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A group of resident-type killer whales seen on the southwest side of Adak Island. Photo by Robert
Pitman.

Introduction

The documented declines of Steller sea lions
(Eumetopias jubatus), harbor seals (Phoca vitulina),
and seaotters (Enhydra lutris) in thewestern Gulf of
Alaskaand Bering Seahave generated arange of hy-
potheses regarding possible causes. One recent hy-
pothesis suggests that killer whale (Orcinus orca)
predation may beresponsiblefor these declines, with
prey shifting over time as killer whales sequentially
deplete populations of availableprey species. Evalu-
ation and testing of thishypothesisrequiresempirical
data on the abundance, distribution, and feeding
ecology of killer whalesin this area.

Three forms of killer whales, termed “resident,”
“transient,” and “ offshore” have been described in
the coastal waters of the Northeast Pacific Ocean.
These terms were originally designated by killer
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whaleresearchersto describethewhales' patterns of
occurrence, particularly in British Columbia and
Washington. “Residents” were generally in inland
waters all summer, whereas “transients’ only ap-
peared occasionally, and “offshore” whales were
seen only in outer coast waters. Asstudies havein-
creased over larger geographical and temporal
scales, it hasbecome apparent that these termsdo not
fully depict the ranging patterns of these three
ecotypes. However, recent research continues to
confirm that the three terms do refer to very distinct
types of killer whalesthat can be distinguished based
on genetics, acoustics, and morphology. Research
also shows the terms apply to distinct types of feed-
ing ecology. Resident killer whales are known to be
primarily fish-eaters, in contrast to transients that
feed primarily on marine mammals. Relatively few



feeding observations have been made for the
offshore type, but initial data suggest they also eat
fish.

Although killer whale population size and stock
structureiswell documented for the waters of south-
eastern Alaskaand Prince William Sound, relatively
little abundance and genetic data exist for killer
whales in Alaskan waters west of Kodiak Idand.
Thus, in 2001, the National MarineMammal Labora-
tory’s Cetacean Assessment and Ecology Program
(CAEP) initiated a 3-year study with an aim of pro-
viding comprehensive baselineinformation on killer
whalesin the waters of the Gulf of Alaskaand Aleu-
tian Islands. Specific research objectives included
estimating killer whale abundance in coastal waters
between the Kenai Fjords region of southcentral
Alaska to the central Aleutian Islands using
line-transect and mark-recapture techniques, exam-
ining distribution and movement patterns of killer
whale groups, and determining the ecotype of killer
whale groups using this area. Here we report on the
methodology used in these surveys and present pre-
liminary results.

Field Methods

Ship-based surveys were conducted over three
summer field seasons, each 6 weeksin duration. Sur-
vey dateswere 17 July - 25 August in 2001; 10 July -
21 August in 2002; and 3 July - 14 August in 2003.
Large charter vessels were used as sighting plat-
forms, with a small skiff deployed from the vessels
for close approaches to whales. A stable sighting

The charter vessel Coastal Pilot used on the surveys in 2002 and 2003. Photo by
John Brandon.

platform is important for cetacean surveys, as too
much motion makesit difficult to searchthrough bin-
oculars. Additionally, searching is aided from being
onaplatformthat is high abovewater; not only can a
greater areabesearched, but alarger portion of anan-
imal’sbody isvisible. In 2001, the Aleutian Mariner
was used, and in 2002 and 2003, the Coastal Pilot
wasused. TheAleutian Mariner is38 mlong and has
an outside observation platform 3.8 m above thewa-
ter. The Coastal Pilot is53 m long and has a bridge
height of 7.5 m. Assuming an average eye height of
1.7 m, the observation heights were 5.5 m above sea
level on the Aleutian Mariner and 9.2 m above sea
level on the Coastal Pilot.

The survey was designed to estimate the abun-
dance of killer whaleswithin asubstantial portion of
the known haul-out range of the western stock of
Steller sealionsin U.S. waters. Given the focus on
the possible predation of Steller sea lions by killer
whales, the highest priority wasto estimate the abun-
dance of trangent killer whales. In summer, Steller
sealionsarethought to forage primarily in relatively
close proximity to their rookeries and haulouts.
Therefore, the killer whale survey was designed to
include a 20 nautical mile (nmi) area around Steller
sea lion rookeries and major haulouts. This was ac-
complished by surveying an areathat had an offshore
boundary approximately 30 nmi from the main
coastline and major idands, with some extensions to
accommodate locations further offshore

Thesurvey track wasarandomly placed sawtooth
(zig-zag) pattern inside a rectangle, where the off-
shoreboundary of therectanglewasdrawnto parallel
the major axis of the coastline (Fig.
1). This design ensured that the
tracklines randomly sampled the
study area. Multiplerectangleswere
established, with each rectangle des-
ignated as a stratum in a stratified
survey design. Theeastern boundary
of the study area coincided with the
eastern border of the western stock
of Steller sea lions, along the coast-
line of the Kenai Peninsula. The
western boundary of the study area
was defined as the western side of
Seguam Pass in the central Aleutian
Islands in 2001 and was then moved
farther west to Tanaga Pass in 2002
and 2003. Breakpointsfor establish-
ing the ends of the strata were estab-
lished at variouslocationsin order to
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accommodate changes in the orienta-
tion of the coastline, the need to extend
the study area farther offshore to in-
clude various idaand groups, and to
align with the major areas aready used
for examining trends in abundance of
the western stock of Steller sealions.

