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

In tro duc tion 
The doc u mented de clines of  Steller sea lions 

(Eumetopias jubatus), har bor seals (Phoca vitulina), 
and sea ot ters (Enhydra lutris) in the west ern Gulf of 
Alaska and Be ring Sea have gen er ated a range of hy
poth e ses re gard ing pos si ble causes. One re cent hy
poth e sis sug gests that killer whale (Orcinus orca) 
pre da tion may be re spon si ble for these de clines,  with 
prey shift ing over time as killer whales se quen tially 
de plete pop u la tions of avail able prey spe cies.  Eval u-
a tion and test ing of this hy poth e sis re quires em pir i cal 
data on the abun dance, dis tri bu tion, and feed ing 
ecol ogy of killer whales in this area. 

Three forms of killer whales, termed “res i dent,” 
“tran sient,” and “off shore” have been de scribed  in 
the coastal wa ters of the North east Pa cific Ocean. 
These terms were orig i nally des ig nated by killer 
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whale re search ers to de scribe the whales’ pat terns of 
oc cur rence, par tic u larly in Brit ish Co lum bia and 
Wash ing ton. “Res i dents” were gen er ally in in land 
wa ters all sum mer, whereas “tran sients” only ap
peared oc ca sion ally, and “off shore” whales were 
seen only in outer coast wa ters.  As stud ies have in
creased over larger geo graph ical and tem po ral 
scales, it has be come ap par ent that these terms do not 
fully de pict the rang ing pat terns of these three 
ecotypes. How ever, re cent re search con tin ues to 
con firm that the three terms do re fer to very dis tinct 
types of killer whales that can be dis tin guished based 
on ge net ics, acous tics, and mor phol ogy. Re search 
also shows the terms ap ply to dis tinct types of  feed
ing ecol ogy. Res i dent killer whales are known to be 
pri mar ily fish-eaters, in con trast to tran sients that 
feed pri mar ily on ma rine mam mals.  Rel a tively few 
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feed ing ob ser va tions have been made for the 
off shore type, but ini tial data sug gest they also eat 
fish. 

Al though killer whale pop u la tion size and stock 
struc ture is well doc u mented for the wa ters of south
east ern Alaska and Prince Wil liam Sound,  rel a tively 
lit tle abun dance and ge netic data ex ist for killer 
whales in Alas kan wa ters west of Ko diak Is land. 
Thus, in 2001, the Na tional Ma rine Mam mal Lab o ra-
tory’s Ce ta cean As sess ment and Ecol ogy Pro gram 
(CAEP) ini ti ated a 3-year study with an aim of pro-
vid ing com pre hen sive base line in for ma tion on killer 
whales in the wa ters of the Gulf of Alaska and Aleu
tian Is lands.  Spe cific re search ob jec tives in cluded 
es ti mat ing killer whale abun dance in coastal wa ters 
be tween the Kenai Fjords re gion of southcentral 
Alaska to the cen tral Aleu tian Is lands us ing 
line-transect and mark-recapture tech niques, ex am
in ing dis tri bu tion and move ment pat terns of killer 
whale groups, and de ter min ing the eco type of killer 
whale groups us ing this area. Here we re port on the 
meth od ol ogy used in these sur veys and pres ent pre
lim i nary re sults. 

Field Methods 
Ship-based sur veys were con ducted over three 

sum mer field sea sons, each 6 weeks in du ra tion. Sur
vey dates were 17 July - 25 Au gust in 2001; 10 July 
21 Au gust in 2002; and 3 July - 14 Au gust in 2003. 
Large char ter ves sels were used as sight ing plat
forms, with a small skiff de ployed from the ves sels 
for close ap proaches to whales. A sta ble sight ing 

plat form is im por tant for ce ta cean sur veys, as too 
much mo tion makes it dif fi cult to search through bin
oc u lars. Ad di tionally, search ing is aided from be ing 
on a plat form that is high above wa ter; not only can a 
greater area be searched, but a larger por tion of an an
i mal’s body is vis i ble. In 2001, the Aleu tian Mar i ner 
was used, and in 2002 and 2003, the Coastal Pi lot 
was used.  The Aleu tian Mar i ner is 38 m long and has 
an out side ob ser va tion plat form 3.8 m above the wa
ter. The Coastal Pi lot is 53 m long and has a bridge 
height of 7.5 m.  As suming an av er age eye height of 
1.7 m, the ob ser va tion heights were 5.5 m above sea 
level on the Aleu tian Mar i ner and 9.2 m above sea 
level on the Coastal Pi lot. 

The sur vey was de signed to es ti mate the abun
dance of killer whales within a sub stan tial por tion of 
the known haul-out range of the west ern stock of 
Steller sea lions in U.S. wa ters.  Given the fo cus on 
the pos si ble pre da tion of Steller sea lions by killer 
whales, the high est pri or ity was to es ti mate the abun
dance of tran sient killer whales.  In sum mer, Steller 
sea lions are thought to for age pri mar ily in rel a tively 
close prox im ity to their rook er ies and haulouts. 
There fore, the killer whale sur vey was de signed to 
in clude a 20 nau ti cal mile (nmi) area around Steller 
sea lion rook er ies and ma jor haulouts. This was ac
com plished by sur vey ing an area that had an off shore 
bound ary ap prox i mately 30 nmi from the main 
coast line and ma jor is lands, with some ex ten sions to 
ac com mo date lo ca tions fur ther off shore 

The sur vey track was a ran domly placed sawtooth 
(zig-zag) pat tern in side a rect an gle, where the off
shore bound ary of the rect an gle was drawn to par al lel 

the ma jor axis of the coast line (Fig. 

