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ABSTRACT


A study of photographically identifiable individual killer whales was 'undertaken during 1973-81. In all, 30 pods were found,


comuining about 260 wha le s. A pod is a long te rm fam ily or k insh ip group wh ich period ica lly joins with oth^:rs to form


commnunitie s. Around V ancouve r Isla nd th e re a re two re sid en t communitie s and one transie n t community. Th e th re e


communitie s do not assoc ia te with one another. Resident and transient k ille r wha les diffe r in pod size and behaviour. The


coasta l range of movements for most resident pods is probably about 300 rim. Transient pods appear to range further. B irths


occur mainly during fa ll and winte r. At birth , leng ths average about 8 ft: First pregnanc ies genera lly occur at 16 ft, or at an


age of at least 6.7 years. Sexual maturity occurs in males at 19 ft, or at an age of at least 12 yrs. A long term stability in pod


composition perm its direc t measurement of vita l sta tistic s. The ra te of ca lf produc tion.to

 an ave rag e ag e of six month s is


10.30% per cow. The m inimum inte rva l be tween ca lving is th ree yea rs. M any cows apparently ra re ly g ive birth . Annua l


natura l mortality rates average 2.80% for bulls, 0.70% for cows and 2.30% for juveniles. Pods increase at an average net rate


of 2.52% per year. Exploited pods have a slightly higher productivity than unexploited pods.


INTRODUCTION


A small live-capture fishery for killer whales occurred in


B ritish Columbia and Washington during 1962-77 to


supply oceanaria (see B igg and Wolman, 1975). This


resulted in the need for an assessment of stocks in local


inshore waters. Although the species was known to be


'--re la tively common here, no estimates were made of


abundance or other population parameters. Prior to the


live-capture fishery the species was unexploited in this


region.


During 197-1-81 a stud y

 was undertaken to determine


abundance, movements and population biology of the


species around Vancouver Island. As will be shown later,


most of the whales inhabiting waters of British Columbia


and Washington are probably seen here at various times of


the year. The study was based on observations recorded


while following photographically identifiable individual


whales. Such individuals were encountered repeatedly.


The study began at the end of the live-capture fishery


and thus monitors pod changes following exploitation as


well as those in pods %0ich were not exploited. Most


pods cropped prior to.

-

the start of the study have now


been identified from early photographs and tape record-

ing s of voc a liza tions ta k e n a t th e site of th e live -

captures. Ford and Fisher (1982) show that vocalizations


of i:oc a l k illc r wha le s exh ibit utiique fe a ture s for e a ch 


pot'


Bigg, lvlacAskie and Ellis (1976) prepared it preliminary


report on abundance and movements of the species in local


wa te rs . K . 

C. Balcomb, J. Boran and co-workers (Orca


Survey, Friday Harbor, Washington) have also conducted


studies of the population biology and behaviour of some of


the same whales using photographic identification .of


ind ividua ls_ Tvro reports concerning the ir find ings from


1976 to 1980 are available (Balcomb, Boran, Osborne and


Haenel, 1960; B alcoinb, Boran and Heimlich , 1982).


Th is report is a summary of ana lyses wh ich are still in


progress. Emphasis is placed on estimating the age at


sexua l ma turity and comparing birth ra te s- na tura l


mortality rates and changes in population size between


exploited and unexploited pods. Only brief treatment is


given for three basic findings of the study on individual


identification and behaviour. These findings are now well


established in the form of unpublished data at the Pacific


Biological Station and to some extent in the preliminary


reports by Bigg e t a l. 

(1976) and Balcomb 

e t al. (1980,


1982). Detailed supporting data will be provided at a


later date. The first finding is that each killer whale is


unique ly marked and thus identifiable from a good


photograph. This fact permits a count of ail individuals


with in a pod. Secondly, pods are discre te long term


breeding units which are composed of the same individ-

uals. The absence of movement by individuals between


pods permits an estimation of birth and mortality rates


with in each pod. Finally, the species in this region is


non-migra tory and thus the environmenta l controls


which act on the population dynamics of pods occur


within local waters.


METHODS


Kille r wha le s were loca ted primarily by voluntee r


observers who live or travel along the shore. Such people


relayed by telephone, information on the location, time of


sighting and direction of pod travel. Pods were intercepted


using a 16 ft boat equipped with a 50 tip motor. As many as


possible of th e wha le s pre sen t vivre photog raph ed and


osurtu:d . Encounte rs were 

a lso it-0c -- b

y 

wa itin g  In areas


fic(lucrtly used by killer whales.


Photographs were taken with a 35 mm SLR camera and


a 300 mm telephoto lens mounted on a shoulder brace.


The film used was Kodak 

Tri.X Pan taken and developed at


1200 ASA. Typically the shutter speed was 1/1000 sec. The


most useful photographs were taken within 100 ft of the


whale, at a right angle to the dorsal fin.


About 24 ,000 photog raph s we re ta k e n . J. Ford


(University of British Columbia) took an additional 4,000


photographs while studying the acoustic behaviour of the


species. "These data are included in the current study.


Several thousand other photographs were examined which


were taken by a variety of people such as observers at the


live-capture sites and boaters who encountered whales
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Figure 2a-d shows examples of identifying fea tures. The


shape of the dorsa l fin varies considerably from falca te to


erec t and from rounded at the apex to pointed. Numerous


subtle differences exist when the fin is viewed in silhouette


from th e side . Re la tive size can usua lly be estim a ted by


compa rison with th a t of oth e r k ille r wha le s. Th e fins of


adult females do not change in shape or size with increasing


a g e . Th ose o f a dult m a le s se em  to d e ve lop struc tura l


weaknesses eventua lly, wh ich result in curling at the tip,


less rigidity of the fin and, in three cases, coniplcte collapse


of the fin to lie fla t along the side of the body.


The shape of the saddle patch is variable from closed, or


horizonta l te a r chop pa tte rn, to open as in th e form of a


th in S slulpe , with rnanv inte rmedia te pa tte rn,. Its shape


On the iCft 01

1

1d  r i h h t S i d e s  o f th e  b o d y  ̂ I i e M i% 


different in del;ail, but it can differ substantia lly. Newborn


calves do not have a pigmented saddle pattern for severa l


months. Once formed the patte rn does not change .


Nicks and tea rs occur most frequently on the poste rior


edge of th e dorsa l fin. These injurie s range from bare ly


noticeable to major tissue loss. In one case about two thirds


o f th e  fin wa s g o n e . N ic k s a n d  te a rs a re  pe rm a n e n t


mark ings which do not fill with replacement tissue . Thus


th e sh ape and loc a tion of injurie s a re ch a ra c te ristic for


individuals. This was shown to be true experimentally in an


adult ma le . On 23 Octobe r 1973, a bull (K1) wh ich had


been c aptured by Sea la nd of th e Pac ific , V ic toria , was


surg ica lly marked with two nicks, as shown in Fig . 3a-b,


and then released. Since then the whale has been photogra-

phed each year up to 1980. The marks remained essentially


unch ang ed . An importan t poin t to note conc e rn ing th e


sh ape of in jurie s on a g rowing fin is th a t th e se te nd to


elongate slightly and become more shallow.