Four of six designated Steller sea
lion areas (central Gulf of Alaska, west-
ern Gulf of Alaska, eastern Aleutian Is-
lands, and central Aleutian Islands (as
far west as Seguam Pass)) were sur-
veyed (Fig. 1). Logistics and available
ship time have precluded extending the
survey farther west. Fourteen strata
were designated in 2001, and 16 were
designated in 2002 and 2003 to include
the extension of the study area to the
west in those years. The total area sur-
veyed was 177,656 km?in 2001 and 221,083 km?in
2002 and 2003. Effort per unit area (the length of the
transect linesdivided by the areainside each stratum)
waskept constant acrossall strata. This providesthe
greatest flexibility in analysis, as a constant search
effort allowsall stratato be pooled for analysis, if de-
sired, while still allowing abundance and density in
individual stratato beconsidered. A random number
generator was used to position the transect lines in
each stratum.

Paul Wade.

Line-Transect Methodology

Sighting datawere collected from high points on
the decks of the Aleutian Mariner (in 2001) and the
Coastal Pilot (in 2002 and 2003). During
line-transect surveys, sighting datawere collected by
three observers. Starboard and port observers were
stationed outside on the observation platform and the
data recorder was positioned inside, at a computer
station, on the bridge. Starboard and port observers
used 7 x 50 Fujinon reticle binocularsto search from
the ship’s bow to the beam of the ship. The datare-
corder searched thetrackline while scanning through
theviewing areasof thetwo primary observers. Each
observer and the data recorder had an angle board
(pelorus) to determine the horizontal angle to the ce-
tacean groups. When a sighting occurred, the ob-
server aerted the recorder and then determined the
horizontal angleand number of reticulesfromthe ho-
rizon to the position where the sighting was first
noted. Additional information collected included
sighting cue, course and speed, species identity, and
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John Durban and John Brandon track a group of Baird’s beaked whales on the
north side of Tanaga Island, with Tanaga volcano in the background. Photo by

the best, low, and high estimates of group size. The
computer program WINCRUZ wasused torecord all
sighting and environmental data (e.g., cloud cover,
wind strength and direction, and Beaufort sea state).
The computer was interfaced to a portable Garmin
GPS to gather positional and navigational informa-
tion.

Six observersrotated through the three positions,
resulting in 2 hours of “on effort” by each observer
followed by a2-hour rest period. Theorder inwhich
individual observers rotated through the schedule
each day was randomized. Survey effort began ap-
proximately 30 minutes after sunrise and ended 30
minutes before sunset. On-effort search was aban-
doned when the weather and visibility conditions
were poor or the seastate was above Beaufort 5. Un-
der unacceptable weather conditions, the recorder
stayed on watch at the bridge to record “off-effort”
sightings and environmental data. When sighting
conditionswere good, the observer teams also main-
tained a marine mammal watch while transiting be-
tweenline-transect legs. Although thiseffortwill not
be used in any line-transect analysis, line-transect
protocol was maintained in order to search for killer
whales, sothe datacould be used in amark-recapture
analysis. Furthermore, perpendicular distanceinfor-
mation from transit legs could potentially be in-
cluded in estimating the detection function for
line-transect analysis. Most of the survey wasdonein
passing mode, meaning that the observersdid not go
off effort when sightings were made of species such
asDall’ sporpoise (Phocoenoidesdalli). For all killer
whalesightingsand, if time allowed, for sightings of



other species of interest, such as humpback
(Megaptera novaeangliae), fin (Balaenoptera
physalus), and sperm whales (Physeter
macrocephalus), closing mode was used, where the
observers would go off-effort (stop searching
widely) and focus their attention on the detected
whales. Usually the whales would be closely ap-
proached after going off-effort to confirm species
identification. Killer whale groups were approached
to estimate group size and to conduct
photo-identification and biopsy data collection.
When resuming effort, the survey would recom-
mence on a convergent course with the trackline.

Photo-ldentification and Biopsy
Sampling

When killer whales were encountered, the
line-transect survey was temporarily suspended in
order to collect photographsof thekiller whales” dor-
sa fins and adjacent saddle patch pigmentation to
identify individual whales. When conditions permit-
ted, a small boat (19-ft or 22-ft rigid-hull inflatable)
was launched to alow for closer approaches to the
whales. Tissue sampleswere collected using remote
biopsy techniques and, when possible, acoustic re-
cordings of killer whale calls were collected using a
hydrophone and DAT recorder. When time permit-
ted, photographs and tissue samples were collected
from other cetacean species and, if conditions were
favorable, acoustic recordings were a so collected.

