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ABSTRACT
Stomach contents of adult find juvenile Pacific sardines (Sardinopll caerlllea),

ranging in size from 31 t.o 285 mm. standard length, were investigated. Crus­
taceans were found to be the major food item, contributing 89 percent of the
organic matter in the stomachs, Size of fish, within the range investigated,
had little effect on the food c.ontained in t.he stomachs, except for a jl,maUer
amount. of phytoplankton in thl' juvenile fish.

A very high correlation was found between stomach content,s of fish taken
from a single school. The stomach contents also showed high correlation with
plankton samples taken at the same t,ime and place.

It was concluded that sardines are omnivorous, are filter feeders as well as
particulate feeders, and, at least at t,imes, are selective feeder,:;,
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FOOD OF THE PACIFIC SARDINE (Sardinops caerulea)
By CADET H. HAND and LEO BERNER, JR.

UNIVERSITY OF CALIFORNIA

Studies of t.he food of the adult Pacific sardine,
Sa.l'dinops can'ule-a (Girard), have been limit.ed
in scope. Lewis (1929) st.udied the st.omach
contents of 207 sardines collected in the San
Diego area and found a good relation bet.ween
surface plankton and the stomach cont.ent.s of
these fish. He concluded that. phytoplankton
was a very important part. of the food, although
crustaceans and other zooplankt.ers played a
major role in t.he diet: of the sardine.

Parr (1930), in It review of Lewis' data, found
t.hat zooplankton in the st.omachs showed much
less variation in numbers than did t.he phytoplank­
ton. Using these results he suggested that. zoo­
planktel'S might be the object, of special pursuit.
and the phytoplankton was ingested incidentally.

Hart. and Wailes (1931) found a high propor­
t,ion of diatoms in the stomnchs of Canadian
sardines collected. in 1929, a year of very low oil
production per ton of fish. The authors suggest
that "red feed" (crustaceans) . which makes re­
duction of the fish more difficult, may in the end.
actually lead to higher oil product,ion.

Radovich (l952a) examined the stomachs of
42 fish from central Baja California a.nd southern
Caiifornia. He found that Ute bulk of the food
material consisted of crusta.ceans, with the cope­
pods dominating. He concluded that sardines
are both filt.er amI particulate feeders.

In 1949, the present study of the food of the
adult Pacific sardine was begun as part of the
Marine Life Research Program. This program is
Scripps Inst.it.ut.ion's component. of t.he California
Cooperat.ive Oceanic Fisheries Investigations, a
broad study sponsored by the California .Marine
Research Committee and carried out cooperatively

Not.e.-The senior author was fomlerly R.s.'arch Biologist. Un;"ersit)' "I
Callfomia. Scripps Institntion 01 Ocennography; present sdd,'ess: U"inr·
slly 01 Califo"nia, Berkde)', California. The junior author was lormerl,'
Fishery Research Biologist, U,S. Fish and Wildlife Sen'ice. South Pl\cifl~
Fish.,'y In ""BUgstions; prosent address: Unh'e"ity of Cslilomill, Scripps
Institution 01 Oce,mograph)', La Jolla, Califomia.

Appro,'pd fOr puhllcation, March 5. 1959 Fishe,')' Bulleti" ]fi4.

by Scripps Inst.itution of Oceanography of the
University of California, the Bureau of Marine
Fisheries ·of the California Department of Fish
and Game, the South Pacific Fishery Investiga­
tions of the United States Fish and Wildlife
Service, the Hopkins Marine Station of Stanford
University, and the California Academy of
Sciences.

The aut.hors are indebted t.o John Radovich,
California Department of Fish and Game, and to
Drs. M. W. Johnson and E. W. Fager of Scripps
Instit.ution for t.heir crit.ical reading of t,he manu­
script and many helpful suggestions.

METHODS

The fish from which the st.omac.h samples were
obtained were collected along the coast of central
Baja California and southern California by the
California Department of Fish and Game (see
figs. 1 t.o 3 and t.able 3). Various methods of
eollection were used: gill net., beadl seine, dip
net, and dynamite. The majority of the speci­
mens were collect.ed at. night by the latt.er met.hod.
The digestive t.racts were removed immediat.ely
and preserved in formalin for transport. to the
laboratory. The earlier eolleetions included di­
gest.ive t.ract.s alone; later samples were accom­
panied by plankton samples t.aken as nearly as
possible at. the same time and place as the fish.
The plankton was collect.ed by a net. 0.5 met.er in
diameter, with a mesh opening of approximat.ely
0.6 mm., hauled vert.ically in a standard manner.
On five oecasions, plankt,on samples were collect.ed
from various depth layers. A more complet.e
description of t.he methods and of the various
~:lat.a taken is given by Radovich (l952b).

In t.he laboratory, the contents of the oesoph­
agus and stoma-ch, including t.he caecum, were
removed and st.udied. Originally, t.he stoma-chs
were analyzed separat.ely; all it.ems in each
stomach were count.ed, or if t.he amount. of mat.erial
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0 0
CRUISE

CRUISE
.. 49Y4 650Y5
o 49Y5 o50Y6
a50YI a50Y7

+50Y2

FInURE I.-Location of stat.iolls occupied on cruises 49Y4,
49Y5, 50Yl, and 50Y2. Arrows indicate closely spaced
stations.

