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ABSTRACT
Distribution and abumlan<:t" of eggs of the Pa<:ifi<: sardine (8ardinofHI

(~lIcr,,'ea.) are gi\"t"n for the yearM 1902 through 1956. During this period a
major change 0<-"<.'1lf1"e!J, in distribution of sardine sIHlwning. In 1952 and 1003
slIrdine spawning was mostly confined to wnters off <:entraI Baja California,
hut in 1!lfi4 Kurdine Kpawning SI)read northward to waters off southern C81i­
furnia, lIud this distribution <:ontinued thruugh 1955 and l!trJ6. Estimates of
tutal eggl:l sllllwnetl during these years ranged from 136 X 10 12 to 436 X 10 12

eggM.
DUI·ing the mlljnr Mpawning Ileriod IJauuury-July off southern California

lind northern Baja Califurnia; January-June off <:entral Baja California) sar­
rline egg,.; were found at temllt'rlltu....s between 11.00 and 21.20 C. (mean, 15.20

C.) ; during the luter SIJuwning pt"riod (July-Dl'<:ember off central Baja Cali­
forniu) at temjlerut.ures between 11.30 and 27.40 C. (mean, 18.1 0 C.). The
lI\"ernge tempel"ature lit whir·h !lardine eggs were found increased in a fairly
uniform fal:lhion from nm·th to Kouth within the spawning range during the
major sjluwning l)eriod.

Temperutures at which sardine eggs were obtained off !louthern California
were slightly lower In 19':il-<j(i thun in 1940 and markedly lower than in 1941.

IV



DISTRIBUTION AND ABUNDANCE OF EGGS OF THE PACIFIC SARDINE

1952-1956

.By ELBERT B .. AHLSTROM, "Fishery Research Biologist

BUREAU OF COMMERCIAL FISHERIES

In a previous report. (Ahlstrom 19Mb) I dis­
cussed the distribution and a.bimdance. of egg and
larval populations of t.he Pacific sardine (Sa'rdi­
nops ca.e1'Ulea) in 1950 and 1951. This report is a
continuation of the record on distribution and
abundance of sardine eggs for the yea.rs 1952
through 1956.

During the period covered by tha present re­
port, It major cha,nge. occurred in the dist.ribut.ion
of sardine spawning. In 1952 and 1953, spawn­
ing was mostly confined to waters off central Baja
California; in 1954 through 1956, heavy and wide­
spread sardine spawningoccnrred off southern
California and adjacent Baja California as well
as off central Baja California. This shift. in a
part. of the spawning population was associated
with a marked ch.al1ge in the availabilit.y of sar­
dines to the Cltlifornia commercial fishery, as will
he disc-ussed late·r.

Investigation of the egg and larval populations
of the. surdine is part of a large-scale cooperative
research program, the California Cooperative
Oceanic .Fisheries Investigations, whie-h is spon­
sored by t.he California Marine Researc.h Com­
mittee and carried out. cooperatively by the
Scripps Institution of Oceanogra.phy of the Uni­
versity of Californiu, the Bureau of Marine Fish­
eries of the Culifornia Department. of Fish a.nd
Gume, t.he La .Tolla Biological Laboratory of
the U.S. Bnreau of Commercial Fisheries, the
Hopkins Marine Station of Stanford University,
and the Culifornia Academy of Sc.iences. The
oceanographie-biological survey program is the
primary responsibility of the Scripps Instit.ution
of Oceanography and the La .Tolla Biological
LuborntOJ'y; the Californin Department of
Fish und Gume has participated in some cruises.

NOTlo:.-AI'Jlro\·ed for I.ubllca tion, S"l't. 2, 1958. FIKb..r)· Bul­
letin 165.

The collections were made on the following re­
search vessels: E. lV. Se·tipps, Orest, HOl'iz01l,
Paoli-no. 1'., Spence'r F. Baird, St1'Q;ngel', and O'rca,
op~rated by the Scripps Inst.it.ution of Oceanog­
raphy; the N. B. ,S'cofield and rel101l'ttn, operated
by the California Department. of Fish and Game.;
and t.he Black Douglas, operated by the La. Jolla
Biological TAlboratory. I take deep pleasure
in aeknowledging the cooperation given by the
crews of t.he vessels and scientific personnel of
t.hese organizn.t.ions in the C'ollection of data at sea..
Most of t.he personnel of the L.... J olIa Biological
Laboratory ha.ve devoted their full time to this
investigation. The dist.ribut.ion charts were pre­
pared by James R. Thrailkill, the graphs by An­
drew M. Vrooman. Sardine egg drnwinbrs were
made by George M, Mattson.

SARDINE SPAWNING SURVEYS, 1952-56

A large-scale oceanographic-biologiC'al survey
program was initiated in 1949; the distribution
and density of sampling stations during the first
~ years of the program were discussed by Ahl­
strom (HlMb). The location and number of sta­
tions oc,C'.upied during 1952 through 1956 are sum­
marized in table 1 and illustrated in figure l.
'Vith but few exceptions, eruises were spuC'ed at
monthly intervals. During the 5 years under con­
sideration, there were 48 regular surve.y cruises,
!I cruises with partial coverage, and only ~ months
with no sampling at. all. On eaC'h regular survey
C'-ruise there was systematic sampling of waters off
Cnlifornia and Bnja Cnlifornia. A mininllllll
sampling 011 a reglllar sllrvey cruise was obtained
in the m'eu betwee~l Point Conception, southern
California. and Point San .Tnanico, Baja Califor­
nia (station lines 80-1:H) ; a more extensive co\'­
eragl~ wns obtained on many cruises. Except for
August 1956, the.re were survey cnlises at monthly
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intervals during the first 8 months of eaeh year.
During the last 4 mont,hs, eoverage WttS least
extensive during &>.ptember llnd November.

Sllmpling in all years was most intensive during
the pe.riod of heavy sardine spawning, Marc.h

through July. After July, it was most thorough
in Seba.stian Viseaino Bay and in coastal wate.rs
off eentral Baja California, where some sardine
spawning ta.kes place throughout the latter part
of the year.

TABLE I.-Area cotJered and number of station8 occupied on cruises of t1le Oalifornio· Oooperati·ve Oceanic Fi8heries
IntJe8tigationJl, 1952--56.

1952 1953 1954 1955 1956

Area Number of Area Number of Area Number of Area Number of Area Number of
covered ~tatlons covered stations covercd stations co"ered stations co'"eret! stations
(lines) occupied (Ilncs) occnpied (lInes) occupied (lines) occupied (lines) occupied

January. __ ._. ________________ ._ 80-137 94 80-150 98 77-150 134 80-157 112 80-157 111February ___ .___________________ 80-150 109 80-137 95 77-137 116 80-157 117 80-157 131March _____ ... __ . _______________ 80-137 154 80-137 175 77-137 153 80-157 142 80-137 140

tf:~I:~::=:~::::::::::::::=::=:: 60-137 158 60-137 208 60-137 196 80-137 152 1lO-157 178
60-137 186 60-137 222 60-137 205 63-137 184 40-137 239June________ . __________________ 60-137 222 60-137 204 60-137 209 60-137 189 40-137 212July•.. _. _. ___________________ ._ 40-137 179 60-137 121 60-137 118 63-137 196 60-137 202August. ______________________ ._ 60-137 99 60-137 118 60-137 122 Norpac 198 110-137 36September __ .' ________________ ._ 60-137 94 l!3-1!7, 40 ------------ -----.- ... -.- 83-90 169 110-137 36

113-120October _____ ._________________ ._ 60-137 88 83-137 69 77-137 106 60-137 108 80-97 42November __ .' __ ._______________ 60-137 91 83-87 19 ------- -- --- ----- _. --- -- 83-90 84 80-97 40December___ . __________________ ------- _. - -- -- .. _-------- 83-137 82 80-157 115 80-137 106 80-97 42

Total. _________________ ._ 40-150 1,474 60-150 1,451 60-157 1,474 60-157 1,757 40-157 1.409

Although the total number of plankton hauls
taken per year during 1952-56 was fairly similar,
the temporal and are.al distributions of stations
were modified year by year to intensify the sam­
pling within spawning areas at the expense of the
coverage in other areas.

Detailed records were kept of eaeh plankton
haul taken during 1952 through 1956 (Staff of
the South Paeifie Fishery Investigations, 1953,

. 1954, 1955, 1956; Thrailkill 1957). Included
in the reeord for each haul were position, date
and time of oceupaney, volume of water strained,
depth of stratum through whieh the net was
hauled, tlnd volume of plankt.on obtained.

ESTIMATING ABUNDANCE OF
SARDINE EGGS

Methods of est.imating abundance of pelagic
fish eggs were. described by Set.te and Ahlst.rom
(19-18) lmd Ahlst.rom (19Mb). An estimate of
the number of sardine eggs spawned during eaeh
cruise «(}) is obtained from

G= ~(c(ll'lt,)
i

in which c,=an estimate of the number of sardine
eggs spawned per day in a st.andard area repre­
senting 10 square meters of Setl surfaee at the
i-t.h shttion, derived by dividing the tot.al nnmber
of sardine eggs III a standard haul by the total

number of age eategories represented-this is
equivalent to Cig, as defined in Ahlstrom (19Mb) ;
'wi=the weighting factor for space, in standard
areas, that is proportional to the area of the, poly­
gon at the i-th station bounded by eonstructing
perpendicular bisectors to lines drawn from that
station to each of the adjaeent stations; and
ti = the time weighting given to the loth stat.ion,
equal t.o one-half the t.ime elapsed sinee the pre­
ceding oceupaney plus one-half the time elapsed
prior to the succeeding occupaney.l

The estimated number of eggs spawned within
the survey area during the year is obt.ained by
summing (/ for all eruises.

Sardine eggs require from 1 to 5 days (usually
2 to 4) to develop from spawning to hatching,
depending upon the temperatlll'e of the wat~r
during incubat.ion. SIlTdine spawning t.akes place
most.Iy during a 4-hour period, 8 p.m. to mid­
night <. Ahlstrom 1943). Be.en.use. sueeessive
spawning periods are sepnrated by about 20
hours, eggs of the eurrent night's spawning are
sharply separated in stage of development from
t.hose spawned on the preceding night or nights.
Eggs obtained from two fairly typical samples
are illust.rnted in figure. 2. Each contained eggs
spawned on three eonsecut.ive nights. The tem-

1 The time weighting given to the ;··th statif.n approximated 30
(la~·s. When ('overllge (.f a station was not obtained on succes·
sh'e months. all arbitrary time weighting of 30 days was allowed.
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li'Ioulm 2.-SlIrdille eggs of different stug-es of develoPlIlent: 11-(', the three stllg-es of dcY(~loplllellt IIl'cRcnt ill II Rlllll\llc
collected at 6 1\.111. (wn tel' tempeI'll ture Hi.;'o C.) ; d-f, tlH' three s.t~lge" of deyelopllleut" prCHent ill II tilllll]11e eollected
at 2 p.llI. (wntet· telllpel'ltture Hi.;:;o C.). The approximate nge of elleh SWI-:C (tillle from spawning) is Uti follows:
a, H hourti; lJ, 32 hours; C, G6 hours; d, 16 houl's; e, 40 hours; find f, 64 hours.



EGGS OF THE PACIFIC SARDINE, 1952-56 189

perat.ure in each instance was similar (15.5° C.),
but t.he t.imes of collection were different-6 a.m.
for t.he group of eggs on the left, 2 p.m. for the
group on the right.

In t.he previolls report (Ahlst.rom 1954b, table
7), three estimat.es of the number of sardine eggs
were given for 1950 and 1951, based on t.hree
different. met.hods of determining c;, the average
number of eggs spawned per day. One method
made use of the relat.ion between water tempera­
ture and the rate of development of sardine eggs
for estimating t.he number of days' spawning rep­
resented in a sample; a second method made use
of "aged" eggs, but limited acceptable observa­
tions to complete age categories; the t.hird made
use of all age categories, except newly spawned
eggs collected bet.ween 8 p.m. and midnight.

As noted in t.he formulation above, the third
method is employed in this report. It is by far
the simplest of the three met.hods of determining
the a.verage number of eggs spawned per day, it
is more precise for individual stations than the
method employing the relation between water
temperature and rate of development, and it has
fewer limitations than estimates based on com­
plete age. eategorics (see Ahlstrom 19Mb: 99).

Estimates of abundance, making use of all age
categories except. newly spawned eggs from hauls
made bet\yeen 8 p.m. and midnight in determi­
nations of per day spawning, are slightly lower,
however, than estimates derived from the ot.her
methods of determining C;. Obviously, this is be­
cause the oldest age ~ategory, in some instances,
has been reduced by t.he hatching of some of the
eggs. In 1950, for example, estimates based on all
age categories were 95.2 percent as high as those
based on complete age categories; in 1951 they
were !J7.8 percent as high, and in 1952, 98.5 per­
cent as high.