Ecotype Determination

A preliminary assessment of killer whal e ecotype
(resident, transient, or offshore) wasmadeinthefield
during each encounter using morphology, group
size, and behavior. A further determination of eco-
type was made post-cruise, from photographs, by
two experienced CAEP killer whalebiol ogists. Mor-
phology has long been used to make a preliminary
determination of ecotype. Photographsfrom eachen-
counter were examined independently by the two bi-
ologists. They used morphological featuresthat have
been established previoudly from long-term killer
whales studies, primarily dorsal fin shape and saddle
patch shape and position. Examples of identification
photographs from each ecotype showing these dif-
ferences are shown on page 7.

All whales photographed during an encounter
were examined. Typically, some portion of agroup
showed obvious morphological characteristics that
distinguished the ecotype, and thewhol egroup could
be classified based on the presence of those charac-
teristics. However, asmall number of groups either
were not photographed or the photographs were of
such poor quality that the ecotype was uncertain.
These groups were classified as having an “un-
known” ecotype. The field and photographic eco-
type determinations were then confirmed for groups
that had been biopsy sampled and geneticaly as-
signed to ecotype based on mitochondrial DNA se-
guence variation. Previous killer whale studies have
also established that killer whale ecotype can be un-
ambiguously determined from acoustic cals. Where

John Durban collects a biopsy sample
using a pneumatic rifle that projects a
lightweight dart (right, arrow). The
dart rebounds from the whale and
floats, retaining a small sample of
epidermal tissue and subcutaneous
blubber that are used in genetic and
other studies. Photos by Lori
Mazzuca (left) and John Brandon

(right).

October-November-December 2003



Table 1. Total on-effort tracklines for the 2001-03 dedicated killer whale surveys conducted by the

Cetacean Assessment and Ecology Program.

2001 2002 2003
Beaufort Effort % Effort % Effort %
(nmi) (nmi) (nmi)

0 93.6 4.8 77.5 3.5 124.1 5.7
1 298.9 15.4 434.0 19.6 319.8 14.7
2 479.1 24.7 697.1 31.5 419.7 19.3
3 505.0 26.1 557.2 25.2 560.0 25.8
4 478.0 24.7 238.5 10.8 386.0 17.8
5 82.4 4.3 206.3 9.3 363.6 16.7
Total 1,937.0 100.0 ,210.6 100.0 2,173.2 100.0

available, these datawere al so used to verify the pho-
tographically determined ecotypes. In addition, be-
cause groups only associate with other groups of
similar ecotype, it was possible to use association to
verify or even classify a group’s ecotype. For in-
stance, if agroup that hasbeen classified astransient
by morphol ogy and genetics is seen associating with
another group that either does not have strong distin-
guishing morphological features or has not been bi-
opsy sampled, that group can be classified as
transient based on association with the known tran-
sient group.

Survey Results

A total of 6,321 nmi was surveyed “on effort” un-
der acceptable conditions (Beaufort 0-5) during the
surveysin 2001-2003 (Table 1). Moreeffort wasac-
complished in 2002 and 2003 than in 2001 due to
better overall weather and amore stable vessel. The
most favorable conditions occurred in 2002 (Table
1). Intotal, 1,738 cetacean sightings were recorded
(Table3), including 59 groups of killer whales (Figs.
2-3). Killer whale groupsranged in sizefrom 2 to 90
whales, with a median estimated group size of 12.
Photographs were obtained from 55 of the encoun-
ters, and 61 tissue samples were collected from 33 of
the encounters using remote biopsy techniques.
Based on the analyses of these photographic and ge-
netic data, and from observations during the encoun-
ters, al three distinct killer whale ecotypes were
identified.

The three methods of ecotype determinations
(field observation, post-field photographic analysis,
and genetic analysis) werein agreement for every en-
counter that had the appropriate data (Table 2), indi-
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cating the reliability of each assignment method.
Ecotype determination for the subset of encounters
with acoustic recordings in 2001-02 were also in
agreement with the other methods (2003 acoustic
data have not yet been anayzed). Of the 59 killer
whaleencountersover the 3-year study, 39 wereresi-
dent (66%), 14 weretransient (24%), 2 were offshore
(3%) and 4 were unknown (7%). These percentages
differed by year. 1n 2001, ahigher percentage of en-
counters were transient killer whales (37%), com-
pared to 2002 and 2003 (19% and 17%,
respectively). The mean group size was 22 whales
(min=4, max=90) for residents, 5 (min=2, max=13)
for transients, and 50 (min=40, max=60) for
offshores. The four groups with unknown ecotypes
had an average group size of 6 (min=3, max=15).
Other odontocete (toothed-whale) species seen
included 592 sightings of Dall’ s porpoise, 19 sight-
ings of harbor porpoise (Phocoena phocoena), 37
sightings of spermwhale, and 8 sightingsof Baird's
beaked whale (Berardiusbairdii). In2002, asighting
was made on the south side of Unalaskalsland of two
unidentified beaked whales, suspected of being
Stejneger’ s beaked whale (Mesoplodon stejnegeri).
Thewha eswere not close enough to the ship to con-
firm the identity of the species, but the only other
likely species would be Cuvier's beaked whale
(Ziphius cavirostris); the whales were not Baird's
beaked whales. Mysticete (baleen whale) species
seenincluded 407 sightings of humpback whale, 276
sightings of fin whae, 96 sightings of minke whale
(Balaenoptera acutorostrata), and 22 sightings of
gray whales (Eschrictius robustus). No blue
(Balaenoptera musculus) or sei whales
(Balaenoptera borealis) were seen, though they are
knownfrom Alaskawatersfromwhaleharvest data.