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

1).  This de sign en sured that the 
tracklines ran domly sam pled the 
study area.  Mul ti ple rect an gles were 
es tab lished, with each rect an gle des-
ig nated as a stra tum in a strat i fied 
sur vey de sign. The east ern bound ary 
of the study area co in cided with the 
east ern bor der of the west ern stock 
of Steller sea lions, along the coast
line of the Kenai Pen in sula.  The 
west ern bound ary of the study area 
was de fined as the west ern side of 
Seguam Pass in the cen tral Aleu tian 
Is lands in 2001 and was then moved 
farther west to Tanaga Pass in 2002 
and 2003.  Break points for es tab lish
ing the ends of the strata were es tab
lished at var i ous lo ca tions in or der to 
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ac com mo date changes in the ori en ta
tion of the coast line, the need to ex tend 
the study area far ther off shore to in
clude var i ous is laand groups, and to 
align with the  ma jor ar eas al ready used 
for ex am in ing trends in abun dance of 
the west ern stock of Steller sea lions. 

Four of six des ig nated Steller sea 
lion ar eas (central Gulf of Alaska, west
ern Gulf of Alaska, eastern Aleu tian Is
lands, and cen tral Aleu tian Is lands (as 
far west as Seguam Pass)) were sur
veyed (Fig. 1).  Lo gis tics and avail able 
ship time have pre cluded ex tend ing the 
sur vey far ther west. Four teen strata 
were des ig nated in 2001, and 16 were John Durban and John Brandon track a group of Baird’s beaked whales on the 
des ig nated in 2002 and 2003 to in clude north side of Tanaga Island, with Tanaga volcano in the background.  Photo by
the ex ten sion of the study area to the Paul Wade. 
west in those years. The to tal area sur
veyed was 177,656 km2 in 2001 and 221,083 km2 in 
2002 and 2003. Ef fort per unit area (the length of the 
transect lines di vided by the area in side each stra tum) 
was kept con stant across all strata.  This pro vides the 
great est flex i bil ity in anal y sis, as a con stant search 
ef fort al lows all strata to be pooled for anal y sis, if de
sired, while still al low ing abun dance and den sity in 
in di vid ual strata to be con sid ered.  A ran dom num ber 
gen er a tor was used to po si tion the transect lines in 
each stra tum. 

Line-Transect Meth od ol ogy 
Sight ing data were col lected from high points on 

the decks of the Aleu tian Mar i ner (in 2001) and the 
Coastal Pi lot (in 2002 and 2003).  Dur ing 
line-transect sur veys, sight ing data were col lected by 
three ob serv ers. Star board and port ob serv ers were 
sta tioned out side on the ob ser va tion plat form and the 
data re corder was po si tioned in side, at a com puter 
sta tion, on the bridge. Star board and port ob serv ers 
used 7 x 50 Fujinon reti cle bin oc u lars to search from 
the ship’s bow to the beam of the ship.  The data re
corder searched the trackline while scan ning through 
the view ing ar eas of the two pri mary ob serv ers.  Each 
ob server and the data re corder had an an gle board 
(pelorus) to de ter mine the hor i zon tal an gle to the ce-
ta cean groups.  When a sight ing oc curred, the ob
server alerted the re corder and then de ter mined the 
hor i zon tal an gle and num ber of reticules from the ho-
ri zon to the po si tion where the sight ing was first 
noted. Ad di tional in for ma tion col lected in cluded 
sight ing cue, course and speed, spe cies iden tity, and 
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the best, low, and high es ti mates of group size.  The 
com puter pro gram WINCRUZ was used to re cord all 
sight ing and en vi ron men tal data (e.g., cloud cover, 
wind strength and di rec tion, and Beau fort sea state). 
The com puter was in ter faced to a por ta ble Garmin 
GPS to gather po si tional and nav i ga tional in for ma
tion. 

Six ob serv ers ro tated through the three po si tions, 
re sult ing in 2 hours of “on ef fort” by each ob server 
fol lowed by a 2-hour rest pe riod.  The or der in which 
in di vid ual ob serv ers ro tated through the sched ule 
each day was ran dom ized.  Sur vey ef fort be gan ap
prox i mately 30 min utes af ter sun rise and ended 30 
min utes be fore sun set.  On-effort search was aban
doned when the weather and vis i bil ity con di tions 
were poor or the sea state was above Beau fort 5.  Un
der un ac cept able weather con di tions, the re corder 
stayed on watch at the bridge to re cord “off-effort” 
sight ings and en vi ron men tal data. When sight ing 
con di tions were good, the ob server teams also main
tained a ma rine mam mal watch while transiting be
tween line-transect legs.  Al though this ef fort will not 
be used in any line-transect anal y sis, line-transect 
pro to col was main tained in or der to search for killer 
whales, so the data could be used in a mark-recapture 
anal y sis.  Fur ther more, per pen dic u lar dis tance in for
ma tion from tran sit legs could po ten tially be in
cluded in es ti mat ing the de tec tion func tion for 
line-transect anal y sis. Most of the sur vey was done in 
pass ing mode, mean ing that the ob serv ers did not go 
off ef fort when sight ings were made of spe cies such 
as Dall’s por poise (Phocoenoides dalli). For all killer 
whale sight ings and, if time al lowed, for sight ings of 
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other spe cies of in ter est, such as hump back 
(Megaptera novaeangliae), fin (Balaenoptera 
physalus) ,  and sperm whales  (  Physeter  
macrocephalus), clos ing mode was used, where the 
ob serv ers would go off-effort (stop search ing 
widely) and fo cus their at ten tion on the de tected 
whales. Usually the whales would be closely ap
proached af ter go ing off-effort to con firm spe cies 
iden ti fi ca tion. Killer whale groups were ap proached 
to  es  t i  mate group s ize and to  con duct  
photo-identification and bi opsy data col lec tion. 
When re sum ing ef fort, the sur vey would re com
mence on a con ver gent course with the trackline. 

Photo-Identification and Bi opsy 
Sam pling 

When killer whales were en coun tered, the 
line-transect sur vey was tem po rarily sus pended in 
or der to col lect pho to graphs of the killer whales’ dor
sal fins and ad ja cent sad dle patch pig men ta tion to 
iden tify in di vid ual whales.  When con di tions per mit
ted, a small boat (19-ft or 22-ft rigid-hull in flat able) 
was launched to al low for closer ap proaches to the 
whales. Tis sue sam ples were col lected us ing re mote 
bi opsy tech niques  and, when pos si ble, acous tic re
cord ings of killer whale calls were col lected us ing a 
hydrophone and DAT re corder. When time per mit
ted, pho to graphs and tis sue sam ples were col lected 
from other ce ta cean spe cies and, if con di tions were 
fa vor able, acous tic re cord ings were also col lected. 

