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A BSTR A C T


T hi s study reports (1 ) the development o f  a radi o transmi tte r

sui tabl e f or tracki ng k i l l e r whales and th e 're sul t s o f  an e f f o rt

to track two radio-marked k i l l e r whales over a peri od o f  f i ve

m o n t h s ~  and (Z) the re sul t s o f  a l imi ted photographic i d en t i f i ca-

t i on study o f  k i l l e r whales i n  P uget Sound.


,T he procedural steps employed i n the development o f  a radi o-

marking teclmology f or k i l l e r whales included (1) stud i es o f  the

moT phology and anatomy o f  the f i n o f  the ki l l e r whale (2 ) the

development and te st i ng o f  prototype rad i os. and (3) the develop-

ment o f  a method f or attachi ng rad i o-transmi tters to ki l l e r whales.

T he radi os ul t imate l y developed weighted 3. 1  potmds, and

were capabl e o f  surf ace and ae ri a l  moni toring to di stances of

5 and 1 8 mi l es. respecti ve l y . T he radi os were af f i xed to the

an te ri or base o f  the dorsal  f i n by f our surg i cal pi ns se t jus t

beneath the ski n. T he rad i o pack was designed to se l f -re l e ase

a f t e r the one-year l i f e  o f  the transmi tters by timed corrosi on o f

the nuts securing the rad i o packs t o  the whales.

T ests o f  the rad i o technology developed included an i n i t i a l

continuous ten-day tracking e f f o rt during which the whales travel ed

extensivel y throughout, upper P uget Sound and G eorgia S t ra i t s .  T he


dai l y trave l  d i stance of  the whales averaged 6 8  nauti cal  mi l es and

the average trave l  speed was Z. 8 nauti cal  or 3 . 2  s ta tute mi l e s

per hour. Maximum measured speeds f or short di stances approximated

1 6  nauti cal  mi l es per hour. T he mean dive cycl e of  the whales was


5.7 7  minutes. T he cycl e consi sted of  a long dive fol lowed by three

or f our surf ace blows o f  3 o r 4 seconds spaced a mean 21 seconds

apart .  T he longest recorded dive of  1 36 5 timings was 1 7 minutes.

P eri od i c observati ons and si gnal s o f  the whales were received over

a f i ve month peri od fol lowing the re l ease o f  the whales. T hese

, re sul ts suggest that a base tec}mology i s i n hand f or radio-marking

stud i es o f  k i l l e r whales. C onceivably the same technology could be

employed i n radio-marking stud i es of  other cetaceans.

T he l imi ted photo i d en t i f i ca t i on study permi tted the i d e n t i f i -

cati on and characteri zat i on of  "J

f t  

pod, a resi dent pod of  ki l l e r

whales. T he pod composi tion was the same as doa.unentated i n  a


study conducted by the N ational Marine F i sheri es S ervice i n  1 9 7 6 .

N amely, 3 adul t bul l s , e i ght adul t cows and 5 calves. O ne o f  the

calves had been born si nce the O ctober terminati on o f  the N ational

Marine F i sheri es study and another had apparentl y been l o s t from


the pod.

i i i
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I ntroducti on

T hi s report presents the re sul t s o f  a study to develop tech-

nology f or radio-marking and moni toring the movements o f  ki l l e r

whales, and to conduct a f i e l d  t e s t  o f  the technology. T he study

was perfonned tmder Marine Mamna1 C ommission contract rn.unber


M>1SAC012 awarded to the author on 1 1 A pri l  1 9 75 and supp1 ementa1 1 y

extended and amended on A ugust 1 2 , 1 9 7 6 . T he stud i es were extended

to pe1 '1 llit conti I U led moni toring o f  two radio-marked k i l l e r whales.

and to analyze data obtai ned during the tracki ng e f f o rt .

I n add i t i on to the grant f tmds provided to the project by the

Marine Mammal C ommission, substant i a l  f i nanci a l , materi al  and l og i s-

t i c support was contri buted to the proj e ct by S ea World, I nc. T he


peri od o f  the i nvesti gat i ons extended from 11 A pri l  1 975 to Jt.me 30.

1 9 7 7 .


Metlx>ds


T he procedures employed i n the development of  the radio-marking

e f f o rt reported here concerned a regime o f  act i vi t i e s designed to·

assess the e f f i cacy o f  the procedures to be employed pri o r to the

use o f  the procedures i n the f i e l d .  T hese procedures included re l i -

ab i l i t y  t e s t s o f  the equipment developed and contro l l ed stud i es of

radio-marked whales pri o r to th e i r re l e ase .

A s a f i r s t  step i n designing a radio-pack f or the ki l l e r whale

a f i n cast (F i gure 1 ) was taken of  "S andy" a 2 1 -f oot female ki l l e r

whale re tai ned as a research animal i n  San D iego by Sea World.

F ol lowing th i s a rad i o transmi tte r and attachment harness was de-

signed to be af f i xed to the an te ri o r base o f  the dorsal f i n o f  a


whale.

T he basi c cr i t e r i a  sought i n  the development o f  the radio-pack

were (1) a mininrum transmissi on l i f e  o f  one year, (2 ) a si gnal

d i stance approximating the 20 a i rl i n e  mi l es achieved wi th trans-

mi tte rs pl aced on l arge t e rre s t r i a l  mammals, and (3) a radi o package

which would not annoy the whale or cause behavioral aberrati ons.

T he basi c rad i o tel emetry system se l ected f o r f abri cat i on was


the system developed by Messers. L arry K uechle and R ichard R eichle

o f  the C edar C reek E l ectroni cs L aboratory o f  the U niversi ty o f

M innesota. T hi s system has been adapted to a wide vari e ty o f  bi rd

and manunal stud i e s, including seal s and sea o t t e rs .  T he speci f i ca-

ti ons and ci rcui t ry  o f  the transmi tte rs i s presented as A ppendix 1 .

T he transmi tte rs conf i gured f or use on k i l l e r whales were powered

wi th two 2 . 8  vo l t l i thuim ba t te ri e s generati ng a power output o f

approximately 10 mi l l owatts. T he transmi tte rs operated i n the 1 6 4-

1 65 MHz range and were pul sed a t a ra te o f  100 beats per mimlte to

achieve lengthed bat te ry l i f e  and to permi t g reate r si gnal i d e n t i f i -

cat i on . -T he anterma was a l rup antenna constructed o f  a 17 inch

l ength o f  vi ny l coated 8 /32 " sta i n l e ss s te e l  cabl e rei nf orced a t the

base wi th a· si x inch l ength o f  rubber hose.
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F igure 1 . Making a pl aster f i n cast of a ki l l e r ,whale.


2 
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T he f i r s t  rad i o lD l i t developed was potted wi th :i4 S cotchcase liS


e l e c t ri ca l  re s i n i n  an e i ght-i nch l ength o f  2 -1 / 2  i nch diameter

s ta i n l e ss s t e e l  tubing and wi th the harness pack weighed f i ve pounds.

S ubsequent, packs o f  the desi gn i l l us t ra t e d  i n  F i gure 2 were reduced

to 3. 1  pounds i n  weight by pott i ng the rad i os i n 2 inch diameter

thi n gauge alumirrum or pl a s t i c tubi ng .

T he harness f o r the attachment o f  the rad i o to the dorsal  f i n

o f  a whale was constn. tcted o f  two l ayers o f  6 -inch wide PVK 1 20


si ng l e pl y pol yester/ pol yvi ny l be l t i ng .  T hi s was pop-riveted to the

rad i o housing tube pri o r to pott i ng as i l l us t ra t e d  i n  F i gure 2 . T he


i nner surf ace o f  the harness was l i ne d w i t h a 3/ 1 6 " thi ck l ayer o f

neoprene spo.nge where the pack would l i e  agai nst the ski n o f  an

instrumented whale.

