2009, Ford et 
al. 2016) 
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Figure 12. Changes in concentrations of sum PCBs determined in blubber biopsy 
samples of male Puget Sound southern resident killer whales (2006-2015). Adult 
males (≥ 15 years of age) indicated as dark blue circles and juvenile males (< 15 
years of age) as light blue circles. Data provided by Gina Ylitalo and Brad Hanson 
Northwest Fisheries Science Center, National Marine Fisheries Service, Seattle, 
Washington. 

 

Despite small some small sample sizes, sampling of fish scales from southern Alaska 
resident predation sites suggests an annual pattern of Chinook salmon predation in 
the spring followed by increasing predation on chum salmon and coho salmon as the 
summer and fall progress. This is supported by seasonal changes in the δ13C and δ15N 
in the blubber of the southern Alaska resident killer whales (Fig. 7) over the course of 
the season. There has also been a decline in the average annual stable isotope levels of 
the whales over the past 12 years. This change has not been observed in the southern 
residents of Puget Sound region over a similar time period. This would suggest either 
a change in δ13C and δ15N values across the entire Gulf of Alaska ecosystem or a 
change in feeding habits over the past 12 years. There is little evidence for a shift in 
salmon δ13C and δ15N values in recent decades that would be reflected in killer whale 
tissues, although recent data for fish samples have been lacking. Chum salmon, with 
lower isotope values have been increasing in the prey samples in recent years. 
Another indication that there has been a change in prey for southern Alaska killer 
whales in recent years is the unusually strong annual decline in PCB levels in southern 
Alaska residents (8%) while the southern residents of Puget Sound have only had sum 
PCB declines of about 2% per year. The 2% annual decline is more in line with the 

0

50000

100000

150000

200000

SU
M

 P
C

B
s 

(n
g/

g 
lip

id
)

01
/0

1/
20

06

01
/0

1/
20

07

01
/0

1/
20

08

01
/0

1/
20

09

01
/0

1/
20

10

01
/0

1/
20

11

01
/0

1/
20

12

01
/0

1/
20

13

01
/0

1/
20

14

01
/0

1/
20

15

01
/0

1/
20

16

J-1, excluded

p<0.015 Log fit

Males <15 y/o
Males >15 y/o



 

27 
 

expected rate of degradation over time. This change in prey composition may be due 
to the decline of abundance of Chinook salmon in the region over the past decade or 
due to the expanded nutritional needs of what is an increasing population of resident 
killer whales except for the oil spill-affected AB pod. Unfortunately, there are few good 
measures of prey abundance, e.g., numbers of feeding Chinook or numbers of 
returning coho salmon that can be tracked annually.    

Marine mammal predation by transient killer whales 
Feeding habits of transient killer whales has been a lesser priority from earlier phases 
of the long-term study when significant additional field time was available and 
allotted to this aspect of the work. We did observe three predation events and a single 
harassment/attempted predation during this four-year phase of the study (Table 7). 
The AT1 transient predation was on a harbor seal, their primary prey from previous 
years’ observations and the three Gulf of Alaska transient events all involved Dall’s 
porpoise. 

Table 7. Marine mammal kills by killer whales observed during the study period, 
2013-2016. 

Date Species ID Method Whale ID 

2013/06/17   Harbor seal genetic ID AT 2,3,4 

2013/09/01 Dall’s porpoise observation AT73,80,81 

2014/05/23 Dall’s porpoise observation harass AT128+ 

2015/05/13 Dall’s porpoise observation AT72,73,80,81,juv 

 

In overall years of the study we have observed 83 predation and attempted predation 
events by Gulf of Alaska transients and 93 such events with AT1 transients (Table 8). 
This time the majority of predation for GOA transients have been on Steller sea lions, 
although in recent years we have observed more kills of Dall’ s porpoise, the second 
most common prey item. The AT1 transients are seldom seen due to their low 
numbers (7 remaining) and apparent tendency to spend a majority of their time near 
tidewater glaciers where there are an abundance of harbor seals and where we 
seldom work. Working in glacial areas that are widespread is difficult and would 
preclude monitoring the oil spill damaged and recovering AB pod and other southern 
Alaska residents on which our population dynamics work depends. We suspect the 
AT1 transients remain primarily harbor seal predators with some offshore foraging 
for Dall’s porpoise. 