Eco type De ter mi na tion 
A pre lim i nary as sess ment of killer whale eco type 

(res i dent, tran sient, or off shore) was made in the field 
dur ing each en coun ter us ing mor phol ogy, group 
size, and be hav ior.  A fur ther de ter mi na tion of eco
type was made post-cruise, from pho to graphs, by 
two ex pe ri enced CAEP killer whale bi ol o gists. Mor
phol ogy has long been used to make a pre lim i nary 
de ter mi na tion of eco type. Pho to graphs from each en
coun ter were ex am ined in de pend ently by the two bi
ol o gists. They used mor pho log i cal fea tures that have 
been es tab lished pre vi ously from long-term killer 
whales stud ies, pri mar ily dor sal fin shape and sad dle 
patch shape and po si tion. Ex am ples of iden ti fi ca tion 
pho to graphs from each eco type show ing these dif
fer ences are shown on page 7. 

All whales pho to graphed dur ing an en coun ter 
were ex am ined.  Typically, some por tion of a group 
showed ob vi ous mor pho log i cal char ac ter is tics that 
dis tin guished the eco type, and the whole group could 
be clas si fied based on the pres ence of those char ac
ter is tics.  How ever, a small num ber of  groups ei ther 
were not pho to graphed or the pho to graphs were of 
such poor qual ity that the eco type was un cer tain. 
These groups were clas si fied as hav ing an “un
known” eco type.  The field and pho to graphic eco
type de ter mi na tions were then con firmed for groups 
that had been bi opsy sam pled and ge net i cally as
signed to eco type based on mi to chon drial DNA se
quence vari a tion. Pre vi ous killer whale stud ies have 
also es tab lished that killer whale eco type can be un-
am big u ously de ter mined from acous tic calls. Where 

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 

(

John Durban collects a biopsy sample 

Mazzuca (left) and John Brandon 
right). 
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Ta ble 1.  To tal on-effort tracklines for the 2001-03 ded icated killer whale sur veys con ducted by the 
Ce ta cean As sess ment and Ecol ogy Pro gram.

             2001          2002          2003 

Beau fort E f f o r t % E f  f o r t  % E f  f o r t  % 
(nmi) (nmi) (nmi) 

0 

1 

2 

3 

4 

5 

To tal 

93.6    

298.9  

479.1  

505.0  

478.0  

82.4    

1,937.0 

4.8 

15.4 

24.7 

26.1 

24.7 

4.3 

100.0 

77.5    

434.0  

697.1  

557.2  

238.5  

206.3    

2,210.6 

3.5

19.6

31.5

25.2

10.8

9.3

100.0 

124.1 

   319.8  

   419.7  

   560.0  

   386.0  

   363.6  

2,173.2 

5.7 

14.7 

19.3 

25.8 

17.8 

16.7 

100.0 

avail able, these data were also used to ver ify the pho
to graph i cally de ter mined ecotypes.  In ad di tion, be
cause groups only as so ci ate with other groups of 
sim i lar eco type,  it was pos si ble to use as so ci a tion to 
ver ify or even clas sify a group’s eco type. For in
stance, if a group that has been clas si fied as tran sient 
by mor phol ogy and ge net ics is seen as so ci at ing with 
an other group that ei ther does not have strong dis tin
guish ing mor pho log i cal fea tures or has not been bi
opsy sam pled, that group can be clas si fied as 
tran sient based on as so ci a tion with the known tran
sient group. 

Sur vey Re sults 
A to tal of 6,321 nmi was sur veyed “on ef fort” un

der ac cept able con di tions (Beau fort 0-5) dur ing the 
sur veys in 2001-2003 (Ta ble 1).  More ef fort was ac
com plished in 2002 and 2003 than in 2001 due to 
better over all weather and a more sta ble ves sel. The 
most fa vor able con di tions oc curred in 2002 (Ta ble 
1). In to tal, 1,738 ce ta cean sight ings were re corded 
(Ta ble 3), in clud ing 59 groups of killer whales (Figs. 
2-3). Killer whale groups ranged in size from 2 to 90 
whales, with a me dian es ti mated group size of 12. 
Pho to graphs were ob tained from 55 of the en coun
ters, and 61 tis sue sam ples were col lected from 33 of 
the en coun ters us ing re mote bi opsy tech niques. 
Based on the anal y ses of these pho to graphic and ge
netic data, and from ob ser va tions dur ing the en coun
ters, all three dis tinct killer whale ecotypes were 
iden ti fied. 

The three meth ods of eco type de ter mi na tions 
(field ob ser va tion, post-field pho to graphic anal y sis, 
and ge netic anal y sis) were in agree ment for ev ery en
coun ter that had the ap pro pri ate data (Ta ble 2), in di-
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cat ing the re li abil ity of each as sign ment method. 
Eco type de ter mi na tion for the sub set of en coun ters 
with acous tic re cord ings in 2001-02 were also in 
agree ment with the other meth ods (2003 acous tic 
data have not yet been an a lyzed). Of the 59 killer 
whale en coun ters over the 3-year study, 39 were res i-
dent (66%), 14 were tran sient (24%), 2 were off shore 
(3%) and 4 were un known (7%).  These per cent ages 
dif fered by year.  In 2001, a higher per cent age of en
coun ters were tran sient killer whales (37%), com
pared to 2002 and 2003 (19% and 17%, 
re spec tively).   The mean group size was 22 whales 
(min=4, max=90) for res i dents, 5 (min=2, max=13) 
for tran sients, and 50 (min=40, max=60) for 
offshores. The four groups with un known ecotypes 
had an av er age group size of 6 (min=3, max=15). 