FIGURE 2.-Locatioll of stations occupied 011 cruises 50Y5.
50Y6, and 50Yi. Arrows indicate clost'ly spact'd
stations.

was t.oo great, an oJiquot. of the cont.ent.s was
counted. Aft,er it. had been established (as dis­
cussed in t.he next. paragraph) t.hat there was no
significant variation in stomach contents between
fish from the same sample (school), the st.omach
contents from the individual fish in each sample
were combined before counting. A total of 585
stomachs was examined. Most stomachs (571)
were from adult fish with standard lengths in the
range 110 t.o 235 mm. The following discussion
is based largely on, these fish. The stomach
content,s of 14 small fish, 31 to 85 mm. st.andard
length, were not markedly different from the
adults, except for an almost complete absence
of phytoplankton (appendix table 3).

In the analysis of the data. on food content" it
was first. pert.inent to establish whether or not
individuals from the same school had been feeding
on the same organisms. If this were found t.o be
true, then it would not be neeessary to consider
each fish individually. Analysis would be facil­
itated by combining the st.omac.h contents of fish
from t.he same sehool. The gross appearance,
texture, and color, of stomach contents of fish

from single schools were similar and suggested
t.hat the fish had been feeding on the same dr­
ganisms. The stomach contents of fish from
se:ven samples (schools) were compared in detail.
Six of t,he samples contained 10 fish, while the
seventh contained 9. Data from a typical sample
of 10 fi!jh, 49Y5-2, are given in appendix table 1.
Kendall's eoeffi.eient. of eoncordance (Siegel 1956,
pp. 229-239) was used to test for agreement
among the 10 fish in regard to the relative abun­
dances of the different organisms found in the
stomachs. This method of analysis, using ranks,
is distribution free. The chi-square value ob­
tained (.z:2=92.6 with 12 degrees of freedom)
indicates that the probability of the agreement

. observed between the stomach contents of 10
fish oceurring by ehanee alone is less than 0.001.
Comparison of stomach contents wit.hin eaeh of
the other six samples indieates a similar probability
for the agreement to have oecurred by chance.
On the basis of these data it was decided t,hat
stomach samples tltken from single schools eould
be combined and t.reated as a unit..



FOOD OF PACIFIC SARDINES 177

TABLE l.-Frequenc.y of occurrence of various types of
organism s found in the stomachs of 27;'J sardin.es

Percentage
occurrence

In stomachs

CRUISE

651Y7

o 52Y7

c 52Y8

CONCEPTION

Organism

Small copepods•• _. • •. ..• . _
Larvaceans.• •_. _. _. _
Fish eggs_ ••• •.• _-.. . ._
Dlatoms • •••.. __ . •_. . _._
Chaetognaths . _. . __
Dlnollagellates . __ .• _. .• •_. . _._
Large copepods...... ... . • _
Cladocerans .. . .. _
Cyphonautes larvae ._ ... • __
Euphausiid furcl1la and calyptopls larvae. . ._. ._._
Gastropods (adults and larvae)._ •• .._._._._. _
Lamelllbranch larvae•• . • .... . . _
Copepod naupllL .... _.. ._. __
Radiolarians and sillcollagellates. .. . .. _
Euphauslid nauplli. ._ .. . __
Annelid larvae .. __ . . __

t~~:~~· ~~~I~=::==== ==:=:=======:===:=::==::::::::::::::=:IArnphipods•. •.. ... ... .. . __
Barnacle nauplil.... . .•• ._. .... _
Fish larvae•.•• ._. . _
Barnacle cyprlds.. __ . . _.. _.... _
Siphonophores. ---... __ - -_. _
Salps - __ . - - - _
Myslds . .. _
Copepod eggs .. ... .. --------- -- - -- ------- ------Shrimp larvae. __ • . _
Brachiopod larvae... . _-- - - - - -.
Ostracods. . _. .. . -_- ._
Foramlnlferans _
Dollollds .. _. _.. ..... __ • _
Cumaceans•• . . _
IIIODOdR. • _

100
93
79
75
73
71
70
65
64
50
49
48
47
46
40
36
32
29
24
19
18
Ii
16
15
15
13
10
8
4
4
3
2
I
1

·Iudicates those values in which tau values were correctcd for ties.
I Significance level.
I From various depths: In general, from sea bottom to the surface.

TABLE 2.-Comparison of contents of sardine stomachs and
plankton hauls taken at the same time and placc.