The basic dllta on surdine eggs have been given
in the following reports: For 1952, in Ahlstrom
(1954n) ; 195:~, in Ahlstrom and Krnmer (i955);
1954, in Ahlstrom and Kramer (1956); 1955, in
Ahlstrom and Kramer (1957); and 1956, in
Ahlstrom (1958). In these reports, snrdine eggs
are enumemted by age for el\ch collection.

DISTRIBUTION AND ABUNDANCE OF
SARDINE EGGS IN 1952

The distribution of sardine eggs in 1952 is il­
lustrated in figure 3. This chart. shows relativ~

r.oS469 0-59-2

llbundance of eggs; the concentrntion at. each sta­
tion is the cumulative standlu'(l haul total for the
yenr.

The estimated abundance of sardine eggs in
1952 is summn.rized by month nnd stntion line in
table 2. This table is comparable to tables 8 and
9 in t.he previous report (Ahlst.rom 1954b). Sub­
totals are given for six areas, delimited ns follows:

1. AI'ea north of Point. Conception: northern
a.nd central Cn1ifornia, st.ation lines 40 to 77.

2. Southern California area: from Point Con­
ception to San Diego, stat.ion lines 80 to 93.

3. Northern Buja California. nrea: from the In­
ternat.ional Border to Point San' Quintin, stntion
lines 97-107.

4. Upper central Baja California area: from
Point Baja to Point. San Eugenio, stllt.ion lines
llo-1~O.

5. Lower central Bnja California area: fl'Om
off Turtle Bay to Point· San .Tuanico, station lines
123-137.

6. Southern Bujn. Cnlifornia aren: from Cape
Snn Lnzaro to Cape Snn Lucas, station lines 140­
157.

In 1952, there were 11 monthly cruises (Ilone in
December), and in March, It second survey of the
area "Off cCl;tl'll1 Baja Cnlifornia. The e.stimate of
the number of sardine eggs spawned in W52 is the
lowest. for the 7-yenr period; 1950-56.

Two major sardine spawning centers were
pointed out by Ahlstrom (19Mb), one off south­
ern California and nort.hern Baja California
(station lines 80-107), the other off central Baja
Cnlifornia (station lines 110-137). The upper
or northern spawning center was made up of nreas
2 (southern Cnlifornia nrea) and 3 (nort.hern Rajn
California area) in the above grouping of nreas,
while the lower or sout·hern spa.wning center was
made up of areas 4 and 5, off central Baja Cali­
fornia. The separation of the two centers was
most comple.te in 1951 (Ahlstrom 19Mb, fig. 8).
This separntion was agn.in apparent. in 1952 and
1957. The latter is not. included in the present
report. In intervening yenrs, however, the sepn­
ration has been less complete, and in 1954, 1955,
and 1956, spawning was continuous between the
two a·reas. It. is convenient, howeve.r, to retnin
the geographic ~epnrntion of spawning into two
primary centers, or areas, especinlly since there
has been such a marked chnnb"C in the distribution
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EGGS OF THE PACIFIC SARDINE, 1952-56 191

TABLE 2.-Bstilllated 111/Illber of I<ardille eggs in SII1"l'Cllllreas, l!n:!

[In billions; cruiso; numbo;r in parenthespsl

Area
J.nuary p'ebruary MardI Late April May

(.;2011 (52021 (520:11 March (52t)4) (52051
(5203)

Jnne Jnly An~ust Selltem- October No\'em-
152(6) (5207) (,;2081 ber (.52101 ber Total Percent

(5209) (521ll

North of Point Conce.p-
tion: ILines41}-5i -________ 0 0 0

nO---ii :::=:.:.::-~~:::=:::=::::::~:::::::.:.:.:.::= O __~ O ~ ~ O 0 ~__~ _
TotaL___________ 0 0 0 0 0 0 n 0 0 0

=========.== = ===== ==== ====== =-=== ============

o
o

10
118

1,132
1,403

o
o

o
o -

o
o

8
o

412
o

SOli them Califomia:

I.ine~::::::::::::::: ~~ ~-- ~- ::::::::: :~_I ~_I ~_-----i~- ~- :- ~.I-------:-
87. . . :____ 118 0 0
00_______________ 3 0 80 .____ 0 013 Ie-.
93________________ 0 0 59 378 908 58

Nor~;~~;~~~----------I==~== ~---~~~--·--;;I- 49~=~;,~~= 7~,= 42~==~'===~=_ ~= 0 _--=,6tl~==::'~

Line 97 --------------- 0 0 471 1 18 2n 67 0 0 0 0 0 582
100______________ 0 0 0 0 0 4 0 0 0 0 0 4