Other odontocete (toothed-whale) spe cies seen 
in cluded 592 sight ings of Dall’s por poise, 19 sight
ings of har bor por poise (Phocoena phocoena), 37 
sight ings of sperm whale , and 8 sight ings of Baird’s 
beaked whale (Berardius bairdii). In 2002, a sight ing 
was made on the south side of Unalaska Is land of two 
un iden ti fied beaked whales, sus pected of be ing 
Stejneger’s beaked whale (Mesoplodon stejnegeri). 
The whales were not close enough to the ship to con
firm the iden tity of the spe cies, but the only other 
likely spe cies would be Cuvier’s beaked whale 
(Ziphius cavirostris); the whales were not Baird’s 
beaked whales. Mysticete (ba leen whale) spe cies 
seen in cluded 407 sight ings of hump back whale , 276 
sight ings of fin whale, 96 sight ings of minke whale 
(Balaenoptera acutorostrata), and 22 sight ings of 
gray whales (Eschrictius robustus). No blue 
( Balaenoptera musculus )  or  sei  whales  
(Balaenoptera bo re alis) were seen, though they are 
known from Alaska wa ters from whale har vest data. 
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When time and con di tions per mit ted, pho to-
graphs for in di vid ual iden ti fi ca tion were also taken 
of ce ta cean spe cies other than killer whales (Ta ble 3), 
no ta bly hump back, sperm, fin and Baird’s beaked 
whales. Hump back whales in par tic u lar have long 
been the sub ject of photo-identification stud ies in the 
North Pa cific. Bi opsy sam ples were also col lected 
from other ce ta cean spe cies, with a to tal of 31 sam
ples from hump back whales, 14 from fin whales, 9 
from Baird’s beaked whales, 8 from sperm whales, 
and 3 from gray whales. These will be used for pop u-
la tion ge netic anal y ses. Ex tremely rare acous tic re
cord ings were also made dur ing two en coun ters with 
Baird’s beaked whales. The sight ings data from these 
sur veys have been used to make line-transect abun
dance es ti mates of hump back, fin, and minke whales; 
these pre lim i nary es ti mates were re ported to the Sci
en tific Com mit tee of the In ter na tional Whaling 
Com mis sion in June 2003 (IWC doc u ment 
SC/55/O9 avail able from the NMML li brary). 

Dis tri bu tion and Move ments 
Killer whales were de tected through out the study 

area (Figs. 2-3). It is no ta ble that both res i dent and 
tran sient type whales were seen in Amchitka Pass at 
the far west ern ex treme of the study area; this is the 
far thest west that both ecotypes have been seen in 
U.S. wa ters (on-going stud ies sug gest that both 
ecotypes are pres ent in Rus sian wa ters as well). 
Seguam Pass, as well as the wa ters around Umnak 
and Unalaska Is lands in the east ern Aleu tians ap pear 
to be ar eas with over all high killer whale den si ties in 
ad di tion to rel a tively fre quent sight ings around Ko
diak Is land. The dif fer ent ecotypes ap pear to have 
some dif fer ences in their dis tri bu tion pat tern. Tran
sient killer whales were seen through out the study 
area, but ap pear to be more fre quently seen in the cen
tral part of the area, from the Shumagin Is lands 
through the east ern Aleu tian Is lands (Fig. 2). When 
en coun ters from the other NOAA sur veys are added 
(dis cussed be low), a sim i lar pat tern is seen. In par tic-
u lar, sev eral ad di tional en coun ters with tran sients 
have been made in the Unimak Pass area. One of 
these en coun ters, from the Aleu tian Passes cruise in 
2002 on the Al pha He lix was par tic u larly in ter est ing, 
as it was a large group of tran sient killer whales (~30 
whales) that were feed ing on a gray whale car cass in 
early June. Gray whales, along with other spe cies of 
ba leen whale, mi grate sea son ally through Unimak 
Pass, so this may be an im por tant sea sonal re source 
for tran sients. No en coun ters with tran sients were 

made be tween the Shumagin Is lands and the east side 
of Ko diak Is land (Fig. 2). 

Res i dent type killer whales were par tic u larly 
abun dant around Umnak and Unalaska Is lands in the 
east ern Aleu tians, and around all sides of Ko diak Is
land (Fig. 3). Seguam Pass in the Aleu tians was an
other lo ca tion with mul ti ple sight ings. Res i dent 
killer whales were par tic u larly abun dant near Dutch 
Har bor on Unalaska Is land; it is sus pected that this 
high den sity of res i dent type whales is at least par
tially due to the high den sity of fish ing boats, as res i-
dents are well known for depredating fish from 
longline gear and con sum ing dis cards from 
groundfish trawl ers. There is a large gap in the dis tri
bu tion of res i dents stretch ing from just west of Ko
diak Is land to the Unimak Pass area. It is in ter est ing 
that this ap prox i mately 800-km gap has been con sis-
tent in July and Au gust over 3 years of sur veys. 

Off shore type killer whales were seen twice on 
CAEP’s ded i cated killer whale sur veys, once south 
of Ko diak Is land in 2001 and once just out side of 
Dutch Har bor in the Aleu tian Is lands in 2003 (Fig. 2). 
Off shore type killer whales were seen a third time 
just west of Dutch Har bor by NOAA re search ers on 
an ocean og ra phy cruise con ducted in 2002 (see be
low).  These en coun ters in the east ern Aleu tians rep-
re sent the farthest west that off shore type killer 
whales have been found. Off shore type killer whales 
were not pre vi ously rec og nized as a reg u lar com po
nent of the eco sys tem in the west ern Gulf of Alaska 
and Aleu tian Is lands. How ever, their con sis tent, if 
in fre quent, de tec tion across mul ti ple years sug gests 
they are reg u larly found in this re gion. Though few 
groups were seen, the group sizes were large (13, 40, 
and 60). The 100 off shore killer whales seen dur ing 
the CAEP sur veys were more than the to tal num ber 
of tran sient type killer whales seen dur ing the same 
sur veys. 

