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Sooty Shearwaters off California: by Ellen W. Chu®

] d ener ai Center for Coastal Marine Studies, University of California,
dlet an gy g n Santa Crugz, _(IA,_USA' 05064 I |
1. Abstract including shearwaters and other in'm"vll;{riilm s (e hne

Sooty Shearwaters (Puffinus griseis) in Monterey Bay
.1d off southern California fed primarily on juvenile rock-
fish (Sebastes spp.) from May through July and on northern
anchovies (Engraudis mordax) in August and September:
market squid (Loligo opalescens) and euphausiidy were minor
components of the diet. The change trom rockfish to
nchovies coincided with completion of moult and with
pre-migratory weight gain and fattening. In May, tat con-
tent was only 8% of fresh weight: by September fat had
increased to 42%. ‘There was little monthly variation in
water content or non-fat body components. A number of
factors may enhance pre-migratory fattening off California,
including the availability of high-calorie anchovies.

2. Résumé

Les Puftins fuligineux (Puffinus griseus) dans la bae
de Monterey et au large du sud de Californie se noures-
saient surtout de jeunes scorpenidés (Sebastes spp.) e mat il
juillet et d’anchois du nord (£ ngraulis mordax) en aouteren
septembre. Le calmar commui du Pacifique (Logige opa-
lenscens) et les euphausiides étaient un appot secondaire au
régime. Le passage des scorpenidés aux anchois coincidait
avec la fin de la mue ainsi qu'avec le gain de poids et
lengraissement prémigratoires. En i, la graisse ne cons-
tituait que 8 % du poids frats; en septembre, elle était passee
242 %. 11 y avait trés peu de variations mensuelles dans la
leneur en eat ou dans les composantes corporelies non
lipidiques. Un certain nombre de fucteurs peuvent favoriser
Iengraissement prémigratotre au large de la CGalifornie dont
la disponibilité en anchois riches en calories.

J. Introduction

Seabirds, because of their abundance, play an impor-
tant role in the feeding and energy structure ot marine
communities (Ainley 1980, Brown 1980), but thetr actual
impact has been hard to estimate. Part of the problem stems
from the difficulty and expense of making metabolic
measurements on free-ranging animals (Wiens and Scott
1975, Furness 1978, Dunn 1979). Madels of seabird ener-
getics lack such essential parameters as the kinds and
quantities of food consumed, the efficiency of food-to-tat
transfer, and the costs of basic maintenance, growth,
reproduction, moult, and migration.

There have been many quantitative studies on seir
bird foods and feeding — studies on individual species,

ber 1978, 1976: Brown etal, 1981 O, dhis volume s, and on
whole communities (e.g. Ashimole and Ashmole 1967,
Croxall and Prince 1980, Ainley and Sanger 1970). Work on
avian metabolism and faaccamulation, however. baas toe
cused on passerings (C.4. Odum and Connell 1936, Blem
[976), game, arid waterfowl (e, Raveling 1UTO) studies on
scabirds are rare (Jolinson and West 1973, Krastiow 1978
From Mayv through September. Soow Shicarwaters
(Puffmus grsews) are among the most abundati seabird
prrduh:rs in the California Curvent svstetn (O s o
Briggs. unpubl. data). Thes teed in unmense {locks, often
near shore with other seabirds and manne matnnals (Sealy
1973, Hottnan of al. 19811 Shearwarers cpursait dine” from
the sea surface or "pursiit plunge: trom the a1, using rheit
wings and feet o manovus re ander water: thes cap dive 1o
At least 5 m (Ashmole 1971 Brown eral Q7R pers. obs ).
T'his study examines diet and phyaolog b condhinen
sitmttancoush during the non-breedmg season and iden-
tifies relationships among dier. moult, and pre-amgratoen
fatiening. | '-

4.,  Study area and mcthng

Data were collected in the Southern Cabtoris Bight
(1975-78%) dunng survevs of snarine hird and mammal
vpulutinm(liriggh ofal. 198D and i Monteres SR

(1978=79). Both areas are neritic habitats afong the Cabtor-
nia coast (Fig, D, characterized by spring-sutnmer upwell
ing and an abundant coastal Fauna (Bolin and Abbott 26,
Frey 1971, Jones 1971 Morejohn et el 1978 o

