
mammals when different meth od a re 
used . To complicate the picture fur
ther . Riggs ( 1960). using a buffe red 
system a t a pH of 7.4. observed th a t 
animals of varying size had identi ca l 
P so's a t that pH. 

In orde r to make meaningful eva lu 
ations o f the dissociation curves in 
marine mammals. th e in vivo PC02 

and pH need to be de termined . Ri eu 
and Hamar (1968) po int out th e dif
ficulties of drawing a represe nt a ti ve 
a rt eri a l bl ood sampl e a lth o ugh th ese 
arteria l data have been coll ected from 
one specie . Tllrsi ops [n/IlCOIII .I, by 
Ridgway (1968). In sho rt. m o re work 
needs to be don e. 
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Feeding of a Captive Gray Whale, 
Eschrichtius robustus 

G. CARLETON RAY and WILLIAM E. SCHEVILL 

ABSTRACT 

Tlie f eeding I~f' 1I clIp[il 'e yea rling /l' ll lll l e Eschrichtiu ~ robustus 11(/\ (Ihl( II (d 

1I' liil e dil ' ing lI ' illi li er a .1 lI 'e ll a l .fi'OIll [li e 11I1:fllce. Sli e III (' /.. ('d f(}(Id off [Ii( "(1[[(/11 

1I 'liil l' .11I' illlllling lipp ed OI'a a /l o ll[ 120 0 so [ 11lI[ her ( li ee/.. \\'(/1 n('ur/r (1a/'(/II( I 

[0 [li e /J OIIOII /. An in(' r ea l e i n 11I01I [ h 1'0111 11/(, il 11 (1(1arelll/' ('(III led "y (/( Ii(}n 

I ~r [li e [Ollg ll e, r es/ll[ing i n I[ r o ng \ /l u i o n . dllri ll g II I llc li [he lOll cr 11(1 il "(1,1/( d 
and .Ii)()d elll e/'l [li e 1I/(1/1 [h. H o I\' ./i)od i.l \e(1a r l il ed ./i·OIlI II (iler (/IleI IIl1tc/ 0/ 

d e[ri[II .1 i .1 nOl /..n o l\'lI . Tli e oh l (, /'1'('(1 "e lial'ior il (1roha"', 11(/1///'(/1 (/11£1 IIIIIIlII/Utl, I 

earlier r ecord.1 o f' .1[() lI ll1c li con[(' n l.l. e.\[ ('rlla l IIll1r/..lllt:I, (/1Ie1 (III III/lit [//LIII 

/Jalee ll . Clearly, IIIlI c li needl [0 he lea rll ed (Iholl[ [Ii(' 11/('( l/cIllilill (If fuell//!: fJf 
hoft'e ll 1I ·lllIlel . Tlii.1 1(1('c i n·./i·('di ll g hahil.l ilia., h<, IIl1hlllt alll(lllt: [Ii, III. 

INTRODUCTION 
Obsen ations on th e food of E \( Ii

ric/If i ll I ro hllW/I (LiIlJe bo rg. 186 1l. 
the gra) \\ hale . ha l e been ,umma r
ized b) Zi mush 1-0 and Len~ l- a) a ( 1970) 
and Rice a nd W olm a n ( 197 1). Indi cat
ing that th e dI et CO n.,l,h pred L)m -
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inant l) of henthic animal,. mt) tl\ .1111-

phl pL)d, and a kl\ lIther cru tace.m~ 
in CIdental Item, I nc\uJe po" LlMett: 
Il orm tuhe . ,hell. ga'lrl'pL J l perl..ula, 
feather.,. I-elp. hit ,)1 \\ood and 
mud. anJ gralel. T, mtlln (19-- P 
) 4 6-:'471 ugge thaI belli /L II I 



~ 
N 

Figure 1. - fschrlchllus rob</Slus call, Glgl, In Sea World tank, tilted to her right , with water (and some squid near rear end) pouring Into her mouth. One block of 
Irozen squid I. over the forward end 01 her mouth . Note open blowholes. Photograph by W. E. Schevili. 
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is to som e ex te nt vegeta ri a n (w h ic h 

would m ake it a m ost excepti o na l 

cetacean ), su pposi n g th a t seaweed 

fo und in the sto m ach is food a nd not 

mere ly incidenta ll y swa ll owed. H owell 

and Hu ey ( 1930) found th e pl a n kto n ic 

Euphausia pacifica in th e ba leen o f 

a gray w h a le take n o ff no rth e rn Cali

fo rni a o n 2 1 Jul y 1926. G il more 
( 196 I , p . I I ) gi ves a w inter observa

ti o n of pres u med fee di n g by gray 

wha les , "cri ss-cross in g th ru a den e 
sc hool of ma ll fis h , like a nch ov ies, 

off San Di ego ," a nd Ke n Ba lcomb 

(pe rs. comm.) in fo r ms us t h at a g ray 

wha le beached 15 mi les north of 
G rays H a r bor, Wash ., in April, h ad 

a gul le t packed w ith several gallo ns 

of OSlII ertis Il lOrdax (ra in bow s mc lt). 