Pho to graphs of uniquely iden ti fi able killer 
whales col lected dur ing the 3-year ded i cated study 
will be com pared to ex ist ing pho to graphic cat a logs 
and to pho to graphs col lected by other re search ef
forts. For ex am ple, pre vi ous CAEP sur veys in 1992 
and 1993 led to a cat a logue of 289 in di vid ual killer 
whales from the cen tral Gulf of Alaska to the south
east ern Be ring Sea (see Dahlheim 1997, NOAA 
Tech ni cal Re port NMFS 131). Pho to graphic com
par i sons will al low char ac ter iza tion of both lo cal and 
long-range move ments of killer whales. A com plete 
anal y sis of matches and move ments at this date has 
only been com pleted through the 2001 NMML sur
vey data. Matches within and be tween the 2001 ded i-
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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. 

Pho to graphs il lus trat ing how the three rec og nized NE Pa cific killer whale 
ecotypes can be dis tin guished based on ex am ina tion of mor pho log ical 
dif fer ences in the dor sal fin and ad ja cent sad dle patch re gion. 
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Fig ure 1.  Study area (rect an gles) and on-effort tracklines ac com plished dur ing the 2001-03 
dedicated killer whale sur veys. 

Figure 2. Lo ca tion of en coun ters with groups of tran sient-type (tri an gles) and off shore-type (box) killer 
whales dur ing the 2001-03 ded icated killer whale sur veys. 
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Figure 3. Lo ca tion of en coun ters with groups of res ident-type killer whales dur ing the 2001-03 
dedicated killer whale sur veys. 

Figure 4. Location of all killer whale encounters in 2001 from both the dedicated killer whale survey on the Aleutian 
Mariner in July/August and from the killer whale survey conducted during the Aleutian Passes oceanography study on 
the Alpha Helix in May/June. Lines drawn between encounters indicate that at least one individual whale was seen in 
both encounters. The number next to each line indicates the numbers of individual whales that were seen in both 
encounters. 
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Ta ble 2.  Killer whale en coun ters dur ing the 2001-2003 ded icated killer whale sur veys. Vi sual ecotypes were de ter mined in the field based on mor phol ogy and be hav ior of the 
whales. These were “un known” if they could not be ap proached close enough for a visual as sess ment.  Photo eco type was de ter mined from ex am ina tion of pho to graphs, 
based on mor phol ogy of the dor sal fin and sad dle patch pig men ta tion.  Ge netic anal y ses of bi opsy sam ples were pro vided by the South west Fish eries Sci ence Cen ter, La 
Jolla, California; mi to chon drial DNA haplotypes are not shared be tween the three killer whale ecotypes in the North Pa cific  and can there fore be used to un am big u ously 
iden tify ecotypes. 

YEAR DATE ENCOUNTER GROUP LOCATION LAT. LONG. PHOTOS BIOPSIES VISUAL PHOTO MOLECULAR 
SIZE ECOTYPE ECOTYPE ECOTYPE 

2001 20-Jul-01 1 25 NE Kodiak Island                           59:02 150:23 Yes 0 Resident Resident No Data 

21-Jul-01 2 4 NE Kodiak Island                                 59:03 151:35 Yes 1 Transient Transient Transient 

24-Jul-01 3 25 S Kodiak Island 59:04 152:31 Yes 0 Resident Resident No Data 

25-Jul-01 4 90 Trinity Islands                                59:05 153:57 Yes 4 Resident Resident Resident 

26-Jul-01 5 40 Trinity Islands                                     59:06 154:35 Yes 2 Offshore Offshore Offshore 

31-Jul-01 6 7 Shumagin Islands 59:07 159:33 Yes 0 Transient Transient No Data 

1-Aug-01 7 3 Shumagin Islands 59:08 158:59 Yes 1 Transient Transient Transient 

3-Aug-01 8 3 Unimak Pass                                         59:09 164:38 Yes 1 Transient Transient Transient 

4-Aug-01 9 17 N Unalaska Island 59:10 166:53 Yes 0 Resident Resident No Data 

5-Aug-01 10 10 N Unalaska Island 59:11 167:03 Yes 0 Resident Resident No Data 

5-Aug-01 11 10 N Unalaska Island 59:12 166:36 Yes 1 Resident Resident Resident 

11-Aug-01 12 3 SE Unimak Island 59:13 162:53 Yes 0 Transient Transient No Data 

11-Aug-01 13 4 Sanak Island (E Alaska 59:14 163:00 No 0 Unknown No Data No Data 
Peninsula) 

14-Aug-01 14 10 NW Umnak Island 59:15 168:34 Yes 1 Resident Resident Resident 

14-Aug-01 15 2 SW Umnak Island 59:16 168:55 Yes 0 Transient Transient No Data 

17-Aug-01 16 3 Seguam Pass 59:17 172:59 Yes 1 Transient Transient Transient 

17-Aug-01 17 50 Seguam Pass 59:18 172:57 Yes 2 Resident Resident Resident 

24-Aug-01 18 38 S Umnak Pass                                 59:19 168:10 Yes 1 Resident Resident Resident 

25-Aug-01 19 15 SW Unalaska Island 59:20 167:00 Yes 2 Resident Resident Resident 



Ta ble 2. Continued 

YEAR DATE ENCOUNTER GROUP LOCATION LAT. LONG. PHOTOS BIOPSIES VISUAL PHOTO MOLECULAR 
SIZE ECOTYPE ECOTYPE ECOTYPE 

2002 12-Jul-02 20 3 Unalaska Bay                                        59:21 166:50 No 0 Unknown No Data No Data 

12-Jul-02 21 12 Unalaska Bay                                        59:22 166:52 Yes 0 Resident Resident No Data 

13-Jul-02 22 14 E Unalaska Island 59:23 166:15 Yes 1 Resident Resident Resident 

17-Jul-02 23 46 Samalga Pass                                     59:24 169:35 Yes 2 Resident Resident Resident 