[BMic data In appendix table 2]

49Y5-2. _______ • __________ .. ____ 16 ('l +0.508 (p=O.OO3)
5OYI-16. ___ ._.. ___________ • ____ 13 ('l +0.718 (p=0.OOO9l
51 Y7-2________ ..... _______ • ____ 18 ('l +0.302 (p=O.038)·
iiI Y7-12. __ . ___ .. __________ • ____ 20 l'l +0.595 (p=O.OOOI)

{ 0-22 +0.55 (p-0.002)
5OY2-4____________________ . - --- 15 22-49 +0.33 (p=0.041)

49-77 +0.32 lP=0.046)

{ 0-31 +0.552 (P=O.ool)
5OY2-6. _____ • _____________ - ---- 17 31-68 +0.544 (P=O.OOI)

68-137 +0.353 (p=0.023l
5OY5-5______ • _____________ -- --- 16 { 0-62 +0.500 (p=O.OO3l

67-137 +0.416 (p=0.012)

{ 0-28 +0.506 (p=O.OO6)
5OY5-9________________________ • 14 28-47 +0.363 (p=O.034)

47-140 +0.157 (p=0.215)·
5OY5-13. __ • _________ .... _______ 11 { 0-62 +0.745 (p=O.Ooo71

62-140 +0.411 (p=0.039)·

making comparisons. In every case, correlntion
wa.s very good between plankton hauls in the
upper layers of water and in the stomach contents.
At five stat,ions it was possible to compare stomach
contents with plankton collect.ed at various dept.hs.
As might have been expected; correlation was
best between fish collected nE:'ilr the surface and
plankton collected in the upper layers. The re­
sults of these analyses a·re summarized in table 2.

Numbcr Depth of Rank correlation
of items haul coelllclent I

compared (meters)
Sample number

FIGURE 3.-Location of stations occupied on cruises 51 Y7,
52Y7, anel 52Y8. Arrows indicate closely spaced
stat,ions.

FOOD OF THE SARDINE

In all, 34 different groups of organisms were
identified in the stomach contents. Owing to
the semidigest,ed condition of the material and
the time involved, it was not considered practical
to carry out specific identification.

The types of organisms and their percentage
occurrence in the sa.rdine stomachs n.re listed in
table 1.

There is, in general, good agreement between
the oecurrenee of items found in the sn.rdine
stomaehs n.nd in the plankton. Some marked
differences may have resulted from the soft,er­
bodied organisms, such as plutei, annelid In.rvne,
doliolids, and medusae, being quickly digested in
the stomaehs and losing their identity, and some
fn.st-moving animals, such as euphausiids, eluding
the net. In addition, small items, such as copepod
eggs and nauplii, were not properly retained b:,'
the coarse-meshed net.
. Since the numbers of organisms found in the

stomachs n.nd in the plankton hauls were of differ­
ent orders of magnitude, rdnk correlation (Ken­
dn.ll's tau; Siegel 19.56, pp. 213-223), was lIsed in
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TABLE 3.-List of stations with dates, times, and locations of
sampling

Station Date Time Location

49Y&-2_______ 21-XII-49 0145 I mile 011 cootel' oC Catalina Island.
5OYI-16______ 16-1-50 2225 6 milps south oC Point Loma.
5OY2-4_______ 28-II-liO 0830 9.2 mllps 323" T. Crom Point Vin-

cente L1l'ht.
50Y2-6__ . ____ I-III-50 0840 5.9 miles 038" T. from W. Point

Santa Cruz Island.5OY&-5_______ 9-V-50 2140 3.5 mUps off Ocean Beach.
5OY5-9•. _. ___ ll-V-50 0030 60 Mile Bank.
5OY&-13______ 12-V-50 0245 32°03' x 119°48'.
5IY7-2_______ 8-VIII-51 0025 2.5 miles southeast oC N pwport.
5IY.-12______ ll-VIII-51 2115 I mile northeast oC Point Dume.

unusual observations of st,omach contents were
noted. In one, the stomachs were filled almost
entirely with euphausiids; in the other, fish larvae
comprised the sole food item.

The total organic content (food value) of the
more common it,ems found in the stomachs is
probably a better measure of their relative im­
porta.nce than either frequency or abundance
alone. The organic matter contained in the
following food was det,ermined by ashing:

100
lOll
10

100
10

Number of
sppcimens

ashed

0.04
0.0.
0.9
O. I
0.1

Average
organic
matter!

sppcimen
lmg.)

0.9
1.8

10.0
0.9

13.0

Size
(mm.)

A\"eragp Total Total
numbpr organic organic
In 571 matter matt.pr

stomachs (mg.) (percent)

I. 14X10' 1.7; 4.9
33. 000 0.7 1.9

666 26.64 74.2
20 "3.4 9.5
2 1.& 5.0
9 0.9 2.5. 0.7 I 1.9

Organism

Small copepo<!s •. _
Largp copepods . _
Kuphausllds . _
Ancho\'y eggs __ . . '00 •

Chaetognaths.,. •... _

Organi.m

----_··_---·--1·----11----1--------

"A\"eragp 01 yalups drtcrmlnpd in this study and hy Marshall, Nicholls.
and Orr Ci934).

Dlatoms .. . _. __
Dinofllll!ellatps__ , . ..
Small copepods ... _
Large copepods . _
Euphauslld. .. . _
Chaetognaths.,' _. • .. __
Fish eggs . . ..