~In June and August 1078 and from Apmil through
October 1979, 166 Sooty Shearwaters were colfedied in
shotgun from Monteres Bayv for ity sis of gut comtents,
moult, and fac Thtv-seven hireds were alsoolietted in

southern Calitorn from Mas through September 17

4.1.  Diet

Each bird was tagged at collection and hiter weighed,
measured, and dissecred. 1t dissectonn o suldd not be donc.on
the day that birds were ¢ MNected, the carcasses were re-
f.'l‘igt'l':iled overnight or frozen: all carcasses wert reweighed
before further processing. |
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I weighed the contents of the stomachs (including
esophagus and proventriculus) and measured food volume
by displacement. Gizzard (ventricular) contents. wlllch_ were
fragmented, were not weighed or measured mllumctrtcally.
Both stomach and gizzard contents were fixed in 10%
buffered Formalin before being separately stored in 40%

isopropyl alcohol. The preserved material was later sorted,
~and prey were identified w the lowest possible taxon; |
measured the standard length (SL) (fish), mantle length
(squiidt), or total length (euphia usiids) of items whenever
possible. I then counted individuals in each prey category
and estimated for each bird the percent ol total stomach
volume represented by cach category. |

| ML of the stomachs were empty, but gizzards otten
contained prev remains, such as cephalopod beaks and fish
otoliths. or other items like pebbles and plastic. Although
stomach contents undoubtedly reflect a bird's most recent
 feeding, it is not known how long remains of previous meals
~persist in the gizzrd. In analysing the data, [ theretore
amatvsed stomachs separately from gizzards and whole prey
separately from parts of prey.

Figurel '

Costal California including major submarine topographicat teatures,
ooty Shearwaters were observed and collected in Monterey Bay (A) and
in the Southern Califormia Bight (B). Depths inmetres
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4.2, Weight, moult, and fat content

In 1979, I followed moult progress and fat
accumuiation in the birds from Monterey Bay. I monitored
the progress of moult throughout the season by counting
new and growing primary and secondary wing feathers as
well as new and growing tail feathers; 1 estimated the
percentage of feathers that were new on other areas of the
body. I then divided the number of new primaries plus
secondaries by the total number of primaries plus secondat-
ies o give the percentage of completed wing moult for each
bird; the percentage of completed tail moult was similarly
calculated. For each bird 1 averaged the figure for com-
pleted tail moult with the estimated percentage of com-
pleted moult on other body areas (except wings) for an
overall percentage of completed body moult. To analyse
changes in moult over time, 1 applied a one-wity analysis of
variance coupled with Duncan's a posteriori multiple range
test to monthly mean values for completed moult and for
the number of growing feathers.

I determined fat content by measuring visible fat on
all specimens and by extracting body fat from a total of 12
birds collected on 25 May, 1 and 22 june, 7 and 31 August,
and 21 and 24 September 1979, These birds were prepared
for fat extraction by first removing their feathers with large
scissor's and animal clippers (McLandress 1979). After dis-
section, the carcasses were refrozen, For all specimens, |
measured skin-fat thickness at the anterior and posterior
tips of the sternum, and I estimated fat deposits around the
viscera on a scale of 1=5 (almost no fat, I; viscera almost
totally obscured by fat, 5). For fat extraction, the 12 shaved
carcasses were diced as finely as possible and freeze-dried to
constant weight (3-7 days). The dried carcasses were ¢x-
tracted with petroleum ether for 4-5 days in a Soxhlet
apparatus, redried under a heat lamp and vacuum for
9448 h, and weighed again to give total lean dry carcass
weight. The extracted fat was similarly dried and weighed.
Subtracting lean dry weight from dry weight gave fat
content; 1 used the weight of the extracted fat as a cross-
check. For ease of comparison and because lean dry weight
is a better indicator of metabolic rate than fresh weight, I
have expressed both water and fat content in grams per
gram of lean rry weight (Blem 1976).