It wo uld a ppea r th a t E.lchriclllius is 
no t limit ed to eatin g small benthic 

c rustacea ns, but wi ll also eat a variety 

of o the r food as opportunity o ffers . 

G ray w h ales seem to do m ost of 
th e ir feedin g in t he Berin g and 

C hukchi Seas (Pi ke, 1962, p . 831-832). 
Ri ce a nd W o lm a n ( 1971. p . 24-25) 
conclude th a t a ll organisms found 
in the sto m achs of gray wha les kill ed 

on t he A rc t ic su mmer grou nds a re 
" in fa un a l be nthi c species." T hey state 
th a t 95 pe rce nt of th e food specics 

found in o ne Be ri ng Sea sa mple were 
ga m maridea n a m p h ipods 6 to 25 mm 
lo ng, and th a t th e predomina nt spe
c ics from this sample, A IIIpclilc(/ 
II/l/crocep//(//a, "occu rs mainly 011 

a ndy bottoms a t depths of 5 to 300 
meters" (ita lic o urs) . Zimushko a nd 

Le nskaya (1970) say th a t gray wh a les 
feed o n nectobenthos, some 70 spe

c ies in a ll , bu t that on ly s ix species of 

a m p hi pods are of primary importance . 

We assume that thou gh such active 

c reatu res as amph ipo d may be in 
fa u nal at tim es, th ei r we ll-known ten 

dency, when disturbed , to move just 
off th e bottom, would make th em 

read il y avai lable to a sweepin g whal e. 

O ne of us ( Ray) observed th i amphi

pod behavior from a submersiblc in 

th e Berin g Sea in 1972 . Nem o to 

( 1959) has d isc ussed probable feedi ng 
beh avior of whal es in th e light of 

mou t h shape and bal ce n cha racte ri s

ti cs . During th e last century m a ny 

authors have a lluded to gray whales 

su rfacing with mud vis ibl e o n the 

beak or other dorso-Ia tera l parts . Pike 
(1 962 , p . 823) cites a particularly 

illuminating communication from Dr . 

F. H . Fay, wh o m e nti ons a gray whale 

supposed to be feeding in 5 fathom s: 
"As this whal e surfaced c lose to the 
vessel , mud was seen wa hin g from 

its back ." Although Tomilin (1957, 
p . 347) supp oses th at these whales 
may actually dig th e ir mouths into 
the botto m , scoopi ng and plowing, It 

see m s to us (see below) that thei r 

behavi o r a nd anatomy are better 
adapted to sweepin g th e bottom than 

for diggin g: this accord wel l wi th 
the evidence of asy mmetrical barnacle 

infestati on a nd baleen wear reported 
by K asu ya a nd Ri ce (1970). 

Th e g ray whale ca lf. Gigi, w hi ch 
was captured in March 1971 and 

kept by Sea World, San Dicgo, ~a 

initiall J fed a n a rti fic ial diet. but ~as 
soon taught to eat full-gro~n squid. 
L oligo opa/l'.I(('I/I. B) the time of our 
observations (28 Januar) -I F-ebruar) 
and I 1 March 1972). her dail} diet 

was 900 kg of squid , dropped frozen 
into h e r tank in 9 kg blocks. a nd her 
weight ga i n was a lm ost 40 kg ada). 

Our beha\ ioral obscnatlon~ \\ere 
madc both from the \\atcr\ ~urface 

and by scuba-d ivin g WIth Gigi. We 
a lso used underwater motIon pictures 
made b) John Seeker of ~ea \\orJd 
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~hen Glgl \\a~ about h nwnth, "id 
To aId In our IIlterpretatl lln \\e h.l\e 

con ulted her tralller, (Bud Don.lh'h' 
and S usan BaIle, l. and \\e hale ",IILlt 

ed obsc r vatlo ns on Glgl and 'lTl Llthel 

gray w ha lcs frLlm ,everal of L'ur e"I
leagues. To them , ~ho are mentlllncd 

below, to the a\'al Lnder~ea (enkr, 
an d to the management of Sea \\ llIld, 
we are gra teful. 