From the literature, the following values were
obtained for phytoplankt.on orgnnisms: Dino­
flagellates (Pl'ol'ocentl'wn micans) , 2 Y 108 cells
per gram of dry mat.erial (Fox and Coe, 1943);
small diat.oms 6.75 X 108 cells per gram of organic
maUer (Fox and COl', 1943); Calanusfinmal'chicus,
0.27 mg. per individual (Marshall, Nicholls, and
Orr, 1934). Using these figures, we may esti­
mate the nutritive role of the more prominent.
element.s of t,he sardines' diet. The following
results are ba.sed on average st,omach content.s of
571 fish:

The indusion of the ot,her food it.ems found in
the stomachs would not appreciably change t.hese
percentages. In t.he 571 st.omnch contents exam­
ined, smnll copepods, on the average, supplied
about 74 percent. of the total organic matter, nnd
an crust,aceans supplied nearly, 89 pere-ent. Since
smnll copepods are so important. in t.he diet of the
sardine, a reduct.ion in their numbers or 8.va.il­
ability might. ndversely affect, t.he sardine.

This dose correlation between stomach cont,ents
Rnd plankton would be expected if the sa.rdine is
an omnivorous, filter-feeding fish. As stated
previously, Lewis (1929) found good correlation
bet.ween the sardine stomach contents he ex­
Rmined anfl plankt,on samples taken in t.he same
a.rea.

Our data do not allow any predse statement
as to the degree of selection of spedfic food par­
ticles as opposed to the filter-feeding activities of
sardines. Some stomach contents, not induded in
this study, indicate that sardines use bot.h methods
of feeding in nature and observations in aquariums
support this view. Davies (1956) found that,
Sout.h African pilchards (Sal'dinops ncellata) could
live as long n.s 6 months 8S particulate feeders in
aquariums from which ltll plankt.on had been
removed. He later conduded (1957) that the
pilchard is mainly a filter feeder on plankton, but,
at times mRy be a' particulate feeder. Groody
(1952) observed the feeding of sardines of 200
mm. standard length in aquariums. The fish
f~d almost entirely by filtering. They merely
oriented toward a doud of brine shrimp, in­
creased their, swimming speed and, while the
cloud was dense, did not, select but, plunged
t.hrough it with their mout,hs open, filtering many
shrimp from the water by the a.ction of their gill
rakei·s. Only when t.he shrimp became extremely
scattered did the sardines feed on individual
shrimp. During this particulate feedi.ng, no
selection of shrimp according to size was observed.
Sardines accepted dead brine shrimp. This re­
sult, combineu with others, led Groody to con­
clude that the fish found their food by reacting
to odor.

Adult sardines feed selectively in nature.
Sa.mples have been examined in which the
stomachs contained almost exclusively a single
food it,em. In this investiga-t,ion two part,icularly
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The studies of Hart, and Wailes (1931) indi­
cated that the sardine in Canadian waters con­
sumed a much higher proportion of phytoplank­
ton. These observations were supported by the
study of 68 st,omach sa.mpl~sJ collected in the fall
of 1940, and supplied the authors by Dr. J. L.
Hart, then director of the Pacific Biological Sta­
tion, Nanaimo, B.C. (Unfortunately, the sizes
of these fish were not recorded.) All .of the
stomachs showed a much greater phytoplankton
content than any examined from the Baja or
southern California area.: 23 fish contained over 90
percent phytoplankton, chiefly diatoms, by vol­
ume; 36 fish more tha,n 7.5 percent; 19 fish from
50 to 75 percent, and 13 fish had less than 25
percent phytoplankton. If we accept Pa.rr's
hypothesis t,hat phytoplankton is ingested inci­
dentally during fiher feeding, the increase in
diatoms in the stomachs would be expected if the
numbers of diatoms increase to the north.
Davies (I957) indicates an apparent preference for
phyt,oplankt.on as food by the South African
pilchard and suggests that the reason for congrega­
tion of schools in St. Helena Bay may be the
heavy concent,rations of phytoplankton in the
area. He finds that phytoplankton,is eaten in
large quantities whenever it is available, but
zooplankton is eaten mainly when phytoplankton
is scarce. If this is true, Parr's hypot.hesis cannot
be applied to the pilchard in that area.

Brodski and .Tankovskaya (935) in an inves­
tigation of the far eastern sardine, Sardi'ltop.~

mela.no8t-icta., reached much the .same conclusions
as Parr (1930). The.y concluded that the. presence
of diatoms in t.he sardine stomaehs appears to be
incidental to t.he ingestion of copepods. Further,
that zooplankton (mainly copepods) is the prinei­
pal food of the sardine and that phytoplankton il'\ .
a so-coIled forced diet in the absence of zoo­
plankton concentmt,ions.

In our material, a comparison of organisms
ingested by sa.rdines during night and day feeding
has little meaning becnuse of t,he small number of
samples collected during the day. On the basis
of our limited dat.a, there does not appear to be
any marked difference in food organisms taken in
t,heir night and day feeding.