Since I wished to use measurements of visible fat to

predict extractable fat for all the birds collected, 1 regressed

the fat content of extracted birds against each of their skin
and perivisceral fat ineasurements in a stepwise multiple
procedure. The best one- and three-variable equations
(those giving the highest R?) follow, where PREDFAT =
estimated extractable fat in grams per gram of lean dry
weight, SCAN'T = subcutaneous tat measured at the ante-
rior tip of the sternum, SCPOST = subcutaneous fat

mez_nspred at thelposterior tip of the sternum, and PERI =
nertvisceral fat index:

PREDFAT = 0.218(SCANT) - 0.547, R* = 0.93,
Flﬂl=99.ll,P= 0.0001 (l)
PREDFAT = 0.113(SCANT) + 0.026(SCPOST) +
0.169(PERI) - 0.363
R* = 0.96, Fg = 49.04, P = 0.0001 (2)

1 was then able to apply the three-variable model to
the larger sample of non-extracted birds. I identified dif-
ferences in mean monthly weight, water content, and fat
and tested them slatislicany using analysis of variance and




Duncan'’s multiple range test.
The following expression converted PREDFA'T into

predicted grams of fat:

_____.M_@I‘M AT meanmonthly
| + mean HoO + mean PREDFA'T weight (3)

5, Results

5.1. Diet

The diet included 11 genera of fish, seven genera of
cephalopods, and at least three genera of crustaceans
(Appendix 1). Juvenile rockfish (Sebastes spp.). northern
anchovy (Engraulis mordax), market squid (Lolige opalescens),
and the euphausiid crustacean Thysanoessa spinifera pre-
Jominated (Table 1), but in both locations diet 'a§it(l'

monthly. 3
N

n.1.1. Monterey Bay — Eighty-seven (57%) of the 154 stom-
~chs examined from Monterey Bay contained food: the rest
were either empty or lined witk a yellowish mucus. All but
one of the gizzards contained identifiable prey parts, and
neatly half of them contained small pieces of rigicl coloured
plastic (cf. Baltz and Morejohn 1976).

Fish (especially juvenile rocktish and northern an-
chovies) were the most important prey amaong Monteres
Bay samples, both by volume and by frequency of occur-
rence; by number fish ranked second (Table 1). Fishor
parts of fish occurred in as many stomachs as gizzards
(about 95% of the birds).

By volume, the proportions of rocktish and ancho-
vies were about t:qlli-.ll, but anchovies occurred in almost

M
Table }

Major prey of Sooty Shearwaters froth Monterey Bay (1978 70 and
wouthern Calitornia (1477). Pereent occarrenee combirtes data fron
stotmachs and girzurtln; ]It’rt‘t'nhigt' volume and et S HIYS mnther ate
hased on Tull stomachs only (M Bav, Monterey Has; SoCl, southetn
Calitornia: N, munber of birds)

- L™ .

% occurrence > i num
MBay SoCal MBay SoCal MBay SoCal
(N =154) (N =37) (V= 87) (N - 19 (N - 8T N - 29)

S s Aot ot et St e
Fish* 07 .4 04,0 41 N 38 ey
[ ngraudis

maredex 1.6 27.0 A a2 ) 1
Sebastes spp. 227 62 M .- =7
Merlwertn

praducties S
Ncorpaentehthyy

Mmoot N1 _ | |
Cephalopods® U4 .8 74.8 ¢ b | d
Lolign

oflesesns HN. Y 35.1 2 b A -
Onychoteuthis/

Cionatuy spy. 47 .4 39.1
Gonatus spy. 40.3 {84
Onyehotruthis

horealijaponicus 20.2 8.1
Uclopus

riibescens 10.5 2.7
Histioteuthis

heleropis W1 2.7 _
Crustaceans® 17.5 ELRY, R | 16 H3 il
Thystnoessu ' | .

