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Gray Whale Feeding in a Northern California Estuary

Abstract
Durnrg c surrmcr of 1989 a gral *halc. tyhtichtiu: robusnts, has (lis, ovfrcd feedny nr dr Klanarh Rirer estuan ol roLhr:rn
Cali{ornia. I)isLin, I lcding beha or and hrtlirrg crcavarions vere ol,servrrl. Pn:r itenis were dereroriN,d using SCLBA ar.t hturit-
held core satlncrs. Tfe nrbe divelling anrq,iripotl Arophiun yinrarn s$ li,und in deDse aggre6!Li,,ns. The $ha1e appear(il 1,,
coDcentrat. iLs lcdins where aDphip(rls {(irc nrost dense. These findings su#est rh.t gra! rhalcs lill setecrireh on hcnrli. in
faura durnra thi: summer months as far sourh !s northern Califomia-

Introduction

Grav whales. Eschrichtiu^s nthu,;ttts. rnigratc along
lhF  (  ( , r - l  o f  ( l a [ i l o rn i a  t , '  . r n , l  f r t ,m  the i r  I ' r ima r r
summer feeding grorurds in the Bering and south-
ern Chukchi Seas (Ricc and Volman I97l).  Tn
these arctic fccclinpl areas the gray nhale's major
prcy i tem is the benthic tubc-dwelJing amphipod
Ampelisrn mat:rcceplmla (Nerini t9B4). Gray
whales are known to sumrner al()ng the coasts o[
Brit ish Columbia. Washington. Oregon. and
Cali fornia (Dohl er al.  1981, Darl ing 1984, Nerini
l9B4) and apparent lecding behavior has been ob-
servecl. I{oNcvcr. most of these rcports have not
documented prev i tems or feeding on benLhic in-
fauna (anirnals which inhahit bottom sediments) in
areas south of Vancouver Tsland, tsritish Colum-
bia (Dohl er al.  19f11, Olivcr er al.  1984. Kim and
Oliver t989).

During the summer of 1989. r le otrserlect t \{o
gray l'ha.les in the mouth ofthe Klamath Ri\.cr-es-
tuary in north$estern Cali fornia. This studv
Je -c r i Le -  r he  l eFd ing  . r . r i \ i r i e -  o f  nn .  , ' f  r hc -e
rchales and tlocuments bottom substratum and
prev.

Study Area and Methods

The Klamath River cstuan is partiall,v boundcd on
the rlest by a sand spit and on thc northeast by
a high-relief shorelinc partlv stretn r.ith large boul-
der- r"hieh prorid, s,rercJ e\ccl l tsnt \rntJts'  puinL5
from which to obserr.e the u,halcs (Figure 1).

Behavioral dnta are based on obsenations. of
an approximately eight-meter long juveni lc, made
during Julv and August 1989. Local residenLs

reported occasional sightings of a second. largcr.
gray whale for tt'o clays in July; howevcr, we did
not confirm thc presence ol another t 'hale unti l
Scptember. We obsen'cd and photographcd the
srnaller *halc from the bluffs. thc sand spit. and
bv kavak. Its distinctivc dorsal and fostral mar.k-
ings made it individuall,v recognizable. Wc
rccorded its general bchavior, movement pattcrns,
dive times. surface inter'\'als, and thc number oI
blous per surlacing (Wursig er cl .  1986.). Oeneral
behalior was categorizcd as feeding. lraveling. rest-
ing, or othcr. l'eeding u,as defincd as repeaLed
dives in specific arcas, the whale often rolling on
its sidc. and surfacing rvhilc trailing sediment
plumes from its mouth (Nerini 1984).

On 27 Julv a free-diving survcv ofthe estuarv.
consisting of Ibur transects (Figurc 1), revealed that
the top layer of bottom sediment uas composed
of a densc a€igregation, ol mat, of tube-dwell ing
amphipocls. This mat was bisectecl in the middle
bv a somewhat poorly dcfined natural channcl.
During the survcv we photographed and r.ecorded
the presencc and appearance ofthc amphipod tube
mat. other organisms, substratum tvpe and rvater.
depth. On B August marler buoys and SO[IBA
wcrc also utilized to in\.cstigate the bottorn in
spccif ic arcds $here the 1|hale lvas obser-ved to be
concenlraling feeding effort.