We found very few sardine eggs in the sardine
stomachs. During cruise 52Y8, five samples con­
taining 54 sardines in spawning condition were

collected from waters that contained sardine eggs.
These fish had empty or nearly empty stomachs.
In other instances where samples contained fish
that were ready, or nearly ready, to spawn
but, where spawning had not yet occiuTed, nearly
normal amounts of food were found in the stom­
achs. From these data it appears that sardines
in the aet. of spawning or in the presence of
spawning fish stop feeding. In contrast, Davies
(957) reports that the majorit,y of fish eggs in the
stomachs of South African pi.Ichard were pilchard
eggs.

SUMMARY

The stomach contents of sardines mnging in
size from 31 to 285 mm. standard lengt,h were
examined. Crustaceans were found to be the
major food, and within that group small copepods
were the most important item. In 571 fish ex­
amined, the ('rustaceans, on the average, contrib-·
uted 89 p~~rcent of t,he organic matter in the
stomachs; the small copepods contributed 74 per­
cent of the total.

Owing to the lack of data on day-feeding fish,
only general comparisons could be made between
day and night feeding. There does not appear to
be any marked difference between the two groups.

Wit,h t,he exeeption of the smaller amount of
phytoplankton in the 31- to 85-mm. fish, the .size
of fish, within the range investigated, had httle
effect on the food contained in t,he stomachs.

Correlation between the stomach contents of
fish t,a.ken from a single school was very high.
The stomach contents also showed a high correla­
tion wit,h plankton samples taken at, the same
place and time. When planktOl~ was col~ected

from various depths, the correlatIOn was hIghest
in samples collect.ed in the upper layers. These
correlations give c.redence to the often-made st~te­

ment t,hat sardines are ominvorous, filter-feedmg
organisms. They do not, however, rule out par­
ticulate feeding by the fish.
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APPENDIX

ApPENDIX TABLE I.-Stomach contents of 10 female sardines taken from one school, by length and age

[Sample No. 49Y5-2)

Number of organisms In stomach of fish measurlng-

Organism

Number
found In

I
plankton

235mm. 224mm. 217mm. 224mm. 228mm. 217mm. 217mm. 222mm. 225mm. 223mm. tow
(4 yr.) (3 yr.) (4yr.) (3yr.) (3 yr.) (4 yr.) (3 yr.) (4 yr.) (3 yr.) (3 yr.)

---_._------------_._-- -------------------------------------
Largecopepods.________________________ 30 50 4 2 15 10 40
Smallcopepods. 2.180 1,61516,020 1.005 648 1,510' 1,490 596 740 510 2,250
Euphausiids .________________________ 40 15 80 10 30 '25 10 15 _
Euphauslld calyptopls Iarvae.___________ 20 30 160 15 8 25 4 10 5 40
Euphauslld furcllla Ian·Be________________ 10 40 4 10 20 2 5 20 _
Euphauslldnauplii.. .______ 4 . .___ 30
Euphauslldeggs.________________________ 240 155 220 105 2 220 130 22 90 195 90Cladoeera ._________ 5 _
Cyphonautes . ._________ 2 20
Larvaeeans ._______________________ 380 145 460 145 138 350 220 148 195 380 1,810
Chaetognaths . . . 2 _.________ 10 2 20 20
Flsheggs .__ 3 15 12 15 10 30

Z~:~~~~~\~~~!~_a~~I_~~~~~~:::::::::: :::::::::: :::::::::: :::::::::: :::::::::: ~ ~~ ~ ._~ ~ ~_ f::

ApPENDIX TABLE 2.-Comparison of items in stomach con.tents of sardine samples and in plankton samples taken at same
place and time, by samples

[Absolute numbers of organisms not compated, but used only to establish rank]

Number of organisms in-
---------.------- .,----.----0---------------

Organism Sample No. 49Y5-2 Sample No. 5OYI-16 Sample No. 51Y7-2 Samplc No. 51"\"7-12

Stomach Plankton Stomach Plankton Stomach Plaukton Stomach Plankton
contents sample contents sample contents sample contents sample

---------------------1---------- -------------------.-- -----

5 10 4 40
+ -- - _. - -- ---- + 10
18 110 2 50

120 - -- _. - - -. --- .. -
+ 10 8 100
5 30 22 140
9 30 4 90
+ 20 ._-------_.- +

388 1.560 180 2,040
10 30 6 140

+ ------------
542 5.270
248 100

+
180

40
30

14
12
12
4

60
30
30
10

Largecopepods ._______ 11 40 13 90 + 120

~~~~~~~~~il::: :::::::~:::::::::::::: ::: :::: ::::::::: ~:~3~ ~'_~~_ ~~ ('~' 170 ~~~ ~:~~_
Euphausllds .. 23 . _
Euphauslldcalyptciplslan·ae.___________________________ 28 40 _
Euphauslld (urcllia larvae .________ _______ ___ __ 11 _
Euphauslld nauplli.. ______ __________ ____ ___________ ___ __ + 30 ____________ _ . _
Euphaull.lldeggs... 140 90 __
C1adocerans_____________________________________________ 1 9 140

~~~~~:~~~piiC:::::::::::::::::::::::::::::::::::::: ~ ?AJ_ ~ ~
Zoealarvae ._______ 2 10
Larvaceans .. 260 1,810 44 120
Chaetognaths___________________________________________ 3 20 6 60
Amphlpods._____ _ ___ _____ ___ ___ ___ ______ _ _
Fish eggs________________________________________________ 6 30 6 30 9
Gastropods _ ____ ______ ___ __ ___ __ ____ 3 50 _
Lamelllhranch larvRe____________________________________ I __
Annelid larvRe__________________________________________ 10 3 60 8

:-<umher of fish in sample __
Average length of fish. _

10
223mm.