When time and conditions permitted, photo-
graphs for individual identification were also taken
of cetacean speciesother thankiller whales(Table3),
notably humpback, sperm, fin and Baird's beaked
whales. Humpback whales in particular have long
been the subject of photo-identification studiesin the
North Pacific. Biopsy samples were aso collected
from other cetacean species, with a total of 31 sam-
ples from humpback whales, 14 from fin whales, 9
from Baird’s beaked whales, 8 from sperm whales,
and 3from gray whales. Thesewill be used for popu-
lation genetic analyses. Extremely rare acoustic re-
cordings were also made during two encounterswith
Baird' sheakedwhales. Thesghtingsdatafromthese
surveys have been used to make line-transect abun-
danceestimates of humpback, fin, and minkewhales;
these preliminary estimateswere reported to the Sci-
entific Committee of the International Whaling
Commission in June 2003 (IWC document
SC/55/09 available from the NMML library).

Distribution and Movements

Killer whales were detected throughout the study
area (Figs. 2-3). It is notable that both resident and
transient type whales were seen in Amchitka Pass at
the far western extreme of the study areg; thisisthe
farthest west that both ecotypes have been seen in
U.S. waters (on-going studies suggest that both
ecotypes are present in Russian waters as well).
Seguam Pass, as well as the waters around Umnak
and Unalaskaldandsin the eastern Aleutians appear
to be areaswith overall high killer whale densitiesin
addition to relatively frequent sightings around Ko-
diak Idland. The different ecotypes appear to have
some differences in their distribution pattern. Tran-
sient killer whales were seen throughout the study
area, but appear to bemorefrequently seeninthecen-
tral part of the area, from the Shumagin Islands
through the eastern Aleutian Islands (Fig. 2). When
encounters from the other NOAA surveys are added
(discussed below), asimilar patternisseen. In partic-
ular, several additional encounters with transients
have been made in the Unimak Pass area. One of
these encounters, from the Aleutian Passes cruisein
2002 onthe Alpha Helix was particul arly interesting,
asit wasalargegroup of transient killer whales (~30
whales) that were feeding on agray whale carcassin
early June. Gray whales, along with other species of
baleen whale, migrate seasonally through Unimak
Pass, so this may be an important seasonal resource
for transients. No encounters with transients were

made between the Shumagin | slands and the east side
of Kodiak Idland (Fig. 2).

Resident type killer whales were particularly
abundant around Umnak and Unalaskalslandsin the
eastern Aleutians, and around all sides of Kodiak Is-
land (Fig. 3). Seguam Pass in the Aleutians was an-
other location with multiple sightings. Resident
killer whales were particularly abundant near Dutch
Harbor on Unadaska Idand; it is suspected that this
high density of resident type whaesis at |least par-
tially dueto the high density of fishing boats, asresi-
dents are well known for depredating fish from
longline gear and consuming discards from
groundfishtrawlers. Thereisalargegap in thedistri-
bution of residents stretching from just west of Ko-
diak Isand to the Unimak Pass area. It isinteresting
that this approximately 800-km gap has been consis-
tent in July and August over 3 years of surveys.

Offshore type killer whales were seen twice on
CAEP's dedicated killer whale surveys, once south
of Kodiak Idand in 2001 and once just outside of
Dutch Harbor inthe Aleutian Islandsin 2003 (Fig. 2).
Offshore type killer whales were seen a third time
just west of Dutch Harbor by NOAA researchers on
an oceanography cruise conducted in 2002 (see be-
low). These encountersin the eastern Aleutians rep-
resent the farthest west that offshore type killer
whales have been found. Offshore typekiller whales
were not previously recognized as a regular compo-
nent of the ecosystem in the western Gulf of Alaska
and Aleutian Idands. However, their consistent, if
infrequent, detection across multiple years suggests
they are regularly found in this region. Though few
groups were seen, the group sizeswerelarge (13, 40,
and 60). The 100 offshore killer whal es seen during
the CAEP surveys were more than the total number
of transient type killer whales seen during the same
surveys.

Photographs of uniquely identifiable killer
whales collected during the 3-year dedicated study
will be compared to existing photographic catalogs
and to photographs collected by other research ef-
forts. For example, previous CAEP surveysin 1992
and 1993 led to a catalogue of 289 individual killer
whales from the central Gulf of Alaskato the south-
eastern Bering Sea (see Dahlheim 1997, NOAA
Technical Report NMFS 131). Photographic com-
parisonswill allow characterization of bothlocal and
long-range movements of killer whales. A complete
analysis of matches and movements at this date has
only been completed through the 2001 NMML sur-
vey data. Matcheswithin and between the 2001 dedi -
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Photographs illustrating how the three recognized NE Pacific killer whale
ecotypes can be distinguished based on examination of morphological
differences in the dorsal fin and adjacent saddle patch region.
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Resident-type (fish-eating).
The dorsal fin is often more
falcate and there is greater
saddle patch variation. In
particular, a black cup, finger,
swirl or open area may intrude
into the top of the white saddle
patch. Photo by Nancy Black.