O nce the prototype pack had been developed the e n t i re  rad i o

package was submi tted t o  a se ri e s o f  re l i a b i l i t y  and performance

t e s t s .  D i stance checks o f  the rad i o from a smal l boat and from a


l i g h t a i rcra f t and ut i l i z i n g  Y agi antennas y i e l ded l i n e  o f  si ght

surf ace ranges o f  approximately f i ve mi l es and a i r ranges u p to 18


mi l es wi th the transmi t te r l ocated a t the water surf ace . T he trans-

m i t te r was subsequentl y pl aced i n  an ocean water tank a t  the S ea t t l e

Marine A quarium f o r 30 days and i t s  operati on was pe ri od i ca l l y conf inned.

F ol lowing th i s the transmi t te r was pl aced i n  a water pressure tank and

submi tted to 1 ,000 P S I  o f  pressure f or a peri od o f  30 minutes. T hi s

pressure was equival ent to a sea depth pressure o f  over 1 ,000 f t .  and

wel l i n excess o f  the maxi.mum 850 f oot known recorded divi ng depth o f

k i l l e r whales (B owers arid H enderson, 1 9 7 2 ). .


F ol lowing these te s t s the rad i o was s t i l l  f uncti oning normal ly.

l ' l o l ~ v e r ,  the rad i o ceased operati on two days fol lowing the pressure

t e s t .  Upon examination i t  was detennined tha t one of  the ri ve ts used

to attach the be l ted harness to the rad i o had been f orced through a


th i n area o f  the pott i ng aC ty l i c i n  which the rad i o components were

housed. While th i s f racture was minute i t  was nonethel ess suf f i c i e n t

to al low water invasi on which caused rad i o f a i l ure .  T hi s problem was


avoided i n l a t e r generati on rad i os by pl aci ng the harness ri ve t s a t

the ends o f  the housing tu be and away from the rad i o components. A l l

add i t i onal  rad i os including one o f  tw o  tranS mi tters actua l l y pl aced

on ki l l e r whales wi thstood the water pressure t e s t .

T he procedure devi sed f or attachi ng rad i o packs to the dorsal

f i ns o f  k i l l e r whales was by the use o f  several  5/32 " diameter sta i n-

l e ss s te e l  se l f -thread i ng surg i cal  pi ns.  T hese pi ns were to be se t

shal l owly be low the surf ace o f  the ski n to avoid the i n te rna l  i n te g ri ty

o f  the f i n .  T he nuts to be used to secure the pack to the whales were

corrosi bl e zinc and designed to re l ease the radio-pack a f t e r an e s t i -

mated one-year peri od . .


An add i t i onal  act i vi ty  undertaken prepreparatory to te st i ng the

operati on and e f f i cacy o f  the radio-pack and procedures developed f or

k i l l e r whales, concerned the l ocat i on and development o f  an area where

3
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F igure 2 . D esign of the radio pack instal l ed

on the female ki l l e r lvhale.


F igure 3. View of the San Juan I sland Kanaka Bay holding pen a t

low ti de .

4
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ki l l e r Whales to be instrumented could be hel d £O r a peri od o f  time.

T he s i t e  se l ected and developed was a smal l unnamed bay located

adjacent to K anaka Bay on San Juan I sl and . T he l ands surrounding

t h i s B ay were under l ease i n part to S ea World, I nc. and i n  part

owned by D r. A r t hu r  M artin, P rof essor o f  Zoology a t  the U niversi ty

o f  Washington. B oth pri nci pl es kindl y consented to the use o f  the

embayed waters f or use i n the k i l l e r whale stud i e s.  F aci l i  ty support

provided a t the s i t e  by S ea World included a re tai n i ng net se t across

the bay entrance and a t ra i l e r laboratoI Y -housing tmi t .  F igure 3


presents a view of  the embayment area.

R esul ts

T he ki l l e r whales obtained f or use i n  th i s study included an

I S -f oot male and a 2 0-foot female. T he animals were two o f  a pod


o f  si x ki l l e r Whales captured by Sea World, I nc. on 7 March 1 9 7 6 i n

&Jdd I n l e t a t t re  southern tenninus o f  P uget Smmd (F igure 4).  T he


animals were f i r s t  moved by ship to the S ea t t l e Marine A quarilD ll on

March 1 4 and 15 and to the S an Juan embayment pen on A pri l 5 and 6 .

I nstrumentati on of  the Whales


T he instrumentati on o f  the female whale was performed a t the

S eat t l e Marine A quarilD ll on A pri l 4 , 1 97 6 pri o r to the transf e r o f  the

whales to the S an Juan holding s i t e .  T his procedure permi tted the

f i r s t  instrumentati on to be performed under qui te i deal ci rcumstances.

F igure 5 presents a schematic o f  the manner i n  which the racU .o-pack


was attached to the dorsal f i n o f  the female whale. F ive pi ns were

used to secure the pack and were pl aced using a hand dri l l -. F our o f

the pins were se t di agonal l y through the rad i o harness and the l ead-

ing edge o f  the f i n  so as to l i e  pri nci pal l y wi thi n or jus t below the

heavy ski n l ayer o f  the dorsal f i n .  A  f i f t h  pi n was se t crosswise

through the f i n approximately 2 inches i n from i t s  l eading edge.

S ta i n l e ss ste e l  washers were then pl aced on the pins and the timed

corrosi bl e re l ease nuts were appl i ed . T he nuts were ti ghtened so

as to posi t i on the pack srruggly but not t i g h t l y  agai nst the f i n .  T he


pi ns ends were cl i pped o f f  approximately one-hal f  inch fram the surf ace

o f  the nuts.  F igtn'e 6 i l l us t ra t e s the radio -pack as attached to the

female whale.

T he attachment process was accampl ished wi thout noti ceabl e re-

acti on by the whale. T here was no bleeding from the pi n s i t e s and


the a.ni.mal did not f l i nch or thrash about a t anytime during the a t-

tachment process. T o l im i t the poss i b i l i ty  o f  i nf ect i on the dorsal

. f i n o f  the whale had been washed thoroughly bef ore the attachment

operati on and an an t i sept i c salve was appl i ed over the ski n bef ore the

rad i o pack was a£f iJced. S imi l arl y , the se l f -thread i ng pins had been

autoclaved and asept i ca l l y wrapped pri o r to the instrumentati on e f f o rt

and each pi n was coated wi th ant i sept i c salve pri o r to placement.

T he attachment procedure was done tmder l oca l  anesthesi a, using 2 per-

cent xylocaine.
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F i gure 4. Map of  P uget S ound. Juan de F uca S t ra i t  and the S t ra i t

o f  " . e o r ~ 1 a .
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F igure 6 . R adio transmi tter af f ixed to female k i l l e r . w h a l e ~
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T est Moni toring o f  the I nstrumented Whale


UPO n the re l e ase o f  the two k i l l e r whales i n the S an Juan

expernnental enclosure an around the clock moni tori Jl g e f f o rt was


i n i t i a t e d  which concerned (1 ) the wel f are securi ty o f  the animals

(2 ) behavi ori al  observati ons and (3) pre-te s t s o f  the radio t ran s-

mi tte rs and rece ivi ng equipment. T he securi ty check included a once

d a i l y scuba examination o f  the securing ne ts and a t the mininuJm b i ·

hourl y examinations of  the holding f a c i l i t y  and the whales.