spimifera 4.5 0.8 3 7 gt 15

*Unidentified and identified material,

twice ay many birds. These two taxa dominated the diet in
different months (Fig. 28): in June. rockfish accounted for
03% of the diet by volume, 36% by number, and occurred
in 20 of 23 full stomachs: anchovies first appearedn
August when they comprised 40% of the diet by volume
and 37% by number and occurred in 18 of 24 {ull stomachs.
T'he rocktish averaged 70 mm SL; average weight was b g
T'he anchovies averaged 125 mm SLand 24 g in wenght.
Cephalopods. primarily squids, were the second most
important prey by volume and occurrence (Table 1),
Although cephalopods were as commion as fish. they onhv
made up 5% of the total volume of stomachs containing
food. and atthough 94% of the gizzards contuined cephalo-
pod beaks (as many as 73 sets ol market squid beaks o
gizzard), only 36% <f the stomachs had squid remams,
Market sguid was the only cephatupod species tonmud:
nearly whole in stomachs. As determined from FeREESSIOnN
equations of lower beak dimensions against body measue-
ments, ay erage dorsal mantle length was 104 i RKashiw-
Ay and Recksiek 1979, and average weight was 20 ¢ (4 ke
1962). Beaks of the octopod Octopus ribescens.and the squieds
Orvehoteuthis borealijafoniens andd Gimatis spp. ovcurred 1ey-
ulapty in gizzards but rarely i stormachis, Measurements o}
two intact lower Genatis braks indicated that the whole
aninnls weighed 48 g and A g Clarke T4, o
Figure2 | -
vionthh changes in volameof prevan three ot categeiies (b b,
5 *Hll.IHL O crustaceanst found m stotnad s of Soot Shgarwaaters b
southern California £.4 and Monteres Bave By Nombaers abeave frgrs
represent the nimber ol tudl doma fn (101 ttud the numbev ot stepes Yv
conlamng Lhat ey CAtergioTs thaetaam i N bieedomere o Alected I'IHHi |
wigthern Cabiornam June, and onb ore bered c oreamsnng 1008 Fagrondn
mordeir wirs collected m Sungust

- ' EHGHAUH# """" b oo
L":] SEBASTES SPF - MORDAX . L—-"""’ OFALESCENS

[j THYSANQESSA r“‘“] UNIDENTIFIED
—amd  SPINIFERA ‘- ——' AND OTHER SPP

100 - | S : A

1

] 1
W - L
e
3 004
- T 9
- Cd y
4 :
S wd 9
: .‘1 r-."“h
& g TR
O . ', r*l |
-'.- d ‘._‘"*1 . - - .
S - :
-
:L—_rh % SR S

- 1 . .__] |

 SEPTEMBER

b |
L R
JULY AUGLIST

- - - -
ke b e e s B e i e e ol S, el ol -




 Euphausiids (Thysanoessa spintferd and Euphausia sp.)s

-

which occurred mainly in September (Fig. 2), were by far

the most numerous prey, but their contribution by volume

and frequency was small. |
5.1.9. Southern Caltfornia — Ot 37 gut samples, 29 stomachs
(T8%) contained food, and cight were empty: altogether 30
gizzards contained identifiable prey parts. Over halt con-
tained plastic pleces. | |

| As in Monterey Bay, fish were the most important
prea by volume and frequency of occurrence and scguml Ly
number (Table D). Fish otoiiths were more frequent i -
agizrards (80% ) than were whole fish in stomachs (45%). O
the whole fish, northern anchovies and juvenie rockfish
predominated although three birds collected in May con-
tained juvenile cabezon { Seorpaenichthys marmorafus). In con-
st to Monterey Bav, rockfish occurred more than twice as
often as anchovies (primarily in May, and in july as otoliths)
but their pereent by volume was about one-third that ol
anchovies. Tnaddition, the rockfish weve smaller than those
from Monterey Bav, averaging 31 nun 5L, Otoliths from
aventle Pactbic hake (A [erluccines productin) were comimon 11
ALy and July samples, but intactanimals were not found.

Cephalopod remains were also common, but neariy
whole market squid occurred only insix of nine hircs in
Julv. Generalts ! cephalopod rensains were less conmon
than Lish tesains. aond they were more common 1t rizzards
@09 than in tull stomachs (43%). Beak fragments from the
sqquicls Onvehoteuthis horealijaponicus and Gonatis spp. oc-
curred regularly. Measurements of a whole lower beak from
(3. horealijapontcns indicated alive weight of about 45 y
(Clarke 1902),

Fuphausiids (Tiysanoessa spinifera) occurred only in
JulviFig. 2, vet they outnumbered other prey taxa imoge
that two to one. Their overall contribution to the dictby
Cvolume was comparable to that of market squic (Table 1).