10
192 mm.

10
198 mm.

10
208mm.

+ Present, hut average number less than 1.
• ~ot sampled hy plankton npt hecRuse of small size.
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ApPENDIX TABLE 2.-Comparison of items in stomach contents of sardine samples and in plankton samples taken at same
place and t,:me, by samples-Continued

Number of organisms in-
-----------_._-----;----------------

Sample No. 5OY5-9 Sample No. 5OY5-13
-----,.---_·------1------,----------Orllanism

Stomach
contents

Plankton (closlng·net) sample
from-

------.-----,-----
Stomach
contents

Plankton (closing·net)
sample from-

0-28 m. 28-47 m. 47-140 m. 0-62 m. 62-140 m.
------_._--------------- --------------------------------

jf{~~~i~~!~~~11~:ILE?_~.~_~.:_~~.~_~~~~~~~~_~_:_~_:_~_~~~~~~_~~_~~_:_~_:_~~~~-------l---- --~~~~- ::::::::~:: ::::::::~~f: ::::::~::~~: --------~~- ----------:
~~~~~~~~~~ ~~:~~:fi~~~~n~:::::::::::::::::::: :::::::::::::::::: :::::: ~~_ __ ~__ :::::::::::-- --- ---iii- 2 g ~
Euphauslideggs .______ 3 30 10 5 __
Cladocerans. . _
Cypbonautes .. .. __
Barnacle naupli!. • ..... _
Zoea lar\"ae•••• . . .. .
Larvaceans•••• .. 28 2.470 95 20 9 205 45
Chaetognaths .. 7 100 10 20 3 20 30
Amphlpods__________________________________________________________ + + + ._______ 5 +
Fisbeggs. .. . ... + + 26 40 __

~':~f8g~~,icii'iar\;ae_-~::::::::::::::: ::::::::::::::::::::::::::: :::: :::::::: :::: ::: ::::::::: ::::::::: ::: ~_::: ::::::::: ::: :::~::::: ::::::::::::
Annelidlarvae_______________________________________________________ 10 5 5

10
212mm.

10 ••• _
212 Mm. __

Number of organisms ill-

Sample No. 5OY2-6Sample No. 5OY2-4

_.---------_._--;-------._-------------------------
Sample No. 5OY5-5

-----;-----------I----c--------·---·-- -----------Organism

Stomach
contents

Plankton (closlng·net)
sample from- Stomach

conw,nts

Plankton (closing·net)
sample from-

Plankton (closing·
Stomach netl sample from-
contents _

0-22 m. 22-49 m. 49-77 m. 0-31 m. 31-68 m. llS-137 m. 0-62 m. 62-137 m.

30
5

10

--------+
40

5

4,260 26020 _115 672
;25 . . __

iii
875

90
1,700

120

:::::::::: :::::::::: :::::::~:: :::::::::: -------+. ------.---
14

13
I

20
123

3____________________________ ._ 5 .. _

---------- ---------- ---------- ---------- ---------- +20 10 10
__________ 48 350

SOU 60 385 38 22060 5 190
12 30

2

620 60 15 -- _
61030 10 ~ 3010 __ • • +
I 28 100
2 30 10 10

I 5 4 +
10 5 __ ... ---------- _

2

3
11
3
4

3

3
3
2

8

Large copepods•• .. 9 10 5 5
Small c~epods . __ __ 209 228 209 257

~~~~slrJ~~~~i~:::::::::::::::::::::::: ~_ :::::::::: I ~
Euphallslld calyptopis larvae__ __ ____ __ __ 7 7 18 12
Euphnuslld furcliia larvae_______ 9 4 34

~~~g:~~::~ ~:~~~i.i:::::::::::::::::::::: :::::::::: :::::::::: :::::::::: __
Cladocersns__ .__________________________ 3 4 4 __
Cyphonautes .. 3 2 I
Barnacle nauplli.. ..
Zoea larvae .. .. . __
Larvaceans . .' _
Chaetognaths . _. . _

t[{~E;~:::::::::::::::::::::::::::: ::
Lamelllbranch laf\·ac ._
Annelid lar\"ae .... _. __

Number of fish insample____________ 10 4 .______ 10 _. •••_ • _
A\"eragelengtholflsh••. 207mm... 208mm. 190mm. _

+ Present. but average number less than I.
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ApPENDIX TABLE a.-Stomach contents of small (less than
100 111m.) sardines

A. Sample number, 51Y8-21; time, 0200 PST; date, 30 August 1951;
locution, 26°58.2' N., 113°36.2' W.

ApPENDIX T ABI,E 3.-Stomach contents of small (less than
100 mm.) sardines-Continued

C. Sample number, 5OY9-33; time, 2235 PST; dat!l,.l1 September 1950;
location, 32°47.6' N., 118°24.3' w.

-----------1------------ ----

Number 01 organisms In fiSh measurlng-

B. Sample numher, P44--1A; time, 1930 PST; date, 12 January 1953;
location, 27°50.2' N .. 114°50.5' W.

Small copepods•• .___ 8 15 ••• _ 4