}~:::::::::::::: ~~~~~ ~~~~~:~ ~~~: :::::::~I~·---~~ ===~ =~~--~- ~~~:~~I~=~~ =~~~ ~=~=~I==~--~-I-~~ ----
TotaL___________ 0 0 1.501 32 26 71 0 0 0 0 0 1,630 1.20

~~~==I==I========I==
California:

Line 110 1 20 0 322 0 0 341 0 0 0 0 0 683
113______________ 0 16,i36 0 3,398 4,251 1,420 i4 0 0 0 0 25.879115______________ 0 .__ 0 .______ 0
11i______________ 631 c-.,iM 0 1,135 3,743 2,427 122 119 1.871 0 12 16,825
120______________ 972 5,280 222 405 10,239 7,422 4,675 1,860 5,512 5,294 0 0 41,881

TotaL ~~I=..:,91~1-~,04~=-405 ,=14,i7:..=~5,4161=~,8ti3= 2.~=_ 5'~~=_2:~~== 0 I:" 85,26~_~=-~

Lower central Baja .
Californio: •

LlneI23 c-.02 203 383 3,249 6.802 2,682 III 66 0 3,024 38 817,168
127______________ 0 0 1.802 4,399 062 554 153 0 0 0 498 0 8.368
130______________ 848 13 0 156 41 0 0 0 8,819 0 0 0 9,877
133______________ 0 20 14 0 0 26 0 0 0 0 0 0 60
137 __ . O_,~, ~__~. O O__IO,02~ ~__':..' ~ O_, ~,~~ _

TotaL___________ 1,4W 1,138 2,199 i,804 i,805 3,262 10,293 66 8,819 3.024 536 8 46,404 34.11
======.====:======--================

Soutbern Baja
California:Line 140______________ 19 __ • .___ 19

143 .____ 64 ._________ 64

~~L:::::::::::: :::::::::1 31:::::j::::::::: ::::::::: :::::::::1::::::::: ::::::::: :::::::::1:::::::::1::::::::: ::::::::: ~ I

TotaL :_:~:_:__ ;; :--~~~~ ~~-----~:-:---~: ~------- ~~---~I;;;;:;--:-: :;;:.=~ ::::----- =-::---- s3 ---:-06
a...nd tot-aL __ 2,44.; 7,132 27.884 8,209 23.105 20,225 IY.301 2, 544114' 458 10,189 5<ltl 20 136,048 100.00

==:=:::::;::::::==-===:==================
Percent

1
1.8 5.2 20.5 I 6.0 17.0 14.9 14.2 1.\1 10.6 7.5 I 0.4 I) I 100.0 --------

of spa wiling within these c-enters during the
period covered by this report.

There was very little sardine spawning to the
north of the centrnl Baja California area in
19f1:!-only ::\.2 percent of the totul. Sardine
spuwning in the southern 8pawning are.u centered
oft' Point. Sun Eugenio. Less spawning, propor­
tionately, occurred to the south of Point San Eu­
genio thun in 1950 or 1951.

The hugest. portion of sardine eggs are usually
spawned by the 2- lind ~-yellr-old fish, since these
ages usually make up the. dominant portion of the
spawning population. The 1949 and Hl50 year
clusses were the weakest on record, based on num­
bers landed by the commerci:l1 fishery. Each

year dass supplied only about 1:30 million fish to
the commercial catch. For compnl'ison, it may be
noted that the 19:39 class supplied 7,500 million
fish; the 1917 cla8s, ~,HlO million; and the 1948
class, 2,100 million. Undoubtedly, the low egg
estimate for 1952 reflects the low numbers of 30
year-old fish of the 1949 class and 2-year-old fish
of the 1950 class in the spawning stock.

DISTRIBUTION AND ABUNDANCE OF
SARDINE EGGS IN 1953

The estimated ahundunce of sardine eggs by
station lines in Hl53 is given in table ~, and the
distribution is illustrnted in figure 4. Cruises
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TABLE 3.-EJltilllufcd //-lIt11bel" 01 sal"dine eggs il~ survey al"eas, 19,j;J

[Ill billiolls; emi..., number in parentheses)

193

Area
Jall- I Feb- Mareh Luw I April IMay JUlie I July \ August Sep- Oeto- Novem- Decem-
uary ruary !\Iareh I temher ber ber her Total Percent
1_53Ui) (5302) (5303) (53113) (5304)! (5305) ~53Il6) (5307) (5308) (5309) (53101 (5311) (5312)

---------- ----- --- ---- ------------------------------------
North of Point

Conception:Lint'S 60-77 _

TotaL _
o
o

o
o

o
o

o
II

o _
.0 _

o

o
Southern California:Liue SO _

83 _
85 _
87 _
00 _
93 _

II 0 0 0 0 0 0 0 _. -- - --- -------- --- -- --- -------- 0
II 20 0 0 7 12 0 0 0 0 0 0 39
0 0 0 2 0 0 0 0 0 . -- ----- 0 0 2
II 0 0 0 0 0 0 0 0 0 0 0
II II II 0 0 0 0 0 II ----- .. - I) 0
II 0 0 0 29 12 593 0 0 ------- . 0 634

'fotaL___________ II 20 I) 2 3fi 24 593 0 0 II 0 0 675 0.15
==========================

Northern Raja
Camornia:

Line 97_____________ 0 0 0 0 0 18 0 0 0 0 18
100____________ 0 2 (I 0 7 0 0 0 0 0 9
1113____________ 0 981 33 0 0 0 . 0 1.014
IO'~____________ II 671 294 ,_ 905
1117 1.199 0 0 0 0 0 0 1.199

TotaL _ II 073 2114 1.199 988 51 o o _ o _ o 3,205 0.73

Upper cell trnl Raja
California:

Line 1111____________ (I II 823 2.298 1.515 II 0 0 0 0
.113____________ II 13\ 9,079 608 1.394 29 2,026 0 0 0 0 432115 . :_______ 0 _
117____________ 0 2\,759 2,4811 0 1.083 4.607 1.222 0 77 3,532 0 0
120____________ 131; 15.497 35 280 10.260 4.022 310 29,047 148,007 4,19fj 124 1,250

4,636
13,699

o
34,760

214,070

TotaL _

Lower central Raja
California:Line 123 _

12i _
130 _
133 _
137 _

131i 37.387 12.417 894 15.035 10,173 3.558 29,1147 148.984 7.ns 124 ----- - -- I,M2 '];f.7.11\5 fAl.7\)
--- ---------- ---- ---==-----------==---

(I 0 55 50S 1M 125 0 6.956 382 874 II 9.114
(I 2.600 0 23 67 594 13 145,225 213 476 0 149.211
n 406 108 25 0 171 0 0 0 0 II 710
n 0 0 0 0 0 35 0 1.633 0 0 1. 60S
II 0 0 0 0 0 92 7,871 455 0 0 8, 418

Total. _ II 3,006 163 616 221 8IlO 140 160,052 2,00 1,350 _ o 169.121 38.42

Southern Raja
California:Line 140 _

143 _
147 _
150 _

(I , .:________ 0
o ~ ._ 0
o 0
o 0

TotaL_________ 0 :.:.---,-- :.:.:..::---- :.:.----;; :.:.------ :.:.:.:.---- ------:.:. ::.:.::.::------ --------:.:. ;;------ 1 :..:.:.:.:.:.:.:. = 0 _ 0

Orand totaL___ 136 41.086 12,874 1,5111 16.457 12,087 3,773 189.692 151,667 7.728 1.474 0 J.fill2 440.166
Pereent <0.1 9.,3 2.9 0_3 3.7 2.8 0.9 43.1 34.5 1.8 0.3 0 0.4 100.0 100.00

were made during all months of 195-.3, although
the cruises in September and November covered
only a part. of the usual survey area.

The distribution of eggs in 195~ was similar to
the distribution in 19[12, as can he seen by a com­
parison of figures 3 and 4. Very little spawning
occurred to the north of the central Baja Cali­
fornia area-less t·han 1 percent. of the total.
'Vater tempel'lltures were lower during the spring
months of 1953 tlU\I1 in any recent season, es­
pecittlly in the inshore waters off southern Cali­
fornia and northem Baja California. These data
are presented in a later section of this report.

During the first half of 1953, most of the spawn-.
ing occurred in the upper centrnl Baja California
nrea, offshore from Sebastian Viscnino Bny (sta-

tim) lines 1l0-1~O). The heaviest spawning of the
year, however, occurred in .July and Au.gust,
centered within Sebastian Viscaino Bay and along
shore in the area between Point San Eugenio and
Point Sail .Juanico. This late-season spawning
was the heaviest. of any recent year.

DISTRIBUTION AND ABUNDANCE OF
SARDINE EGGS IN 1954

The distribution of sttrdine eggs in 19M is
shown in figure 5; their estimated abundt\l1ce in
table 4. Ten cru.i"p.8. were made in 19M, represent­
ing every month excppt September and November.
As can be seen from the spacing of stations in
figure 5, a more intensive survey of spawning areas
was made in 1954 than in previous years.
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FIGURE 5.-Distribution and abundance of sardine eggs in 1954.
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(In hillioJ1s: ('I'ui::-r num hl'!" in IJilr('nthf':::;l'~l

195

.TanU:lr~' IFI.hl'U:lI·yl 1\:1:11"('11 I Apl'il
(.'.~IIl1 (,;·1112) (.;~1I':.1 (.;411~1

M:I\' I .Illlll' I .lui\'
15~0.~·1 (54001 (1i~'.I;-'

AU~Jl~t O~toh~r DI~Ct~m~r Total P'?'.rcent
1541181 (.;410l (54121

NOI't.1l or Pnint Cuncpption:
Lirws 110-77 ..

Tflt.al .. _ II

II

o
o
II

n

II

o
o

o
o

II

II

o _
o _

38

38

0.01

0.01

~out.1h'rn C:.llirol"ni:'l:l.i,W ilI)_. __
83 __
85__ . __
~7 _
INI __ • _: _
93. __

II (I (I II 0 ')7 0 .0 (I 0 n7
(I I, 0 II 911 132 , [I 0 0 ~55

0 0 2 3 0 7.; 385 II 0 II ~fi7

0 II 0 2.iS ~. li51l If1j 19 0 0 n 5.1143
0 n 0 1,801 l,n~3 ~.116::: 11,31, 0 0 (I 20,8,3
0 0 0 3.214 f~.IJ61 10.",6 n 0 (I 0 2n, ~51

TotaL________________ 0 19 2 5,28~ 12,412 17.,011 11,728 0 0 0 47.15~ 13.2,
=====.==--=======:=====----======

Nortlwrn H.\ja Calirorn;,\'Line 117 _
JIlll. __
wa __
107 ; __

(I
2

39
o

II
o

10
411

4,1,4
2.725
4,1l96

004

i,254
972

15,91\1
2.798

1,561
16,538
3,251

278

13. :115
4, :117
1,1i72
4,045

128
139

5. 71~
at

170
o
o
o

o
o
n
u

(I 2r, li02
o 24.593
o all.7a3
o 7,802

Tot,l1 __

11 pper e.mtml Haja California:
Line lIO _

lI3 . __
lI7 __ . _
12n _

'1'01-:\1. __

Lower eent.ral Baja Call1ornla:Line 123 _
127 . _
130 _
133 _
137 _

41 50 lI, ,,119 26.9ifj 21,628 23,149 6,018 1,0 0 0 89,~all 25.22
-------- -------------==---------=== ---

:?O JlO 1.20, 3,950 5.371 33~ ,) II II II JIl. il98
0 1i,022 10,037 8,128 a,860 2,949 0 II 0 (I 30.99'\

26 ~RI 3.883 941 4,365 101 241 II 0 0 Ill,'.118
21,595 R,ROO 8,752 2118 94 338 8,Oln 7,252 (I 232 5:l, 207

21.647 13.253 23,8iD la, 28, 13,1i90 a-"'" 8,2..'l7 7.252 0 232 10.'\, 219 29. iii,'-----------= ---==-----------==-=---------
3.431 27, Ri9 3,593 88 0 0 64a 13 0 200 35,847

380 9.235 4.652 407 108 22 32~ 0 II 0 lli,l~

0 28 0 0 0 12 2,285 ') 0 0 2,:i2.;
0 48 0 0 0 (I ~o, :?\I7 0 0 0 40.;H5

44 0 0 0 2,142 1,418 I) 0 0 141 3.745

TotaL._________________ 3.855 37,190 8,245 495 2.250 1.~52 43,M9 13 0 341 ~i,3~0 '2,.41
================

Soutlwrn Baja California:
Line 140 _

143 _
147 _
150 , _

o . _
15,925 • _o . _

o . ... _

o
(I
o
o

o
15,925

o
o

TotaL__________________ 15,925 • ... II 15.925 4.48
=====:=========

Grand total..___________ 41,468 50.512 43.i25 4R,043 ~9.980 46,070 1i9,552
Percent_________________ Il.i 14.2 12.3 13.0·' 14.1 13.0 19.';

,,435
2.1

I)
(1

573 355.358
0.2 100.2

100. no

The most striking feature of sardine spawning
in 1954 was its northward spread to waters off
southern California and llOrthern Bnju, C:tIi­
fornia. It. is by far the greatest contrast that
has been obse.rved between successive seasons. In
195:3, sardine eggs were obtltined in only 20 hauls
in the northern c.enter (station lines 80-107),
while in 11154 they were. taken in 149 hauls. In
1953, the distribution was diseontinuous; in only
two inst.lmc.es were sltrdine eggs t:tken 'in contigu­
ous hauls. In 1954, the distribution was oontin­
nons over widespread areas. Only 4 X 10~2 eggs
are estimated to have boon spawned in the north­
ern cente·r in 1953, while 137 X 1012 Iwe estimated
to have been spawned in 1954. Interpreting thef:o'e
figure's literally, there were npproximately 35
times as mltny spawning fish in the n0l1hern cen­
ter in 1954 ItS in 1953.

The estimate of egg abundance for the. area off
central B:tj:t CaJifornia of 203 X 1012 eggs consti­
t.tltes approximlttely 57 percent of the total num­
ber taken during !H54. The late.-season spawning
was mueh less impol1.:tnt in 1954 tha.n in Hlr,a;
less than :30 percent of the estimated total nlun­
be.r of egg8 in the eentrnl Baja. California region
wa·s obtained during the last half of the year.

DISTRIBUTION AND ABUNDANCE OF
SARDINE EGGS IN 1955

The estimated abundanee of sardine eggs in
HI!)!) is sumnmrized by month and station I ine in
table 5. Relative abundanee in diffe.rent pa-11.s of
the sp:twning area is illustrated in ligure. 6. The
Augnst emise of H)i)f., the wide-r:mging N0llll1C

expedition, is not. included in the. tabul:ttions.
No sardine eggs ltnd only 27 sltrdine In--l'vae we.re
obtained on NOl'PliC.
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CUMULATIVE TOTALS

1- 30

35'

30'

25"

'IJJ'

130'

•••
'30'

301-3000

OVER 3000

STATIONS OCCUPIED

125'"

'25"

BLANCO

MENDOCINO

o

''IJJ'

IZO'

SARDINE EGGS
1955

115"

-.

110'

110"

- 35'

25'

-'IJJ"

FmuBE 6.-Distribution and abundance of sardine eggs in 1955.
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TABLE 5.-Estimated 1w·mber of-sardine eggs in s/tn'ql areas, 19.,.,.j

[In billions: cl'uise number in parentheses]

197

Area Janual'y February March April I May I June July A\I~\IstIse~~~·I1I·1 October N<b~~m-I Db~';·I11-1 Total Per·
\55011 1.•;5(2) (5503) (5504) (5505) (M061 (5507) \5508> I (5509) (55101 (Mil) (5512) cent

------------- ---------- ----------------- ---- ----_._-- -----------
North CJ{ Point C-CJnee-p- .

.eeptlon.:_Lmes60-/l. . . . __ .. 0 0 (I .________ I) ._______ 0
----- ------------ .....---- ---------------- -------- ---- ---- ----TotaL______________ (I 0 0 ------ 0 0 0
=======================--=========

Southern C-nlilornia:Line 80 __ . _
83 . _
8i . _
90 . __
93 _