Transient-type
(mammal-eating). The dorsal
fin is often more triangular with
a broad base and the saddle
patch is large and uniform
(without black intrusions,
although sometimes with a
“feathering” pattern along the
front edge of the saddle).
Photo by Janice Waite.

Offshore-type. The dorsal fin is
often rounded at the tip with
multiple nicks in the fin. The
saddle patch can also have
black intrusions like
resident-type whales.

Photo by John Durban.
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Table 2. Killer whale encounters during the 2001-2003 dedicated killer whale surveys. Visual ecotypes were determined in the field based on morphology and behavior of the
whales. These were “unknown” if they could not be approached close enough for a visual assessment. Photo ecotype was determined from examination of photographs,
based on morphology of the dorsal fin and saddle patch pigmentation. Genetic analyses of biopsy samples were provided by the Southwest Fisheries Science Center, La
Jolla, California; mitochondrial DNA haplotypes are not shared between the three killer whale ecotypes in the North Pacific and can therefore be used to unambiguously

identify ecotypes.

YEAR DATE

2001 20-Jul-01
21-Jul-01
24-Jul-01
25-Jul-01
26-Jul-01
31-Jul-01
1-Aug-01
3-Aug-01
4-Aug-01
5-Aug-01
5-Aug-01
11-Aug-01

11-Aug-01

14-Aug-01
14-Aug-01
17-Aug-01
17-Aug-01
24-Aug-01

25-Aug-01

ENCOUNTER

10

11

12

13

14

15

16

17

18

19

GROUP
SIZE

25

4

25

90

40

17

10

10

50

38

15

LOCATION

NE Kodiak Island
NE Kodiak Island
S Kodiak Island
Trinity Islands
Trinity Islands
Shumagin Islands
Shumagin Islands
Unimak Pass

N Unalaska Island
N Unalaska Island
N Unalaska Island

SE Unimak Island

Sanak Island (E Alaska

Peninsula)

NW Umnak Island
SW Umnak Island
Seguam Pass
Seguam Pass

S Umnak Pass

SW Unalaska Island

LAT.

59:02

59:03

59:04

59:05

59:06

59:07

59:08

59:09

59:10

59:11

59:12

59:13

59:14

59:15

59:16

59:17

59:18

59:19

59:20

LONG.

150:23

151:35

152:31

153:57

154:35

159:33

158:59

164:38

166:53

167:03

166:36

162:53

163:00

168:34

168:55

172:59

172:57

168:10

167:00

PHOTOS

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

BIOPSIES

VISUAL
ECOTYPE

Resident

Transient

Resident

Resident

Offshore

Transient

Transient

Transient

Resident

Resident

Resident

Transient

Unknown

Resident

Transient

Transient

Resident

Resident

Resident

PHOTO
ECOTYPE

Resident

Transient

Resident

Resident

Offshore

Transient

Transient

Transient

Resident

Resident

Resident

Transient

No Data

Resident

Transient

Transient

Resident

Resident

Resident

MOLECULAR
ECOTYPE

No Data

Transient

No Data

Resident

Offshore

No Data

Transient

Transient

No Data

No Data

Resident

No Data

No Data

Resident

No Data

Transient

Resident

Resident

Resident



Table 2. Continued

YEAR

2002

2003

DATE

12-Jul-02
12-Jul-02
13-Jul-02
17-Jul-02

18-Jul-02

25-Jul-02
27-Jul-02
28-Jul-02
29-Jul-02
29-Jul-02
1-Aug-02
13-Aug-02
15-Aug-02
16-Aug-02
19-Aug-02
20-Aug-02
3-Jul-03
3-Jul-03
5-Jul-03
6-Jul-03

7-Jul-03

ENCOUNTER

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

GROUP
SIZE

12

14

46

13

22

39

24

62

22

60

15

18

LOCATION

Unalaska Bay
Unalaska Bay
E Unalaska Island
Samalga Pass

S Sequam Pass

Amukta Pass
Samalga Pass

S Umnak Island

East Unalaska Island
East Unalaska Island
S Unimak Pass

S Shelikof Strait

S Kodiak Island
Marmot Bay, Kodiak Island
West Barren Island
Shelikof Strait
Unalaska Bay

NW Akutan Island

S Unimak Island

SW Unalaska Island

N Umnak Island

LAT.

59:21

59:22

59:23

59:24

59:25

59:26

59:27

59:28

59:29

59:30

59:31

59:32

59:33

59:34

59:35

59:36

59:37

59:38

59:39

59:40

59:41

LONG.