B ehavioral observati ons made a t  the s i t e  included re spi ra tory

timings, hydrophone recordings o f  vocal i  : zations, notati ons o f

a c t i vi t i e s including i nte ract i ons between the two whales, and


responses to such st imul i  as changes i n the t i d e s o r to our act i v-

i t i e s .

A bove a l l , the instrumented whale was observed cl ose l y to

asce rta i n whether the radio-pack appeared to d i sturb the animal

behavi oral l y or to annoy or cause i t  di scomforture. The i nstnunented

animal d i d not mani f est act i vi t i e s o f  any type which were suggestive

o f  behavioral aberrati ons as gauged by the cauparative act i vi t i e s

o f  the two whales as observed together previousl y i n  the Budd I n l e t

holding pen and a t  the S eat t l e Marine A quaritU n bef ore the female was


i nstrumented, and as subsequently observed together a t the S an Juan

holding s i t e  when only the female was instnunented .


. D uring both the pre and post-i nstnunentati on peri ods the female

whale was the dominant animal . T hi s was mani f ested as mi ld aggressi on

which was peri od i ca l l y d i rected agai nst the male.

T he instrumented whale al so d i d not attempt to r u b the transmi tte r

agai nst f l oat i ng objects or mani f est other acti ons which would suggest

tha t the radio-pack annoyed or otheoose bothered her.

T imings of  the respi ratory cycl es o f  the two whales whi l e re-

tai ned i n  the San Juan embayment pen included both vi sual  timings of

both whales duri ng the day l i ght hours and rad i o timings o f  the i n-

strumented female on a 2 4-hour basi s .  C omparisons o f  the vi sua l

and rad i o timings o f  the female were e ssen t i a l l y  a l i ke as were the

comparative vi sual  timings o f  the male and female whale.

On A pri l 2 2 , 18 days fol lowing instrumentati on o f  the female

whale, both whales were caught u p and examined.

T he procedure used i n catching u p the whales was f i r s t  to divi de

the embayment pen i n ha l f  by stri ng i ng a ne t f ran the midpoint o f  the

outer enclosure ne t i n to shore (F igure 7 ).

T he whales were then foY C ed inshore un t i l  stranded i n shal low

water by a take u p ne t deployed across the seaward si de o f  the pen

and slowly worked toward the shore (F igure 7 ). A s  the animals

stranded they were each tended by two or more persons i n diving su i t s .

T his attendance concerned (1 ) preventi ng the whales from losi ng

bouyancy and (2 ) keeping them water-bathed once secured. T he catch-

ing up process was timed to occur jus t bef ore high t i d e . .  S urpri si ng l y .

the whales exhi bi ted very l i t t l e  react i on to being caught u p except
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~ i g u T e  7 . C atching-up the two ki l l e r whales i n the Kanaka Bay


holding pen.

F igure 8 . "Buoyant s ta te  i n which the whales were maintained during

f i na l  instrumentati on.
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f or a g re a t deal  o f  vocal i zi ng and a few seconds o f  minor thrash·

i ng when f i r s t .  stranded . A t no time even when i n i t i a l l y  stranded

d i d the animals make a concerted e f f o rt to break back i n to deeper

water whic h they could e as i l y  have done, nor d i d the whales have to

be f orci b l y stranded or he l d ashore wi th the take up ne t a t  anytime.

C onsequently, the e n t i re  catch-up process was accompl i shed wi thout

vi s i b l e  tralD l1a to the whal es. T he s t a t e  o f  the t i d e  during the

handl i ng process d i d not pose any problems inasmuch as the whales

were maintained i n a buoyant s ta te  once captured (F i gure 8 ).

I tmnediately fol l owing the strand i ng o f  the whal es, the i n s t ru-

mented female was examined. T I ris vi sua l  examination reveal ed tha t

the radi o-pack was s t i l l  secure l y i n pl ace and the re was no evidence

o f  t i ssue edema. D uring the examination the securi ng nuts were

removed from one si de o f  the radio-pack ani  the ski n surf ace below

and the pi n s i t e s were examined cl ose l y .  T hi s examination reveal ed

no evidence o f  i r r i t a t i o n  o f  the ski n W lderlying the radio-pack and

the re was no evidence o f  a purul ent di scharge from the s i t e s suggesti ve

o f  i n f e ct i on .  T hi s anal ysi s was substant i a ted f urthe r frO m blood

samples taken from both animal s and l a t e r analyzed. T hese anal yses

showed no si g n i f i can t change i n  the blood characte ri s t i cs o f  e i th e r

whale, part i cul a rl y  i n the whi te blood count o f  the instrumented

f emale, from values determined pri o r to i nstrumentati on.

A  second. aspect o f  the examination concerned the amount o f

corrosi on the se l f -re l e a se securing nuts had sustai ned during the 1 8


day attac: hJrent peri od . T hi s was vi sua l l y  d i sce rn i bl e and post-

weighing o f  f our o f  the ruts which had been removed y i e l ded cal cul ated

re ten t i on peri ods o f  1 1 9 , 1 2 8 , 134 and 2 9 3 days, respect i ve l y (T abl e 1 ) .

F ol lowing the examination of  the i nstrummted female whale, the

male animal was i nstn.unented. T he rad i o transmi t te r attached to th i s

whale was i d e n t i ca l  to the one attached to the female except tha t

the antenna was s e t to emerge a t a 45

0 

angl e from the forward edge

o f  the radi o-pack ra the r then emerging d i re ct l y  from the top o f  the

encasement tube (F igure 9 ) .  T hi s modi f i cati on re sul te d i n  the antenna

se t t i n g  upri ght i n  f ron t o f  the dorsal  f i n on the male as contrasted

to a posi t i on pa ra l l e l  wi th the l ead i ng edge o f  the f i n  f or the f emale.

T he re sul t was tha t a hi gher ant erma si l houe t te was achieved and the

antenna d i d not brush the dorsal f i n .  H owever, the bruS hing contact

o f  the antenna agai nst the f i n  of  the female (F i gure 6 ) showed no


evidence o f  abrasi on on th a t animal 's f i n .

T he attachment procedure employed i n putt i ng the radio-pack on

the male was the same as used f or the f emal e 's pack w i t h the excepti on

tha t the f i f t h  pi n se t across the l eadi ng edge o f  the f i n \..ras el iminated

(F i gure 1 0). H eavier securi ng nuts were al so used to i ncrease the

estimated re ten t i on time o f  the pack on the whale.

A t the comoletion o f  the instrumentati on o f  the male whale the

female whale was to be rei nstrumented. T he ori g i na l  i n te n t i on had

been to repl ace the f i r s t  transmi t te r wi th a ne\oJ transmi t te r.  H owever.

some d i f f i cu l t y  was ant i ci pated i n securi ng a new transmi t te r over the
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T able 1 . 

D ata and summary resul ts of  zinc anode release mechanism developed 

for ki l l e r whale radio packs.

C alculated C urrent

estimated 

measurement


I n i t i a l  weight of  

L ocation on 

Weight af te r 

% 

weight 

days gf 

estimation b


zinc nuts (gms) radio package 

18 days (gms) 

l oss 

l i f e  

days of l i f e

7 .45 RRI.J


8 .9 5 

RRL


8 .1 6  RFU


7 .9 5 

RFL 

6 .75 

IS% 

1 1 9


8 .52 LRU


9 .41  

'L R L  

8 .09 

14% 128


8 .1  

LR J


8 .09 

LFL


8 .2 2  

RC 7 .1 2 

13% 

134


8 .2 0 LC 

7 .6 9 

6% 

293


A vg. 