0 (I 0 (I 0 4,3iO I) . -- -- . --- - -- - - - -- 0 'I 4.3i9
0 ') (I 0 0 0 0 I) 11 0 I) 0
0 0 (I 0 0 309 56 0 0 0 (I 31\5
0 0 ~OO ~78 I. 031 277 40 0 0 0 I) 1,8il\
0 0 1.511 IH 6,15-1 3, il4. 0 I) 0 11,442

TotaL. _ o o I. i61 342 7.184 8, RiO 91) -- _ o (I o o ]8.(1):2 11.11

'"orthern Bajr, Cnli·
fCJrnla:

Line 9i _
11)0 . _
103 , _
107 _

0 0 1.342 11.288 10,101 572 0 --- - -.- --- --.------ 0 (I 23,303
0 0 4.68i 23,690 ~.152 33 0 --------- . -. - - ---- 0 (I 30. :162
0 6,268 60 1.277 14i 48 36 -------- --------- 0 8 i,844
9 3,117 5i9 2.188 34 17 0 -._- ---- -._------ 0 0 5,941

----- ----------- ----- ------------------- -------- ------ -----
TCJ!..\L.______ _ 0 9,385 f).rillS 38,443 12,434 6,0 3R 0 8 ';i,653 41J,eJ

============== =-== ==== =--=== ====== ==:--= ==== ===== ====
Upper ~enl.rnl BOljn

Californi<\:
Ljn~ 110__________ 0

113 12,238
111..____________ 18
120__ _ 5,280

2.838
4,910

110
8il

165
4,424

5:;!t)
1.382

263 , 0 0 --.----_. ------- .- 0
6i5 0 0 0 ------_ .. - - ~ - - --- - 0
622 I, l')'} 291l 259 -----_.-- --------- 240

9 6.t,Ya I). 50.; 4,234 -----_. -- - ---_ .. -- 1.972

o 3,2i3
o 22. ~47
o 3,205

ai7 2i. 3~3

TotaL. li,536 8,738 0,497 7.8Z~ 6,804 4,493 2.212 . _ 377 51,.048 34. ·111

Lower central Baja
Californi:l:

Lin~ 123 _
127 _
130_ • . _

. 133 . _
137 _. _

4i 0 32 0 0 0 I, -._------ ----_ .. -- 1.1 433 529
(I 0 (I 11 0 0 0 --_. __ .-- --------- 0 1,834 1,834
0 0 0 0 1I 0 O. rr28 -_4_· ____ --------- 0 (I ",028
0 0 0 0 0 21 0 1"1 0 83------_.- - -- _. - --- J_

~.li97 0 0 0 8,230 0 0 ---_ .. _-- --------- 0 0 10.927

TotaL.___________ 2, i44 (I 32 o 8,230 21 0,045 . _ 1)2 :.!,2Iii 19.401 11.93
================== ======= ============= ==== ====

Southern Baja Califor­
nia:

Line 140 _
143 . _
147 ~ _
150 • _
153 • _
lSi _

o
o

939
58
4i
o

o
434

(I

o
o
o

o __ ____ __ ____ __ ____ __ __ _ _
o
(I

o
o
I)

o
o
o
11

o
434
939

58
4i
o

Tot.aL.____ 1,044 434 (I .• - • __ . _
I) 1,4i8 (1.91

====---= = =================== =--=== ==== ==== ====
Orand t.-'t:1!.. 21.333 18,55i 14.958 40.354 35,1\,0 IR.li4 HI,670 ------
Pcrc"nt.__________ 13,1 11.4 9.2 24.8 21.9 9.~ 1,.1, --- __

1 ~orpa(·.

(I 2.'\.;2 162.642 1110.01
') \. 6 \19.9

The dist.ribution of eggs in l!J;'"j was almost. as
widespread as in l!)Z.-±. More than M) percent. of
the eggs were obtained in the nort.hern center,
wit.h the heavipst. spawning occurring on lines !13­

lOll, between Del Mal', Calif., and Ensenada, Baja
California.

There were only 18 occurrencps of sardine eggs
to t.he south of Point San Eugenio during H);'I!',

(lower central Baja Cal ifo1'llia area). This repre­
sented a marked .-lecrease from preceding seasons.
Only about I;~ percent of the spawning (lI.'l:u1'1'ecl ill
this area in HIi'l tl a~ compare.-l with fd percent in
Hlfl1, ;34 perl'ent in 1f1fd, ;~8 p£>rcent in 1f)53, nnd
~i perl'ent in l!)[l-!.

The lnte-season spawning (.July to necembel')
WtlS not adequately sampled in 1f);j;j. The only

5084690-59-·---:1

regular cruises made off central Baja California
afte.r .July were in October and December. Be­
cause of this, the HI;'.{I estimate is too low by per­
haps 10 01' If) percent.

DISTRIBUTION AND ABUNDANCE OF
SARDINE EGGS IN 1956

The suney area in 1flrll) was ('oyerI'd fairly com­
pletely during January through .Tuly, but only
partially th£>reafh'I". The art>a het'weell Point ('o'n­
~eption, ('alif., alltl Point San .Tuanico, Haja
California (lillI'S 811--}:li), was cowl'ed on monthly
cl'1lises betw£>en .T:lIlUll I'Y and .Tuly 1fl5fj; the area
to the north of Point. Conceptiflll (line~ 1i1l-7i)
wa::; covered in April throngh .Tnne; the- area otl'
southern Raja Cnlifornia in .THlmary, Fehruary,
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FIGURE 7.-Distribution and abundance of sardine eggs in 1956.
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and April. After July, the cruises covered only
a portion of the usual survey area: in August and
September the portion off central Baja California;
in October through December the portion off
southern California and one station line off north­
ern Baja California (lines 80-97).

The distribution of sardine eggs in 1956 (fig. 7)
was similar to that in 19M, although areas of high
concentration of eggs were less widespread. The
heaviest spawning in 1956 was in the Sebastian
Viscaino Bay region in .Tuly (table 6). The per­
centage of spawning that occurred in the north­
ern center was lower than in the preceding year:
:ri.a percent in 195(;, as compared with 5~.7 percent
in 1955. Spawning in the northern spawning

center, however, had a wider distribution than in
the southern center (table 7).

The 1956 season was unUSUH1 in several respects.
There. was less difference in tempel'l1tnres in dif­
ferent parts of the spawning l'l1nge than in an~'

recent year (table 12) ; furthermore, the tempera-
. ture,s throughout the spawning ra.nge were the

lowest· of any year between 1951 and 1956.

AREAL DISTRIBUTION OF SPAWNING

The marked change in the distribution of sar­
dine spawning that oceurred hetween the 1953
and 19;)4 seasons has been briefly commented on
in the discussion of the distribution and abundance
of sardine eggs in 1954. This difference will be

TABLE 6.-Estimated num.ber of sardine eggs in. sUI"t'ey areas, 1956

[In billions; rruise number in parentheses]

Ares
July August Septem- October Novem· Derem· Total
(5607) (5608) ber (56101 ber ber

(5609) (56l1"l (5612)

Per­
rent

---._------ ---------- ---- ------ ---- -------- ---- --------- ---- ---
~orth of Point Con­

ception:Lines 60-77 _ o o o . _ o
-------------_.--- ---- ---- ---- ----- -----------------TotaL____________ 0 0 0 .________ 0 0

============================
southern California:Line 80 • _

83 _
87 • _
90 _
93 _

0 0 0 0 0 0 0 --------- ~.-------
0 0 0 0

0 0 0 16 (I 0 0 ---.----- 0 0 0 16
0 (I (I 0 44 8. 631 10 --------- --------- 0 () 0 8.685
0 0 39 0 12.123 480 364 --------- ------- -- 0 (I 0 13: 006
0 0 38 0 6,379 1,043 0 -----.--- -- ------- 83 0 0 7,543

--- ----- --------------------------- -------- ----- ----
TotaL___________ 0 0 77 16 18.546 10.154 374 :.____ 83 0 0 29.2110 11.43

=====--======---=========-=-==

0 0 2\\1 48 2, 378 120 9 .-------- --------- 0 (I 0 2,816
0 0 93 2.490 442 0 0 --------- --------- --------- -.------- -.------- 3.025
0 27 2,125 3.032 96 17.241 700 --------- --- - ----- --------- --------- --- --- --- 23.221
0 0 4.707 136 44 26,456 ~.923 --------- --------- --------- --- -- ---- --------- 37,266

Northern Baja Cali· .
lornla:Line 97 _

100 • _
103 _
107 _

--- ----- ---- ---- ----- -----------------------------
TotaL___________ 0 27 7.186 ~.706 2.960· 43.817 6.632 0 0 0 R6.3:!8 2~.91

0 5.910 2.054 366 0 0 0 0 0 --- - ----- --------- ---- -- --- 8.330
0 39 0 16.013 0 0 0 U 0 ------ .-- -------- - --------- 16.002
0 1. 230 0 0 0 0 0 0 0 --. -.- --- --------- --------- 1. 230
0 0 0 0 0 0 0 1.063 0 --. -.- --- -------_ .. --- - ----- 1. 063
0 0 0 0 0 10.156 0 0 0 --- --- --- --------- --- --- --- 10.156

Lower central Baja
Calilornia:

T,ir'p.123. _
127 _
130 _
133 _
137 _

Upper central Baja
California:

Line 110______________ 0 10 1.669 2.216 9 0 0 0 0 3.904
113______________ 0 90 286 85 0 0 0 0 0 41\1
115 . ._____ 0 0 0
117______________ 4 5.1\06 0 17 580 0 29 13.102 0 19.338
120______________ 2.588 576 6.560 17 9.732 186 64.133 9.418 6.520 99.730

--- ---- ------------------------ ---- ---- ----------
Total 2,592 6.282 8.515 2,33~ 10.321 186 64.162 22.~20 6.520 • 123.433 48.22

========-----:--======

TotaL___________ 0 7.179 2,OM 16.379 0 lO,l.~6 0 1.063 0 36,831 14.39
============================

Southern Baja Cali·
lornla:Llnp 140 _

143 _
147 _
150 _
1.53 _
157 _

o
82
o
o
o
o

o
o

75
o
o
o

o . _
o
o
o
o
o

o
82
75
o
o
o

TotaL. _ 75 _ o _
157 0.06

====::::-======================
Orand totaL._____ 2.674 13. ~63 17.832 24,436 31.827 64.313 71.168 23.583 6.520 83
Percent___________ 1.0 5.3 7.0 9.6 12.4 2~.1 27.8 9.2 2.6 <0.1

o
o

o 255.999 100. OJ
o 100.0
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Square mile~ 8quort mill'S 8'J,urrr miln
1952 . . ._ 2,.82·1 89.\'20 11'.'~~

1!l53.. .. . __ . __ .___ 14.5KO 90.~24 H14. ,84
19M_____ ___ _____ __ 14!1.004 13,. 680 ~8'•.;S4
1955__________________________________ 120.912 '6.~f)8 1:',.120
1956______________________ 8O.3f,g !\.'i.12O 1~.).488

The areal extent of sardine spawning in 1954
was 2.7 times as great as in 1953. Compared with
the distribution in H15:3 it. was 2.-:1: times as great,
1.5 times as great as in 1955, and 2.1 tinU's as great.
as in 105ft There \H1S llot only a tenfold illcrease
in the extent of spa\yning ill the northern center

further developed by considering the a-real distri­
bution of spawning in the ilOrthern and southern
spawning centers during 195~ through 1956.

The areal extent. of spawning has been esti­
Ilmted for each spawning center by cruise. The
results are summarized in table 7. Yearly sum­
maries based on the summation of a.real distribu­
tions of monthly eruises follow:

Ypar
~ol·them

rentt:"r
(lint~s SO­

lO,)

S.outh~rn I
('('11tl.'r

(line. J10­
13,)

Total

(lines 80-1Oi) in Ul5-± as compared with 1953, but
the-re was an increase in the area over which
spawning extended in the southern center (lines
110-137), as well.

Not only was sardine spawning spread over a
greater area in 19[.-:1: than in any other year in the
series, there was also a greater extent of moder­
ately heavy to very heavy eoneentrations of eggs
(101 or more eggs per standard area per da.y)
than in other years (refer to table 8) . This point
is illustrated in figure 8. The moderately heavy
to very heavy categories of table 8 are grouped
together in this figure as heavy, while the light
and moderate categories of table 8 are designated
as light. In 19M, the extent of hea.vy spawning
was greater in both the northern and southern
spawning areas than in the. other years.

There are two possible explanations for tlU:'
marked increase in spawning in the nort.hei11 cen­
ter in 1954: either the silrdines moved into the
area· from another area· or areas, or the sardines
had been in the northern ee·nter all of the time.
hut few of them had spa Wiled in 195:2 and 195:3.

TABLE '.--Estill/a·tell I,rea· orcr '/rllirll .~l/l'(liJle spl/wllillg took placf Sl/-lIIlIIlIrized b!/ e/'l,i.~e 10r the lIol'therll (/I/'!. south,'rll
I!entcrs, 1952-.3/j

!In squ~..e milp.!

:\""orth(>rn ('t"'nt('T cHuras SO-I fI7 I Southrrn cf:'nh:,1' (Burs llO-l;Jj)

-----~------------=~~~;~==~~==[~~~~;T~~~~l==~~===~~~J=~~~==~~~~[~~~~~==~~~~
Janu3r~.--- ---.------------ ..~6 0 ,fi.. ,..?tJ II .~.8"'O ~no .8.h:lh 1;:1,440 I.h9h
FI~hruar~~-_·_... ----.---------_.-. 0 l,oon J.728 7,931) l,~OO 1O.9ftO 11. 3M 24.970 H1.49fi l~,!li"i
!\[3T('h. . ;".712 -I. son :!6,7~4 211,4811 ::!8.091) 11,248 lti.tii2 ~;i.792 14.800 15,1)111
ApriL_________________________ 8.33'\ 1.840 44.•)411 :j~.8.j(\ 15.824 1.".824 14.l"MIO 211.144 14.160 '.\Ifj.~
"hr . '''.t'~o 3.1~0 33.401) 22.4Hl 2(1.8(M1 14.144 14.592 14.1~8 5.ns8 3.2\11\
.June . 3-,,20 2.880 3'\.3\.12 21.31\11 11.312 13.10·1 111.464 1~.160 3.,92 6.128
.Julr____________________________ 1.520 320 .;.,'111 1..,,"8 2.811\ 4.,04 4.1\88 ".800 ; .•\48 2.256
Augu.!. .______ 80n 0 448 Norpa,' '.al'(1 8.880 2.9~8 Norpae 3.984
Sl?ptt:>mbf'T_____________________ n 0 .___________ 11 4.f;f.O 3.712 _0_. ... _ ._._________ 1.2110
October . 11 0 0 11 320 1.200 1.8,2 0 5.1.,,2 __
N(I\'('nlbl~I· .______________ Il (I .• 0 I) !176 . _0· ' ••• ••• _

Deeemhe'r. ____________________ .___________ 0 11 5,K 0 ___ ;j. 0~4 2. 00'\ 3. li32 _

Tl.t:tl... • ---;7.824
1
-14.;'-;- --).j;;;:;-1--J;;;:9(2- --~0,;;8 --8;;:-9201-\.0.2;:11---137.680 ---;fi.wsl---fi5:I2r1

TABI,E 8.-RrTllfi-l'f) al'ell1 distributiol/ 01 I$lIl'dille sflu/"l/-ill[l. gl"flHp.?d f1cl!l)l'dill(1 to i-1/,fe-nl1if/1 of s/)(//r·-ni,"'-/I iI/ tlw 11.1)I'r 11 ('/'II.

,md sOI/.fhel'l1 celltcl'.~. 195:?-j/j

lIn square miles]

Sonthcrn centel' (line. 110-13;)
Ahundancc.

------------------------------------------
INUlllhcr or eggs I

per stan 'lan\ .__-, ., ----; ,--. _
area pel' r.la.~'

1952 1954 1055 1~f52 1!155

Light.. .____ __ _ 1-10 _
!\lodcmt.e. ._ ___ 11-lO0 _
Moderate heavr ._ _____ _ 101-1,111.10 _