BEHAVIORAL OBSERVATIONS 

Before detailrng our obsenatILln" 

we remind the reader th at a gr.l) 
whale 's head is roughl) tri angu lar In 
cross sectio n , the gu lar regIon bell1g 

the basc while the chcek~ form the 
sides, sloping II1\\ards at abLlut (,0 

towards the narro~ beak-like uPI'er 
ja~ . Thc CUrl ed mouth is at .lh,'ut 
the middle of the checks. fhe n1l)lIt.l 

has effectl\el)- onl) lo~er III' th\: 

upper lips are represented In 'hL 
rabbet-like recess above the gum 111'(' 
into which the lower lIps III snugl\ 

In th e course of teachIng (Jigl tll 

eat squid. trainers Donahoo and Hal 

Ie, tau ght her to rela, the edge "f the 
left l o~er lip and turn It out\\ard 111 

response to lIght taps on the head. 

Food was placed b, hand In the Llpen
in g thus created, passIng IntLI the 

throat eIther throu gh or under the 

baleen. ThIS ~as 111 contra\! tll the 
feeding of the artIfiCIal liqUId dIet 
when th e jaws ~ere opened \\hllL 

accepti n g th e leedln g tuhe , dunng thl 
hand-feeding of sqUId, the ja\\S re 

mained closed and the lip \\a, llpel1ed 
as ~as also the case later on \\ hen l' .. 
of us thrust an arm dLmn her ph.!rl 11 

Trai nl ng Glgl to I1lLl\ e her III' \ lliun 
taril) \\as crItIcal. fllr n,'rmalh the 
li p ~as held Sll tlghtl\ ,hut th.!t a Ill.In 

could not lorclhl\ pn It ,'pen I h" 
traInIng vIa, dllne \\ hIll' ,he \\," 

grounded 111 the tank alnw't empt\ 
of \\ater. it \\a' nIl( Illng hetnre I L 

\\ ould thus accept f"l,d \\ hIle \\1111-

ml ng Slll'n thereafter he \\ a teLdIng 

freel) \\ Ith,'ut the aId "f her tr Iner 
Glgl \\a, ail'a\ led Ir,,"l the lelt Id" 

(Oonah"" ha mentl,'ned h.l\lIlg been 
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Figure 3.-fschrichlius robuslus call, Glgl, in Sea World tank, IIlled on her lell side (top 01 head toward viewer). sweeping over bottom in general direction 01 arrOw. 
Note open right lip and Ihul jaws. Photograph by G. C. Ray. 
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a h()r~eman hdllie heClllllln g aelju aint 
cd with v,hale~) . v,hleh ma l aeenunt 
lor the lelt -'Ided ~\\ceplng heha\l\lr 
de,cnhed helow Ka,uJa and Rl cc 
(1970) reponed that 01 '.f gra) 
whale, that they In\c,tlgated . J I \\ c re 
nghHided . 

We ob.,erved that the ed ge~ of the 
III" could be turned out and dOlln 
through about 00 . either one () r 
both ,ide, at a time . Motion picture, 
lurther ,how a nuttering of the 1'0, 
terior part of thi, edge dunng hand 
fcedi ng . especial I, ncar t he majo r 
fle\ure . 

Voluntary lecding wa~ a, foll o w,> : 
rhe frozen bloe"'- of ~quid noated a t 
the ,urface and . a, the) thawed . 
the ~quid mostl y sank slowl y to the 
bottom. Gigi often "nibbled" at the 
thawing corners of the blocks. usin g 
the lert side of her mouth and usu all y, 
but not always, holding the block a t 
about the place where th e Autt e rin g 
had been noted . The nibbling was oc
casionally accompanied by a noisy 
pu lsation called "earthquaking" hy th e 
trainers, and s pla~hing or jettin g o f 
water and air for nearly half a mete r 
(Figures I and :!l. The jet was u,ua ll ) 
at thi~ same place near the after end of 
the mouth, hut it sometime~ ra n nea rl ) 
the entire length of the ba leen (not 
quite to the forward end of the mouth ). 
Often the jettin g lI as o n [wth ~Id e, 

of the mouth . 'vYhen Gl gl\ nll1 ut h \1 a, 
..It the ,urface. ,lIr Il a, m\ () lI ed In th e 
.Ielling. but Ill)( a !II a) , Ilh en her 
mouth wa, completel\ ,ubmerged . a nd 
not at all II hen ,h e II a, l)n the b() tt l)1ll 
l)1 the tank . \\'e ,I"um e tha t thl ' ,III' 

11,\\ adlentltl()lI,1I taken In. a, In 
eating 'l)Up . 