5.2 Moult

Al birds collected in Monterey Bay from May
through July wore a mixture of old, new, and Crowing
feathers. but by August, one-fourth of the birds had entirely
new plumage: by September, over half the collected spect-
mens had completed their moult.'The number of wing and
tail teathers in moult was grestest in fuly (Fig. 3). Wing

moult l)l‘”gl‘t‘ﬁﬂt‘{l outward from the mnermost prim;u*y' arid

~in both directions from the region of the fowrth to sixth
secondary: it progressed fastey and was completed earlier
than body moult. Ogi et al. (19813 ol werved similar patterns

among Sooty Shearwaters enllected in the northwestern
Tacitic. | o

5.3, Body weight, fat, and water content

Except for a 12% decrease in july, mean body weight
(weight at collection minus gut contents) increased from
May through September (Fig. 4); visible fat also increased.
Skin fat thickened from less than 3 mm to 10 mm: it was
usually several millimetres thicker @t the furcula than over
the abdomen ind thinnest on the back. Early in the season,
perivisceral fat was found only in the mesenteries, but by
September it had surrounded the viscera (Fig. 5) . The
correlation among all the visible fat measurements was high
(Pearson r>0.80, P = 0.000] for each paired comparison).

~ Fat — extracted and predicted from equation 2,
section 4.2 — also increased from May through Septefber

67

(Fig. 4). The lightest extracted specimen, collected in May,

months (Table 2). Ditterences between extracted and pre-

had only 56.8 g of fat, equivalent to 8% of its body weight
(corrected for plumage removal). In comparison, the heavi-
est specimen, collected in September, had 5429 gor 41% of
its body weight in fat, Using a two-way analysis of vartance
(unbalanced design, Helwig and Council 1979, pp. 242~
063) on the data in Fig, 4, | compared the mean values of
extracted and predicted fat tor each month and also among

dicted fat content for each month were not significant, but
there were significant differences among months. Duncan’s
multiple range test (df = 147, alpha = 0.05) revealed no
significant differences trom May through july, but signih-

cantly higher fat content in August and again in September; .
mean August and September values differed significantly g

(rom those of May, June, and July and also from each other,
11 contrast, there were no statistically sigsificant changes i
lean dry weight or water content (Fig. 4).

6. Discussion
6.1. Feeding habits and diet

Most Sooty Shearwater prey in this study either torm
large surface schools as adults (market squid, anchovies, and
euphausiids) or have pelagic schooling juveniles (rockfish,
hake, other squids, and Octopus rubescens): their distributions
off Califoruia (Frey 1971, Young 1972, Roper and Young
1975, Anderson 1978) are closely tied to the seasonal
distribution of Sooty Shearwaters (Chu and Briggs, unpubl.
data). For example, the seasonal abundance of larval rock-
fish and hake in southern California (Ahistrom et al. 1978,
Parrish et al. 1981) matches the appearance of juveniles in
the diet: the larvae are most abundant in January through
March, and juveniles occur in shearwater stomachs April
through July. Squids and euphausiids seem to be taken
whenever they are available. It is unclear whether deep-
water forms whose remains were occasionally present in
gizzards, (e.g. Histioteuthis heteropsis and Vamnyroteuthis in-
fernalis) were actively preyed on or scavenged from the
surface, These species may have been the prey ol some
other animal(s) subsequently eaten by the Eirds. Moreover,
there are more cephalopod beaks in gizzards than cephalo-
pod bodies in stomachs, suggesting that beaks persist longer
In gizzards and are thus disproportionately represented in
seabird diet studies. .