8 .30 

7 .41 

9% 

2 10-325


a C alculated from weight loss while attached to a free-swimming \ ~ h a 1 e  f or 18 days.

b Based on laboratory current measurements and F aradays low. W= IKt; 1 = 0.8 x 10-

3 

mil l iamps, K= 3.39 x lO -4gm


per coulomb, t= time in s e c o n d s ~
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F igure 9 ; 

P osi tion of radio-pack and antenna on the male ki l l e r whale.
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F i g ure 1 0. C l oseup o f  rad i o-pack as a t tache d  to mal e k i l l e r  whal e .
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ori g i na l  surg i ca l  pi ns and se t t i n g  new pi ns seemed tmdesi rabl e .

C onsequently, i t  was decided to re ta i n the f i r s t  rad i o instrumenta-

t i on ra the r than prejud i ce an al ready proven attachment re sul t .  T he


only l o ss accompanying t h i s  deci si on was the sl i ghtl y-reduced t ran s-

mission l i f e  o f  the ori g i nal rad i o .  I n the reattachment o f  the pack

on the female e i th e r new nuts o f  longer l i f e  were used to repl ace

the ori g i na l  nuts or a second lI D t was placed over the ori g i na l  n u t s .

I n  e i th e r case the reattaclunent l i f e  o f  the transmi tte r was est: imated

a s  being one year.

F ol lowing the i nstrumentati on process the two whales were re-

l eased back i n to the embayment pen f or a f our day observati on peri od

bef ore they were re l eased . T his observati on peri od reveal ed no .


changes of  behavior on a canpari son wi th behavioral t ra i t s  observed

bef ore the f i n a l  instrumentati ons and the fU nctional operati on o f

both rad i os was conf inned.

R el ease o f  the Whales and the T racking P rocedure

A t the time o f  the re l e ase .  two tracki ng vehi cl es were i n pl ace .

T hese included f i r s t  the ''P ropel l er'' a 6 5' vessel contracted from


and operated by the S ea S couts. and a C essna 1 80 f l oat-equipped a i r-

cra f t .  T he prime tracki ng vehi cl e was the P rope l l er which was d i e se l

powered and abl e to  make 9 knots. She was equipped wi th radar and

sonar and capabl e o f  continuous a l l  seas operati on f or tw o  to three

week peri ods. T hese f eatures were considered necessary to achieve

a successf ul tracki ng t e s t si nce i t  was not unl i ke l y tha t the i n stru-

mented whales would l eave the i nner waters o f  P uget Sound.

T he teclmique developed f or tracki ng the whales was to se t three

Y agi anterma arrays on the masts o f  t he  ship. Two o f  the anterma

arrays were se t a t  a 60

0 

angl e to e i th e r si d e o f  the bow of  the . ship

and the th i rd array pointed d i re ct l y  to the re ar.  I n sum, the three

antenna arrays moni tored the e n t i re  360

0 

area surrounding the ship

to a di stance o f  approximately f i ve mi l es. T he area o f  overl ap

between adjacent antenna arrays was approximately 30

0 

. T he procedure

to be used i n  tracking ~   whales was to moni tor a 11 quadrants during

t i nes o f  general searching and when a si gnal was picked u p i t s  d i rect i on

was determined by i so l a t i ng the si gnal on an indivi dual antenna or by

bal ancing the si gnal s received between two antennas. The more usual

procedure was the l a t t e r approach si nce the whales then could be

d i re ct l y  t ra i l e d  usi ng the sh i p's two fotVcll'd antennas or tracked

abreast by bal ancing the si gnal  between one o f  the forward antennas

and the re ar antenna.

T he a i rcra f t tracking vehi cl e present a t the time of  re l ease

was simply backup insurance i n the event of  an i n i t i a l  l oss of  the

whales or a f a i l ure of  the ship tracki ng teclmique. T he procedure

used i n l ocati ng the whales wi th -ai rcraf t was to a f f i x a Y agi antenna

array on e i the r wing s t ru t .  A s wi th the antennas tised on the shi p,

the a i rcra f t antennas were capabl e o f  i so l a t i on by a swi tch.
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P ri o r to the re l ease o f  the whales a t e s t  o f  the ships tracki ng

procedure was perfonned by r u nn ing the ship out f rom the pen and


performing t e s t  moni toring o f  the whales from vari ous posi t i ons

re l a t i ve to the sh i p's head. This  t e s t showed moni toring capabi l i ty

to the ant i ci pated f i ve mi l es. P revious t e s t s had al ready establ i shed

the workabi l i ty o f  the ae ri a l  moni toring procedure except tha t the

b ri e f  surf aci ng times made l ocat i on o f  the si gna l  d i rect i on d i £ f i cul  t .

T he two rad i o instrumented whales were re l eased a t 1 300 on

26 A pri l .  T he re l e ase was accompl ished by simply f ol d i ng back one-

h a l f  o f  the ne t securi ng the bay. D uring the pul l i ng back o f  the

ne t two smal l boats were stat i oned i n the take u p area to keep the

whales away from -the ne t .  _ T hi s precauti on proved unnecessary, however,

and severa1 mi .nutes passed bef ore tI E  whales could be induced to l eave

the ~ n  once the ne t was fol ded back. T his they did slowly and de-

l i be rate l y -and soon a f t e r the animals were observed roving to the

outer sea .

T racking R esul ts

F ol lowing the re l ease o f  the whales, the animals were tracked

conti nuously over the next ten days excep t ci l ring two peri ods when


posi t i on contact was l o s t f or 9 and 1 2  hours, respecti ve l y .  T he

continuous tracki ng e f f o rt was tenninated on May 5 due to severe

rad i o i nterf e rence i n the B e l ~ i n g h a m ,  Washington area.

S ubsequent e f f o rt s made to moni tor the whales included peri od i c

shore, a i r and ship rad i o searches, vi S ual a i r and ship searches and

reports from observers. T hese e f f o rts re sul te d i n -el even contacts

or reports of  the whales over the subsequent f i ve months (T able 2 ).

l l i ri ng the i n i t i a l  ten day tracking peri od the whales were

tracked 1 9 1 hours and 21 miI U ltes during which peri od they trave l ed a


measured minimum 531 .8  nauti cal  mi l es (T able 3 ) .  T he actual  d i stance

trave l ed by the whales during th i s tracki ng peri od was tmdoubtedly

somewhat-g reate r than the recorded d i stance si nce our cal cul at i ons

were based on stra i g h t l i n e  pl o ts between observati ons or rad i o

l ocati ons o f  the whales.

D uring tl )e tracki ng peri od the mean hourly trave l  speed was 2 . 8

naut i cal  or 3. 2  s ta tute mi l es (T able 3 ).  T here were re l a t i ve l y  few


instances o f  rapi d trave l  by the whales and a l l  o f  these were f or

re l a t i ve l y  short peri ods. T he three maxinrum measured speeds were

1 6 . 8 , 1 5. 8  and 1 5. 6  nauti cal  mi l es per hour f o r peri ods o f  1 0, 8 


and 5 minutes, r e ~ t i V e l y .  T he longest measured nm a t s peed was


1 1 .4 naut i ca l  mi l es per hour f or a period o f  20 minutes.

T he average da i l y trave l  d i stance of  the whales based on the

si x f u l l  days the whales were tracked was 6 8 . 1 3 nauti cal  or 7 8 .3

s ta tute mi l es (T able 3 ).  C omparable values were real i zed using the

mean trave l  speed cal cul ated over the en t i re tracki ng peri od . T he


g reate st and shorte st d i stances trave l ed during a si ng l e day were

7 4.2  and 57 . 9  naut i ca l  mi l es, respecti ve l y .
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T able Z. Visual and R adio C ontacts of  Two R adio-marked K i l l er Whales.