S c a rs fre que n tly oc c ur on th e sa d d le pa tc h  e ith e r a s d a rk 


or white lines. if a scar remains for about two years it will'" - "


become a permanent and useful mark. Some scars are not


injurious enough to last a yea r. Neverth e le ss, such sca rs


are still useful for identifying calves and young individuals


which often have few other unique features.


inc identa lly to marine ac tivitie s. Individua l wha les were 

id e n tifie d from  ne g a tive s exam ine d with  a d isse c ting  

microscope. Some whales were so distinctively marked as 

to be identifiable by eye without a photograph . 

'Th e : ind ividua l com position of pod s J, K and L off 

south e rn V a nc ouve r Is la n d wa s d e te rm in e d from  a n 

exc h a ng e of in fo rm a tion a nd ph o tog ra ph s with  K. C. 

B a lcomb, J. B oran and co-work e rs (Orca Survey). The 

individua l wha le composition of these pods are the only 

data from this research group which are incorporated into 

the current study. 

RESULTS AND DISCUSSION 

1. 

Study area 

The main study area was easte rn Vancouver Island (Fig . 

1). Th is wa s th e m ost e a sily stud ie d re g ion in B ritish  

Columbia because of th e g re a te r abundance of wha le s, 

th e  re l a t iv e ly pro te c te d  w a te rw a ys a n d  th e  la r g e  

number of obse rve rs he re compared to oth e r loca litie s. 

A d d i t i o n a l a r e a s  s tu d i e d  i n c lu d e  P u g e t S o u n d , 

Wash ing ton, weste rn Vancouve r Island and the inshore 

coa st north of V ancouve r Island . No fie ld stud ie s were 

done on th e Queen Cha rlo tte Islands. Appa rently th e re 

a re few k ille r wh a le s to be found th e re , a c c o rd ing  to 

fishermen. 
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Fig. 1. Geographical locations mentioned in the text.


2. Number of encounters 

Based on early photographs and current data, killer whales 

we re re corded on 359 days during 1965-81. Gene ra lly 

whales were observed on 25-

1

10 days (luring each year from 

1973-80, except in 1974-75 when they were encountered


on 58 and 80 days respectively. There were five encounters 

from ea rly 1981 inc luded in th is study. Approxim a te ly 

40% of encoun te rs oc curre d during July-August with 

th e rem a in ing proportion from a ll oth e r month s of th e 

year.


3. Individual identification 

The features used for identification include shape and size 

of the dorsal fin, shape of the saddle patch, nicks and tears 

in th e dorsa l fin and sca rs on th e sadd le pa tch and back . 

4. Recognition of sex and maturity


Adult m a le s a re th e m ost e a sily re c og n ize d c a te g o ry,


having an erec t dorsa l fin gene ra lly 3.5-5.5 ft in he igh t.


Th e id e n tif ic a tion fo r m ost bulls is proba bly c e rta in .


Som e subje c tivity exists wh en de sig na ting th e ye a r in


wh ic h a m a turing m a le sh ould be ca lle d a bull wh en it


is followed for several years.


Adult females are-distinguished by a dorsal fin 1.5-2.5 ft


in h e ig h t wh ic h doe s not ch ang e in size or sh ape ove r


several years. The shape for individuals varies considerably


from fa lca te to triangula r. Ind ividua ls wh ich are accom-

panied by a calf are assumed to be adult females.


Most juveniles are distinguished by their obviously small


fin and body size . Changes in dorsa l fin size and subtle


cha nges in sha pe a re a ppa rent ea ch yea r a s the wha le


grows_ D ifficulties in identification of th is category arise


when females approach maturity and the fin changes only


slightly each year. Some cows are probably included in the


juvenile ca tegory. Juvenile males and females cannot be


d istinguish ed from th e shape of th e dorsa l fin or sadd le


patch.


Calves, during their first year, are recognizable by their


very small size and c lose assoc ia tion with the ir mothers.


The fin is short and usually falcate in shape. Calves do not


have a saddle patch for the first few months.
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Fig. 2. Examples of the permanence of natural markings used to identify individual killer whales.


A. Cow J4 on 2 August 1975; 

C. Cow J8 on 26 May 1975;


B. Cow 14 on 2 June 1980; 

U. Cow J8 on 18 May 1979.


5. YO 

chl4r;icteristics


(a) j

i0ivi(hiai associations


Among

 t h e  t y p e s  o f  s o c i a l  g r o u p i n g s  f o u n d  i n 


c e ta c e a ns, th e k ille r wh a le pod

.

 is unique . Evidence on


f i l e  

a t th e Pa c ific B io log ic a l S ta tion , is now extensive


th a t th e  po l l c o n s is ts o f th e  sam e in d iv id ua ls wh ic h 


tra ve l tog e th e r th roug h out th e ye a r a nd ove r a pe riod


of a t le a st seven ye a rs. In add ition , ph otog raph s ta k en


a t a live -c apture in 1968 ind ic a te th a t four ind ividua ls


from one pod (J) have been in assoc ia tion for 13 yea rs.


A pod m a y jo in with  o th e rs on o c c a s io n fo r va ryin g 


le ng th s of tim e , a lth oug h typic a lly fo r no m ore th a n a


few we e k s_ Wh e n th e  a g g re g a tio n d ivid e s it d o e s so


a c c o rd ing  to th e re spe c tive c om pone n ts o f e a c h  pod .


P e r io d i c  jo in in g  o f po d s c a n  c r e a te  d i f f i c u l t i e s in 


dc% rminino which individuals occur 

in a pod when tha t


Pod is encounte red infrequently. !— cept for one la rg e


pod (1., pod, 50 whales), Which may be in the process of


fra gm enting , pods g ene ra lly do not split for more th an


a  fe w h o u rs o r d a ys . T h us , re c o g n i t io n  o f a  s in g le 


in d ivid ua l wil l g e n e ra l ly ind ic a te  th a t th e rem a in in g 


members of its pods are nearby.


No new pods were observed to form during this study. 

It


is likely that new pods form through the gradual splitting of


established pods over perhaps several decades. In this case,


re la ted pods would probably spend gradua lly less time in


association with one another. Also, it may well be that new


pod formation occurs along the maternal lineage. Evidence


is now compe lling th a t with in a pod th e young rem a in


a ssoc ia te d with th e ir moth e rs in to adulth ood . M a te rna l
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Fig. 3. Experiment showing the permanence of two surgically made nicks on the posterior edge of -

the dorsal fin. The nicks were made (,,

it October 1973.


A. Bull Ki on 27 July 1974;


B. Bull K1 on 22 June 1980; fin tip differs slightly in shape from A due to curling.


associations tend to form distinct subgroups within pods. In


no cases were individuals observed to move out of one pod


and into another on a permanent basis.


(b) Pod size and composition


Table 1 presents the size of each pod identified during the


most recent or most accurate count and notes the estimated


sex and maturity composition. The accuracy given for pod


67r is thought to be exact for most and probably within one


individual for the remainder. There are 30 pods recorded


tota lling , 261 individua ls. Typica lly a pod conta ins 5-20


whales but can range from 1-50. Solita ry individua ls are


ra re and can be e ith e r ma le or fema le . Some sma ll pods


(<7 whales) conta in no adult males. At the other extreme


is one pod (B ) of eigh t whales which . conta ins five adult


males.