~~~~r;'~~g~i~·iiij.vae~:::::::::: :::::::::: --------2- _... _. __ ~ ~
Zoea larvae • •• ._._. •• 2
Fish eggs .__________ 1 •. _
Moth (Lepidoptera) , •. .__ 1 •• _
Dlatoms ._ ••• •.. •• __ . (I)
Dinoflagellates . .___ 2 . . (I)

265
18

112
16

1
·2
2

1,500
75

85
mm.

AS
mm.

71
mm.

,~6

mm.
49

mm.

I
Number 01 organisms In fish measurlng-

Organism

+ Present, but average number less than 1.
I This lood Item cannot be considered natural, but only a \"Cry chance

occurrence.
I Present In very small numbers-not counted.

Small copepods__________________ 117 9 260 190
Large copepods • .____ 12 21 15
Cyphonautes lar'-oo_ •• ••. _._ 14 48 87
Barnacle cypris larvae •• 3 7 2

i~l~~~3ii~~~~:::::~:::~:~:~~~ .__~_ :::::::: ! 1
Zoea larvae • ••• •• 1 _
Dlatoms • • _
Dlnoflagellates • -------- ---- .•. - I; I +

---------1------------

55
mm.

49
mm.

51
mm.

46
mm.

31 mm. 31 mm. 77 mm. 72 mm.

46
mm.

Number 01 organisms In fish measurlng-
Orgauism

Organism

--------------------------
Small copepods__________________ 3
Large copepods .._. _
Zoea lan·oo. __ •• •• _ 1
Chaetognaths • _
Barnacle naupllus larvae • _
Barnacle cypris larvae ._.___ 1
LameJllbranch larvBe.. • __ • _

5 50lI 12 11I 4 . • _
1 7 1 __ .. •
1 . • _

!I::::::i: ::::::~: .------~

ApPENDIX TABLE 4.-Sumlllary of items in stomach contents of 571 sardines and in plankton samples, by month, November
1949 to September 1952

[Asterisk C")-speclmens not properly sampled by net; NS-groups not sampled by net. Values given In eac·h column are average number per month)

Number 01 organisms In-

Organism
Sample No. 49Y4 Sample Nos. 49Y4 and Sample No. 5OY1 Sample No. 5OY2

(Nov. 1949) 49Y5 lOec. 1949) (Jan. 1950) (Feb. 1950)
1----;-----1------;;-----1-------;----1-------'---

Stomach Plankton Stomach Plankton Stomach Plankton Stomach Plankton
contents sample I contents s:unple contents sample contents sample

--------------------- -----1-----1-----1----1-----1-·------------
10

228
9

209
8

27
2,903

78

10
205
122
125

Largecopepods"_________________________________________ + 7 36
Small copepods . .. 2.900 1,203 2,278
Copepod nauplll" .____________________________________ 105 ._____ 314 15
Copepod eggs" .____________________________ 1 + _
Euphausllds" .__ 7 1 _. . .. _
Euphauslld calyptopislarvoo"___________________________ + ._______ 8 19 + i 7
Euphauslld lurcilla larvae . . 4 4 + 6 9 4
Euphausild nallpllL. ... .. . .. + 53 + 1 . . .. __ . __
Euphausild eggs " ,, . 40 29 + . _
C1adocera . •. 8 . 3 45 4 lOS 3 4
Cyphonautcs_. . . . 3 ._____ 4 24 9 91 3 2
BarnaclenaupJiL.. ._________________ 1 ._____ + 4 ... __

Zoea larvae. ------------------------.-------------------. + -----.---.-- ------------ .----------- 511 4502 -_-.-.._-_-_._-.-_ •. -_-_ -----------3-Larvaceans .. ._______ 2 ._____ 107 818
Chaetognaths__ .________________________________________ 10 ._______ 23 23 8 29 _. .• _. _
Gastropods. ••. .______________ 2 4 45 + 12 2
LameJllbranch larvae____________________________________ 6 2 I 7 16 _
Fish eggs .. + 7 41 2 7 8 3
Dlatoms· .___________________________ 1.369 27,246 NS 2.6x 10' NS 5,330 NS
Dlnoflagellates"__________________________________________ 2,025 ft, i39 NS 21,915 NS NS
Radiolaria and silicoflagellates" .. -- __ -- -- 1 1_2_1_1_-__-_-_-__-_--_-_--_I 1,_0_19_1 N_S_I 1_,_540_I N_S_I_--_-_-_--_-_--_-_--_I N_S

Average volume ollood per flsh . _
;\lumber 01 fish __ . _ 1.2 ml.

15
2.1 mi.

38
0.9ml.