D ate P eriod 

4/2 6 -5/5 

5/8  

5/ 9  

S i l l  

5/1 2  

5/ 1 2 -5/ 1 3 

5/ 1 6  

7 /2 9  

8 /1 3 

9 /1 0 

9 / 1 5 

9 / 1 6  

L ocation 

San Ju an I slands and Lower G eorgia 

S tra i t 

Mid-San Juan I slands 

S an T ricoma1 i C hannel area, B .C . 

P oints along northern edge of 

Or c as  I sl and

S equim Bay 

Sequim Bay and immediate of f  shore 

waters

Jervi s I nl e t, B .C . 

P resident C hannel opposi te Waldron 

I sl and

C attl e P oint a t southern t i p of 

San Ju an I sland 

Mouth of F raser R iver, B. C . 

Li1m K iln P oint, southern edge 

S an Juan I sland

Sucia I sland area 

17


Type of  contact

Visual and radio

tracking by ship.

Air radio contact.

A i r radio contact.

Shore radio contact.

O bserver report.

T racking by ship.

O bserver report.

O bserver report.

T racking ship radio

contact.

O bserver report.·

O bserver report.

Shore radio contact.
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T able 3. K i l l er Whale T racking D ata.

N autical H ourly rate of

D ate 

H ours tracked miles travel ed travel (i n knots)

4/2 6 /7 6  

1 0.07 2 3.2 0 

2 .30 K nots/hr.

4/2 7 /7 6  2 4.00 

57 .90 

2 .41

4/2 8 /1 6  

1 4.2 8  

* 

2 3.6 0 

1 .6 5

4/2 9 /7 6  2 3.9 8  

6 8 .1 0 2 .8 4


4/30/7 6  

24. 

6 1 .40 2 .56

5/1 /7 6  

2 3.95 7 2 .70 3.04

5/2 /7 6  

1 2 .07 37 .6 0 3. 1 2

** 

5/2 /7 6  1 1 .53 2 9 .0 

2 .41

5/3/ 7 6  2 4.08 

7 4. 2  

3.08

5/4/7 6  2 3.90 73.90 3.09

5/5/7 6  

1 1 .00 39 . 2  

3.56

TOTAL 1 9 1 .33 531 .8  

2 .1 8

' i t I


I n radio contact f or remainder of  day but unable·to accurately

** pl ot the remaining hours.

T ime and distance between points where whales temporari ly l ost

and again picked up ( t ~ e  and distance not included i n to ta l s) .
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A s i s  to be noted by ref erence to F igure 1 1 , the trave l

d i stances o f  the whales was hi ghl y vari abl e between hourl y peri ods.

H owever, the data do suggest si x re l a t i ve l y  regul ar al te rnat i ng

peri ods of  high and law trave l .  T he reason fO T th i s pat te rn i s

not cl e a r.  Two po ss i b i l i t i e s are al te rnat i ng peri ods of  acti ve

trave l  and slow re st i ng type trave l , or peri ods o f  re l a t i ve l y  sus-

tai ned trave l  i nte rrupted by peri ods o f  f eeding a c t i  vi  ty  ·


F igure 1 2 depi cts the trave l  course o f  the two i nstrumented

whales over the i n i t i a l  lO -day tracking peri od and the l ocati ons

where the whales were subsequentl y observed or moni tored. D uring

the ten-day tracki ng peri od the whales trave l ed extensive l y through-

out the S an J ~  and G ul f I sl ands, lower G eorgia S t ra i t and the

easte rn end o f  the S t ra i t o f  Juan de F uca. S ubsequent l ocati ons

where the whales were observed or rad i o l ocated included several

s i t e s i n these same waters and observati ons a t the mouth of  the

F raser R iver and i n Je rvi s I n l e t , B ri t i sh C olumbia, C anada. T he


l a t t e r si ghti ng was i n  excess o f  1 25 mi l es north o f  the most southern

si ghti ng o f  the whales i n  S equim B ay, Washington.

D iving D ata

D uring the peri od tha t the radio-marked whales Wire being

tracked an e f f o rt was ~ e  to determine the blow cycl e of  the

animals according to th e i r act i vi ty  and by time of  day. T he rad i o

si gnal s af f orded a unique opportuni ty f or the preci se determinati on

of  these data. T he blow phase o f  the cycl e was measured by the

presence o f  a rad i o si gnal  and the dive phase was measured by


the intervening absence o f  a rad i o si gnal .

T he normal dive cycl e of  the whales consi sted of  a dive of

several minutes durati on fol lowed by three or f our bri e f  surf aci ng

blows and short shal low i n tenn i t te n t d ives. A i l extensive se ri e s

of  timings reveal ed each of  the bri e f  surf aci ng blows to be 3 to

4 seconds i n durati on. T he short dives between blows were qui te

vari abl e i n l ength but averaged 21 seconds. T hus, i n  the normal

blow cycl e the 3 o r 4 surf aci ng blows of  the whales were conf ined

to approximately one minute of  the to ta l  blow dive cycl e . T he


only si g n i f i can t vari a t i on from th i s patte rn was when the whales

were act i ve l y f eeding or on a few occasions when they bri e f l y

re sted or slowly swam a t the surf ace of  the water.

T able 4 presents a summary o f  the blow cycl e o f  the rad i o-

marked k i l l e r whales f or the seven days tha t these data were compi led.

T he mean l ength o f  the blow cycl e over these seven days based on

1365 timings was 5.7 7  minutes. T he shorte st dai l y mean blow cycl e

was 4. 6 4 minutes and the longest 6 .50 minutes.

F i gure 13 presents the blow cycl e o f  the whales over the seven

day recording peri od as hourly averages. -T hese data show shorte r

:0lil


P eri od of  surf aci ng during which re spi ra t i on or ''blowing'' occurred.
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T able 4. 

SUmmary of blow cycle data by day.

Mean blow


Variance (52)


No . .  0£ blow T otal minutes of  cycle length 

D ate 

cycle timings 

blow 9 : : cles timed {in minutes) 

i n ~ c l e  l e ~

4/2 6 /7 6  

No 

D ata


4/2 7 /7 6  

t I  

"


4/2 8 /7 6  

" 

"


4/2 9 /7 6  

214 

993 

4.6 4 

1 .6 9

4/30/7 6  

232 

1317 

5.6 8  1 .6 3

5/1 /7 6  

200 

1301 

6 .50 

1 .2 4

5/2 /7 6  

124 712 

5.74 3.09

5/3/7 6  

236 1378 

5.8 4 1 .8 8

5/4/7 6  

232 

1408 

6 .07 

1 .44

5/5/7 6  

127 

768 

6 .05 

.6 9


Tar A L  1365 

7877 5.7 7 

.1 9
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dive durati ons d u r i n g the l a t e  af ternoon and evening than during

other times o f  the "day. T his peri od i s bel i eved to correspond

wi th the whales major feeding act i vi ty .

F i gure 14 shows the d i stri but i on o f  dive times during periods

o f  acti ve trave l

p 

mi l l i ng / f eed i ng, and acti ve f eeding. A ctive

f eeding was f eeding concentrated i n  a l ocal  area. C onversely,

mi l l i ng / f eed i ng was f eeding act i vi ty  whiC h was spread over a


several mi l e area .  As may be noted i n  F igure 1 4, there was very

l i t t l e  d i f f erence i n  the diving durati ons o f  t he  whales whi l e

trave l i ng and mi l l i ng / f eed i ng . T hi s i s  i n  marked contrast to the

shorte r diving durati ons recorded f or the whales when act i ve l y

f eeding (F igure 1 3).