Usually a pod contains adult males, adult females, some


juve n i le s a n d  o c c a s io n a l ly a  n ew c a l f . A n a ve ra g e 


composition for th e pod can be derived 

from Table 1 by


using da ta from se lec ted pods for which the appropria te


number of each sex and maturity are known. Based on all


pods except E, the bull composition of which is unknown,


bulls comprise an average of 23.0% (59/256) of individuals


in a pod. The average proportion of cows, using a ll pods


e xc e pt :E , P, R , S 1, T , U , V , W , X  a nd Z, is 34 .1%


(70/205). Th is figure is probably somewha t lower th an


ac tua l 1-)ecause the juvenile ca tegory probably conta ins


some cows. Calves, or young of the year, comprise 4.4%


(11/252) when pods E and T are omitted. Finally, juveniles


comprise 38.5%, the remaining proportion to tota l 100%.


(e) Pod types


Pods which occur in the study area are e ith e r resident or


transient. These differ in behaviour and pod size. Around


Vancouver Island there are 15 resident pods tota lling 214


individuals and 15 transient pods with 47 whales. Resident


pods are seen frequently during the summer months and in


some cases a ll year. Transient pods are seen infrequently


and during irregula r times of th e yea r. Residents tend to


travel continuously going from headland to headland along


the coast in a predic table manner while transients tend to


travel along the shoreline and in an unpredictable manner.


Th e y o fte n c h a n g e  d ire c tio n s a n d d iv in g  tim e s , a n d 


sometimes rema in a t one feed ing ree f for severa l hours.


Re sid e n t pods on ly a ssoc ia te with oth e r re sid e n t pods


wh ile  tra n sie n ts a sso c ia te  on ly with  o th e r tra n sie n ts .


Resident pods all contain more than five individuals while


transients have five or fewer. Resident pods tend to have a


sm a lle r ra n g e th a n tra n s ie n ts . Re sid e n ts e xis t in two


communitie s with a d istinc t bounda ry wh ile transie n ts


tra ve l th roug h out th e ra ng e s of a ll re sid e n t pod s. It is


unc le a r whe th e r tra nsie n t pods orig ina te from re sid ent


pods or from a stock loca ted elsewhere .


(d) Pod movements


Re sid e n t pod s a re d ivid e d in to north e rn a nd south e rn


communities which do not mix, a lthough the pods with in


each community do associate with one another. Off eastern


Vancouver Island, the two communities have a boundary


line located across northern Georgia Strait as shown in Fig.


4 . The south e rn community consists of th ree pods, J, K.


and L, tota lling 79 wha les in 1980. The range of J pod is
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Table 1 

Pod size and composition from the most recent or most accurate count


off Vancouver Island.


Number 

Num be r Num be r o f Num be r


Pod 

Size 

ofbulls ofcows 

juveniles ofcalves 

11 

Size accuracy is probably within one individual; all other pod sizes 

are thought to be exact. The juvenile category excludes calves but may


include a few cows.


confined yea r round to Georg ia S tra it and Puge t Sound ,


about 230 nm (425 km ). Pods K and 1, trave l th roug h -

o u t th e  ra n g e  o f J po d  a n d  a l s o  in to  Ju a n  d e  Fuc a 


S tra i t a n d  to  a re a s o f un k n own e xte n t o ff th e  we s t


Fig . 4 . Th e usua l ra ng e s of two re sid e n t communitie s and one


transient community of killer whales around Vancouver Island. 

th e se  two pod s o c c ur . o ff e a s te rn V a n c ouve r Is la n d 


during a ll month s of th e yea r and thus do not rang e fa r


be yond th e study a re a . Th e ir ra ng e is a t le a s t 300 nm 


(556 km).


The north e rn community consists of 12 pods, Al, A4,


A5, B , C, D , G, H , 11, Il l , R , a nd W , with  a bout 135


wha les. Its coasta l range is about 300 nm (556 km) from


northern Georgia Strait to about 100 nm (185 kin) south of


the northern border of B ritish Columbia . Summer studies


ind ic a te th a t k ille r wha le s ra re ly occur off th e north e rn


borde r. Pod A5 is known to rang e a long th e coa st for a t


least 270 nm (497 km). As with the southern community


the range of individual pods varies. Some pods (G, 111) are


known to frequent the west coast of Vancouver Island. The


extent of trave l to offshore areas is unknown. The coasta l


range of most resident pods is probably about 300 nm.


Th e  g e o g ra ph ic a l d isc re te n e ss o f th e  two re s id e n t


communities suggests a territorial division of the waters off


eastern Vancouver Island. Only on rare occasions do pods


from one community trave l into th e rang e of th e oth e r.


About 210 nm  (390 km ) se pa ra te  th e c e n tra l a re a s o f


summer abundance of the two communities along eastern


Vancouver Island. This is only 2.5 days travelling time at


an average speed of 3.5 knots.


The transient pods form a community simila r to tha t of


th e re sidents. Of th e 15 transient pods identified ten are


known to assoc ia te with one another. Unlike the resident


pods, th ey comprise a sing le community wh ich forms a


loose network of associations encircling Vancouver Island.


Th e tra nsie n t pods do not re spe c t th e bounda ry line of


resident pods. The la rgest range of a transient pod (Q) is


340 nm (630 km ). Th e ra ng e s of o th e r pod s va ry. Th e


extent of movement offshore is not known.


(c) Pods cropped


Th e id e n ti ty o f pod s wh ic h  we re  c roppe d d urin g  th e 


live-capture fishery was determined from photographs and


tape re cord ing s of voca liza tions. The photog raph s used


were those of distinctively marked individuals which were


c a ug h t a n d  la te r re le a s e d  o r we re  n o t c a ptu re d  bu t


remained near the entrapped whales. Generally only a few


use ful ph o tog ra ph s we re ava ila ble fo r m ost c apture s.


B ecause pods sometimes travel together it is possible tha t


som e o th e r c a pture d  pod s we re  a lso pre se n t but no t


photog raph ed . J. Ford (pe rs. comm .) iden tifie d seve ra l


pod s wh ic h we re c apture d , by re c og n izing th e un ique


vocalizations of each. He used tape recordings obtained at


th e capture site or from wha le s wh ich had been taken to


oceanaria.


Table 2 g ive s d a ta on th e num be r, sex and le ng th of


wh a le s rem ove d from  pod s id e n tif ie d a s h a ving  be e n


c ro pp,—

d. F ro m 


1962 to 1977, a total rif 65 killer whales was


removed from pods around Vancouver Island . Of these ,


the pods for 53 whales were identified. A total of 14 whales


in 3-4 pod s we re rem ove d from  th e no rth e rn re sid e n t


community, 34 wha le s in th re e pods from th e south e rn


re sident community and five wha le s from two transient


pods. An additiona l 12 wha le s were removed from pods


wh ich h ave not ye t been identifie d . D a ta on th e se la tte r


captures are given in Table 3. Only one whale came from


no rth e rn V a n c ouve r Is la n d , te n c am e from  south e rn


V a n c o uv e r Is l a n d  a n d  o n e  f rom  th e  w e s t c o a s t o f


Washington.


Of the 30 pods recorded around Vancouver Island only


nine a re known to have been cropped . B y fa r th e la rg e st


num be r (34 ) we re rem oved from th e th re e pod s in th e


N 

Al M 

5 4 

5 

pf A4 

7 1 

3 2 

N A5 12 

1 4 6


N 

B 

8 5 1 2


N/ C 

1) 

4 

3 2 

Hd 

D 10 

4 

2 

4 

f 

E 

5` 

1+ ? ? 

