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ABSTRACT

Distribution and abundance of eggs of the Pacific sardine (Sardinops
cacrulea) are given for the years 1962 through 1956. During this period a
major change occurred in distribution of sardine spawning. In 1952 and 1953
sardine spawning was mostly confined to waters off central Baja California,
but in 1954 sardine spawning spread northward to waters off southern Cali-
fornia, and this distribution continued through 1955 and 1956. Estimates of
total eggs spawned during these years ranged from 1361012 to 436X 1012
eggs.

During the major spawning period (January-July off southern California
and northern Baja California; January—-June off central Baja California) sar-
dine eggs were found at temperatures between 11.0° and 21.2° C. (mean, 15.2°
C.) ; during the later spawning period (July—December off central Baja Cali-
fornia) at temperatures between 11.3° and 27.4° C. (mean, 18.1° C.). The
average temperature at which sardine eggs were found increased in a fairly
uniform fashion from north to south within the spawning range during the
majdr spawning period. .

Temperatures at which sardine eggs were obtained off southern California
were slightly lower in 1951-56 than in 1940 and markedly lower than in 1941.

v




DISTRIBUTION AND ABUNDANCE OF EGGS OF THE PACIFIC SARDINE
1952-1956

By ELBERT H.. AHLSTROM, Fishery Research Biologist
BUREAU OF COMMERCIAL FISHERIES

In a previous report (Ahlstrom 1954b) I dis-
cussed the distribution and abundance of egg and
larval populations of the Pacific sardine (Sardi-
nops caerulea) in 1950 and 1951. This report is a
continuation of the record on distribution and
abundance of sardine eggs for the years 1952
through 1956.

During the period covered by the present re-
port, a major change occurred in the distribution
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 spawning occurred 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 change in the availability of sar-
dines to the California commercial fishery, as will
be discussed later.

Investigation of the egg and larval populations
of the sardine is part of a large-scale cooperative
research program, the C(alifornia Cooperative
Oceanic Fisheries Investigations, which is spon-
sored by the California Marine Research Com-
mittee and carried out cooperatively by the
Seripps Institution of Oceanography of the Uni-
versity of California, the Bureau of Marine Fish-
eries of the California Department of Fish and
Game, the La Jolla Biological Laboratory of
the U.S. Bureau of Commercial Fisheries, the
Hopkins Marine Station of Stanford University,
and the California Academy of Sciences. The
oceanographic-biological survey program is the
primary responsibility of the Seripps Institution
of Oceanography and the La Jolla Biological
Laboratory; the California Department of
Fish and Game has participated in some cruises.

Notk.—Approved for publication, Sept. 2, 1958. Fixhery Bul-
letin 165.

The collections were made on the following re-
search vessels: E. W. Seripps, Crest, Horizon,
Puaoling I'., Spencer F. Baird, Stranger, and Oroa,
operated by the Scripps Institution of Oteanoo-

raphy; the A. B. Seofield and Y ellowfin, oper: ated
by the California Department of Fish and Game;
and the Black Douglas, operated by the La Jolla

. Biological Laboratory. I take deep pleasure

in acknowledging the cooperation given by the
crews of the vessels and scientific personnel of
these organizations in the collection of data at sea.
Most of the personnel of the La Jolla Biological
Laboratory have devoted their full time to this
investigation. The distribution charts were pre-
pared by James R. Thrailkill, the graphs by An-
drew M. Vrooman. Sardine egg drawings were
made by George M. Mattson.

SARDINE SPAWNING SURVEYS, 1952-56

A large-scale oceanographic-biological survey
program was initiated in 1949; the distribution
and density of sampling stations during the first
3 years of the program were discussed by Ahl-
strom (1954b). The location and number of sta-
tions occupied during 1952 through 1956 are sum-
marized in table 1 and illustrated in figure 1.
With but few exceptions, cruises were spaced at
monthly intervals. During the 5 years under con-
sideration, there were 48 regular survey cruises,
9 eruises with partial coverage, and only 3 months
with no sampling at all. On each regular survey
cruise there was systematic sampling of waters off
California and Baja California. A minimum
sampling on a regular survey cruise was obtained
in the area between Point Conception, southern
C‘alifornia. and Point San Juanico, Baja Califor-
nia (station lines 80-137) ; a more extensive cov-
erage was obtained on many cruises. Except for
August 1956, there were survey cruises at monthly
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EGGS OF THE PACIFIC SARDINE, 1952-56

intervals during the first 8 months of each year.
During the last 4 months, coverage was least
extensive during September and November.
Sampling in all years was most intensive during
the period of heavy sardine spawning, March

187

through July. After July, it was most thorough
in Sebastian Viscaino Bay and in coastal waters
off central Baja California, where some sardine
spawning takes place throughout the latter part
of the year.