T he longest dive time recorded f or the whales was 17 minutes

and l e ss than 20 o f  the 1365 dives timed exceeded 11 minutes

(F igure 1 3).

P hoto I d ent i f i cat i on S tudi es

D uring the months of  Jtme, Jul y and A ugust three f ive-day

searches were made"of the San Juan I sl and area to attempt to l ocate

and photo-i denti f y ki l l e r whales. T he animals sought i n th i s

e f f o rt were: (1 ) the marked ki l l e r whales to ascertai n whether

the radio-packs had, i n f act , detached, and (2 ) a characteri zat i on

of  the whales i n "J" pod, the ki l l e r whale pod i d en t i f i e d as the

most d i scre te resi d ent pod o f  whales occurring i n the waters i n

and adjacent to"P uget Sound (B igg, MacA skie and E l l i s (1 9 7 6 ) and

Balcomb and G oebel (1 9 7 6 )).

T hese f i e l d  searches resul ted i n encounters wi th "J" pod on

Jtme 22 and again on Jtme 2 3. O n Jtme 22 the whales were i ntercepted

a t  S tmSet P oi nt a t the southwest corner o f  San Juan I sl and a t

1 1 : 30 a.m. T hey were subsequently t ra i l e d  and photographed tm t i l

7 : 30 i n the evening a t which time they were i n Speiden C hannel a t

the north end of  S an Juan I sl and. O n June 23 the whales were

i ntercepted a t 1 2 : 30 a.m. i n P resi dent C hannel jus t south o f  \'I aldron

I sl and . T he whales were subsequently fol lowed lD l ti l 7 :30 p.m. during

which time they proceeded north through boundary passage and across

G eorgia S t ra i t to the P t .  R oberts area.

D uring both encounters extensive col or and bl ack and whi te

photography was taken of  the whales. Subsequent anal ysi s o f  the

photographs reveal ed the composi tion of  the two whale assemblages

as apparentl y the same. I n any event. the whales which were read i l y

i d en t i f i ab l e on the basi s scars or saddl e patch markings were

present i n the pod during both o f  the observati on peri ods.

T he number of  whales observed during the encO lmters was


e i the r 16 or 1 7 . O f these, the adul t ~ l e s  were the same animals

as reported as present i n the pod during 1976 by B alcomb"and G oebel

(1 9 7 6 ). T hese"included three l arge males, J -l , J-3 , and J-6  and a
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prestmted e i ght females, 3 .. 2 , J .. 4, J ... 5, J-1 , J-8, J ~ ,  J-1 0 and

J-1 2 . C alves present i n the· pod numbered f i ve and possi bl y s i x.

F emales qui te de f i n i te l y accompanied· by calves included J .. 2 , J.4

and J-5.  T he remaining calves showed no de f i n i t i ve associ ati on wi th

any o f  the pod females al though J.,.10 was f requentl y acconpanied by

a ca l f .  T he ca l f  of  female J.,..5 was ymmg and a new b i rth si nce the

conclusion o f  the N ational Marine F i sheri es S ervice study i n

O ctober of  1 9 7 6 . C al f  J-l S , a new bi rth i n 1 91 6 (H alcomb and

G oebel 1 9 7 6 ) s t i l l  cl ose l y accompanied i t s  mother, J ...4.

I n  the l imi ted photography e f f ort i n  th i s study t i t  became


apparent tha t both the i d ent i f i cat i on of  calves and determinations

o f  the i r mothers was d i f f i cu l t .  F i rst they were d i f f i cu l t to

i denti f y by photography. T hi s was i n part due to apparent shi e l d i ng

of  the calves by other whales. T he calves al so had i nd i st i nct

saddl e patches and few i f  any di scerni bl e scars.  F urther, many o f

the scars i dent i f i ed i n the Balcomb and G oebel study were l arge l y

i nd i scerni bl e i n the C UT T ent photography. T hese f actors, plus the

rapid gr owth o f  the calves and an apparent loose cal f-cow bond i n

ol der calves renders photo-documentation of  the i r status questi onabl e

tmless perfonned a t three or four month i n te rval s .

D i scussion

T he resul ts of  the development research conducted tmder th i s

contract would appear to have si gn i f i cant l y contri buted to the a rt of

radio tracking technology as di rected toward studying cetaceans.

While the radio-marked whales were not monitored over the one-

year design l i f e  o f  the rad i o transmi tters and the se l f  detaching

mechanism, the evidence gathered showed tha t the radi os were s t i l l

i n pl ace and operating f i ve months fol lowing f i r s t  attachment.

A ccordingly, two key objectives would appear to have been achieved.

T hese include the successful long-term attachment of  radio-packs

to ki l l e r whales and the development of  a radio transmi tter capable

o f  long term operati on under f i e l d condi ti ons. T he success of  the

attadanent technique i s considered the si ngul ar most· si gn i f i cant

re sul t i n view. o f  the d i f f i cul t i e s· a number o f  i nvesti gators have

experienced i n achieving long-term radio attachments on cetaceans

(K au finan and I rvine (1 9 7 5)). T he procedure employed here i s bel i eved

to have succeeded because (1 ) the pack was f i rmly secured so that

i t  could not swivel or work, and (2 ) the attachi ng pins were se t so

as to l i e  pri nci pal l y wi thi n or just under the skin rather than

being se t i n  the ti ssue o f  the f i n core. A s a re sul t t i ssue re ject i on

and/or pressure teari ng apparentl y was obviated.

A s regards the rad i os, the i n i t i a l  main concern wi th the i r

perfonnance was the· antenna. I t  would have been pref erabl e to pot

the whip antennas i n the harness col l ar proper such that the antennas

would not have been subject to f l ex breakage. T his was not done as

i t  ''las f e l t tha t a f a i rl y  high antenna si l houe tte would be requi red
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to give suf f i ci e n t si gnal  output f or tracki ng, part i cul arl y when


there was any wave act i on .  T he whip desi gn _developed wi thstood

breakage over the knOwn- f i ve month attactunent ~ r i o d .

A l though a f a i r measure _of success was achieved i n tracking

the whales using the n r u l t i ~ a r r a y  receiver-antenna desi gn, the -

procedure was exceedingly demanding o f  manpower e f f o rt and time.

A s regards the tracki ng e f f o rt , th i s requi red the md i  vided

at ten t i on o f  one person on headphones a t a l l  times. A s a rul e the

whales made three or f our consecU tive surf aci ng blows over a


30-40 second peri od every s i x to e i ght minutes of  time. D uring

these surf aci ngs which averaged 3-1 / 2  seconds or 6 to 8 rad i o

pul ses, the headphone operator had to swi tch between the various

antennas to determine which antenna carri ed the strongest si gnal .

I f  the si gnal s were not balanced, the headphone operator would then

have the ship swu ng and on the next surf aci ng he would again attempt

to achieve a balanced si gnal  and thu s  determine the d i rect i onal

posi t i on o f  the whales. D istances o f  the whales £ram the track-

ing ship were known only general l y except when the animals were

observed v1 SU ;ally. H owever, the di stance between the ship and the

whales was maintained re l a t i ve l y constant a t about one-hal f  mi l e as

was ascertai ned by rad i o si gnal strength and the temporary l oss o f

the si gnal s as the animals passed around i sl ands or peninsulas

ahead o f  the ship. A s a rul e , fol lowing the whales was usual l y

not part i cul arl y d i f f i cu l t except when they f ed and, of  course, when


si gnal i nterf erences occurred. O n a m.unber of  occasions radio

i nterf erence was severe and on three occasions i t  caused losses

of  contact wi th the whales. P rocedures f or comteri ng th i s might

include changes of  rad i o frequency and greate r f i l t e ri n g  out of  the

si gnal received. H elpf ul , too, would be a d i rect i on f i nder rece iver.