F t 1 

0 0


N G 19* 4 

5 11


N H 6 

1 2 3 

N 

it 16'" 

4 

5 6 

N 

111 

6 0 3 3 

5 

J 

19 3 8 

7 

S 

K 

10 

2 

5 

3


S 

L 

50 

9 16 

24 

1 M 3 

1 1 0 

T  N 

1 1 0 0 

1 O 5 1 

3 1 

T 

P 

2* 1 

? ?


-1 Q 

5 0 

3 2


N 

R 

19* 3 ? 

T S1 4 0 ? ? 

T  S8 

1 0 1 

0 

- `  

T 4* 2 ? 

?


T 


U 4 

0 1+ ?


T  

V 

2 

1 ? ?


N

W 9* 3 ? ? 

T 


X 

5 

0 1+ 

? 

'I ' Y 

3 1 

1 1


r  

Z 

2 1 ? ?


Total 

261 

60 72 

82 

' c oa st of V ancouve r Isla nd and Wash in gton. However,
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Table 2


Number, sex and length of 

individuals removed from pods known or suspected of having been cropped.


Pod 

Capture 

date 

Number 

removed 

F 

8-11 ft 

— 

M 

Immature 

? 

1 2--1 5 ft 

F 

12-18 ft 

M 

Mature


16 ft+ 

19 ft+


—


F 

M


N. 

Resident


Cla 

June/65 1 1


111

1 July/67 

1 1


A(A5)2 

Apr/68 6 

I 1 

1 

3


A51-2 

Dec/69 

6 1 2 

2 

1


1 4 1 

1 

3 4 4 1


S. Resident


JorKorl-

2 July/64 

1 

I


J or K or L

2 

Oct/65 

2 

1 

1


K

I.2 

Feb/67 

8 

1 2 1 2 

1 

1


J1, 

L2 

Oct/68 5 1 

3 

1


J, K, L I.3 

Aug/70 

11 

1 

4 

2 1 

2 

1


U  

Aug/71 

3 2 

1


J t 

Mar/72 1 

1


Kr 

Aug/73 1 1


L2 

Aug/73 

2 

1 

1


34 

2 

7 

2 5 11 

5 

2


Transient


MI 

Mar/70 3 1 1 1


Ql 

Aug175 2 1 

1


5 

1 2 2


Total 

53 

4 

8 

2 10 15 

11 

3


I 

Evidence of pod identification from photographs.


2 

Evidence of 

pod or identification from vocalizations provided by J. Ford (pers. Comm.).


3 J  

not identified but almost certainly present due 

to the large number captured (80 whales) and the fact that these three pods often travel


together and with no other pods.


south e rn resident community. M ost, if not a ll, of th e ten


whales taken from the as yet unidentified captured pods off


southern Vancouver Island probably a lso came from the


same th ree pods. These are by far the most accessible for


capture in th is area . Assuming tha t the southern resident


c omm un ity wa s c roppe d of 

44 

wha le s it is possible to


de te rm ine th e lik e ly exte n t of re duc tion . In 

1974, which


was essentia lly the end of the cropping period, these three


pods contained 67 ind ividua ls (J = 

14; K = 10; 

L = 43). It


will be shown la te r tha t cropped pods have an annual net


increase of 

3.01%. 

By back calculating the population level


to 1967, 

using the annual increase less annual cropping, a


re d uc tio n in to ta l a bund a n c e o f a bout 27% (89 

to 65)


o c c urre d  from  

1967 

t o  1973. 

Th e se pod s we re th us


mode ra te ly reduced and were inc luded as c ropped pods'


in th e  fo l lowin g  c om pa riso n s be twe e n c roppe d a n d 


uncropped pods.


With in the northern community probably only one pod,


A5, was cropped to any extent. In 

1968-69, at least six and


probably 

12 

wha le s were removed . Not until 1973 

was a


coun t of th e pod m ade , a t wh ic h tim e it con ta ine d te n


in d iv id ua ls . A s th is is a  subs ta n tia l re d uc tio n it wa s


inc luded as a c ropped pod in subsequent ana lyse s. The


removal 

of sing le individuals from pods C and I11 in 

1965


and 

1967 can probably be considered as having a negligible


effec t on productivity of these pods during 1973-80. 

Thus,


fo r purpose s of subseque n t a na lyse s, th e se pod s we re 


considered uncropped. The two transient pods which were


c ropped both expe rienced ba rg e proportiona l reduc tions


(although small in numbers) and were included as cropped


pods.


The sex ra tio of whales removed from pods was about


equal (31 females, 

30 

males). All sizes were taken although


most were immature.


6. Body growth


(a) Birth size


Nish iwaki and Handa (1958, p. 91) 

examined records kept


by whalers off Japan and concluded that birth occurred at


about 9 

ft: B ased on the same type of data; JonsgSrd and


Lysh oe l (1970, p. 47) 

suggested tha t off Norway birth


leng th s were c lose to 7 

ft. Lengths taken from five newly


born stranded ca lves in B ritish Columbia indica te a birth


size.of about 8 ft. Four males were examined by staff of the


Pacific B iolog ica l Station and found to be 7 

ft 4.5 in, 7 

ft 5


in , 

8 

ft 0 in and 

8 

ft 

2.5 

in . Ca rl (1946, p. 27) 

reported a


newly born female kille r whale at Cherry Pt., Vancouver


Island of leng th 

8 

ft 1 in.


(b) Postnatal growth


M ale s a tta in an ave rag e maximum leng th of 

29.2 

ft and


females an average of 25.6 

ft based on records of whalers.


Th e m axim um  le ng th s g ive n fo r m a le s a nd fem a le s ,


respective ly, in five separate studies were as follows: 

31 

ft


and 

27 ft off Japan (Nish iwak i and Handa , 

1958, p. 91);


32 ft and 

28 

ft off Norway (Jonsgard and Lyshoe l, 1970,


P. 48); 

24 ft a nd 23 ft o ff Norway (Ch ris te n se n , 

1980,


p. 12); 29 

f t a n d  25 ft in th e  S ou th e rn H em isph e re 
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Table 3


Number, sea and length of individuals removed from captures for which no pod identity has yet been assigned.


Region 

Capture 

(late 

Number


removed 

? 

8-11 ft 

F 

Immature 

12-15 ft 12-18 ft 

M 

1, 

? 

M 

Mature


16ft+ 

19 ft+


F 

M


NE Vancouver Is. 

.)(lly/68 

1 

1


S. Vancouver Is. 

Septi62 

2 

1 

1


July

/66 

1 1


Feb/68 

2 

1 

1


Apr

/69 

1 

1


.Oct /69 

1 

1


Fcb/70 

1 

1


Aug/70 

1 

I 

t


Aug /77 1 

1


11 1 

T 

1 

1 2 

2 2


W. Washington 

ivlarl73 

1 

1


Total 

12 

1 2 

1 

1 

2 3 2


(M ikhalev, Ivash in, Savusin and Zelenaya, 1981, p. 556);


and 30 ft and 25 ft in the Antarctic (Ivashin, 1981, p. 225).


The body growth ra te recorded in captive kille r whales


.provides a guide to the growth ra te potentia l in the wild .