The variety of prey found in this study and in the
northwestern Pacific (Ogi, this volume), the northeastern
Atlantic (Brown et al. 1981), and in Monterey Bay during
other years (Baltz and Morejohn 1977, Morejohn et al. 1978)
suggests that Sooty Shearwaters teed on any appropriately
sized prey concentrated near the surface; in the North
Pacific Ocean, fish predominate.
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Table 2

Two-way analyss of variance on monthly means of fat content measured
by extraction (total N = 12) and fat predicted from equation 2, section 4.2

(see Fig. 4)
Source of variation '-
in predicted fat df  S§§ MS F P
Among months 5 41.5 8.4 50.9  0.0001
Predicted us. extracterd 1 0.01 0.01 0.} 038
Ervor 141 23.3 0.2
Toal 147 65.3
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/% 62, Fatand energy gain

Sooty Shearwaters are lean and in moult when they

# Lrrive off California in May; they complete their moult
8 L ween May and August and fatten before departing

southward in late summer. During this study, heavy moult
in July coincided with  12% loss of body weight and stored

fat (Figs. 3 and 4), suggesting that moult substantially atfects

% energy balance.

The birds fatten rapidly once moult is complete. As

‘% in migratory passerines and waterfowl, water content and

f-_‘+:‘:~ noti-fat
E ereases (Odum et al. 1964, Raveling 1979). Minimum fat

body components remain constant while fat in-

content (0,03 g/g lean dry weight, or 67 g; see Fig. 4 and
equation 3) is similar to the minimum fat content reported

" for nearly grown, 800 g Herring Gull chicks (Larus argenta-

* ps) and of migratory passerines (Odum et al. 1964, Dunn

* and Brisbin 1980). This amount probably represents

% structural tissue that is not extractable with petroleum ether
% and may not be usable as fuel (Odum ef al. 1964). Maximuin
* Sooty Shearwater fat levels lie within the range observed by
 Ocum ¢ al. (1965) for “very fat fall migrant [passertne]

'
r'.
b L]
r
T

| species” (2.0-3.5 g/g lean dry weight).

M

Figure 8

. progress of mottlt among Sooty Shearwaters collected in Monterey Bav.
" Upper plot shows the mean percent of wing and body moult completed
- per bird for each month; lower plot shows the mean percent of growing
- wing and tail feathers per bird for each motith. Vertical lines are 45
" confidence intervals; numbers are sample sizes
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Several interacting factors could be responsible for
pre-migratory fattening. It may occur simply because the
energy budget becomes positive after moult or because of &
change in some cellular fat setpoint (W. Bennetl, pers.
comm.). Studies on caged passerines have shown that rapid

re-migratory fattening resuits from hvperphagia induced
sy changing day-length acting on the hypothalamus (Odum
1960, Farner ¢f al. 1968). Among Shooty Shearwaters.:
increasing numbers of feeding tlocks observed at sti or an
increase in the proportion of full stomachs in Augost-—
September might signal increased feeding rates, butsuch
changes did not occur during this stucly. Although hyper-.
phagia may exist, increased prey abundance or aviitlabiny
could also cause fattening. Another possibility is that the
available prey could be higher in calories. |

The caloric content of Souty Shearwater prev ott

California varies ( Lable 3); therefore the amount of single
prey type that would meet energy needs at various SLges
the annual cvcle would also vary. Unfortunately, a shear-
water's dailv energy use s unknown. Energy reyuiTements
can, however, be estimated from the following equanon fon

Figure 4 ' | - '

Changes in bods weight, lean dis weight, wate . anid fat content among
Sty Shenrwaaters from Momterey iy (eans = sbl. ntmbers are samplhe
azes. Asterisks indicate mean weights and Lat ey eds that delter sipruf i ity
from the rest dor further explamation, see text? - SR
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o the daily energy expenditure (DEE) of a free-livipg non-
passerine: .
log DEE = log 317.7 + 0.7052 log W,

- where DEE is in kcal/day and W is body weight in kilograms

“(J.R. King 1974:39). From May through July, an average

“Sooty Shearwater weighs about 800 g and would theretore
require 271 kcal/day to maintain its body weight (¢f. Kras-
now 1978). With more fat in August and September, |
however, mean weight exceeds 1000 g. In Monterey Bay fat
increases-averaged 142 g per bird in August and an addi-
tional 115 g in September. Sitice the catoric value ot one
gram of stored fat is approximately 9.0 kcal (Odum et al.
[963), Augrust and September fat gains corresponded to
1278 keal and 1035 keal, respectively. Assuming an 81%
assiinilation etticiency for fish and 80% for squid and
cuphausiids (Krasnow 1978}, the number of keal needed
per day would be |

kcal per dav =
keal of fat increase pet month
- assimulanon efficiency

x 30 days/month

Figure §

Heavy skin and per viscetal fat
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- caloric requirements would equal