Such a f i nder was purchased from O cean A ppl ied R esearch L aboratori es

and i t s  use should great l y ai d future tracking e f f o rts .  H owever,


t e s t s of  th i s lU l i t have yi el ded di stances l e ss than one-hal f  o f

the di stances possi bl e wi th the Y agi antenna array . C onsequently, a


coupl ing o f  the systems together would appear d ~ s i r a b l e .

T he greate r need f or a _direction f i nder device a t th i s time

concerns -attempts to moni tor whales from the a i r .  I n the current

generati on o f  stud i e s, si gnal s were regul ari l y received from a i r-

cra f t but the very short transmission peri ods, the long down times

and the f act tha t the a i rcra f t was trave l i ng a t re l a t i ve l y high

s peeds  a l l  keyed together to render a i r posi t i on moni toring as

nearl y unworkable with the receivers used.

A s concerns the bi ol og i cal data resul t i ng from the t e s t o f

the tracking teclmology, the -great amolD lt of  dai l y trave l  was t m -

anti ci pated .

A s  concerns the re sul t s of  the l imi ted photo-i denti f i cat i on

study perfonned under. th i s contract, i t  i s apparent that the

technique has d e f i n i te value- i n populati on stud i es o f  ki l l e r whales.
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T hi s appears part i cul arl y so as regards the l i f e  hi story of  individuai

resi dent pods ·.  i . e . , longevi ty o f  indivi dual whales and reproductive

recrui tment. O n the other hand, the ef f i cacy .of the procedure f or

assessi ng the populati on sta tus o f  whales i n  an area appears somewhat


problematic. T he stud i es o f  B alcomb and G oebel (1 9 7 6 ) and o f  B igg

e t a l .  (1 9 7 6 ) whi l e providing a base ori entat i on o f  k i l l e r whales i n

the waters o f  Washington S tate have not been o f  suf f i ci e n t d e ta i l

or durati on to provide a cl e ar understanding o f  the d i stri but i on ,

status and populati on characte ri st i cs of  the ki l l e r whale stocks

inhabi ti ng these waters. With the exception o f  J ~ p o d  whic h appears

to be resi dent and stabl e , the remaining pods of  whales i d ent i f i e d

i n P uget Sotmd. l ~ e r  G eorgia S t ra i t and the S t ra i t of  Juan de F uca

appear to be e i the r transi ent whales or numerical ly unstabl e resi dent

pods. A lthough two of  these pods (K and L pods) have been cl ass i f i e d

as resi dent pods by B igg e t  a l .  (1 9 7 6 ) and Balcomb and G oebel (1 9 7 6 )


these researchers are i n disagreement as to whether L -pod i s , i n

f act .  one or two pods. F urther, these researchers reported the

regul ar joi ni ng together of  the asSlD lled resi dent pods and the

occasional presence of i ndivi dual s from one pod wi th other pods.

T aken together these observations render suspect the f i d e l i ty  o f

speci f i c whales to part i cul ar pods and thus of  the i n te g ri ty of  the

pods.

T he reports of  the photographic studi es appear f urther to

assume that a l l  of  the whales present i n the inland waters were

i d ent i f i ed .  T his assumption appears unwarranted i n view o f  the f act

tha t the whales captured i n the radio-marking study had not pre-

viously been i d en t i f i e d and f urther the radio-marked whales were

not observed by the photographic teams during the f i ve month period

tha t the ariimals were a t l e ast peri od i cal l y present i n the study·

waters. F urther, B igg e t a1 . recorded seven transi ent pods i n  lower

G eorgia S t ra i t none of  which were observed during the N ational Marine

F i sheri es S ervice study. T hese observations i nd i cate tha t the ob-

servati onal incidence of  ki l l e r whales i n  Washington waters i s low


and/or that major di f f erences exi s t i n the numbers o f  whales which

occur i n Washington waters between years.

A  second requi red point of  cl ari f i ca t i on i s ' the seasonal d i s-

tri but i on of  ki l l e r whales i n Washington waters. B alcomb and G oebel


(1 9 7 6 ) regul arl y observed whales during the period June through

O ctober but observed only 3 pods i n A pri l and none i n May. T hei r

survey di d not cover the months N ovember through March and the

study di d not include most of  the waters of  Juan de F uca S t ra i t and

i t  addressed only l i g h t l y the waters of  lower P uget Sound. C onse-

quentl y, the re l a t i ve seasonal d i stri but i on and abundance of  ki l l e r

whales i n the waters of  Washington S tate i s unknown. .


A  th i rd major unknown as regards the ki l l e r whales associ ated

''''i th the waters o f  Washington S tate i s information on populati on

turn-over and reproductive recrui tment. T he photographic surveys
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i denti f i ed the composition of  the resident pods of ki l l e r whales


observed as being approximately 20 percent adul t bul l s, 20 percent

calves and 6 0 percent undi f f erentiated- animals. The l a t te r were


presumed to include primari ly females and ilmnature males. While


the 20 percent cal f  f igure i s suggestive of recrui tment, the re.,.


productive recruitment rate of  the assumed resident pods i s u n ~

certai n since the cal f  group i s suspected of containing several year

classes' of whales. As regards tt.mlover rate or age or sex

speci f i c mortal i ty, suf f i ci ent studies have not been performed to

provide a measure of thi s.  A  major point i n ascertaining thi s by


use of the photo-identi f i cation procedure concerns the persi stence

of the identi f i cati on markers. While i denti f i cati on scars and

saddle patch markings appear to be rel ativel y long l ived on older

animals, the persi stence over time of the i denti f i cati on markers


on younger whales i s unknown.


T hese considerations suggest 'that a detai l ed evaluation of

the photo-documentation procedure i s  i n order to determine the degree

to which the technique c an be rel i ed upon to assess the status of

ki l l e r whales in P uget Sound and adjacent waters.

R ecommendations


T he resul ts obtained i n thi s study demonstrate the value of

control l ed procedures i n the development of new technologies as

opposed to di rect f i e l d appl ications of yet unproved procedures.

A  number of recommendations for future studies rel ative to

the investigations perfonned under thi s contract c an be made. One


area requiring parti cul ar investigation concerns long term (one


year minimum) attachment procedures. I deal ly these studies ,should

be perfonned i n semi -natural environments such as the embayment


enclosure uti l i zed during the current studies. ' T he heal th and


behavioral responses of radio-marked animals to the instrumentation

procedures should be an i ntergral aspect of thi s research.

A  f urther l i ne of recommended research i s the development of

projecti l e radio transmi tters. While i t  i s expected that such


radios wi l l have l imi ted attachment l i f e , the radios would appear

to of f er enlarged opportuni ti es to study the larger cetaceans

inasmuch as captures of even ki l l e r whale sized cetaceans i s ex-

tremely d i f f i cul t and expensive. Short tem radio-taggings of thi s

type may also penni t tracking for suf f i ci ent periods as to identi f y

areas and times when whales might be vulnerable to conventional net

captures.

A  f urther l i ne of  research desired as concerns radio attach-

ment procedU res includes refinement of the technology for releasing

the radio-pack once the l i f e  of  the radio has  been expended.