Fig . 5 d e pic ts th e lik e ly g rowth  pa tte rn o f m a le s a nd


females from 9.5 ft to 23 ft based on th ree captive males


and five captive females. The growth curves for individual


wh a le s h ave be e n a lig ne d approxim a te ly, to sh ow th e


N

genera l g rowth pa tte rn for each sex. Up to about 16 ft in


le ng th  m a le s an d  

fem a le s g row a t sim ila r line a r ra te s


ave ra g ing 1.2 ft/yr for th e five ye a r pe riod require d to


inc re a se from 10 ft to 16 ft. Th e re a re da ta on 

only 

two


mates and one female longer than 16 ft. Growth after 16 ft


appe a rs to slow in bo th sexe s with th e fem a le c e a sing 


growth after :19 ft while the two males continue to grow.


1  0


22


d


18


W


= 16


u 14


J 


1 2


1 0


O 

2  

4  

6 8 

1 0 1 2 

1 4 1 6 1 8 

2 0


YEARS


Fig. 5. Body growth in three captive male and five captive female


k ille r wha les. Open c irc les = male ; 

s o l i d  

circles = female;


1 = Flaida (Scadand 

of 

the Pacific); 2 = Flyak (Vancouver Public


Aquarium); 

3

= Orky (Marinctand of the 

Pacific); 4 = Skana


(Vancouver 

Public 

Aquarium); 5 = Corky i (Marincland of the


Pacific); 6 _ Shamu (Sea World); 7 = Patches (Marineland of the


Pacific); 

8 

= Miracle (Seatand of the Pacific).


7 . Reproduction .


(a) .Length and age at sexual maturity


Most females appear to become pregnant for the first time


at 16 ft in length. Jonsgard and Lyshoel (1970, p. 46) report


le ng th  fre que nc ie s fo r 59 pre g na n t fem a le s ta k e n o ff


Norway (Table 4). The smallest pregnant female was 15 ft.


A marked increase in the number of pregnancies occurred


a t 16 ft. D a ta colle c ted by Ch ristensen (1980), a lso off


Norway, confirm these findings (Table 4). M ikhalev 

et al.


(1981, p. 559) observed that all females 17-25 ft in length


taken in the Southern Hemisphere were mature (Table 4).


Only one smaller female was examined, it being 12 ft and


imma ture . Assum ing th a t birth s occur a t 8 ft, most first


pregnancies at 16 ft and the annual growth rate is 1.2 ftlyr,


th em fema les mature a t about age 6.7 yr. However, th is


figure is probably too low for killer whales in the wild as the


latter probably grow more slowly than captive whales.


Available data suggest that males mature at about 19 ft


in length. Jonsg5rd and Lyshoel (1970, p. 46-47) examined


the testes of three males taken off Norway and found that


two, of body lengths 22 ft 10 in 

and 21 ft 8 in, were sexually


mature while one, of 18 ft 4 in, 

was approaching maturity.


They conc luded tha t maturity occurs at 19 ft. M ikha lev 

et


a l. 

(1981, p. 557) recorded the weigh t of one testis from


ea ch of 57 ma le s of body leng th s 18-28 ft ta k en in th e


Southern Hemisphere. Weights increased sharply from 18


ft (4 .4 k g , n = 2) to 19-20 ft (7.0 k g , n = 6), inc re a se d


s l ig h tly a t 21 ft (8.8 k g , n = 6) a nd a g a in a t 22-28 ft


(11.5 k ? , n =_ 43). On th e ba sis o f in c re a se s in te stis


we igh t, th ese authors fe lt th a t sexua l maturity probably


be g in s a t 21 f t. H owe ve r , th e s e  d a ta  c o u ld  a lso  be 


interpreted to suggest maturity at 19-20 ft.


Length at sexual maturity in males can be indica ted by


the body length at which the dorsal fin of the male is clearly


longer than that of the female as the large size of the dorsal


fin in th e m a le is a se conda ry sex ch a ra c te ristic . Fig . 6


shows the relationship between dorsal fin height and body


length in both sexes. The data come from measurements of


three captive. whales, 17 stranded killer whales reported by


Carl (1946, p. 23) and from unpublished data collected,by


the Pac ific B iolog ica l Sta tion. The dorsa l fin of the adult


female (,16 ft) reaches 1.5-2.5 ft in height. In males the fin


reaches 3 ft in he igh t beg inning at about 17-18 ft in body
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le ng th . B y 19 ft th e fin ave ra g e s about 3.5 ft. In fie ld 

observations of the current study, a whale with a dorsal fin 

of about th is height would be classified as a young bull. 

Assum ing m a turity to oc cur a t 19 ft, th e n th e ag e a t 

sexual maturity would occur at about 10 yrs according to 

the growth curve of two captive males in Fig. 5. However, 

as the growth rate in wild killer whales is probably slower, 

the age at maturity would be later. Based on photographs, 

a preliminary examination of the growth rate in the dorsa l 

fin of males suggests an age at sexual maturity of at least 12 

yrs. For th is m e th od th e sh ape and size of th e tin wa s 

observed in males from calves to age 6-7 yrs and in those 

wh ich were encounte red as medium sized juvenile s and 

th en followed annua lly into ,tdulthoc id . Juvenile s were 

s exed occas ionMl

y

 fFOnl t h e  

:hp hcnr 1

1CC o f the  e x t e rn ]( 

g e n ita l ia  wh ic h  we re ph o tuwraplte d wh e n th e wh a le  

jumped clear of the water. 

5 0 0 

t  o . 0 o  0  Q  O 

0


° 2S o  

- 

H3


o s. 

o


Z 

A  ' c Y  

3


J 

2 1 

°8 °0̂  

Z 

..o


0 °0 

LL I

0 


0


0  i  .  · 1  T  r ^ - T -  T -  - i T T r T 


8 10 12 

14 16 

18 20 

22 

24 

B ODY LENGTH (FT) 

Fig. 6. Relationsh ip between body length and dorsal fin height in 

males (open circles) and females (solid circles). 1 = I laida (Sealand 

o f th e Pa c if ic ); 2 = Hya k (V a n c ouve r Public  Aqua rium );


3 = Skana (Vancouver Public Aquarium); for the source of other 

points  s ee text. 

(b) Pregrrratcv rate


D a ta  c o l le c te d  by wh a le rs pro d uc e  c o n f l ic t in g  re su l ts o n 


th e inc id enc e of preg nancy in adult fem a le s (,16 ft) off


Norway, in the Southern Hemisphere and in the Antarctic .


Pre g n a n c y ra te  c a n be e s tim a te d fo r No rwa y d urin g 


1938-67 using data derived from two histograms presented


by Jonsgard and Lyshoe l (1970, p. 46-47). These authors


note (p. 41) th a t wha le rs provided da ta on body leng th s


a n d  pre g n a n c y fo r e a c h  wh a le  c a ug h t. Th e  num be r


pregnant at each length can be accurate ly taken from their


Fig . 4 and th e to ta l num be r of fem a le s k ille d for e a c h 


leng th close ly approximated from their Fig . 5. These data


a re g iven in Table 4 . From th is th e pre g nancy ra te for


mature females is 14.8%.