166:50

166:52

166:15

169:35

172:26

172:19

169:24

168:55

165:43

165:43

164:31

155:50

152:15

152:01

152:32

153:34

166:24

166:15

164:28

166:52

167:33

PHOTOS

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

No

BIOPSIES

VISUAL
ECOTYPE

Unknown
Resident
Resident
Resident

Resident

Transient
Resident
Transient
Resident
Transient
Resident
Resident
Resident
Resident
Resident
Resident
Offshore

Unknown
Transient
Resident

Unknown

PHOTO
ECOTYPE

No Data

Resident

Resident

Resident

Resident

Transient

Resident

Transient

Resident

Transient

Resident

Resident

Resident

Resident

Resident

Resident

Offshore

No Data

Transient

Resident

No Data

MOLECULAR
ECOTYPE

No Data

No Data

Resident

Resident

Resident

No Data

No Data

Transient

No Data

No Data

Resident

No Data

No Data

Resident

No Data

Resident

Offshore

No Data

No Data

Resident

No Data



Table 2. Continued

YEAR DATE ENCOUNTER GROUP LOCATION LAT. LONG. PHOTOS BIOPSIES VISUAL PHOTO MOLECULAR
SIZE ECOTYPE ECOTYPE ECOTYPE
2003 7-Jul-03 41 6 NW Umnak Island 59:42 168:22 Yes 5 Transient Transient Transient
7Jul-03 42 5 NW Umnak Island 59:43 168:11 Yes 1 Resident Resident Resident
7-Jul-03 43 12 N Umnak Island 59:44 168:16 Yes 0 Resident Resident No Data
10-Jul-03 44 6 NW Seguam Island 59:45 172:52 Yes 4 Resident Resident Resident
10-Jul-03 45 20 NW Seguam Island 59:46 173:07 Yes 3 Resident Resident Resident
11-Jul-03 46 8 NW Seguam Island 59:47 173:12 Yes 1 Resident Resident Resident
14-Jul-03 47 15 Amchitka Pass 59:48 179:10 Yes 0 Resident Resident No Data
14-Jul-03 48 5 Amchitka Pass 59:49 179:08 Yes 1 Transient Transient Transient
15-Jul-03 49 21 SW Adak Island 59:50 177:01 Yes 1 Resident Resident Resident
19-Jul-03 50 22 Samalga Pass 59:51 169:29 Yes 1 Resident Resident Resident
21-Jul-03 51 18 N Unalaska Island 59:52 166:43 Yes 2 Resident Resident Resident
21-Jul-03 52 50 N Unalaska Island 59:53 166:41 Yes 4 Resident Resident Resident
23-Jul-03 53 14 N Unalaska Island 59:54 166:29 Yes 1 Resident Resident Resident
28-Jul-03 54 2 Shumagin Islands 59:55 160:56 Yes 0 Transient Transient No Data
1-Aug-03 55 6 Chirikof Island 59:56 155:44 Yes 0 Resident Resident No Data
1-Aug-03 56 4 Chirikof Island 59:57 155:53 Yes 0 Resident Resident No Data
6-Aug-03 57 24 East Afognak Island 59:58 151:58 Yes 5 Resident Resident Resident
7-Aug-03 58 22 SE Kenai Peninsula 59:59 151:30 Yes 2 Resident Resident Resident

10-Aug-03 59 22 North Kodiak Island 59:60 152:42 Yes 0 Resident Resident No Data



Table 3. Summary of sightings over 3 years (2001-03) on the dedicated killer whale surveys.

Species Sightings Mean Group Size Individuals Biopsy Samples
Killer whale 59 17.6 1,038 61
Pacific white-sided dolphin 1 8 8

Dall's porpoise 592 3.5 2,072

Harbor porpoise 19 1.8 34

Unidentified porpoise 12 1.8 22

Sperm whale 37 1.2 44 8
Baird’s beaked whale 8 10.8 86 9
Unidentified ziphiid whale 1 2 2

Gray whale 22 5.6 123 3
Minke whale 96 1 96

Fin whale 276 2.1 580 14
Humpback whale 407 1.9 773 31
Unidentified rorqual 8 14 11

Unidentified small whale 2 15 3

Unidentified large whale 174 15 261

Unidentified whale 12 1 12

Unidentified cetacean 12 1 12

Total 1,738 3.0 5,178 126

cated survey and the 2001 Alpha Helix survey show
movementsof resident killer whal es between several
sighting locations (Fig. 4). Most matcheswere made
throughout theeastern Aleutian Idlands (Unal askal s-
land to Seguam Pass), with three within Seguam Pass
itself. One long-range movement was found from
near Unimak Pass to Kodiak Island. Movements
from the following 2 years of surveyswill be exam-
inedto look at within- and between-year movements,
aswell as differences by ecotype.

Predation

Killer whale predation on marine mammals in
Western Alaska has rarely been observed. Despite
thefact that 14 encounterswith transient whal eswere
observed between 2001 and 2003, only onepredation
event waswitnessed. This event took place near the
Shumagin Idands (54°43.4'N; 158°58.5'W) on 1
August 2001 in close proximity to a Steller sealion
rookery. High-quality, identification photographs
and digital video of the three killer whales involved
in this event were collected. The killer whale group
included an adult male, an adult female, andasmaller

AFSC Quarterly Report

whale of undetermined sex. Analysis of a biopsy
sample collected from the smaller (young) whale ge-
neticaly identified it as a transient whale. As the
Aleutian Mariner approached the killer whales, the
observers could see that the killer whales were sur-
roundingasmall minkewhale. Theminkewhalewas
alivewhen first seen but apparently died afew min-
uteslater. Theadult male killer whale was observed
dragging the dead minke whalearound for at least an
hour after thekill, and the young whalewas a so seen
withfoodinitsmouth. Birdswereal so observed dip-
pingdownto pick up small bitsof fleshor oil droplets
from the water.