18-Jul-02 24 8 S Sequam Pass 59:25 172:26 Yes 1 Resident Resident Resident 

25-Jul-02 25 13 Amukta Pass 59:26 172:19 Yes 0 Transient Transient No Data 

27-Jul-02 26 5 Samalga Pass 59:27 169:24 Yes 0 Resident Resident No Data 

28-Jul-02 27 5 S Umnak Island 59:28 168:55 Yes 2 Transient Transient Transient 

29-Jul-02 28 22 East Unalaska Island                             59:29 165:43 Yes 0 Resident Resident No Data 

29-Jul-02 29 5 East Unalaska Island                             59:30 165:43 Yes 0 Transient Transient No Data 

1-Aug-02 30 39 S Unimak Pass 59:31 164:31 Yes 1 Resident Resident Resident 

13-Aug-02 31 24 S Shelikof Strait 59:32 155:50 Yes 0 Resident Resident No Data 

15-Aug-02 32 9 S Kodiak Island 59:33 152:15 Yes 0 Resident Resident No Data 

16-Aug-02 33 62 Marmot Bay, Kodiak Island 59:34 152:01 Yes 2 Resident Resident Resident 

19-Aug-02 34 8 West Barren Island 59:35 152:32 Yes 0 Resident Resident No Data 

20-Aug-02 35 22 Shelikof Strait 59:36 153:34 Yes 2 Resident Resident Resident

 2003 3-Jul-03 36 60 Unalaska Bay 59:37 166:24 Yes 1 Offshore Offshore Offshore 

3-Jul-03 37 15 NW Akutan Island 59:38 166:15 No 0 Unknown No Data No Data 

5-Jul-03 38 3 S Unimak Island 59:39 164:28 Yes 0 Transient Transient No Data 

6-Jul-03 39 18 SW Unalaska Island 59:40 166:52 Yes 1 Resident Resident Resident 

7-Jul-03 40 3 N Umnak Island                                  59:41 167:33 No 0 Unknown No Data No Data 



Ta ble 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 



Ta ble 3.  Sum mary of sight ings over 3 years (2001-03) on the ded icated killer whale sur veys. 

Spe cies Sight ings Mean Group Size In di vid uals Bi opsy Sam ples 

Killer whale  59           17.6  1,038 61 

Pa cific white-sided dol phin  1  8  8 

Dall’s por poise    592  3.5  2,072 

Har bor por poise  19  1.8  34 

Un iden ti fied por poise  12  1.8  22 

Sperm whale  37  1.2  44 8 

Baird’s beaked whale  8           10.8  86 9 

Un iden ti fied ziphiid whale  1  2  2 

Gray whale  22  5.6  123 3 

Minke whale  96  1  96 

Fin whale    276  2.1  580 14 

Hump back whale    407  1.9  773 31 

Un iden ti fied rorqual  8  1.4  11 

Un iden ti fied  small whale  2  1.5  3 

Un iden ti fied  large whale    174  1.5  261 

Un iden ti fied  whale  12  1  12 

Un iden ti fied  ce ta cean  12  1  12 

To tal 1,738            3.0  5,178 126 

cated sur vey and the 2001 Al pha He lix sur vey show 
move ments of res i dent killer whales be tween sev eral 
sight ing lo ca tions (Fig. 4).  Most matches were made 
through out the east ern Aleu tian Is lands (Unalaska Is
land to Seguam Pass), with three within Seguam Pass 
it self.  One long-range move ment was found from 
near Unimak Pass to Ko diak Is land.  Move ments 
from the fol low ing 2 years of sur veys will be ex am
ined to look at within- and be tween-year move ments, 
as well as dif fer ences by eco type. 

Pre da tion 
Killer whale pre da tion on ma rine mam mals in 

West ern Alaska has rarely been ob served. De spite 
the fact that 14 en coun ters with tran sient whales were 
ob served be tween 2001 and 2003, only one pre da tion 
event was wit nessed.  This event took place near the 
Shumagin Is lands (54°43.4’N; 158°58.5’W) on 1 
Au gust 2001 in close prox im ity to a Steller sea lion 
rook ery.  High-quality, iden ti fi ca tion pho to graphs 
and dig i tal video of the three killer whales in volved 
in this event were col lected.  The killer whale group 
in cluded an adult male, an adult fe male, and a smaller 

whale of un de ter mined sex.  Anal y sis of a bi opsy 
sam ple col lected from the smaller (young) whale ge
net i cally iden ti fied it as a tran sient whale.  As the 
Aleu tian Mar i ner ap proached the killer whales, the 
ob serv ers could see that the killer whales were sur
round ing a small minke whale.  The minke whale was 
alive when first seen but ap par ently died a few min
utes later.  The adult male killer whale was ob served 
drag ging the dead minke whale around for at least an 
hour af ter the kill, and the young whale was also seen 
with food in its mouth.  Birds were also ob served dip
ping down to pick up small bits of flesh or oil drop lets 
from the wa ter. 

A pos si ble in ci dence of killer whales ha rass ing 
hump back whales was ob served on 28 July 2003, just 
east of the Shumagin Is lands.  This event in volved 
two killer whales (an adult male and fe male) and a 
hump back mother and calf within a widely dis persed 
ag gre ga tion of 10-15 hump back whales.  De spite the 
rough seas, dig i tal pho to graphs of the two killer 
whales were suc cess fully col lected, and eval u a tion 
of the pho to graphs sug gested that these were tran
sient whales.  Dur ing this en coun ter, the hump back 
mother and calf were ob served to be in very close 
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groups (2-5 in di vid u als) falls off rap
idly more th an 1 km from the 
trackline.  In con trast, the de tec tion of 
large groups (>20 in di vid u als) re
mains high as far as 5 km from the 
trackline.  This is a par tic u larly im por
tant fac tor to ac count for, as tran sients 
tend to be found in much smaller 
groups than res i dent-type killer 
whales.  Abun dance is es ti mated by 
mul ti ply ing the to tal num ber of sight
ings re corded on ef fort, the av er age 
group size, and the av er age de tec tion 
prob a bil ity, which will be dif fer ent for 
tran sients and res i dents.  If the in flu
ence on de tec tion of group size was 
not ac counted for, the abun dance of 