I deal l y, tests of-thi s technology should be performed using captive

cinimals. '


N ecessary research of the radio transmi tters principal l y

concerns lengthened l i f e  of the transmi tters and mini turization of
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the radio-package. A  logical candidate procedure for lengthening

the l i f e  of the transmi tters would be the addi tion of a water

switch which would turn the radio of f  whenever an instrumented

whale dived. O cean A pplied R esearch L abortories incorporates

a p r e s s u r ~  operated switch on radios developed by that-f i rm.

A dditional research of  the transmi tting antenna i s al so desi red as

regards breakage and possible corrosion ef f ects.

A s  concerns the radio receivers. parti cul ar research i s

required to develop f i l t e rs to screen out a l l  but the exact trans-

mi tti ng frequencies. A dditional work may al so be required as

concerns a di recti onal receiver although the di rectional receiver

of the O cean A pplied R esearch C orp appears qui te good except for

i t s l imi ted range.

A  further technological approach desi red for an area such as

P uget Sound would be the development of  a net of automatic receiver

stati ons which could monitor the movements of  transmitted whales as

they passed given points. I n the case of the P uget Sound area a


3-array stati on could possibly serve to monitor the movements of

transmitted whales as they passed through the general S an Juan area.

D oubtless, the development of such stati ons would require considerable

el ectronics research but the rewards of  the ef f ort should just i f y the

expense.

L astly, consideration should be given to developing a trans-

mi tter for ki l l e r whales sui tabl e for tracking by sa te l l i t e  telemetry.

T he N ational Marine F i sheri es S ervice i s currently investigating the

potenti al of tracking porpoises by sa te l l i te s rel ative to the tuna-

porpoise problem. H owever, current indications are that i t  wi l l  be


some time before transmi tters are suf f i ci entl y mini turized for use

on porpoises. F urther. the question of  sui tabl e attachment procedures

for porpoises remains unsolved. T hese problems are f ar l ess restri ct i ve

as regards the ki l l e r whale. C onsequently, i t  would appear to be a


species of  choice i n the development of sa te l l i t e  telemetry for

cetaceans.

A s concerns studies of  the ki l l e r whale employing the photo-

documentation procedure, a major f ul l  year study i s reco1Jillended to

assess the sui tabi l i ty of the technique for assessing the y ~ a r  long


di stri buti on and status of ki l l e r whales i n Washington waters. A s


opposed to earl i er studies i t  i s recommended that thi s e f f ort be

di stri buted rel ativel y tmiformily i n the state I  s waters as opposed


to the area l imi ted study performed by the N ational Marine F isheries

S ervice i n  1 976 .


30


AR026422



LITERA TIJR E C IT E D 


Ba1comb, K. C . and C  · . A . G oebel. 1 976 ·. A  ki l l e r whale study i n

P uget Sotmd. N ational Marine F i sheri es C ontract N A S ( h · 6 ~ 3 5 3 3 0 .

B igg, M. A . , 1 . B . MacA skie and G. E l l i s .  1 9 7 6 . A bundances and

movements of  ki l l e r whales o f f  easte rn and southern Vancouver

I sl and wi th comments on management. P rel iminary report :  A rcti c

B iologi cal S tat i on, S te A nne de B el l evue, Quebec. 20 pp.

B owers and H enderson. 1 9 7 2 . P roject Deep O ps: Deep object

recovery wi th pi l o t and ki l l e r whales. N aval U ndersea C enter

S peci al R eport N o. T P 306 , p. 8 6 .

K aufman, J .  H . and A . B . I rvi ne . 1 9 7 5. Movement and act i vi t i e s

o f  A tl anti c bottl enosed dolphins, T ursiops tnmcatus. C ontract

R eport N o. r.M4A C004 Marine Mammal conmrission, p. 2 3.

31


AR026423



l5TI 

A ppendix 1 


UNIV E R S ITY
OF MINNE SOTA 
 Depar tment
o f E c ology
and Behav io r a l Bio logy

TW IN
C I T I E S 108 Zoology Bu i ld ing

Minneapolis 
. Minnes o ta
 55455

(6 1 2 )
37 3·51 7 7


O ctober
1 4 ,
 1 9 7 6

D r. A . W. E ri ckson

P ro f e ssor o f  W i l d l i f e

C ol l ege of  F i she ri e s

U n i versi ty of  Washington

S e a t t l e .  Washington 9 8 1 95


D ear A I :

H ere are the spe ci f i ca t i o n s on the transm i t te rs --

F requency:  1 6 4 MHz. nominal . A ctual f requenci es used:

1 ) 1 6 4.1 50 MHz 

5) 1 6 4.500 MHz


2 ) 1 6 4. 2 2 5 MHz 6 ) 1 6 4.400 MHz


3) 1 6 4.350 MHz 

7) 1 6 4.400 MHz


4) 1 6 4 . 6 50 MHz


B atte ry :  P ower C onversion, I nc. Model 6 6 0-4 · .

2 . 8  vo l t s output, 416 mi l l i ampere days

capaci ty , two c e l l s  i n se ri e s , 5. 6

vo l t power.

P ul se re pe t i t i o n

ra t e :  

P ul se durat i on :  . 

C urrent d ra i n :

E ncapsul ati on

compound:


A ntenna:

P ower output :

A pproximately 1 00 pul ses/mi nute

2 0 mi l l i second minimum


35 mi l l i second average

0.4 mi l l i ampere (average)

3M S cotchcast U5 e l e c t r i c a l  re s i n

S ta i n l e ss s t e e l  8 / 32  (7 x 7 ) vi ny l

coated . 1 7 " long. R einf orced rubber

tubi ng used to make stand upri g ht .

A pproximate l y 1 0 m i l l i wa t t peak
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D r. A .Y . E ri ckson

O ctober 1"4. 1 9 7 6

P age 2 


H arness mate ri a l :  

C ushion mate ri a l :  

R i ve ts:  

T ubing:  

C i rcui t diagram:  

A ppend ix 1-A 


1 ) N eoprene - impregnated co t ton duck

4 pl y .  1 / 8 " th i ck (whi te mate ri a l )

2) PVK 120 simpl e pl y po l y e ste r/ po l yvi ny l

(bl ack mate ri a l )

N eoprene sponge. so f t densi ty

open c e l l .  3 / 1 6 " th i ck.  B onded


to. harness mate ri a l  wi th P l i o-bond

adhesive .

S ta i n l e ss s t e e l

S ta i n l e ss s t e e l , or schedul e 40

PVC pipe

E nclosed

T hi s may not be exact l y the form you wanted, but i t  i s  the

onl y way to give a f a i r l y  complete d e scri pt i o n .  I f  you onl y want

to use a short d e scri pt i on .  I suggest something l i ke  the f ol l owing :

T ransmi tte rs used were cry s t a l  con tro l l e d pul si ng conti nuous

wave a t 1 6 4 MHz. T he tran sm i t te r pul sed a t a ra t e  o f  about

1 00 pul ses per second and were on f or about 35 mi l l i seconds.

T he power source was two l i th i um ce l l s  i n se ri e s .  wi th an

average d ra i n ·o f  0. 5 mi i l i amps. T he antenna was a 1 / 4

wave covered ve rt i c a l  whip.

Y ou can descri be the harness as you want. H opeful l y th i s f i l l s

your needs by way o f  d e scri pt i on .

L K : gl e

E ne.


S i ncere l y ,

/ /

.,:-:yf.i!lc

n 

.. !


L arry K uech1 e
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