\Iter 1lll1,t ()I th e ,qUid had la ll en 
tl) the bl)twm ()I the t,lIlk ('I gi', b,'
halll)r altered markedll .... , ,he .lp
prll;\chcd them . ,Ill' 1\ I) lI ld 1IIII '\l'r 

t,,\\ ard her back ,,'me 120 , ", th.tt 
hel check \\ ", Ilc a ll ~ r M.dlel t,1 the 
blllllll)) and abllut 10-20 CIll .1i),lI,' It 

\, ,he ,II ,1111 III er th e qUid, he left 
,I cle,1Il "lath jtl--t) cm \l llk It \\ ,1 

,ll'pJlent that th,' 'ylii d \\ l'r" belll~ 

ucked up In ,I llil "f I'Uh.lt\lII1, ,I 
,1111,' "luld bll en\ re.ll'l'l,ued Iter 

th e ir Ilr't dl .lppe.tr.lllce IOIll her 
moul h II " PIC uTlled Ihat he ,)uld 
ea,11I 'ee Ihe qUid I Ill\! 111 hLr r th 
In Ihe c\lIndne,tI t.lIlk he dc, nh d 
a Had: ,llghtl\ dllr ,ld 01 tr,11 tht 
aheJ d ' ll th at ,he 'I\l:pt "\e\ the qUid 
at a ho ut a J() al1gk II the nH'luth 
(I IgUI C, '\ and 41 1 hen three ep.lI.lte 
ac t \lI n, \I ere 'cen . I II <In opl.'llIng 01 

th l: cdge pf the nlld III p,"tertll\ p • .IIt 
01 th e lelt li p ~l1 a, to Ip ld II ,1\1.1\ 

fr l1 1ll th e ha lel.'n (21 a "Ielling "I the 
gul a r reginn dnd ~'\rdn~lpn III th~ 

gul a r gn)()\~~ II·igure .fl. Jnd nl .111 
o pening () f the nght '>Idl.' of thc Ilhluth. 
dunn g IIhl ch \q ul d Ilcrl.' \l1IllCt II11C 
j~tt ed I)Ut rh e third I t ~1ll 111:1) I11CIL,I\ 
Ill ea n th at it i, l.'a'>ler t,) I'pcn h"th 
"d~~ of the nWlIth '~lllllletnc,tll\. 

th ough Gi gi had \hl1\lcd U' th.lt ,he 
could Ilc \ her Il p~ lInl.' \ldl.' at .I tll11e . 
Sln c~ \I e cl)u ld not wc al l thl."l.' l'<tIh 
() f th l.' \\h ale a t nnce, IIC can llnh Inler 
th e pre'>u l11ah le 'l.'quellce llf th~,e le
la ted e \ l:llh l hcn ( ' Igi righted he 1'<.'1 I 
and '>\I alll a\\a\ "'l11etil11l." tUlhllt 
Je t, could be 'l.'en pul\lng Inll1\ h,'th 
\ldl.' '> 01 h~r mou lh 

ANATOMICAL 
INTERPRETATION 

Our undl.'r,tandlng III the 'llcch.t 
nl~ m, In\ "II ~d I' hampercd h\ our 
Ignorance ,II the 111\ 1,1,'g\ and Ilher 
~ oft anJt(ll11~ l11 thl 'pecIc \\ C h.lle 
b~en ahle 1<1 lind l'nl\ 0 leo!. gl .11 
dnatlll11lCal dl.'\\.l'Il'tl"\1' .lIld h.i\l: hd I 
n() l.'.Ir':.I" .1\ .111" hk I, 'r c\ ell r"ug'" 
dl ",·l.'t 1l'\1 . \ \ ( (limn In!! a\'1d J 
\ \\\.,'n,'\ 1ll.lde. I'll Ollr .1 ... COUllt Ill<: 

,\plllr.lt"1\ el.'tl,m 01 thl: hmer III' 
"I de,ld lle"I1.lte 1< und on the hl "he 
"f I .lgun.t OJ" de I I"hre B.II.! ( .tli 
1,lrrll.l .• lIld [(lund Ih\.111 1<' h' \\cll 
I1lU ... Ieu !) \ \ RI\.' r ''lllnu 1I thJI 
thl.' I<I\'Igue I .11, I\cll IllU l.ku lllCh 
11111re ) th.1fl In Il, ,(, P \I I 

111.'11 Itgllrl t Jnd Ul: Lnhed I'll \nur \ 
t 1914 r ~-.; pi 21 'I .1IlU 1'1 ' 
Ilg 61 

\ 11 tht .1 \ ell r .Ill n 
hch.!\ I Ir tr, n '1\ Indl .lIL th I th 
grJ\ \\ .... Ik ,rJI .111 I III Id 11'1<. 

hlr 1I tl! n nd th I n I th 

rll 
\\ hile he 
(llIkt kc! 