In t$,o arcas of the estuary t'c used S(IIIBA
lo collcct nDdom core samplcs penetating the bot-
tom sediment to a dcpth of three centimetcrs be-
lo$, the bottom laycr of the amphipod tubes (Figure
1). The f irst group o[ hrur cores ("channcl sam-
ples"; 0.0050 square mcters cach) r.as obtained
bett'een the estuary channel and sand spit. The
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second group ofsix corcs ("feeding area samples";
0.0042 square meters each) was collected in an
area of observed gray whale feeding. Two of these
samples were obtained rr i thin rcccnt feedin€i ex-
car.ations ("disturbed area samples"). The remain-
ing four o{ thc fcedinpl area snmples were taken
liom undisturbed areas of the tube mat and are
so designated.

We preserved all samples in 59/o bu{fcrcd for-
maldehl'de. and w:uhcd them or.er a 1.0 mm mesh
screen. Iniaunal organisms rvere remored from
tubcs and scdiment. counted, and stored in 700/o
ETOH. Biornass was measured as \{d r{cight {rf
total infaunal organisms.

Results and Discussion

General Observat ons

The juvenilc grav whale r,".as initiall,v obserred in
mid-JuJ,v of I9B9 and was seen intermittently in
th r -  Khma th  *  L te  r .  \ l . r r ch  o l  l 9oO.  -ugge . t i ng

that it spent the $,inter in the river as we)I. Cray
whales have been observcd along the coast of
northern Califomia during the summer for vears
(Dohl er al.  l98l.  Nlal lonee I99I).  To our knowl-
edgc, ho*'cvcr. this is the first published account
of an identified individual gray nhale spcnding the
summcr off northern California.

We saw the gra,v whale daily spcnding long un-
disturbcd pcriods foraginpl in the shallot'waters
of the estuary, usually within one-half mi]e o{ the
mouth. It could move in and out o{thc river mouth,
independent of tidal stage. It maintained a reasona-
bly uniform scics of movements l'ithin the estu-
arv, usually st imming southrvard along the sand
spit, then crossing the channel and making its rvav
to the north along the opposite shoreline. The ani-
mal also made smaller loops at various placcs in
the cstuary, concentrnting its feeding efforts in
specilic locations.

I)uring a total of 47.5 hours of observations,
the animal spent 58.1 pcrccnt of i ts t ime feeding,
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29.3 percent traveling. primarily bett'cen feeding
eas, 6.5 percent rcsting and 6.I percenl on other

behaviors. ' l 'he largest port ion of feeding (52.5oi)
was concentrated along the northeast shore oI thc
estuary, rvhilc feeding along thc sand spiL (36.20lo)

::*:.;:'** 
in the cstuan (I2.3elo) r'as less

Respiration data collected on several diffcrcnt
occasions revealed a remarkably consistcnt pattern
of brcathing and diving. Tvpicall,v, a series of lwo
to four resp;rations (blous) l'ith relatirely short
blorv inten'als would bc followed liy a clive rang-
ing from hvo to fivc minutes. The number o[ blcxvs
per surllcing, the surface intenal. and the dive
lenghs showcd little variation durirrg the course
of thc study.

Benthic Survey

The undenater sun'ey olthc estuan boLrom, rang-
ing l iom 1 m depth near shore to 6 m depth in
mid-channel, revealed a verv extensivr coverurg
ofamphipod tubes. l'he substratum generally con-
sisted of fine sand or silt t'ith occasional zones of
sand and rocLs- In the deeper channel sediments,
amphipods werc plesenL though their tubes $'ere
least evidont. An examination of the [ecding area
(depths of 2.5 m to 3.5 m) revcaled several rc-
cent gray whale lieding cxcar.ations ir^s ncll a-s oJder-
pits being recolonized bv amphipods. The rccent
pits were characterizcd by relatively dean, straight
edges, exposed amphipod tubcs along rhe sidcs.

and few tubcs vithin the pit. 
'l'he 

sizes and shapes
of the excar'ations (Figure 2) rvere similar 1o those
obsen'ed in Pachena Bav. Vancouver Island, B.C.
()) iver et o, l .  19f1,1) and in the Bering Sca (Nerini
198,1). Depths of the excavations r-anged from five
to ten centimcters.