A possible incidence of killer whales harassing
humpback whal eswas observed on 28 July 2003, just
east of the Shumagin Islands. This event involved
two killer whales (an adult male and female) and a
humpback mother and calf within awidely dispersed
aggregation of 10-15 humpback whales. Despitethe
rough seas, digital photographs of the two killer
whales were successfully collected, and evaluation
of the photographs suggested that these were tran-
sient whales. During this encounter, the humpback
mother and calf were observed to be in very close
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Two whales from a group of about 60 offshore-type killer whales surface just
outside the breakwater at Dutch Harbor, Alaska. Photo by Paul Wade.

proximity to each other, which may have been an at-
tempt by the mother to protect thecalf. Thetwokiller
whaleswereobservedrapidly “surfing” downaswell
in the direction of the mother/calf pair. During this
pass, the humpbacks came within meters of the sur-
vey vessel, the Coastal Pilot, which wasstationary at
the time, and the calf dlightly grazed the starboard
side of the bow. The killer whales approached the
humpbacks on one other occasion before leaving the
area. The humpback mother and calf were not ob-
served to be injured during this encounter.

Abundance Estimates From
Line-Transect Methods

Total abundance of killer whales
within the survey area will be esti-
mated using line-transect methods,
which isaform of distance sampling.
This method will use the perpendicu-
lar distance data from the sightings to
the trackline to estimate the probabil-
ity of detecting agroup of killer whales
withinastrip on each side of the obser-
vation platform. Preliminary analyses
of the data investigated different fac-
torsthat might beimportant covariates
of the detection process, such asobser-
vation height, Beaufort sea state, and
group size. For killer whales, group
size proved to be the most important
factor, where the detection of small

14

A pair of resident adult males.

groups (2-5 individuals) fals off rap-
idly more than 1 km from the
trackline. In contrast, the detection of
large groups (>20 individuals) re-
mains high as far as 5 km from the
trackline. Thisisaparticularly impor-
tant factor to account for, astransents
tend to be found in much smaller
groups than resident-type killer
whales. Abundance is estimated by
multiplying the total number of sight-
ings recorded on effort, the average
group size, and the average detection
probability, whichwill bedifferent for
transients and residents. If the influ-
ence on detection of group size was
not accounted for, the abundance of
transients would be underestimated
and the abundance of residents would
be overestimated. A manuscript sum-
marizing line-transect abundance estimates is in
preparation.

Abundance Estimates from
Photographic Mark-Recapture

Mark-recapture methods are widely used to assess
the abundance of wildlife populations. Conven-
tionally, marking or tagging is used touniquely iden-
tify individuals in successive capture samples, and
mark-recapture model s useinformation ontherecap-
ture rate to estimate abundance and related parame-
ters. The conventional approach of physical capture

Photo by Robert Pitman.
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and marking has also been generalized
to other types of individual detection,
greatly increasing the range of species
that are amenable to mark-recapture
analysis. For cetaceans, photo-
identification methods have developed
asamore practical alternativefor study-
ing these large and mobile marine mam-
mals. In this technique, photographic
documentation of natural markings al-
lows photographic “captures’ and “re-
captures’ to be used as samples of the
population to which anaytical tech-
niques can be employed. This photo-
graphic mark-recapture approach is
being used to estimate the number of
killer whalesof each ecotypethat are us-
ing the study area.

Thereis awide array of mark-recapture models,
and the choice of which to use depends on matching
characteristics of the sample data to the inherent as-
sumptions made by the chosen model. Thisispartic-
ularly important for populations that are sampled
using nonconventional mark-recapture approaches.
There are three main assumptions that are required
for nonbiased parameter estimates using most
mark-recapture models: 1) al marks are recorded
correctly, 2) individuals do not lose their marks, 3)
individuals have equal probabilities of capture.

The aim when analyzing killer whale
photo-identification data is to ensure that the in-
cluded data conform to the assumptions of the statis-
tical models as closely as possible, in order to
minimize bias in estimates of abundance and sur-
vival. An additional aim isto not only estimate the
most likely value for these parameters but also to
fully communicate the associated uncertainty. To
address assumptions 1 and 2, identification photo-
graphsare graded based on photographic quality and
individual distinctiveness, to minimize errors due to
incorrect mark recognition and mark loss. Inparallel
with thedata processing, novel mark-recapture mod-
els are being developed to address assumption 3. A
prominent feature of killer whale populationsis that
individualstravel within stable groupings, leading to
both individual differencesin catchability and to de-
pendenciesin capture probabilities of associating in-
dividuas (i.e., the probability one individual is
captured is not independent of the probability an-
other individual iscaptured, if thetwoindividualsare
typically found in the same group). Traditional
mark-recapturemodel signore these sourcesof heter-
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A group of four transient-type killer whales. Photo by Carolyn Jenkins.

ogeneity in capture probabilities, which can lead to
biased estimates and overestimation of precision.
Work isunder way to devel op an approach that mod-
elsthe distribution of capture probabilities as amix-
ture of latent variables and uses Bayesian model
selection approaches to simultaneously estimate the
number of mixtures, assign observedindividualsinto
component clusters with similar capture probabili-
ties, and predict the number of unobserved individu-
als. TheBayesian methods for model fitting employ
Markov chain Monte Carlo computational methods
to estimate a full probability distribution for killer
whale abundance.