Two whales from a group of about 60 offshore-type killer whales surface just tran sients would be un der es ti mated 
outside the breakwater at Dutch Harbor, Alaska. Photo by Paul Wade. and the abun dance of res i dents would 

be over es ti mated. A manu script sum
prox im ity to each other, which may have been an at- ma riz ing line-transect abun dance es ti mates is in 
tempt by the mother to pro tect the calf.  The two killer prep a ra tion. 
whales were ob served rap idly “surf ing” down a swell 
in the di rec tion of the mother/calf pair.  Dur ing this 
pass, the hump backs came within me ters of the sur- Abun dance Es ti mates from 
vey ves sel, the Coastal Pi lot, which was sta tion ary at Pho to graphic Mark-Recapture 
the time, and the calf slightly grazed the star board Mark-recapture meth ods are widely used to as sess 
side of the bow.  The killer whales ap proached the	 the abun dance of wild life pop u la tions.  Con ven
hump backs on one other oc ca sion be fore leav ing the	 tionally, mark ing or tag ging is used to uniquely iden
area. The hump back mother and calf were not ob-	 tify in di vid u als in suc ces sive cap ture sam ples, and 
served to be in jured dur ing this en coun ter.	 mark-recapture mod els use in for ma tion on the re cap

ture rate to es ti mate abun dance and re lated pa ram e
ters. The con ven tional ap proach of phys i cal cap ture Abun dance Es ti mates From 

Line-Transect Methods 
To tal abun dance of killer whales 

within the sur vey area will be es ti-
mated us ing line-transect meth ods, 
which is a form of dis tance sam pling. 
This method will use the per pen dic u
lar dis tance data from the sight ings to 
the trackline  to es ti mate the prob a bil
ity of de tect ing a group of killer whales 
within a strip on each side of the ob ser
va tion plat form.  Pre lim i nary anal y ses 
of the data in ves ti gated dif fer ent fac
tors that might be im por tant covariates 
of the de tec tion pro cess, such as ob ser
va tion height, Beau fort sea state, and 
group size. For killer whales, group 
size proved to be the most im por tant 
fac tor, where the de tec tion of small A pair of resident adult males.  Photo by Robert Pitman. 
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and mark ing has also been gen er al ized 
to other types of in di vid ual de tec tion, 
greatly in creas ing the range of spe cies 
that are ame na ble to mark-recapture 
anal  y  s  i s .   For  ce  ta  ce  ans ,  pho to 
iden ti fi ca tion meth ods have de vel oped 
as a more prac ti cal al ter na tive for study
ing these large and mo bile ma rine mam
mals. In this tech nique, pho to graphic 
doc u men ta tion of nat u ral mark ings al
lows pho to graphic “cap tures” and “re
cap tures” to be used as sam ples of the 
pop u la tion to which an a lyt i cal tech
niques can be em ployed.  This pho to-
graphic mark-recapture ap proach is 
be ing used to es ti mate the num ber of 
killer whales of each eco type that are us
ing the study area. 

There is a wide ar ray of mark-recapture mod els, 
and the choice of which to use de pends on match ing 
char ac ter is tics of the sam ple data to the in her ent as-
sump tions made by the cho sen model.  This is par tic-
u larly im por tant for pop u la tions that are sam pled 
us ing nonconventional mark-recapture ap proaches. 
There are three main as sump tions that are re quired 
for nonbiased pa ram e ter es ti mates us ing most 
mark-recapture mod els: 1) all marks are re corded 
cor rectly, 2) in di vid u als do not lose their marks, 3) 
in di vid u als have equal prob a bil i ties of cap ture. 

The aim when an a  lyz ing ki l ler  wha le  
photo-identification data is to en sure that the in
cluded data con form to the as sump tions of the sta tis-
ti cal mod els as closely as pos si ble, in or der to 
min i mize bias in es ti mates of abun dance and sur
vival. An ad di tional aim is to not only es ti mate the 
most likely value for these pa ram e ters but also to 
fully com mu ni cate the as so ci ated un cer tainty.  To 
ad dress as sump tions 1 and 2, iden ti fi ca tion pho to-
graphs are graded based on pho to graphic qual ity and 
in di vid ual dis tinc tive ness, to min i mize er rors due to 
in cor rect mark rec og ni tion and mark loss.  In par al lel 
with the data pro cess ing, novel mark-recapture mod
els are be ing de vel oped to ad dress as sump tion 3.  A 
prom i nent fea ture of killer whale pop u la tions is that 
in di vid u als travel within sta ble group ings, lead ing to 
both in di vid ual dif fer ences in catchability and to de
pend en cies in cap ture prob a bil i ties of as so ci at ing in-
di vid u als (i.e., the prob a bil ity one in di vid ual is 
cap tured is not in de pend ent of the prob a bil ity an
other in di vid ual is cap tured, if the two in di vid u als are 
typ i cally found in the same group).  Tra di tional 
mark-recapture mod els ig nore these sources of het er-
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A group of four transient-type killer whales. Photo by Carolyn Jenkins. 

o ge ne ity in cap ture prob a bil i ties, which can lead to 
bi ased es ti mates and over es ti ma tion of pre ci sion. 
Work is un der way to de velop an ap proach that mod
els the dis tri bu tion of cap ture prob a bil i ties as a mix
ture of la tent vari ables and uses Bayesian model 
se lec tion ap proaches to si mul ta neously es ti mate the 
num ber of mix tures, as sign ob served in di vid u als into 
com po nent clus ters with sim i lar cap ture prob a bil i-
ties, and pre dict the num ber of un ob served in di vid u-
als. The Bayesian meth ods for model fit ting em ploy 
Markov chain Monte Carlo com pu ta tional meth ods 
to es ti mate a full prob a bil ity dis tri bu tion for killer 
whale abun dance. 