H('a\"y .. _____ ____ ______ 1,001-10,000_. _
Ver~" hea\·r .. . O\"er 1n,ooO _

Tot.at.. . _

19.984 9.040 72. i2~ 58.4811 42.96n aO.024 311. ,52 f.i.81tj 39.808 28. ,84
i.584 3.920 44.312 41.20K

I
22.222 33. ;S4 ~.712 33.088 li,2SlI 11.024

2r,,; \J'lO 31.26-1 2\.1.560 13.168 23.712 23.856 32.4,0, 18.128 11.808
I) 0 I,UOO 5,6 2. III8 2.000 4.08'.1 4.320 992 3.004
II 0 U 1.1 0 0 1.824 0 II 0

------ --"--- ------------- --_._--- -"---- --------- -----
27. 8~4 14.5'111 140.004 120.012 80.368 89.920 !I0.224 13i,I380 ,6. :.!t18 5.;.120
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FIGURE S.-Estimated relative areal extent of spawning in the northern (lines 80-107) and southern centers (lines
110-137) .

The second alternative is not. supported by'evi­
dence from the fish catch. The commercial catch
of sardines pointed to a very low abundance in
the northern center in 1952 and 1953. The com­
mer<~ial catch (in California) in 1V52-[)3
amounted to only 4,520 tons, in 1953-54 to 3,172
tons, while it. jumped -to 67,258 tons in 1954--55.

Emigrat.ion into the area is t.he only explanation
that satisfactorily accounts for both the increase
in eggs spawned in the northern ce,nter in 1954
and the marked increase in fish available to the
fishery in the 195+.-55 season. The only likely
areas thnt. sardines could have migrat.ed from are
those to the south. There seems to be littIe doubt.,
therefore, that sardines moved into the northern
spawning center from the southel'n center off cen-
tral Baja. California. '

There is no categorical answer to the question,
"Why did the spreading out of spnwning occud"
~\t least two explanations should be given careful

consideration: (1) The movement was a, result of
change in environmental conditions, and (2) the
movement was the result of population pressure,

If the change in distribution resulted from a
change in the physical environment that favored
emigration, tIle most likely change would involve
water temperatures, directly, Ol' as an indicator of
other qualities of significance to spawning sar­
dines.

In order to study tempernture changes wit1lin
the northern spawning center, the area was di­
vided into foUl' quadrants. The northeast. section
(inshore, southern California) was identical to
the area surveyed in 1940 and 1941; t'he northwest
portion consisted of all stations occupied on lines
Sll-!);~ to the seaward of the inshore sec.tion. The
southeast portion consisted of all stations on lines
97 to 107 between shore and stat.ion 50 inclusive;
the offshore qua.drant eomprised all stations oc­
cupied to the seaward of station 50 on lines 97-107.
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[Lines 8O-1Oi]

TABLE 9.-.4.1'erage water tempemtllres at a depth of 10
meters in. northern spalt'n,ing center baserl on ,,1.1 sta­
tions occupier'

Temperature, data. for the, years 1952 through
1956 will be published in Ocennic Observations
of the Pac.ific, of which only one volume in tlw
series, observations for 1!J49, has appeared as yet
(Rakestraw, Horrel', and 'Vooster, H!!),).

January-March:
1~5L .__________ 13,3t It.!>.! It. 72 15,87 I H.71
1~52 13.59 13,86 H.tl 15,08 H,2t
1~53_ _______ _______ 13.33 13,98 H.24 H.71 U.O')
IIIM_______________ 13.00 13,93 H.t61 H.73 14,2';
1955. 13,t6 13.67 U.26 It. 72 It, OS
19M,.______________ 12.79 13,78 13.65 H,67 13.72

------ ----- ----- ----- .-----
A ,-.mge __ __ __ __ 13.40 It.ll:! H,29 14, ~6 14.17

April-June:
1~51 14.34 It, 51 1.;,46 "l.1t 15,11
1~52 14,00 1t,75 It, 23 1'),16 It, 81
1~53_______________ 12.\10 It.2~ 14,16 15.57 H,23
I~M ... H,20 H.7.; 15.52 15.90 15. O~
1~55_______________ 14.28 H,21 15.63 15,70 14,96
1~56 I ~:'::' __~:..a~ _~~5, I~ __~. 7') __~~~

A '-eral!'e_ __ ______ 14,00 I It, 47 I.'"•. f12 15.87 14.84

61OX10"
136>':10 "
436XIO"
355XIO 12

163'1(10 "

Estim"te of
sardine egg
ahulldance

1.20
.38
.67

1. 17
n. i.;

Virtual popu­
l:ltlan estim:lte

(In billions) I

I Minimal size of spawning populatioll.

YI:'nr

In a subsequent seetion, the.re is a discussion of
temperatures at which sardine eggs Wl're obtained
during the ,}'l'al'S 1951 through 1956. I do not
wish to anticipate results before presenting the
data, but the 'difference was more marked between
temperaturl's at which sardine eggs were obtained
in the two major spawning centl'rs in 1952 and
195:3 than in the, othe,r years.

A.n alternative explanation for the emigration is
that population pressure had increased to such an
extent in the southern center that a portion of
the population moved out. Some data can be
ma.rshale.d in support of this thesis, some, against
it. Two lines of evidence will be eonside,red : vir­
tua1 population estimates and estimates of the
number of eggs spawned.

It. is.possible to derive minima1l'stimates of the
size of the spa,wning population each yenl' from
viIt.ltal population (accumulatl'd age) estimates.
These estimates are baSl'd on age composition data
from the commercin1 catch (Felin, Ana-s,
Danghelty, and Pinkas, 195:3; Felin, MaeGregor,
Daugherty, and Miller, 1953, H154, and 1955;
Felin, 'Volf, D:lllgherty, and Miller, 1958; Wolf,
MacGregor, Daugherty, and Miller, 1958). Each
estimat('l represents those sardines of ~ years of
age and older that were, definitely present in the
population in a giwn season, since they were sub­
sequently caught. Availa.hility influences viltual
population l'stimates, since only those fish can be
caught that are present in the, fishing area. Also,
differences in fishing intensity and natural mor­
t,ality of sardines are not taken into account.
Hence, the estimates are minima-I.

Virtual population estimates for seasons 1951
through HI55 are compared with estimates of sar­
dine l'gg abundance in th~ following tabulation.
Recent estima.tes of the virt,ual population are low,
becausl' some year dnsses used in the est.imates
have made only a partia,} contribution to the fish­
ery as yet. The If/56 estimate of the virtual popu­
lation is not, included for this reason.

1~51 . _
1~52. . ,, _
1953. . . __ - .. _
1~5t •. - - _. _..•.• .1
1955 ---- -- --- -- ---- -- _---,,---- -------. I

Tf:'mJlPratuTf:' (' C.) in-

I
NorthffiSl, Northwest SouI,heast Southwest Northern

s{>C'Uon sl:.'ction ~pction sl'etion cpntf'r

D:lt,e

Average temperatures at a depth of 10 meters
for the winter and spring seasons of 1951 thrOllgh
195fj are given in table 9 for the four quadrants
of the nort.hern spawning center. Thel'e was noth­
ing unusual about winter and spring temperatures
in 1954. For tIl(>. northern center as a whole, the
winter temperatures were less than 0.1 0 C. higher
than the 6-year average; the spring temperatures
were 1)'~5° C. higher than the avemge. In the
sections contiguous to the southern spawning cen­
ter, the southeast and southwest areas that emi­
grating sardines would first enter, the tempera­
tures were somewhat above, average in the, inshore
quadrant (0.17 0 C. in .Tanuary-March and 0.50 0

C. in April-.Tune) and somewhat below av~rage in
the otfshore quadrant in the winter period (0.25 0

C. lower than average) und dose to average in
the spring period. There was only O.Ogo C. dif­
ference between the averagE.' winter temperatures
in the, northern spawning center' in 1952 as com­
pared with 19;H-two markedly contrasting years
with rega.rd to distribution and abundance of
spttwning in the northern center. Temperatures
in 1953, the year with the least spawning in the
northern center, were not much below average in
the winter period (0.11 0 C.), but were the coldest
in the serie.s during the spring months (0.61 0 C.
belO\" the 6-year average,).
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. The.re is fair correspondence between the vir­
tual populat.ioll el5timates and the estimates of
sardine egg abundance for every season except
1953. In this season tlw estimate of egg abun­
dance is too large in comparison with the virtual
population estimate. As noted previously, most
of the sardinp. eggs obtained in 1953 re.'mIted from
fall spawning in the southern center, and it is
unlikely tlmt the group of late-season spawners
ever beeame fully ava,ilable to the California.
fishery. Only about 89 X 101~ eggs were ta.ken
during the main spawning period in 1953 (table
12) .

The virtual spa.wning popula,tion in 1954 was
the largest for any season since 1951. The in­
crease could ha,ve resulted in moderate population
pressure. However, the amount of spawning off
central Ba.ja California in 1954 was only 35 per­
cent as much as in 1951, when spawning re­
mained concentrated. in the. southern spawning'
center.

The widespread spa.wning in 1954 is interesting
for another reason. In a c.Qnsideration of factors
that might favorably influence the survivul of a
yea.r dass, I lmve theorized (Ahlstrom 1950, p.
45) that the extent of the area over which spawn­
ing wus spre.ad was probably one of the more im­
portant ones: the larger the area, the' greater the
chauce of a gOfxl survival. The 1954 distribution
gave us an opportunity to test this hypothesis.
The areal extent of sardine spawning in 1954 was
gre.ater than in any other recent year. The 1954
elass had poor survival during the larval stage
and has, 'to date, contributed very little to the
fishery (la,rval survival for 1952-56 elasses will
be presented in It later publication). It appears to
be nearly as weak as the. very poor 1949 and 1950
classes, and has contributed only 85 million fish
to the catch as 1- to 3-year-old fish. If this judg­
ment is born out by its subse.quent history in the
fishery,. then we must question the importance of
wide ureal distribution in the production of It

successful year dass.

CONCEPTION
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A.REA. 4

AREA 3
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FIGURE 9.-Average 8ea8ollul distribution of sardine spawning, 1951-56. by area. (Area 1 omitted: see footnote to
table 10."
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-----_._---- ---.-- ._----- ---.--- ------

SEASONAL DISTRIBUTION OF SPAWNING
1951-56

The relation between sa.reline spawning in t.he
nort.hern center anel availabilit.y of sardines to
t.he eommercial fishery during t.he subsequent fish­
ing season htts been brie.fly mentioned for 1952
through W54. The relation during the 5-year
period, 1952 through 1956, is given in the follow­
ing tlthula.tion :

Southern California area (lines 80-93)

Approximat.ely 98 percent of t.he eggs spawned
in this area luwe been obtained during the 4­
month period, April through July. The month of
peak spa,wning has been either Mny (1951, 1952,
1956), June (1954,1955), or .July (1953). Bnsed
on totttis for six seasons (1951-56), neltrly 45 per-

cent of the sardine eggs were obt.ained in May, 35
percent in June. There hava been only three oc­
currences of sardine eggs in the months of August
through .January. Some spawning has taken
place. during February and March, but it
usually has been light; about 10 percent of the
occurrences off southern California were recorded
for these months, but only .about 2 percent of the
number of eggs spawned.

Upper central Baja California area (lines 110-120)

Sardine eggs have been collected t.hroughout t.he
yea,r in this area. The composite seasonal dis­
t.ribution, based on the totals for 6 yoors, is
bimodal, wit.h penks in Ma.reh and August.
Spawning during t.he first half of the year
usually has a much wider area,l distribution than
spa,wning during the latter half. As is shown
later, spa,wning during the main spawning period
has taken place at temperatures that were only
slightly higher than those encountered in the
northern spawning center, but t.hat were fully
2.50 C. lower than the ltverage temperature of
spa,wning of the late-season group.

La,te-season spawning usually is confined to the
sout.hern end of Sebast.ian Visca.ino Bay in t.he
npper cent.ral Bl\jn Califomia al"el\ (lines 110­
120) and to inshore sta,t.ions along the coast in the
lower cent.ral Baja Ca,lifornia area (lines 123­
13/). As is pointed out later, lat.e-season spawners
ma.y const.itute a separate subpopulation of

Northern Baja California area (lines 97-107)