Sooty Shearwaters must have consumed at least 324 kcal per
day from July to August and 367 kcal per day from August
to September to put on the additional fat. The number of
“meals,” or full stomachs, per day that would meet these

keal required / (kcal/meal) X assimilation efficiency
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Changes in diet coincided with these changes in far.
In May—]July. the diet consisted of 92% rockfish and 8%
market squid, but in August-September when fat was
increasing, oily anchovies made up 89% of the diet. Perhaps
the late-summer abundance of anchovies in Monterey Bay
facilitates pre-migratory fattening in Sooty Shearwaters
there. Birds eating an average of 2.7 rockfish meals per day
in May—July (Table 3) would be able to store fat in

August—September on shout the same number of meals per
day of anchovies. Reduced anchovy availability might re-

quire a shift to lower-calotie prey such.as squid or eu-
phausiids. If these species were not available, or if the
energetic cost of feeding longer or more often were dis-
proportionately high, fat deposition could decrease sub-
stantially. Sooty Shearwaters are believed to feed little or not
at all during the long return migration to the southern
hemisphere (W.B, King, 1974; Imber, pers. comm.). If true,
the amount and efticiency of fat deposition off California
could determine migratory success,
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Table 3 ' '

Caloric value and estimated "meal” size for prey captured by Sooty Shearwaters in Monterey Bay and southern California
: | | No. of meals per day
| Wet - Wet wt, Meal,t kcal/ Ma
| f - y=July August tember

E’,ﬂr o LT __ kealig® g mesl 271 kcal 324 keal 3557 keal

" Engraults mordax 25* 1.54 100 1 54 Q ¢ 96
Sedcstes Spp. ~ 5* 1.35 00 122 2'§ gg g?
L.oligo opalescens 203 1.23 80 98 1.5 4.9 4.7

~ Thysancessa spinifere ' 0.154 0.98 33 32 lﬂb 12'5 1412
w
- *Wiens and Scott (1Y75), Brown et al. (1981). |

+This study: mean number of prey per full stomach times wet weight.
1 This study.
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Appendix | |

CPres txa identbied from beaks, atoliths, ot eye lenses in Sootly
Shearwaters cotlected off California

% occurrence Number

Location and prey taxa N

A. Monterey Bay (V = 154) |

Fish* | 7.4 4485
(lupwa harengies 0.6 2
F ngrraedin mordax 4].6 2606
Ol sp. (1.6 l
Setwrbes spp. 0.7 1007

Cephalopods? (4.8 1582
Cronatus Spy. 46,3 125
Hutiotenthis heterafys 4.} 21
{.oligo ofuideserits 8.8 042
(hisefpteuthi havealyaponicus 9.2 117
(h !rr‘tru.\ r'tfhf'u'r‘rh | 195 85
Viamnratentfus infernale 13 2

Palvohactes 4.5

Plastie preces 48.7 381

Othert

B. Southern California (VN = 37)

Fish* | 44,6 §275
¢ atheartehthiys sp. 8.1 13
I ngrsaudns mordax 27.0 7
Merluceins productu ) 5.4 649
Otophudivan senfpu 2.7 l
Nehestes spp. (2.2 H&4
Teardetordhranin e vemdinrn 5. 134
Inphotorus mexrcdns h.4 2

Cephalopods 78.4 | -§0)
Conmrtias Spp 18.4 12
F (mh*uf)u.n heterofii Q7 p4
f-r:rlrgrl u)‘mﬁiu A 3o.1 h
(nve odenthes boervalijagemie s - B R
Onvehotathic Cromatus spp. 3h 46
Octopres rubescens K s

Polvchaeres 2.7 -

PlListic peces dl.4 {21

(thert 5.4
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