Photo-identification Data From Other 
Sources 

One of the ben e fits of mark-recapture meth ods is 
that iden ti fi ca tion pho to graphs from other re search
ers taken dur ing the same time pe riod can be in cluded 
in the anal y sis. Sev eral other NOAA sur veys col
lected killer whale pho to graphs and bi opsy sam ples 
dur ing the same study pe riod as our ded i cated sur
veys. These pho to graphs will be used in the 
mark-recapture anal y sis by match ing to the pho to-
graphs from the ded i cated sur veys, and eco type will 
also be con firmed with ge netic sam ples, where avail
able. These in clude 1) killer whale sur veys con
ducted by CAEP aboard the Al pha He lix as part of an 
ocean o graphic sur vey of the Aleu tian passes in June 
2001 and again in May - June 2002 (33 killer whale 
en coun ters pho to graphed and 27 bi opsy sam ples col
lected); 2) a CAEP ce ta cean sur vey con ducted 
aboard the NOAA ship Miller Free man dur ing the 
AFSC’s Re source As sess ment and Con ser va tion En
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Three of six transient killer whales seen near Umnak Island in 
the Aleutian Islands chain. Photo by Robert Pitman. 

gi neering Di vi sion’s acous tic pollock sur vey in June 
- July 2002 (cen tral and south east ern Be ring Sea) and 
June 2003 (Gulf of Alaska) (pho to graphs from 11 
killer whale en coun ters were col lected with no bi
opsy sam ples); and 3) the South west Fish eries Sci
ence Cen ter’s (SWFSC) right whale sur vey on the 
NOAA ship McArthur in the south east ern Be ring Sea 
in July - Au gust 2002 (10 killer whale en coun ters 
pho to graphed, and 13 bi opsy sam ples col lected).  In 
ad di tion, oc ca sional pho to graphs are sub mit ted by 
NMFS fish er ies ob serv ers from the Be ring Sea and 
the Gulf of Alaska. 

Ad di tionally, killer whale stud ies have been con
ducted in the Gulf of Alaska and in the Aleu tians by 
the North Gulf Oce anic So ci ety (NGOS website: 
http://www.whalesalaska.org/). Those stud ies have 
been di rected by Craig Matkin (NGOS) and Lance 
Barrett-Lennard (Van cou ver Aquar ium), who are 
col lab o rat ing in the mark-recapture tran sient abun
dance study; the ad di tion of their pho to graphs will 
sub stan tially in crease the sam ple size for the anal y-
sis, while the CAEP ded i cated sur vey data pro vides a 
geo graph i cally wide spread sam ple that was col lected 
in a ran dom ized sys tem atic way. The com bi na tion of 
the two data sets should pro vide a more ac cu rate and 
pre cise es ti mate than would be pos si ble from each 
data set alone. 

Anal y sis of Bi opsy Sam ples 
Tis sue from the bi opsy sam ples col lected dur ing 

the CAEP sur veys is be ing used for sev eral on go ing 
stud ies. Ge netic anal y ses of the CAEP sam ples have 
been con ducted by the SWFSC, and these sam ples 
will be uti lized in a North Pa cific-wide study of killer 
whale ge net ics. These con fir ma tions of eco type from 
ge net ics were all con sis tent with the des ig na tion of 
eco type from vi sual ob ser va tions and from eval u a
tion of pho to graphs (Ta ble 2). 

CAEP has ini ti ated a col lab o ra tive study of fatty 
ac ids with the chem is try lab at the North west Fish
eries Sci ence Cen ter (NWFSC). Pre lim i nary re sults 
in di cated there were strong dif fer ences in fatty ac ids 
be tween res i dent, tran sient, and off shore ecotypes of 
killer whales. Anal y ses are on go ing to de ter mine if 
coarse in for ma tion about di etary pref er ences can be 
de ter mined from fatty ac ids, such as dis tin guish ing 
be tween a diet of ba leen whales, pinnipeds, or fish. If 
suc cess ful, it is hoped that this in for ma tion will be 
use ful in de ter min ing if any tran sient killer whales 
sam pled dur ing CAEP sur veys have a diet that is pri
mar ily pinnipeds. 

The NWFSC chem is try lab has also un der taken 
sta ble iso tope anal y sis of CAEP’s killer whale sam
ples, which can pro vide in for ma tion about the 
trophic level that the sam pled whales are feed ing at. 
Pre lim i nary re sults are en cour ag ing that sta ble iso
tope anal y sis will pro vide some coarse-level in di ca
tions of di etary pref er ence in killer whales.  As an 
ex am ple, it ap pears that some res i dent-type whales in 
west ern Alaska have sub stan tially dif fer ent iso to pic 
val ues from res i dent whales in Wash ing ton, Brit ish 
Co lum bia, and South east Alaska that are known to 
prey on salmon dur ing sum mer months. This sug
gests the hy poth e sis that some res i dent whales in 
west ern Alaska have a pri mar ily non-salmon diet. 

The NWFSC chem is try lab is also us ing the 
CAEP sam ples as part of an on-going study of con-
tam i nants in killer whales from Cal i for nia to Rus sia, 
in clud ing Alaska. 

Fu ture Re search 
Once the pho to graphic data are fully an a lyzed 

through 2003, ad di tional stud ies of move ments and 
dis tri bu tion will be un der taken by CAEP per son nel. 
In par tic u lar, an anal y sis will be un der taken com par
ing tran sient killer whale dis tri bu tion rel a tive to the 
lo ca tion of Steller sea lion rook er ies and haulouts. 
An ad di tional sur vey is planned for July and Au gust 
in 2004, at a re duced level (25 days). This sur vey will 
fo cus on the re gion from the Shumagin Is lands to 
Umnak Is land that ap pears to have a greater den sity 
of tran sient killer whales. Bi opsy sam ples of tran
sients will be a pri or ity for the sur vey, to con trib ute in 
par tic u lar to the fatty acid study, which has shown 
prom ise that it could pro vide in for ma tion about what 
the pri mary diet of tran sient killer whales is in this re
gion. This in for ma tion will be di rectly rel e vant in 
eval u at ing the hy poth e sized role that killer whales 
may have in lim it ing pinniped and sea ot ter pop u la
tions in this area. 
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