The areas off southern California, and northern
Baja, California together constitute the nort.hern
spa,wning center. As off southern California,
t.here have been only negligible amounts of spawn­
ing during August through January (six occur­
rences, 0.11 percent of eggs spawned). Spawning
has occurred somewhat ea.dier in the year off
northern Baja, Cnlifornin, however. More than
45 percent. of t.he sardine eggs were obtained dur­
ing February through April in this area, whereas
less than 8 percent were obtained during these
months off southern California. Since 1954, there
hnve been considerably more occurrences of eggs
in this a.ren thnn off sout.hern Califonlia. Based
on tot.a,ls for the six seasons, a,pproximately 30
percent of sardine eggs were obtained in April
and 33 percent in .June.

4,520
3.170

1;7.260
74.960
32.650

California
commercial

catch
(tons)

3.2 1952-53
.9 1953-..'\4

38. 5 1954-55
52. 7 1955-56
37.3 195f,...57

Commercial
Percentage fishing

of total season
spawning (Oct. 1­

Feb. \)

EstimatP-<1
ubundanCl'
of eggs In
northern
~pawning

Cl'Jlter

Spawning ,.,ason

4XI012
4XIO"

137XlO12
AAXIO"
Il6XI0" I

-------'-----

Sllrdine spawning was negligible in t.he nort.h­
ern cent.e.r in 1952 and 1953, and the commercial
catch was exceedingly poor. With the return of
a sizable spa.wning population t.o. the northern
spawning center in 1954, the commercial Ctttch
immediately jumped to 67,260 t.ons. It could
have been larger during this season, as a price
dispute dela.yed t.he opening of t.he San Pedro
season for about. 5 weeks. The 1955-56 catch
was the best during the 5-year period. The catch
during the 1956-57 season started out well. Sar­
dines were moving southward during the brief
period of good fishing and were not ava.ilable in
any numbers to the southern California fishery
during the remainder of the. season.

The monthly occurrences and abundance of sar­
dine eggs in different parts of the spawning range
are summarized in table 10 for t.he 6-year period,
1951-56. Average seasonal distributions are illus­
trat.ed in figure 9. The 1950 season is not in~

eluded because t.he covel'age of spawning areas
was less intensive and complete t.han in succeed­
ing years.

1952. _
IlIIi3__ . . _
1954 .. .
1955 .. _
1956.. _
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TABLE to.-Occurrences and almndance of sar/l.ine eggs, by a,rea and tnonth., 1951-56
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Area I aDd month
Occurrence of eggs Estimated number of el':gs (in billions)

1951 1952 1953 l!IM 1955 Illlif1 Total 1951 1952 1953 1951 1955 1956 Total Percent
-------1------ ------ ----------------------------------
Southern CaJi[ornia

(lines 80-93):
January__________ 0 1 0 0 0 0 1 0 3 0 0 0 0 3 <0.01
February________ I 0 2 2 0 0 5 0 0 20 19 0 0 39 .03
March___________ 2 3 0 1 3 3 12 211 139 0 2 1,761 77 2, 190 1.93

tf~I_-_:::=::::::: 6 4 1 13 5 1 30 202 496 2 6,286 342 16 6,344 5.69
4 7 3 18 14 14 60 10,927 1.521 36 12,412 7,184 18, 546 50, 6.."6 44.69June______________ ft 2 3 18 15 8 52 4,065 74 24 17,709 8,679 10,154 40,705 35.89

July ____________ . 3 2 I 5 2 2 15 315 422 593 11,728 96 374 13,528 11.96
August. ______ . __ 0 I 0 l) I') 1 0 8 0 0 ---- -- --- - -- -- - --- 8 .01
September_______ 0 0 0 0 0 0 0 0 0 0 0
October__________ 0 0 0 0 0 I 1 0 0 0 0 0 83 83 .07
November_______ 0 0 0 - - - ----- -- -- -- -- 0 0 0 0 0 0 0 0 0
December________ 0 0 0 0 0 0 0 0 0 0 0 0 0

------------ ------------- ----------------------
TotaL _________ 22 20 10 57 39 29 177 15,720 2,663 675 47,156 18,062 29,250 113,526 100.00

Northern Baja Cali-
fornIa (lines 97-
107):January__________ 0 0 0 2 0 3 0 0 0 41 9 0 50 .1J'J

February___ . ____ 0 0 2 2 . I 12 0 0 673 50 9,385 27 10,135 4.10
March_____ .. ____ 3 3 2 19 12 19 58 61 1,501 294 11,599 6,668 7,186 27,309 II. 05

tFa~_-_-.:: ==:::::: 6 2 2 28 24 11 73 2.675 32 1,199 26, 975 38,443 5,706 75,030 30.36
8 I ., 17 14 11 53 2,355 26 \l88 21.628 12,434 2,960 40,391 16.34June_____________ 7 2 :l 16 9 . 43 13,546 71 51 23,149 670 43,817 81,304 32.90

July_______ .. ___ . 0 0 0 6 1 3 10 0 0 0 6,018 36 6,fi32 12,686 5.13
AugusL__________ I 0 0 1 (.) 2 42 0 0 170 ._--- ---- _. --- ---- 212 0.09
September__ . ____ 0 0 --- -- --- ._- . _--- - - - - -- - . -. - - - --- 0 0 0 --.------ -- -- - - --- --_. _. --- - -- -_. --- 0 0
October________ ._ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Noveml:K'r_______ 0 (J . -- --- -. --- .---- ---- ---- 0 0 0 0 _. ----~ - - - -- -- ---- -- - -- --_. 0 0 0
December________ 0 0 0 0 I 0 0 0 8 0 8 <.01

---- -------------------- --- -------------------
Tota!. _________ 25 8 10 91 fi9 52 255 18, 679 I, fi30 3.205 89, fi30 67,653 66.328' 247,125- 99.99

Upper central Baja
California (lInes
110-120):

January_____ . ____ 2 4 1 10 7 2 26 1,026 992 136 21,647 17.536 2.592 43,929 4.92
February _____ . __ 3 5 7 20 10 9 54 52,336 5,911 37,387 13,253 8, 738 6, 282 123,907 13.87
Mal'('h________ . __ 8 10 17 25 9 13 82 8.,204 24.450 13,311 23,879 6,497 8, 515 163,856 18.34
ApriL ___________ 10 II 14 26 14 4 79 22,8O-l 14.772 15.035 13,287 1.5fi9 2.335 69,802 7.81May_. ___________ 9 J4 10 25 5 5 68 W.4YI 15,416 10.173 13.690 7,822 10,321 76.913 8.61
Junl'_ 3 13 10 18 4- 4 52 393 8.863 3,558 3,722 6,8O-l 186 23.526 2.63
July_.::::::::::: 2 5 2 4 4 3 20 26,396 2, 05fi 29.047 8, 257 4,493 64.1r.2 134.411 1ft. 04
AUllusL _________ 3 7 4 3 (') 6 23 6,916 5,631 148, Il84 7,252 22. 520 191,303 21. 41
September __.____ . 1 4 II 2 18 306 7.165 7.728 -- -- - - ---

---ii/ii�-
6,520 21,719 2.43

October__ . _______ 3 0 1 0 5 9 30,736 0 124 0 --------- 33.072 3.70
l"ovemher_______ 2 1 ---.---- ------ 3 6,932 12 ------- - -- - - ---- -----377- -----"--- 6,944 .•8
Dceemher ________ 3 2 - - - --- _. 10 1,933 1.682- 232 ____ -0. __ - 4.224 .47

-------------------------- ------------------
Total. ________ . 49 74 81 132 60 48 444 256,473 85,268 267,165 105,219 56,048 123.433 893.606 100.01

Lower central Baia
California (lines
123-137):

January __________ 3 3 0 3 2 0 11 10,410 1,4IiO 0 3.855 2,744 0 18, ml 2. fi8
February _______ . 2 4 4 4 0 4 18 17.262 1,138 3, 00fi 37,190 0 7,179 65,775 9. 5.~
March ______ . ___ 5 13 9 4 1 3 3..~ 17.,801 10. 003 779 8, 245 32 2, 054 198.914 28.87
ApriL ___ . _____ 4 9 3 5 0 3 24 39,687 7,805 221 495 0 16, 379 64,587 9.37May_____________ 3 4 8 2 2 0 19 68.162 3,262 690 2.250 8,230 0 82.794 12.02
June____ . ________ 0 4 3 3 1 2 13 0 10,293 140 1,452 21 10.156 22.062 3.20
.Tuly _______ . _____ 1 1 3 4 3 0 12 3, 814 66 160, 052 43,549 6,045 0 213,526 30.99
AUl{ust __________ 2 2 I (') 1 13 2.705 8.819 2.683 13 1,063 15.283 2.22
Septcmher _______ 1 2 -----i· 0 3 47 3,024 . _... - -_.. ------6i1- 0 3,071 .45
Oct-ober________ ._ 0 2 2 0 --- - _. -- 5 0 536 1,350 0 -----._-- 1.948 .28
Xovember. ____ ._ 0 I --~ . - - -- ._------ ------- 1 0 8 ---._-- - ._- - _. -- -- --- - - -- --------- 8 <.01
December________ I 0 2 3 "------- 6 38 0 341 2,267 --_.----- 2.64/1 .38

--------------- ---------------------------- ----
Total. _____ . ___ 22 45 39 28 13 13 160 319,926 46,404 169. 121 9•. 390 19,401 36,831 689,073 100.01

Southern Baja Call-
lornla Clines 140-
1571:

January ____ .. -.-_.- ._---_.- 0 4 6 - ------- ._------- 0 15,925 1.044 82 17.051 96.37
Februar)' __ .:: _:: 2 ._------ -------- 1 4 83 ------- -----_.-- 434 i5 592 3.35
March ___ ._. _____ 0 -------- 0 0 0 ------- _.------- 0 0 0u:rll ---.-------- ._------ ._------ 0 0 - . - --- - -. _._------ _.------- --- - --_ .. - -- - - - -_.- 0 0 0ay_ .___________

--- ._---_.- ._--_._- - -_. - - _. --_._.--- -_.------ --.--. __ . - - . _.. -- . - - - -_. -- --------- --------- -_. __ .
June____________ . 2 ._---_.- ---_._-- --- --_. 2 50 -- - - - ---- -_ .. --_.- - . ------- -- _. --- -- --------- 6lI .211
July_. ________ -- ._----_ . .------- -- - _. - -- -------- -------- -------- -----_.-- --- - - -_.- ---- - - - -- ---. __ .-- .-.---_.- --------- -_.-- --- ---.\ ugust_____ ----- ------- (') .__ . - --- ._.--_. - -- - -_. - -- --------- --- -. ---- --------- ._------- _ .. _--. ---- - - --- .. _- -- .
Scptembcr_ 0 -- - -_. -- .- ... _--- . __ . --- ._---_.- 0 0 _.. _------ -- --- ---- --------- -- - -_. - -- -------_. 0 0
Octoh~r. ____ :---- -- - - - - -- -- - - - _.- -----_.- --- - -- -- ---_ .. -- - --- - - -- ----_.-. -_._----- --- -- -_. -- - - - ---- ---._---- - - - ._- - -- - - - -~. - - .-------- -_.-----
:'<o'·ember. ___ ::: ---_ .. _-- -------- ._---_.- -------- ------- -----_.- ._------ --- -_. - -- --------- ----- ---- --------- --. _. -- -- -- -- ---- -_. --Deet'mher ________ .. -._-_ .. -----_.- ._------ 0 -------- -------- O. ----_.--. --------- --------- 0 0 - . - --- - -- 0 0

TotaL . 2 2 o 2 12 50 83 o 15.925 1,478 157 17,6lI3 100.00

I Area 1 omitted. Only two collections containinl': Eardine ellgs were obtalned in area 1 (to the north of Point Conception): One In .Tune 1951, the other In
June 19M.

~ Norpac.
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sardines. Although the sepa,ration of regular
spawning from the late-season spawning is much
sharper in SOllie seasons than othe,rs, I am con­
sidering eggs.spa.wned betwe.en .Janua,ry and June
in this area t.o belong to the regular spawning
group, and eggs spawned during July through
Decenl!ber to result from another spawning group.

Lower central Baja California area (lines 123-137)

The composite seasonal distribution of sa.rdine
spawning in the lower central Baja. California
area. is bimodal with peaks in Marc.h and July.
In the 6-year period. 1951-513, about two-thirds
of the spawning in this aTea occurred during the
main spa,vning period. and one-third during the
late spawning period. Sampling has been less
intensive during the latter haH of the year, eon­
sequently abundance of eggs during these months
has heen somewhat undeTestimated.

The lower central Baja, California area de­
creased in importance as a spawning c.enter be­
tween 1950 and 1956. In 1950 and 1951, approxi­
mately 50 perc,ent of the, total sardine spawning
oceurred in this area, while in 1955 and 1956 less
than 15 percent of sardine eggs were taken here.

Southern Baja California area (lines 140-157)

During the 6-year period under consideration,
only 13 cruises extended into the area off southern
Baja·Ca.Iifornia. Nine cruises were made in .Jan­
uary through March, and the. rem.aining four
were made during April, June, September, and
December. Sardine eggs were taken in 12 hauls.
6 made during .January, +. during February, and
2 during June. Collections ill which eggs were
common 'were obtained only in January.

WATER TEMPERATURE AT TIME
OF SPAWNING

There hnve been no direct observations on sar­
dine spawning, eonsequently water temperatures
at time of spawning have been inferred from
temperature observations taken at stations where
sardine eggs were obtained.

Studies on vertical distribution of sardine. eggs
have shown that the eggs are limited in their
distribution to the upper mixed layer and the
upper portion of the thermocline (Silliman 19+.3;
Ahlstrom 1959). The depth of the upper mixed
layer varies from station to station and also at a

given station on different occupancies. Sardine
eggs have been found to be variously distributed
within the mixed layer. In some situations they
ha,ve been concentrated ne·ar the. surface or within
the upper 10 to ~o meters of depth, Itt other places
they have had a fairly wide distribution within
the upper mixed layer or they have been distri­
buted only in the lower portion of the layer.

Although no one level can be representative
of· the depth distribution of sardine' eggs under
all condit.ions, yet on the average the largest. con­
centrations of eggs have beeu obtained between
the surface and about 20 meters. The tempera­
ture at. a depth of 10 meters has been used in the
following analysis. The temperature at t.his level
is much less influenced by diurnal changes t.han
the surface temperature. It. is much simpler to
obt.ain than an a.verage t.emperat.ure for the upper
mixed layer, alt.hough in many situations it. would
he identieal with such an average· and seldom
would differ from it by as much as 0.5 0 C.

In the following analysis, the spawning season