Th is ra te is much lower 

n !hnt derived 

'11(wo


d a ta  pro v id e d  by C h r i s tc n ,C n  (1 ` '0)) fo r N o rw a

y

 durr,


1978-79, by M ik h a le v 

e t 

aL 

(1981) for th e South e rn


Hernisphere during 1961/62-1978/79 and by Ivashin (1981)


for the Antarctic in 1979/80. These data are also presented


in Table 4. However, unlike the da ta from Jonsga rd and


Lyshoe l (1970), th e irs are based on samples of th e tota l


kill. At this time it is unclear- if these samples were collected


randomly. Their results indicate that mature females have


a pre g na ncy ra te o f 40.5% off Norway, 27.5% in th e 


S o u th e rn H em isph e re  a n d  4 2.3% in th e  A n ta rc t ic .


R e a so n s fo r th e  d ive rs i ty o f va lue s rem a in un c le a r


particularly for the two studies off Norway. It is important


to note here that the rates given assume a gestation length


of 12 months or less. if the gestation length is greater than


12 m on th s th e n th e pre g na n c y ra te will be lowe r. At


pre sen t th e dura tion is unknown. Th e re a re no da ta on


pre g n a n c y ra te s fo r k il le r wh a le s a round V a nc ouve r


Is land.


(c) Birth rate


An e stim a te o f birth  ra te in c ows from  explo ite d a nd


unexplo ite d pod s c a n be m ad e from  th e in c id e n c e o f


calving in individual cows followed for consecutive years


o ff V anc ouve r Isla nd . Th is ra te wa s c a lc ula te d fron t


proportion of the summed number of consecutive years for


Table 4


Pregnancy rates, by length and maturity from four studies.


Length (ft)


Study 

15 16 

17 18 

19 20 

21 

22 23 

24 

25 

26 27 

28 

Total


3onsg'ard and Lyshoel (1970)


Number females 

39 48 

Number pregnant


1
 8


% pregna nt-bylength


2.6


16.7


-:1 6 ft = 1 4.8


Chris tensen (1 980)]


Number of females 

8 20 

Number pregnant 

1 11 

%pregnant-bylcngth 

1 2.5 55.0 

---1 6 ft = 40.5


Mikhalev et al. (1 981)


Number females 

Number pregnant 

%  pregna nt-by length 

- :1 6 ft=27.5


Ivashin (1981)


pregnant for mature female, = 42.3 (1 41 /333)


55 83 

72 53 

29 28 

9 

6 

4 

2 1 

1 

430


9 

1 2 10 

4 

4 

5 

3 

2 0 

0 

0 

1 

59


1 6.4 

1 4.5 1 3.9 

7.5 1 3.8 1 7.9 

33.3 

33.3 

QO 

0.0 0.0 

1 00.0 

13.7


35 

26 17 

16 3 

3 

1 

129


is  

1 2 

5 

4 1 0 

1 50


42.9 46.2 

29.4 25.0 

33.3 

0.0 

100.0 

'S 8


2 8 

7 15 

16 21 

15 

4 3 

91


0 4 8 

4 2 

7 

4 

1 

1 25


0.0 50.0 28.6 

26.7 12.5 

33.3 

26.7 

25.0 

33.3 

227.5


] 

One 1 9 ft female omitted due to uncertain pregnancy.
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which all cows were followed aga inst the tota l number of


ca lves born during these  ̀cow years'. The year 

in which a


cow was first observed was designated as year 1. The use of


`cow year' in this instance required knowing whether a cow


gave birth in the; preceding year, or year 0. Thus, for the


ca lcula tion, if a cow was obse rved for five conse cutive


years afte r ye;rr 0 and was seen to g ive birth once during


this time, then the annual birth rate would be 

20.0%. Table


5 gives these ditut for cropped, uncropped, and combined


pods. The average hirth rate for cropped pods is 9.779

10, for


uncropped pods 6.94% and for combined pods 9. 1.7`/u.


Table 5


Annual birth rate for fermate adult killer whales off Vancouver k!c:nd


Pod 

Nunihc:r 

Cows 

Number 

Cow yrs 

Number 

Calves 

Mirth


rate(^n)


Cropped


A5 

5 37 

4 

10.81


J 

8 

64 7 

10.94


K 5 35 1 2.86


L 

16 

112 11 9.82


M 

l 

6 

1 16.67


(1 

2 

12 2 

16.67


37 

266 26 9.77


Uncropped


At 5 35 

3 8.57


A4 3 24 2 

8.33


O 3 13 

0 0.00


11 72 5 

6.94


Total 

48 

3:38 31  

9.1 7


An estimate of bird , rate for cows can also be made more


directly front the ratio of calves to cows as given in the most


recent or most accura te census for each pod in "fable 1.


This method would give the same results as that preceding


if the same pods and individua l wha les were involved in


both methods. However, while there is some overlap, the


data are different enough to allow a second interpreta tion


from more of the data base. Using the second method, the


proportion of calves to cows in exploited pods A5, J, K, L,


M  a n d  Q is 13 .5 1

%

 (5 c a lv e s , 37 c ows) wh i le  fo r


unexploited pods Al, A4, B , C, D , G, H, I1, 111, O, S8,


a nd Y it is 9.09 ,

0 (3 ca lve s, 33 cows). The ave rag e for


combined pods 

i s  

11.43

%.

'

 Wh en th e two m e th od s a re


averaged the birth rate for cows in cropped pods is 11.64 %,


inuncroppedpods8.02%andincombinedpods10.30


%.

Thus,exploitedpodshaveahigherbirthratethan


unexploited pod-

table 6


The r.!h i!'e rt.r^al hascd on consecutive year ub,crrvations


of 26 cows .


Years 


1 

2 

3 

4


1 . 

Completed


-

1 1 1 1 c n a l


Capped po,.1 :; 

5 

1


2. 

Minimum


interva l


C r o p p e d  

2 4 

7 

4


Uncropp d 

I 

1


The birth rate in exploited pods is sligh tly less than the


pregnancy rate derived from Jonsg5rd and Lyshoel (1970)


for the species off Norway. The latte r popula tion can also


be conside red c:<piuited as it has been hunted fur rira ry


years. It shouk! be noted th a t th e 

bu ih  ra te  fo r wh a le s o ff


V a nc ouve r Isla nd is a c tua lly th e produc tion o f c a lve s to a n


average age of ahout six months rather than to birth. B irths


occur mainly during= the fall and winter in this region while


m o st fie ld  obse rva tio n s a re  d urin g  th e  summ e r. Th e 


pregnancy ra te is like ly to be h igher than the birth ra te as


some morta lities would be expected between birth and six


months of age.


Th e  n e t re c ru i tm e n t ra te  o f c a lve s , e xpre sse d  a s a 


percent of ca lves aga inst a ll other whales in the pod, can


be de te rm ined f fora Table 1. Here th e ave ra g e ra te for


exploited pods A5, J, K, L, M and Q is 5.32% (5 calves, 94


oth e r ages) and the ra te for th e unexploited pods, wh ich


consist of all other pods except E and T, is 4.08% (6 calves,


147 other ages). The average rate for all pods is 4.56%n.

 The


rate can also be determined by applying the birth rate from


cows to the percentage composition which cows comprise


in the population. The birth rates for cows has already been


ca lcula ted and the percentag e of cows in th e popula tion


can be taken from Table 11. The result, when adjusted for


th e proportion of ca lve s ag a inst oth e r age s, is 3.79% in


c ropped pods, 2.21% in uncropped pods and 3.23% for


combined pods. Th e ave ra g e s for th e two me th ods a re


4.56%, 3.15% and 3.90%.