.tIld 

CONCLUSIONS 
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natural food of thi s species of whale. 
Our captive 's habit of sweep in g a few 
centimeters o ff the smooth tank bot
tom does not deny the probability 
that weeping a soft or irregular 
bottom at sea could get mud o n the 
sweeper's back (cf. Fay in Pike, 1962, 
p. 823) , especia lly if the prey is 
actually benthic . 

Cetological litera ture is fu ll of poor
ly supported conjecture, and we hesi
tate to add more. Although we have 
learned a number of things from th e 
captive Gigi , there i sti ll much un 
known . For one thing, her jetting 
water in pulses from a particular re
stri cted part of her mout h seems to 
im ply, perhaps, a specia l act ivity of 
the to ngue. Furthermore, we do not 
understand the mechanics of the hy
draulics tha t bri ng the food-beari ng 
water into the mouth . This is no mys
tery in whales that swim along with 
the mout h wide open , but it is not so 
obvious in a whale which swim along 
rather slowly with only a narrow slit 
open , as did our Eschrichrius . Here it 
seems necessa ry to increa e the volume 
of the mout h to cause useful inflow of 
water . We are handicapped by our 
Imperfec t u nde rstanding of the func
tions of th e muscul ar to ngue. W . E . 
Evans (pers. comm.) has told us that 
G igi's to ngue once pressed his hand 
pai nfull y hard a gainst he r pal ate . Such 
pressure migh t serve to push the gular 
region downward , enl a rging the mouth 
cavit y, a nd this idea fit with the ob
servatIOns of Donahoo and Ray of 
the m igrating to ngue-bulge visible 
from beneath . 

Thus we su ppose, from the assorted 
eviden ce, the fo ll owing concatenation 
of events In fee ding: First the wha le 
ro lls over fa r enough so that the cheek 
is about pa ra llel wi th the bottom, and 
th e lip is opened as the tongue. press
ing against the palate, pushes the gular 
regi on away so that it expands, pro
ducing an inflow which brin gs in th e 
epibenthic food . Then the to ngue 
relaxes and the gular musculature 
tightens , reduci ng the size of the 
mouth cavit y and expelli ng water ; 
th e food is trapped in the baleen 

fringes. We do not k now exactl y what 
happe ns next ; perhap a s light re
newed suction of water removes the 
food from the ba leen fringes , and 
swall owin g presumably fo ll ows. 
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Sounds Produced by the Gray Whale, 
Eschrichtius robustus 

JAM ES F. FISH, JAMES L. SUMICH , and GEORGE L. LINGLE 

ABSTRACT 

Ullderwarer sOllllds produced by a yOllllg capril'e gray whale are d esc ribed . 
A "mewllic-HJlIlldillg pllised signal ," consisri ll g of 8 ro 14 pulses ill bursrs lasrillg 
lip ro 2 sec was rhe /lI osr com//101l \'ocali ::,a rio ll . Orh er soullds illcluded a lo w
freq uellcy "gro\\'I" or " m oall, " similar ro a sou lid recorded from gray whales £II 

sea ; a shorr, broadballd. "grullrlik e" sOlllld; a lo w-pirched "blo whole rumble",' 
alld a 10llg "mera llic-soulldillg pulse rmill " rlwr m erged illro a lo w-frequency 
"groan." The SOli lids cOllld 1I 0 r be correlar ed wirh specific beh(/\'iors. A Iso de
scribed are "clic ks" recorded ill rhe presence of rh e whale whell she was rerumed 
ro sea alld similar "clicks" recorded from gray whales ill Wicka ll inllish Bay , 
VOllco u\ 'er Islalld, Callada. 

This report desc ribes a variety of 
sounds recorded from Gigi, a young 
gray wha le, Eschric h rius ro bll.l·rUS, 
whi le she was in ca pti vit y a t Sea 
World , a ma rine park in Sa n Di ego, 
C a li f., and sounds reco rded in th e 
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vici nit y of th e whale when she was 
re turned to th e ocean nea rl y a yea r 
later . A lso described a re th e sounds 
recorded in the presence of gray 
wha les in Wic ka ninni sh Bay, Van
couver l ~a nd,Ca nad a. 