has been divided into two parts: nUlin spawning
period, extending from January through July in
the northern center, January through June in the
sout.hern eenter, and lat.e-season spawning~ oceur­
ring during .July through Dec.ember in the sout.h­
ern center. Temperature observations are avail­
able for 913 collections of sardine eggs made dur­
ing the major spawning period in 1\)51 through
1956. and for 121 colleetions made dlll'ing the
late spawning period.

The frequenc.y of OCeUrre.llCe of sardine. e.ggs
at different. temperatures is given in table 11 and
illustrated in figure 10. 'Observations from the
several geographical areas are summarized sep­
a.rately. Temperat.ure observations are grouped
by 0.[1 0 C. intervals.
. The temperature mnge over which sardine eggs
were ohtained during the major spa.wning period
was from l1.1Y' to 21.~" C. APPl'oximately 93
percent of the. ol.'currences were at temperatures
hetween 13.0° and 17.9" C" and more than 50 per­
cent. of the Ol't'I1lTeneeS were within a 1%" C.
range (l4.5-L'i.!)!Y' C.). The mean, median, and
modal tempel'ntures for the spawning range as
II whole full in the same interval, 15.0-15.!9" C.
The majority of OCCI1lTenCeS at, temperatnres helow
1:3" C. were in the adjacent 0,[,0 interval. So few
sardine eggs hnve been taken at temperatures be-
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TABLE 11.-Relatiol~between -water tempel'atl/re an.d- oooll,rrence 01 sardine eggs, 19.H-56

Occurrene~s01 sardine eggs during-

207

Temperature at 10 meters (0 c.) 1\1ain spawning period on llnes·- Late-se·aSOll spawning on lines-

SI}-ll3 97-107 110-120 123-137 140-157 Total 110-120 123-137 Total
-------------------1--------------------------------
11.0-11.49 . 1 2 3 1 _
11.5-11.99 .__________ q 2 4 _
12.0-12.49 ------- 5 2 3 2,__________ 12 --------i- :::::::::: ---------i
12.5-12.99_____________________________________________________ 6 6 5 4 21
13.0-13.49_____________________________________________________ 13 8 5 3 29 _
13.5-13.99 .__________ 22 12 8 5 47 2 2
14.0-14.49 .__________ 37 31 27 10 105 3 3
14.5-14.99 .. 34 53 58 15 160 _
15.0-15.49_____________________________________________________ 17 56 79 17 169 2 2 4
15.5-15.99_____________________________________________________ 6 31 84 20 141 2 3 5
16.0-16.40 • .__________ 10 25 55 8 98.; 4 9
16.5-16.99_____________________________________________________ 8 15 20 8 1 52 .; 1 6
17.0-17.49 .__________ 4 6 12 5 2 29 10 3 13
17.5-17.99 .__________ 4 2 12 1 19 7 6 13
18.0-18.49 .__________ 2 3 2 • 6 1 7
18.5-18.Y9 __ .. ._._. . ~ . 2 .. 1 1 4: 11 .J 15
19.0-19.49_____________________________________________________ 1 3 4 8 8
19.5-19.99_____________________________________________________ 1 3 4 12 1 13
20.0-20.49_____________________________________________________ 1 1 _.________ 1 3 4: 2 6
20.5-20.99 • .___ 1 1 ., q 4
21.0-21.49_____________________________________________________ 1 • ._____ 1 2 1 3
21.5-21.99 • • • ._____ 1 1 2
2'2.0-22.49 . • • • .. 1 1
23.0-23.49 . • • • • .. 1 1
23.5-23.00 • • • .. 3 3
27.0-27.49 . • • .. .. ._______ 1 1

-------------------------------------TotaL._________________________________________________ 173 253 358 117 12 913 81 40 121
Average 14.7 15.1 15.4 15.7 18.7 15.2 18.1 18.0 18.1

low 13° C. that this temperature can be considered
a threshhold for Pacific sardine spawning.

During the late spawning period (.July-De­
cember), sardine eggs were obtained at. tempera­
tures between 11.3° and 27.4° C. The average
temperature for the 6-year period was 18.1° C.
Thus, late·season spa wning oceurred, on the aver­
age, at. temperatures which were ~.no C. higher
than during t··he lllajor spa wlling period. Less
than 3 percent of the occurrences during the ma­
jor spawning period were at temperatures above
18.0° C., while more tlU\ll 50 percent of the occur­
rences during the late spawl)ing period were at
temperatures of 18° C. or above.

This marked difference betwei'n the avemge
temperat-ure. at spawning of the major spawning
gronp of sardines and of the late-season spawn­
ing fish has raised the question of whether the
late-season spawners may not. ('II)llstitute a separate
subpopulation. The subpopulation problem in
the PadRe sardine is discussed by Marl' (1957).
Although the question has been posed from a con­
sideratioll of time and temperature differences at
spawning, the problem will have to be solved hy
other teehniques such as genetic studies of spawn­
ing- fish of the two groups, growth studies, and a
suitable tagging program.

If the late-season spawners off eentral Baja

California do not. constitute a separate subpopula­
tion, then one of two explanations must. apply:
either spawning throughout the year off central
Bajn, California is carried on by the same group
of fish, or the late-season spawning is carried on
principally by young fish spawning for the first
time, probably as l1;§-year-old fish. The latter e..~­

planation is an appealing one,'for if true, it would
mean that the late-season spawning could be used
to assess the strength of each year dass when ap­
proximately 1112 years of age.

It. is important to know whether the late-season
spawners do constitnte a. separate subpopulation
or not. If they are a separate suhpopulation with
different environmental requirements than the
main group of sardines, they may be largely un­
ava.ilable·to the California. commercial fishery.
Because of this possibility, estimates of egg abun­
dance from late-season spawners have been sepa­
rated from those of the main spawning group in
table 12.

The fluctua,tion in abundance of eggs is consid­
erably greater during the late-season than during
the 'nUlin spawning period. Sampling during
.Tuly-December oif central Baja California. was
about. equally inti'-llsive in 195~ and 1953, yet t.he
estimate of abundallce of 35~ X1012 eggs for 1953
was nearly 1~ times as large as the. estimate of
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FIGURE to.-Temperature distribution of sardine eggs during the complete spawning period pff southern California and
northern Baja California tareas 2 and 3) and during the main spawning period (JanUllry-June) off central Baja
Clllifornia (areas 4 and 5) and southern Bajn California (area 6.1 .

2i X 11)1~ eggs for 195~. The lowest. estimate of
the group, that of 1[) X 1012 eggs for 1955, is an
underestimate, since collections within the lnte­
season spawning areas were not made during
August and September HI;)f>.

Average temperutures llt which sardine egl:,'fS

were obbtined in different parts of the spa.wning
range are sumnmrized for the nmjor spa.wning
period by season and area in table 1:3. The aver­
age temperature inc.reused from nort.h to south.
For the 6-year period, 1951-56, the· amount of the
incl"ease going southward from one area to the
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TABLE 12.-Relafit'e cQ/ltribution. to sa·rdine egg esti/llutes of eggs collected dltring the ma·in slJUtI»ling period and of eggs
oollected during lute-seusof~ spa.1('ning, 1951--56

1951 1952 1953 19M 19r,5 1956

Area ------------------------ ----------------------
Estimated Perccnl. EsUmated Pcrccnt Estimated Percent Estimatl'd Pcrccnl. EsUmated Percent Estimated Percent

abun- of tokll abun- of total abnn- of total abun- of total abun- of total abun- of total
dance dane,- dance dance dance dance

-- ----------------------- ---------------
Main spawning period:

Nortb of Point ConcepUon (lines 60-
77) ________________________ - - ________ 0 0 0 0 0 0 38 0.01 0 0 0 0

Southern California (lines 80-93>- _____ 15,720 2.57 2.60.1 1.96 675 0.15 47.156 13.27 18,062 11.11 29,250 11. ·13
Northern Baja California (IIues 97-

1,630 .73 89.630 25.22107L _________ .______________ - ________ 18. 679 3.06 1.20 3,205 67,653 41.60 66.328 25.91
Uyper rentral Jlaja California, Jan.-

70,4.14 18.08 89.478 25.18une (lines 11O-12OL ________________ 183,254 30.00 51. 75 79,600 48,966 30.11 30,231 11. 81
Lower central Jlaj" California, Jan.-June (lines 123-137) _________________ 31:i.322 51. 29 33,951 24.96 5,036 1.14 53.487 15.05 11,027 6.78 35,768 13.97
Southern Baj" CallfoMlia. Jan.-Jnne

15.925 4.48(lines 140 & below) ____ .. ____________ ;;0 0 83 0.06 0 0 I. 478 .91 157 .06
--- -_.------------------------- ----- ---Tnt'll.. ______________________________ 531.025 86. 9'J 108.731 79.93 88,516 20.10 295,714 83.21 147.186 \10. 51 161.734 63.18

J.,ltc seasnn spawning (July-December):
42.61 15,741 4.43Upper central Baja California_________ 7:i,219 11.99 H,864 10.93 187.565 7,082 4. 3.~ 93,202 36.41

Lower central Baja California_ ._______ , 6,566 1. 07 12,453 9.15 164.085 37. :30 43,903 12.35 8,374 5.15 1,0tl3 .42

1'01.>11.. _________________ _____________ 79,785 13.06 27,317 20.118 351,650 79.91 59,644 16.78 15,45r. 9.50 94,265 36.83

TABLE 13.-Temperatttre range and means for station8 'Ichere sardine egg8 ,cere taken, by 8eason am.(/, area, for mai.t
8pa.wning period

[Temperature \" C.) at 10 m.]

1951 1952 19.;3 1954 1955 1956 All years

Southern California Clines 80-931::\"nmber of obscr\'ations____________________________ 22 19 10 55 39 28 173
Tempcratllrl~ rangl~_. _______ ~ ____ __ ." ______ _______ ___ 11.8-18.2 12.0-18.2 II. 3-16. 9 12.8-20.4 12.8-17.9 12.4-17.9 11. 3-20. 4Mean tcmpcrature ________________ , ________________ 14.8 14.5 13.7 14.9 14.7 14.7 14.7

:\"orthern Baja California (Iincs 97-107):
:'ol"umher 01 obser""tions___________ ._________________ 25 6 10 90 70 52 253Temperaturc rangc_________ .__ -_____ -. ______________ 11.4-16.9 13.11-15.9 12.6-16.9 11. 5-21. 2 13.11-17.4 11.2-16.9 11. 2-21. 2Mean temperature._________________________________ 15.0 14.6 14.8 15.6 15.1 14.5 15.1

Upper central Jj,\ja California (lines 110-120):
:'-lumber or obscrv"tions ____________________________ 35 57 59 123 48 36 358
Temperature rangt:' ____ _____ ~ ___ . ______ __________ _._ 12. 7-16.,~ 12.5-17.4 12.7-16.5 12. 1-17.9 13. 0-J6. 5 12.2-16.5 12.1-17.9Mean tempcrature _________________________________ 15.3 15.9 15.1 15.7 15.2 14.6 15.4

Lower central Baja Calirornia (lines 123-(37):
Numlwr of observa.tions ____________________________ 17 34 27 21 6 12 117Temperature range_________ . _______________________ 13.5-17.9 12.3-19.4 12.8-17.9 12.9-19.9 14.11-15.9 12.4-17.9 12.3-19.9Mesn temperature _________________________________ 16.0 15.8 15.3 16.5 15.1 14.7 15.7

Summation (\iu~ 80-1371:
:'Jumhcr or ohser\'utions____________ . ____ ___________ (l9 116 106 289 163 128 \101Temperature mngc_________________________________ 11.4-18_ 2 12.11-19.4 11.3-17.9 11.5-21. 2 12.8-17.9 11.2-17.9 11. 2-21. 2Mean I.emlwmturc _________________________________ 15.2 15.6 15.1 15.6 15.0 14.6 15.2

Southern Bsja California (Iincs 140-157):Numbcr nf obser\·at.ions____________________________ 2 I 1 1 5 2 12Temperature range.. ________________________________ 17.2-18.1 19.9 20.2 19.7 16.9-20.6 18.2-19.6 16.9-20.6Mean temperature _________________________________ 17.6 19.9 :11.2 19.7 18.3 18.9 18.7

next wns roughly uniform nt approximately 0.3 0

C. between eac.h of the four principal a.reas, but
jumped to 3.00 C. from lower cent.ral Baja Cali­
fornia to southern Baja California.

The a.veruge temperature at spawning off south­
e.rn California during the 6-yea.r period was 14.70

C. In only one year, 195a, did the mean temper­
ltture depart from this avera.ge by more than 0.20

C. The u·verage temperature at spawning off
northern Baja CaJifornia during 1951-56 was
15.1') C.; the rnnge in average temperature values
for t.he individual years was from 14.50 to 15.60

C. Tho' avernge t.emperature at spawning in t.he
northern spawning center, which comprises the

above two geographical areas, wus 14.90 C, during
these years.

Average t.emperatures at spawning for individ­
ual seasons in the upper central Baja Ca.lifornia
area ranged from 14.60 to 15.90 C.; the Rverage for
the 6-ye.ar pE'l'iod was 15.4° C. There was a
greater spl"('.ad in t.he seasonal averttges for lower
central Baja California, the lowest, 14.70 C. in
1956, being 1.80 C. below the highest, 16.5 0 C. in
1954. Although there was R0.3 0 C. difference he­
tween the 6-year aVE'rage tempe.rat-ures in the up­