81
0.4 ml. • _

10 . _

+ Present, but a'"erage number less t.han I.
I No plankton collected.
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ApPENDIX TABLE 4.-Smnmary of items in stomach contents of 571 sardines and in plankton samples, by month. November
1949 to September 195e-Continued .

Number of organisms In-

Organism Sample No. 5OY2
(~hr. 1950)

Sample No. 5OY5
(May 1950)

Sample No. 5OY6
(June 1950)

Sample No. 5OY7
(July 1950)

Stomach Plankton Stomach Plankton Stomach Plankton Stomach Plankton
conttmts sample contents sample contents sample I contents sample I

k~r~~::g~~::~:::::::::::::::::::::::::::::::::::::::: 1:J I, 7: 3~ 1,3~ 6,:: :::::::::::: 3:3 ::::::::::::Copepod nauplli·. . . .. 3 120 57 80 122 .______ 130 _
Copepod eggs· • . . . . ... ..•. • _._ .. ._. . __ . __ . __ . . _
Euphausllds·. . .. ... :_. __ ._._______ 4 3 I .______ 4 • ._
Euphauslld calyptopls larvae· . . . ._____ 14 31 7 • __ ._ 11 • _
Euphauslldfurcl\lalarvae_. .. 1 20 8 18 1 .__ 9 _
Ellphauslld nallpIlL ... .. _ 11 66 1 ._______ 7 _
Euphausiid eggs.. . . .__________ 13 800 9 45 I ._. . • _
C1adoeera__ .. . ... ._________________ I 60 12 33 635 .______ 41 _
Cyphonautes . . . . . ._ 2 5 • ._.______ 7 _
Barnaelenauplli. . . . --- .. _ - . .__ I _
ZoealaTvae . . .. . .. _ 2 ._______ 3 . _
Larvaceans_ .. . .___________ 14 620 460 1,059 65 . 104 .. _

~:~~f8El::h~i~i~~:::::::::::::::::::::::::::::::::::: ::::::::::i: ~_ ~ , ---... ----~- :::::::::::: ! ::::::::::::
ti~~o~~~:::::::::::::::::::::::::::::::::::::::::::::::: --4:s-iiiie-- --------NS- 8. ax 10~ N

3J --~;-~-I~-e33· :::::::::::: 97,~ ::::::::::::
Dinoflagellates· . . .___ 52,000 NS 13,000 NS 6.5:<10 5 27,000 _
Radiolaria and slllcoflagellates· . .___________ NS 875 NS 7,000 . . 3,307 _

Average volume of food per flsh . _. ... _
Number of fish In sample_. __ . _

1.0 m\. •
4 • _ 2.1m\.

63
1.0 m\.

12
1.0 mI.. _

1&1 _

Stomach Plankton Stomach Plankton Stomach Plankton
contents sample contents sample I contents sample

Number of organisms In-

Organism
Sample No. 51Y7

(Aug. 1951)
Sample No. 52Y7

(Aug. 1952)
Sample No. 52Y8

(Sept. 1952)

Average
number of
organisms

per fish

Average
number of
organisms
per plank·

ton tow

~t::~~s
containing
organism

61
92
47
10
21
33
37
18
15
53
44
12
26
71
69
37
35
51
65
&I
35

49
2,238

161
NS

I
12
9

23
143

47
33
6
3

691
53
28
7

16
NS
NS
NS

20
666
254
18
2
6
4
4
5

39
6
I
I

126
9
2
3
7

1.1 x 10'
33,000

544

8
98
73
3
7
6

NS
NS
NS

11
5
4

+
71,600

105

0.3 m\. 1.1 mi. _
50 • __ ••. _

+lOB
11
3
6
9

64,200
38,000

504

1.0m\.
67

Average volume oUood per flsh _
Number of fish In sample. __ .. _

k::l~ ~g:~~~:::::::::::::::::::::::::::::: 4l~ 6,~~ 2,1~ :::::::::::: 16~ 55~
Copepod nauplU·___________________________ 79 15 1,160 ._______ 188 817
Copepod eggs· . ... . . . __ .. _
Euphausllds· .____ + I . . .

~~gg:~:::~ ~~~B~f~~~~~~:::::::::::::: ~ ~A ---------·3- :::::::::::: :::::::::::: ::::::::::::
Euphauslld nauplil. ._________________ 3 44 . __ •• _

~~~:~~~_~~~~:::::::::::::::::::::::::::: ~ I~ ------:--48- :::::::::::: -- .... ---68- ---------4i"
Cyphonautes. .. 11 105 2 .________ + 3
BamaelenaupIiL .. . .____ 3 39 • •• _
Zoea larvae .. I 9
Larvaeeans.________________________________ III 1,792
Chaetognaths .. . ___ ____ 5 180
Gastropods_ .. . . ___ __ ______ 3 100
Lamelllbranch larval' .. 2 24

tll~~~~~- -~:::::::::::::::::::::::::::::::: 1.1 x 10~ J~
Dlnoftagellates· ._ ___ __ ______ ____ 20,000 NS
Radiolaria and sillcoflagellates·_____________ 223 NS

1-----:--1----1----1----1----1----1·---1----1----

+ rresent, but "veragc number less than I.
I No plankton collected.

o