Core Samples

Analysis ofthe r:ore samples (Tablc 1) shorved rhat
thc iniiruna werc stronglv dominated by Conrphium
spirticorne, t'ith a small number of othcr amphi-
pods. mostl,v of the gcnus ,4nisogornmanA. Isopods
and mysids wcrc tJso presenl in very low numbers.
The tube mat densitv (amphipods pcr suuare rnc-
ter) vas highcst in the unclisturbed part ofthe leed-
ing area. In the disturbed area, two sampleslrerc
taken within recent feeding excavalions and con-
lained vcrv lew arnphipods.

Mean densit ics and biomasses lbr the arnphi-
pod tubc mats in the Klamath River cstuary are
comparable to those reportcd for othcr places
where grav t'hales fccd (Table l). Although rhe
corophid amphipods in thc Klamath havc a simi-
lar biomass to that {)f  the ampeliscit l  amphipods
in thc Bering Sea, they are much smaller. Mills
(1967) reports lengths of I2 to 20 mm for adulr
Ampelisca nrtt:rocephala, uhercas rve lound
Corcphiam ranging lrom 2 to 9 mm. Smaller sizes
would implv a greatcr surface-lo-volume ratio, sug-
gesting that a larger portion of the Klamath am-
phipod biomass mav be chit irrous cxoskeleton. As
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Figure 2 Grar r{hde {eednrg crcaratiors ohscried in rhe morth ol rhe Klanrath Riri,r locateil ncar rh( end ofTrarsq.r 2 or deprh
ol 2.5 meters.
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TAIILE 1. Nlcar infaunal dcnsitics (r,rganisms/rn?) ard birmas (grams/nt) lor this stud,,- as cotrpurcrl to olher dense lmphipod
cornntrnities as-wrclated rvith gral rliale feed;rg.

(SD)
Disturt).d

nrea,  (sDl

KkmuLh- l i r r l ing  arca+ Bernrg Sea Pachena Bar, B.C.
(Ol ixJ "r  a i .  1983)**  (Ol j rer  d o l .  198,1)+*

(SD] (SD)

I{vsids

7.:100 (r.5?0)

100  0  t 5 )

r00 (200)

d : 4  n : , 1  n : 2

s0.700 (7.930) 84.300 (2r,400) 7.260 {8.920)

5.510 (3"6601 176 (673)

1 .370  1 .6801  0

Nenratodes 1150 (1.570) 950 [ .4101 '176 1673]

59.0s0 (8.900192. r60 (18.9001 8.210 (r0.: i001

146 ( l05t 3,t  { , tstTorll bionuss (s/m'l 221 (231

28,923 (8,041) t  lU.5l l :J  (15,2201

142 \226]' 197 (71)

* Area oi n,res: rlumcl cdsc-0.0050i irr; linlnrg dnt-0-0012/nl. Voluncs o{ samp r:s arc not cJculaterl because, nr dl crses.
the depth of dre core perebated t() !r lcasl thr.i. .trniditcN b.l,){ Lhr: ldrl inhabitrrl br amphiporls.
*+ Ir should be noted $ar Olirer ct ol. rvashed their samDles oler a 0-5 nn. mesh -roeen. $hereas s. {as|r rhc KlarraLh Rivcr
samples orer a L0 mm mesh screen. Because the organisms nrrolred are relativelv large and tend to remain jD or.lins ro th.

amphiprl tubes. this diflerence in screen nresh is not likel_r to affect the comprisors nade here significanth.

lipid contcnt is known to bc quitc r.riable in arc-
t ic amphipods (Perc,v and Fite I9Bl).  determin-
ing the l ipicl  <nntcnt oicrrophids vould bc hclpful
in assessing the food vahre of the amphipod mats
in the Klamath estuary.

'I'he 
correlation between the intensily of the

r,".halc's {ccding activity and the density of the
coroph;d tube mats suggesLs Lhat Lhe uhalc may
har.c bccn fccding selectivel,v in areas rdth the

epeatest densitv of amphipods. Similar ondusions
have bcerr drawn from thc obscrr.at ions of gray
t'halc fccding in othcr areas (Oliver er al. I9B4).
I t  is aLso clear that the hhale h-as very effect ive
at rcmoving the amphipods from the bottom as
shown bv the dramatical ly rcduccd arnphipod dcn-
sities t'ithin the ercavations.
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