 These figure s a re in gene ra l


ag re ement with th e Inte rna tiona l Wha ling Commission


(1981, p. 142) wh ic h reporte d 6.95% ca lve s and sm a ll


juveniles (7-12 ft long) travelling with 734 individua ls of


other ages in the Antarctic . The proportion of calves only


would be less.


(d) Calving interval


The interval between successive births in individual cows


off V anc ouve r Isla nd wa s re c o rd e d o il oc c a sions. For


most cows, only th e m initnum ca lving inte rva l could be


noted. 77-tis is the period for which a cow was followed and


e ith e r d id no t produc e ano th e r c a lf or th e da te fo r th e 


pre c e d in g  b ir th  c o u ld  n o t be  e s ta b l ish e d  be c a use  i t


oc curre d prio r to th e sta rt of th e study. Th e se da ta a re


g iven in Table 6. The shortest interva l recorded between


birth s in c roppe d pod s wa s th re e ye a rs . No c om ple te 


intervals were recorded in uncropped pods. An interesting


fin d in g  is th a t th e re  we re  m a ny c ows fo r wh ic h  th e 


minimum birth inte rva l was 6-7 years. These cows were


e ith e r ba rre n , wh ic h  se em s un lik e ly fo r suc h  a la rg e 


c om pon e n t o f th e  c ow popula tio n , o r d id no t bre e d ,


perhaps for social reasons.


An average annua l birth ra te of 11.64% for cows from


cropped pock 

;;tes an average calving in1,.:rv,0 

v  8.59


y e a r s  Peu 

co -:;; 

i : ; u r ; .x t i !o i t e c l  p o d " , w i t h  a  ̂ I : i h  ;a t e  o f 


8.02%, Ow interval is 12.47 years. 

-

These interval:: re very


long when compared to the minimum observed completed


inte rva l of th re e . yea rs (Table 6). The spec ie s is c le a rly


breeding at it much lower rate than its potential even within


the exploited pods .


8. Natura l morta lity ra tes


Oh sum i (1979, p. 403) provid e s th e on ly e stim a te  o f


n a tura l m o rta l i ty ra te  fo r th e  spe c ie s . To d o th is , h e 


e s ta b l ish e d  th e  re la tio n sh ip be twe e n le n g th , n a tura l


morta lity ra te , maxinurrn life span and maximum body


leng th for va rious spec ie s of tooth ed and ba le en wha le s


which were studied and used these re la tionsh ips to derive
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H 

i


A. 

i


morta lity c ra te s for th e unstud ied spec ie s. He conc luded


tha t the na tura l morta lity coeffic ient for male and female


k ille r wha les was 0.094-0.095 (= annua l morta lity ra te of


8.97-9.06%).


M orta lities recorded in pods off Vancouver Island were


th o se wh ic h  re sulte d from  na tura l c a use s a s th e re wa s


essentia lly no fishery for the spec ies during the study. An


estim a te of th e ave rag e annua l na tura l morta lity ra te for


bulls, cows and juveniles was made using the ̀whale year'


unit, as with the estimate for birth rates. Here the mortality


ra te is the proportion of the number of years in which a ll


individuals of a category were followed against the number


of ind ividua ls of th a t c a te g o r y

 wh ich d ied during th e se


years. Death was assumed to have occurred when a whale


wa s re c o rd e d a s m iss in g  from  its pod , a s th e re  is no


evidenc e th a t k ille r wha le s le ave th e ir pod pe rm anently


unde r any oth e r c ircum stanc e s. The ind ividua ls used in


deriving morta lity ra tes were those which were re la tive ly


well marked to ensure that their absence from the pod was


noticeable. The year in which a whale was first observed is


designated as year 0. Application of the ̀whale year' unit to


morta lity ra te s, unlike birth ra te s, require s knowledge of


events (dea th s) following the initia l encounte r. Thus, for


this calculation, if a whale was observed to be alive for four


consecutive years after year 0 and then was observed to die


(i.e . was m issing ) in yea r five , th e annua l morta lity ra te


would be 20.0%.


(a) Bulls


Table 7 lists the number of ̀bull years' and morta litie s in


c ropped and unc ropped pods. Only th ose m a le s wh ic h 


we re id e n tif ie d a s bulls wh e n firs t e n c oun te re d we re 


inc luded. Juvenile males which became adults during the


course of th e study were om itted . B ulls in c ropped pods


h ad a slig h tly lowe r morta lity th an th ose in unc ropped


pods. The average annual rate for all pods was 2.80%. This


is considerably less than that suggested by Ohsumi (1979)


for the spec ies and is a lso lower than for other ce taceans


note d by h im . Conve rting th e ave ra g e annua l morta lity


Table 7


Annual natural mortality rate of adult males off Vancouver Island.


Number Number Number Annual


Pod bulls bull yrs bulls dead mortality rate (%)


Cropped


A5 

1 7 0 0.00


J 

3 21 

0 

0.00


K 

3 

12 1 8.33


Lr 

6 

35 1 2.86


M 

1 5 0 0.00


14 

80 

2 2.50


Uncropped


Al 

3 

20 1 5.00


A4 

1 

7 0 0.00


B 

2 1 4 0 

0.00


C 

4 

28 

0 0.00


D 

2 12 0 0.00


H 

1 

7 

0 0.00


O 

1 

4 1 

25.00


Y 

1 5 

0 0.00


Ill 

1 1 

1 

1 00.00


1 6 

98 3 3.06


Total 

30 

178 5 2.81


I 

Excludes one bull (L8) which 

apparently drowned accidentally from


entanglement in a  

fishing net (Orca Survey, pers. 

comm ., 9 May


1981).


rate to life span indica tes that males live for an average of


36 yrs as adults. When the estimated maturation period is


added, which is at least 12 yrs, bulls live for an average of at


least 48 yrs.


(b) Cows


Table 8 reports th e numbe r of cows wh ic h d ie d with in


exploited and unexploited pods. Only females which were


considered to have been adults throughout the study were


included.


Table 8


Annua l 

natural mortality rate of adult female killer whales 

off


Vancouver island.


Numbe r Numbe r 

Nun;hcr 

Annual'


Pods cows 

c ow  yr s 

cvvsdead mortality rate (°,%)


Cropped


A5 

5 32 

1 

3.13


J 8 56 

0 

0.00


K 5 

30 

0, 

0.00


L 16 96 

0 

0.00


M 1 5 

0 

0.00


35 

21 9 

1 . 

0.46


Uncropped


Al 

5 

30 

1 

3.33


A4 

3 

21 

0 0.00


O 

3 10 

0 

0.00


Y 1 5 

0 0.00


1 2 66 

1 1.52


Total 47 285 

2 0.70


Orly two cows were recorded as dying during 285 cow


yea rs obse rved . Th e ave ra g e annua l ra te for c ows in a ll .


pods was 0.70% which implies an average life span of 143

- - - - . .


years as an adult. This appears to be an unrealistica lly low


mortality rate although no obvious bias is apparent and the


sample is large. The rate for cows should be lower than that


for bulls as there are more cows than bulls. The low ra te


could be a random error as the death of only 2-3 cows by


the next year of sampling would raise the mortality rate to a


more realistic level.


(c) Juveniles


Table 9 g ives the na tura l morta lity ra tes for juvenile s by


pod . M a le s and fem a le s a re combined . He re juven ile s


Table 9


Annual mortality rate of juvenile killer whales off Vancouver Island.