Most of the predation by the Gulf of Alaska transients on Steller sea lions occurred 
near rookeries and haulouts and adjacent feeding areas where concentrations of sea 
lions occurred. Most harbor seal kills by AT1 transients occurred beneath the water's 
surface and were detected by the appearance of blubber fragments, hair, and oil on 
the surface. Seabirds often investigated the kill sites and sometimes alerted us to their 
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occurrence. When visual identification of prey was uncertain, we relied on genetic 
analysis of tissue. In contrast, Dall's porpoise kills (n=13) involved highly visible 
surface chases. For the AT1 transients, all but three harbor seal kills occurred during 
near-shore foraging or near glaciers, and all Dall's porpoise kills occurred during 
offshore foraging. Although AT1 killer whales have harassed Steller sea lions on 14 
occasions, we have never seen a focused attack or predation and there is no strong 
evidence that they consume them. 

Table 8. Summary of predation and harassment events for Gulf of Alaska and AT1 
transient killer whales. 

Gulf of Alaska (GOA) Transients 1984-2015 
 Kills Harass Total 
Steller sea lions 13 29 42 
Dall's porpoise 7 5 12 
Sea otter 1 5 6 
Harbor seal 2 0 2 
Birds 9 6 15 
Humpback 0 2 2 
Harbor porpoise 2 0 2 
UnID 2 0 2 
                            TOTAL 36 47 83 
Note: Three of the Steller sea lion kills were observed in Kodiak Island 
waters. One harbor seal kill and two harbor porpoise kills were observed 
in Kachemak Bay. 
 
 AT1 transients 1984-2015 
 Kill Harass Total 
Harbor seal 17 13 30 
Dalls Porpoise 13 8 21 
Steller sea lion 0 14 14 
Harbor porpoise 2 0 2 
Northern fur seal 1 0 1 
UnID marine mammal 9 3 12 
Humpback whale 0 8 8 
Sea otter 0 3 3 
River otter 0 1 1 
Salmon 0 1 1 
                            TOTAL 42 51 93 

 

In Gulf of Alaska waters all prey samples from remains of kills by offshore killer 
whales have consisted of the livers of Pacific sleeper sharks (Ford et al. 2011). In this 
study the two samples of offshore prey retrieved were all Pacific sleeper shark (Table 
6). It appears groups of offshore killer whales make forays into these northern 
Alaskan waters specifically to prey on these sharks. 
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CONCLUSIONS 
The resident AB pod continues a very slow recovery that is still not complete nearly 
three decades after the oil spill. The oil spill-impacted AT1 population of transient 
killer whales has been stable at 7 individuals for nearly a decade, but has produced no 
calves and is apparently headed for extinction. However, the broader population of 
resident killer whales continues to increase at a rate of about 3% as has been the case 
since this long-term study began 32 years ago. Because pods of these whales have 
grown and split, and ranges of some pods have changed our examination of 
population dynamics in the future will likely focus on changes in matrilineal groups 
(building blocks of pods) rather than entire pods. We estimate there is now a 
minimum of 1062 whales in the southern Alaska resident killer whale population. 
Encounters with the offshore ecotype of killer whale remain infrequent with only 4 
encounters recorded during the four-year study period. 

The concurrent decline of stable isotope and contaminant values (PCBs) in the 
southern Alaska resident killer whales while salmon δ15N remain relatively constant, 
suggests a decrease in Chinook salmon (high trophic level predator/higher δ13C and 
δ15N values) in diet and increase in Coho and/or chum salmon (lower trophic level 
predators/lower δ13C and δ15N values). This trophic shift in southern Alaska resident 
killer whales has also been observed over the course of the season when prey 
sampling suggests more Chinook are taken in spring and that more chum and then 
Coho in summer and fall. The annual pattern may represent a reduction in Chinook 
availability during the twelve year period of our measurements, but may also be 
evidence of the increasing resident killer whale population requiring a larger prey 
base and increasingly preying on the less desirable, smaller and lower oil content 
salmon species. Analysis of FA data is ongoing and will contribute to our knowledge of 
killer whale foraging ecology. 

Although we have not focused on marine mammal predation by transient killer 
whales in recent years, it appears the remaining AT1 killer whales primarily prey on 
harbor seal predators with Dall’s porpoise also an important component of the diet. 
Gulf of Alaska transients appear to focus on Steller sea lions and recently we have 
observed an increasing number of predation events on Dall’s porpoise. It appears 
offshore ecotype killer whales make occasional forays into the study area to feed on 
Pacific Sleeper sharks. 
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