per and lowe.r central Baja California areas, it
should be noted t.hat the average tE'mpera.tures
were almost ident.ical during 4 seasons, and dif­
fered by 0.7 0 to 0.8 0 C. during the other 2 seasons.
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The ave.rage temperature at. spawning in the
southern spawning center (upper and lower cen­
tral Baja California area.'» during the 6-:rea.r
period was 15.5° C. Thus, the difference in aver­
age temperature at. spawning in the two major
spawning c.enters wn,s 0.6 0 C. during the years
1951-56. However, the difference bet.ween indi­
vidual yen,rs was n,s small as 0.1 0 or 0.2° C. (1955
and 1956) and n,s large as 1.30 C. (1952), as ean be
seen from t.he following summary:

Average temperature
(OC.) In--

Difference
Northern Southern \0 C.l

spawnlngs spawniug
center (lines center (lines

80-107) 110-137)

Actually, the average temperatures in the south­
ern Baja California area· during Janua-ry through
.Tune were as high as the average temperatures
during the late-season spawning period, July
through December (table 14). If we postulate
that the late-season spawning was ea-rried on by a
separate suhpopulllt.ion and use as a major prem­
ise the difference in average temperatures between
the major spawning period and the la-te-season
spawning, then, by the same reasoning. we· are
forced to conclude that· the sardine spawners off
southern Baja California also constit.utes a- sepa­
rate subpopulation. I am merely pointing out
this faet for consistency, and hasten to add that.
we have no definite evide.nce for or against the ex­
istence of a se.parate subpopula.tion in this area.
There is a possibility that the sardines from
southern Baja. California are more dosely allied
to surdines in the Gulf of California than to those
off central Baja California.

+0.7
+1.3
+1.0
+0.5
+0.2
+0.1

15.6
15.8
15.2
15.8
15.2
14.6

14.11
14.5
14.2
15.3
15.0
14.5

l\Iajor spawning period

1951.. ". _
1952_"" ... _
1953. ",, _
1954 " .. _
1955 " _
1956.. . .. _

RELATION OF EGG ABUNDANCE
TO TEMPERATURE

TABLE 14.-TellllJerafu·re ranges and lIIeallS /01' stations
",1/1're SIINUn.' eggs Il'ere takell, sUllllllarized bll 1/ears
IIl1d area. /01' late-season spawning

[Temperature (0 C.) at 10 m.]

In order to determine whether large concentra­
~ions of Burdine eggs were taken at. temperatures
different. from those determined for sardine eggs
irrespective of abundance, average temperatures

1951._______ 14 1,.5-20.9 19..~ 5 16.5-23.9 20.4
1952 __ " _____ 16 11. 3-21. 4 17.3 8 15.5-23.4 19.1
1953_ _______ 22 15.0-21. 9 18. 2 12 14.0-23.9 18.9
1954_ __ ___ __ 8 16. &-20. 4 18.6 7 16.0-20.9 18.1
1955________ 11 13.5-17.9 16.5 7 14.0-16.5 15.3
1956 I__~_~~~ 1 _2,.0 __27.0

TolaL. ___ 81 11.3-21. 9 18. 1 40 H. 0-27. 0 18.0

Mean
temper­

ature

Mean Numher Tl,mper·
temper. ofobser- at·nre
atunl . vaUons range.

Lines 123-137

Number Temper-
of obser- ature
,-at.Ions range

Lines 110-120

Year

A diffieulty in comparing the average' tempera­
tures of late-season spawning in different years
arises from the paucity of samples in some years.
The survey in 1955, for example, was limited to
October and Decemher: hence the average tem­
peratures for this year are not. strictly comparable
with any other year. This is unfortunate, for the
limited temperature observations available were
markedly lower than during any other season.

It. is interesting to note that in W5g and 1953,
when there. was limited spawning in the northern
center, t.he difference in temperatures between the
two centers during the period of spawning was
somewhat greater than in the other yea-rs.

Although the lowest average temperature in the
northe11l spawning center occurred in 1953, the
lowest. average temperature throughout. the
spawning range oeeurred in 1956 (14.60 C.). The
average temperature in the northern center in 1956
was the same as in 1952 and only 0.3° C. higher
than in 1953, yet spawning was widespread in the
center in 1956 and limited in both amount and ex­
tent in 1952 and 1953.

During the years under consideration, the
greate.r abundance of sardine spawning OCCUlTed
in a-reas where t.he average temperature was be­
tween 15.0° and 15.9° C. The only exception to
this statement. is the 1956 season, when average
temperatures thronghout the spawning·range were
below 15° C.

Only a limited number of collections of sardine
eggs have been obtained off southern Baja Cali­
fornill. (lines 140-157), In the 6-year period,
1951-56, 12 hauls contained sardine eggs. The
temperat.ure range at these stations was from 16.9°
to '20.6° C., the mean temperat.ure was 18.7° C.
This value is 3° C. higher than the average. tem­
perature in the lower central Baja California a-rea
during the same period.
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were obtained for those. hauls eontaining 101 or
more eggs. The results are summarized by area
for the 1951-56 period:

---------- ----- -------------
Southern California_______ 80-93 173 14.7 51 14. U
Northern Baja California_. 97-107 253 15.1 82 15.2
Upper e.entml Baja Cali·

fornia___________________ 1l0-120 358 15.4 143 15.3
Lower Ctlntrnl Baja Cali-fomia_____ . _____________ 123-137 117 15.7 60 I.i. K

Area

I All hauls of Hauls of 101 01'
. sardine eggs more sardine eggs

Sf~~~~J1 I-~um. Average N:;:--IAver~~
ber of temper· hOI of tem!",r·
hauls atuT(' hlluls atu..

(0 C.l (0 C,l

1941 was higher than the average tempemture at
whieh sardine eggs were obtained 011 lower central
Baja California (lines 123-137) during 5 of 6
years between 1951 and 1956. 'We have no infor­
mation on either sardine spawning or water
temperatures off central Baja Ca.Iifornia in
1941, so eannot compare the temperatures in
that region in 1941 with those obtained off
southern California.

TABLE 15.-Te.mJlerature runge and lIIean for stations
where s(/./"(line "(lgs were taken, sumlllarized by cruises,
1940 alld 19.U

[Temperature (0 C.) at 10 m.]

SUMMARY

/941
17 111:21-30 U 14.98-17.81\ 16.2
19 •• IV: 14-25 35 14.10-16.90 15.4
21.. V: &-17 27 14.57-18.79 16.4
23 VI: 2-12 18 13.80-18.13 15.7
25 VI:25-VII:3 II 14.39-19.14 16.5
27 _-- -------- _-- _ VII: 21-28 I 5 13.47-20. 11 I~- 2

Seasoll_________ 137 13.47-20.11 16.1

Temperatures during the 1941 spawning season
point up t.he fact that t.here can be greate.r tem­
perature diffel'e-nces between years in a geographi­
eal area, such as the southern California area., than
are normally encountered in different parts of the
spawning l'llnge during a spawning-season.

The distribution and abundance of sardine eg;gs
are discussed and illustrated -for the years 1952
through 1956.

Distribution of spawning in 195~ and 1958 was
most.ly eonfined to the southern spawning eenter,
off eentral Baja. California.

In 1954, a marked change oceurred in the dis­
tribut-ion of sardine eggs: heavy and widespread
spa.wning occurred off southern California and ad­
jacent northerll Baja California (northern spawn­
ing eenter), as well as in the area off eentral Baja
California. There. was Ii, ten-fold increase in the
extent of sardine spawning in the northern center

15. I

15.2
15.0
14.9
14.8
15.3
15.8

Mean
tempera­

ture
(0 C.)

12. 59-18. 94

13.65-16. O!l
13. 83-15. 86
13.28-16.01
12. K&-16. 62
12.59-18.94
13.26-17.32

37
31
32
31
32
18

181

Number
ofoecur· Temperature
rences range (0 C.l

DateCruise mlmber

~eason_ .. . __ ~ _

/94n
10__ •• __ . III: 5-14
11.. III: 20-28
12 . IV:4-14
13 IV:22-V:3
14 V: 10-21
15. . V: 27-VI: 7

Sardine spawning surveys made in 1940 and
1941 eovered an area off southern California that
presently would be iil(~luded in the southern Cali­
fornia. arelt (Sette and Ahlstrom, 1948; Ahlstrom
1948) . The ranges and means of water tempe.ra­
t·ures at stntions where sardine eggs were taken
during these years lu'e summarized, by eruise, in
table 15. Temperature observations for 1940 were
taken from Sverdrup et al. (1944) ; for 1941 from
Sverdrup et al. (1947). The average tempera­
ture for the 1940 season was 15.1" C. and for the
Hl41 season 16.1" C. The average temperature at
whieh sardine eggs were taken in 1940 was 0.2° C.
higher than that off southern California during
any year between 1951 and 1956, and the average
temperature in 1941 was 1.2" C. higher. The
average temperature off southern California in

The average temperature. at whieh hauls con­
taining larger coneentrations of sardine eggs were
made was very similar to the average for all hauls.
In only one instance was the tempemture differ­
enee between the two groups of hauls as large
asO.~o C.

In an analysis of the relation of jack mackerel
larvae to temperature, Ahlstrom and Ball (19M:),
using temperatures at 20-meter depths, found that
hauls conta.ining a large number of larvae (101
larvae or more per haul) were associated with
a more limited temperature range, 12.5-17.0° C.,
and lower mean temperature, 14.75° C., than hauls
containing only 1 to 10 larvae. The temperature
range for the latter group was from 10.0° to
19.0° C., and the mean temperature was 15.45° C.

TEMPERATURE CONDITIONS IN 1940
AND 1941
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in 1954 as compared with 1953, l!.nd a 35-fold in­
crease in the abundance of sardine eggs.

The extent of sardine spawning in the northern
spawning center was greater than in the southern
center in both 1955 and 1956. Compared with
195,1" however, there. was a progressive decrease in
the areal distribution of spawning in these years.

Estimates of numbers of sardine eggs spawned
during 1952-56 were as follows: for 1952,
1M X 10 12; for 195a, 4a6 X 10 12; for 19M, ~5:YX

10 12 ; for 1955, 1()3 X 10 12; for 1956, 256 X 10 1.2.

The estimate for 1955 is too low by perhaps 15
percent. because of lack of sampling in August
and September 1955, during the Norpac expedi­
tion.

The occurrences of sardine eggs in the northern
spawning center were mostly limited to the months
of February through July. Off southern Cali­
fornia, heavy spawning took place in May and
June, while off northern Baja California heavy
spawning commenced in April and eontinued'
through .Tune.

Sa-rdine eggs were obta-ined throughout the year
in the southern spawning center. To the north of
Point San Eugenio (upper central Baja Cali­
fornia area), a c.omposite Beasund distribution
showed peaks in March a.nd August, while to the
south of Point San Eugenio (lower c~ntrnl Baja
California) the peaks occurred in March and .July.

During the ma-jor spawning period, sardine eggs
have been collected at temperatures between 11.00

and 21.20 C., with more than half of the observa­
tions occurring within a 11;20 C. range (14.50­
15.990 C.). During the late spawning period
(.Tuly-December), sardine eggs have been col­
leeted at temperatures between 11.~0 and 27.40 C.
The mean temperature. of 18.10 C. in the late
spawning period witS 2.90 C. higher than the mean
temperature. of 15.20 C. in the major spawning
period.

The average temperature at spawning off south­
ern California during the 6-year period was 14.70

C.; off northern Baja California, 15.10 C.; off up­
per central Baja California, 15.40 C. (major
spawning period, January-June) ; and off lower
central Baja California, 15.70 C. (major spawn­
ing period, January-June). Thus, the avernge
temperature at which sardine spawning took place
incrensed from north to south in a fairly uniform
fashiOl~.

The diffe.rence in temperatures between the two
princ.ipal spawning centers was found to be
greater in 1952 and 1953 than in the ot·her yenl"S.

A limited number of samples of sardine eggs
off southern Baja. Ca.lifornia were eollected a.t an
average temperu.ture that was nearly 30 C. higher
than the average tempemture in the southern
spawning center during the same peri<Xl of the.
year.

When sardine eggs were grouped' according to
abundance, no difference was fOIDld in the tem.
perat.ures at whieh they occurred.

The ave.rage temperature at which sardine eggs
were obtained off southern California in 1940 was
slightly higher than in any year between 1951 and
1956, but the avemge tempemture in 1941 was
more th.an 10 C. higher.
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