Number Number


Number juvenile juveniles 

Annual


Pod juvenile s . yrs 

dead 

mortality rate (%)


Cropped 

A5 7 

p


28 

1 

3.57


J 

8 

39 

1 

2.56


K 3 

15 

0 

0.00


L 

13 

66 

0 

0.00


M 

1 

3 

1 

33.33


32 

151 

3 

1.99


Uncropped


Al 

4 

17 

1 

5.88


A4 2 

6 

0 

0.00


6 

23 

1 

4.35


Total 

38 

1 74 

4 

2.30
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Cropped


A5 

J 

K 

L 

M 

Q 

10(1 973) 

1 4(1 974) 

10(1 974) 

43(1 974) 

2(1 970) 

4 (1 975) 

83 

Uncropped


Al 1 3 (1 973) 

A4 5(1 973) 

B 8(1 973) 

C -1 0(1 973) 

O 

6(1 975) 

U 

3(1 978) 

Y 

3(1 975) 

48 

Total 131 

REP. INT. WHAL. COMMN 32, 1 982 

605


consist of calves (a

y

. age six months) and other immatures.


Thus, the morta lity ra te does not inc lude the period from


b ir th  to  s ix m on th s . Th e  sm a l l n um be r o f juve n i le s


fo l lowe d in un e xplo ite d  pod s m a k e s c om pa riso n s o f


morta lity rates between exploited and unexploited pods of


limited value. However, as with bulls and cows, morta lity


is sl ig h tly h ig h e r in th e unc roppe d pod s. Th e ove ra l l


average annual morta lity rate for juveniles is 2.30%.


9 . Net

 population change


N e t po pu la t io n  c h a n g e  o f f V a n c o uv e r Is l a n d  w a s


c a lc ula te d in two ways. First, th e ra te wa s de te rm ine d


directly from the observed change in pod size over several


ye a rs a n d  se c o n d ly, by subtra c tin g  th e  to ta l n a tu ra l


morta lity ra te from the ne t rec ruitment ra te of ca lves. As


with the two methods for estima ting birth ra te for cows,


these two techniques have some overlap of data. However,


x 

the subsets are suffic iently different to warrant an analysis


of both . Table 10 gives the results of the first method. For


4.  

th is, 'th e pod size a t year 0 and at the most recent year of


census was plotted on graph paper. The size of the pod at


year 1 was then determined to the nearest 0.1 whale . The


results indica te that exploited pods have an annual rate of


d  

in c re a se o f 3.01% wh ile th e unexplo ite d pod s h a ve a 


s l ig h t ly lowe r ra te  o f 1 .67%. Th e  ra te  fo r a l l po d s


combined is 2.52%.


The second method involves subtra c ting from th e ne t


recruitment rate of calves the combined mortality rates for


bulls, cows and juveniles (calves included) after weighting


'. 

these; categories by their respective proportions with in the


E po pu la t io n . T h e  re le v a n t d a ta  from  th e s e  c a lc u la t io n s a re 


given in Table 11 for exploited, unexploited and combined


pods. The only figures not previously determined were the


proportions of bulls and cows in cropped and uncropped


pods. These a re establish ed from se le c ted pods listed in


Table 1. By the second method, the net annua l popula tion


Table 10


Percent annual net change in population s ize of 

killer whiles 

off


Vancouver Island using pod sizes.


Pod size 

Pod size Number Pod size 

%


Pod (yr) (yr) 

(yr) a tyrI change


1 2(1 980) 

7 

1 0.3. 3.00


1 9(1 981) 

7 14.7 5,00


1 0(1 980) 

6 

1 0.0 0.00


50(1 980) 

6 44.2 

2.79


3(1 979) 9 

2.1  

5.00


5(1 980) 

4 4.2 5.00


85.5 

3.01 


1 4 (1 979) 

6 1 3.2 

1 .54


7(1 980) 7 

5.3 6.00


8(1 980) 

7 

8.0 0.00


1 0(1 980) 

7 1 0.0 

0.00


5(1 980) 5 

5.8 -3.33


4(1 980) 

2 3.5 1 6.67


3(1 980) 5 

3.0 0.00


48.8 1 .67


1 34.3 2.52


change is 3.06% in exploited pods, 0.03% in unexploited


pods and 2.02% in combined pods. These ra te s are very


sim ila r to th o se d e rive d by th e firs t m e th od a nd th us


c on firm  th e tre nd of g re a te r produc tivity in explo ite d


pods. However, th e second method is not like ly to be as


as.curate as the first because of weaknessess in the data for


estimation of morta lity rates in cows and juveniles. Thus,


the rates based on the first method are considered the best


estimate.


Table 11


Percent annual net change in population size of killer whales 

off 

Vancouver Island based on population composition,


mortality rates and net recruitment rate of calves.


Category 

% 

pod 

composition 

% 

mortality4 

Weighted 

% mortality 

Net calf 

rec. rate 

Net %


change


Cropped pods


Bulls  

1 01  2.50 

0.41 


Cows 

37.41  

0.46 0.17


Juv. + 

Calves 

46.4 

1 .99 0.92


Total 

1 00.0 1 .50 

4.56 

3.06


Uncropped 

l:o b,


Bulls  

27.42 3.06 

O.n t


Coma's 

31 .1 3 1 .52 

0.47


Juv. + 

Calves 

41 .5 

4.35 

1.81


Total 

100.0 

3.1 2 

3.1 5 

0.03


Combined 

pods


Bull's 

23.0 2.81  

0.6.5


Coors 

34.1  

0.70 

0.24


Juv. + 

Calves 

42.9 2.30 

0.99


Total 

1 00.0 

1 .88 

3.90 

2.02


I 

Table 

I pods  A5, J, K , L, M 

and Q.


2 

Table i all 

pods 

except 

A5, J, K , L, M, O 

and E.


3 Table 

1 pods Al, A4, 11, C. D, F, G, H, 11, 111, N. O. S8, Y.


4 Table 

7, 8 

and 9.
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Results '

of th is study suggest that the recent cropping of


k ille r wh a le s off V ancouve r Isla nd h a s inc re a se d th e ir


produc tivity, a lth oug h not substan tia lly. Cropped pods


have sligh tly higher ra tes of birth and net annual increase


a n d s lig h tly lowe r ra te s o f n a tura l m o rta l i ty th a n un -

c ro ppe d  po d s . Few d a ta  a re  c u rre n t ly a va i la b le  o i l


mechanism by which th is has occurred. B irth rates can be


e leva te d by reduc ing th e ag e a t sexua l m a turity and by


increasing individua l fertility. At th is point comment can


only be made on the latter which is a reasonable possibility.


Th e la rg e numbe r of nonbre e d ing adult fem a le s in th e


population suggests that the species might be controlling its


birth rate in a manner similar to that of wolves and African


wild dog s. In th e se ypc c ie s on ly a few se le c te d :td ull


females breed. Perimp'

,

 :A reduced population sire indi.,crs


more adult female ;tiller whales to breed.


Th e m anne r by wh ic h surviva l is inc re a se d th roug h 


c ropping is only specula tive a t pre sent. It could involve


greater food availability for other members of the cropped


pod. Each pod has its own range which, while overlapping


with those of oth e rs, is suffic iently d iffe rent to pe rh aps


have its own food base . A reduc tion in the size of a pod


would a llow for more food and thus g rea te r surviva l for


remaining members.
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