Photo-identification Data From Other
Sources

One of the benefits of mark-recapture methodsis
that identification photographs from other research-
erstaken during the sametimeperiod can beincluded
in the analysis. Severa other NOAA surveys col-
lected killer whale photographs and biopsy samples
during the same study period as our dedicated sur-
veys. These photographs will be used in the
mark-recapture analysis by matching to the photo-
graphs from the dedicated surveys, and ecotype will
also be confirmed with genetic samples, whereavail-
able. These include 1) killer whale surveys con-
ducted by CAEP aboard the Alpha Helix as part of an
oceanographic survey of the Aleutian passesin June
2001 and again in May - June 2002 (33 killer whale
encounters photographed and 27 biopsy samplescol-
lected); 2) a CAEP cetacean survey conducted
aboard the NOAA ship Miller Freeman during the
AFSC’ sResource Assessment and Conservation En-
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Three of six transient killer whales seen near Umnak Island in
the Aleutian Islands chain. Photo by Robert Pitman.

gineering Division’ sacoustic pollock survey in June
- July 2002 (central and southeastern Bering Sea) and
June 2003 (Gulf of Alaska) (photographs from 11
killer whale encounters were collected with no bi-
opsy samples); and 3) the Southwest Fisheries Sci-
ence Center’s (SWFSC) right whale survey on the
NOAA ship McArthur inthesoutheastern Bering Sea
in July - August 2002 (10 killer whale encounters
photographed, and 13 biopsy samples collected). In
addition, occasional photographs are submitted by
NMFS fisheries aobservers from the Bering Sea and
the Gulf of Alaska.

Additionally, killer whale studies have been con-
ducted in the Gulf of Alaskaand inthe Aleutians by
the North Gulf Oceanic Society (NGOS website:
http://www.whalesalaska.org/). Those studies have
been directed by Craig Matkin (NGOS) and Lance
Barrett-Lennard (Vancouver Aquarium), who are
collaborating in the mark-recapture transient abun-
dance study; the addition of their photographs will
substantially increase the sample size for the analy-
sis, whilethe CAEP dedicated survey dataprovidesa
geographically widespread samplethat wascollected
inarandomized systematic way. The combination of
thetwo data sets should provide amore accurate and
precise estimate than would be possible from each
data set alone.

Analysis of Biopsy Samples

Tissue from the biopsy samples collected during
the CAEP surveysis being used for several ongoing
studies. Genetic analyses of the CAEP samples have
been conducted by the SWFSC, and these samples
will beutilized in aNorth Pacific-wide study of killer
whal e genetics. These confirmationsof ecotypefrom
genetics were all consistent with the designation of
ecotype from visual observations and from evalua-
tion of photographs (Table 2).
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CAEP hasinitiated a collaborative study of fatty
acids with the chemistry lab at the Northwest Fish-
eries Science Center (NWFSC). Preliminary results
indicated there were strong differencesin fatty acids
between resident, transient, and offshore ecotypes of
killer whales. Anayses are ongoing to determine if
coarse information about dietary preferences can be
determined from fatty acids, such as distinguishing
between adiet of baleen whales, pinnipeds, or fish. I
successful, it is hoped that this information will be
useful in determining if any transient killer whales
sampled during CAEP surveyshave adiet that ispri-
marily pinnipeds.

The NWFSC chemistry lab has a'so undertaken
stable isotope analysis of CAEP skiller whale sam-
ples, which can provide information about the
trophic level that the sampled whales are feeding at.
Preliminary results are encouraging that stable iso-
tope analysiswill provide some coarse-level indica-
tions of dietary preference in killer whales. As an
example, it appearsthat someresident-typewhalesin
western Alaska have substantially different isotopic
values from resident whales in Washington, British
Columbia, and Southeast Alaska that are known to
prey on salmon during summer months. This sug-
gests the hypothesis that some resident whales in
western Alaska have aprimarily non-salmon diet.

The NWFSC chemistry lab is aso using the
CAEP samples as part of an on-going study of con-
taminantsin killer whalesfrom Californiato Russia,
including Alaska.

Future Research

Once the photographic data are fully analyzed
through 2003, additional studies of movements and
distribution will be undertaken by CAEP personnel.
In particular, an analysiswill be undertaken compar-
ing transient killer whale distribution relative to the
location of Steller sea lion rookeries and haulouts.
An additional survey is planned for July and August
in2004, at areduced level (25days). Thissurvey will
focus on the region from the Shumagin Islands to
Umnak Island that appearsto have a greater density
of transient killer whales. Biopsy samples of tran-
sientswill beapriority for thesurvey, to contributein
particular to the fatty acid study, which has shown
promisethat it could provideinformation about what
theprimary diet of transient killer whalesisinthisre-
gion. This information will be directly relevant in
evaluating the hypothesized role that killer whales
may have in limiting pinniped and sea otter popula-
tionsin this area.
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