TABLE 1.—Area covered and number of stations occupied on cruises of the Californie Cooperative Oceanic Fisheries
Investigations, 1952-56

1052 1053 1954 1955 1056

Area Number of Area Number of Area Number of Area Number of Area Number of

covered stations covered stations covered stations covered stations covered stations

(lines) occupied (Mnes) oceupied (lines) occupied (lines) occupied (lines) occupied
JanUAry .. e 80-137 94 80-150 08 77-150 134 80-157 112 80-157 111
February . . 80-150 109 80-137 95 77-137 116 80-157 117 80-157 131
March 80-137 154 80-137 175 77-137 153 80-157 142 80-137 140
April__ 60-137 158 60-137 208 60-137 196 80-137 152 80-157 178
ay._. 60-137 186 60-137 222 60-137 205 63-137 184 40-137 239
June.__ 50-137 222 60~137 204 50-137 09 80-137 189 40-137 212
T Y e 40-137 179 60-137 121 60~137 118 63-137 196 60-137 202
August. . .. 60-137 99 60-137 118 60-137 122 Norpae 198 110-137 36
September. _._._________._. 60-137 94 . 12(7). 40| 169 110-137 36
October. ____ ... . __ ... 60-137 88 83-137 69 77-137 106 60-137 108 80-97 42
November. _. [, 60-137 91 83-87 19 | b 84 80-97 40
December__ .| 83-137 80-157 115 80-137 106 80-97 42
Total .. .- 40-150 1,474 60-150 1, 451 50-157 1,474 80-157 1,757 40-157 1, 408

Although the total number of plankton hauls
taken per year during 1952-56 was fairly similar,
the temporal and areal 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 each plankton
haul taken during 1952 through 1956 (Staff of
the South Pacific Fishery Investigations, 1953,
-1954, 1955, 1956; Thrailkill 1957). Included
in the record for each haul were position, date
and time of occupancy, volume of water strained,
depth of stratum through which the net was
hauled, and volume of plankton obtained.

ESTIMATING ABUNDANCE OF
SARDINE EGGS

Methods of estimating abundance of pelagic
fish eggs were.described by Sette and Ahlstrom
(1948) and Ahilstrom (1954b). An estimate of
the number of sardine eggs spawned during each
cruise ((') is obtained from

C= :Z (eavd))

in which ¢;=an estimate of the number of sardine
eggs spawned per day in a standard area repre-
senting 10 square meters of sea surface at the
i-th station, derived by dividing the total number
of sardine eggs in a standard haul by the total

number of age categories represented—this is
equivalent to ¢4, as defined in Ahlstrom (1954b) ;
w;=the weighting factor for space, in standard
areas, that is proportional to the area of the poly-
gon at the #-th station bounded by constructing
perpendicular bisectors to lines drawn from that
station to each of the adjacent stations; and
t;=the time weighting given to the i-th station,
equal to one-half the time elapsed since the pre-
ceding occupancy plus one-half the time elapsed
prior to the succeeding occupancy.!

The estimated number of eggs spawned within
the survey area during the year is obtained 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 temperature of the water
during incubation. Sardine spawning takes place
mostly during a 4-hour period, 8 p.m. to mid-
night (Ahlstrom 1943). Because successive
spawning periods are separated by about 20
hours, eggs of the current night’s spawning are
sharply separated in stage of development from
those spawned on the preceding night or nights.
Eggs obtained from two fairly typical samples
are illustrated in figure 2. Each contained eggs
spawned on three consecutive nights. The tem-

1 The time welghting given to the i-th station approximated 30
days. When coverage of a station was not obtained on succes-
sive months, an arbitrary time welghting of 80 days was allowed.



188 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE
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Froure 2.—Sardine eggs of different stages of development: a—¢, the three stages of development present in a sample
collected at 6 a.m. (water temperature 15.5° C.) ; d—f, the three stages of development present in a sample collected
at 2 pam. (water temperature 15.5° (). The approximate age of each stage (time from spawning) is as follows:
a, 8 hours; b, 32 hours; ¢, 56 hours; d, 16 hours; e, 40 hours; and f, 64 hours.
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perature in each instance was similar (15.5° C.),
but the times of collection were different—6 a.m.
for the group of eggs on the Jeft, 2 p.m. for the
group on the right.

In the previous report (Ahlstrom 1954b, table
7), three estimates of the number of sardine eggs
were given for 1950 and 1951, based on three
different methods of determining ey, the average
number of eggs spawned per day. One method
made use of the relation between water tempera-
ture and the rate of development of sardine eggs
for estimating the 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 third made
use of all age categories, except newly spawned
eggs collected between 8 p.m. and midnight.

As noted in the formulation above, the third
method is employed in this report. It is by far
the simplest of the three methods of determining
the average 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 categories (see Ahlstrom 1954b: 99).

Estimates of abundance, making use of all age
categories except newly spawned eggs from hauls
made between 8 p.m. and midnight in determi-
nations of per day spawning, are slightly lower,
however, than estimates derived from the other
methods of determining ¢;. Obviously, this is be-
cause the oldest age category, in some instances,
has been reduced by the 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 97.8 percent as high, and in 1952, 98.5 per-
cent as high.

The basic data on sardine eggs have been given
in the following reports: For 1952, in Ahlstrom
(1954a) ; 1953, in Ahlstrom and Kramer (1955) ;
1954, in Ahlstrom and Kramer (1956) ; 1955, in
Ahlstrom and Kramer (1957); and 1956, in
Ahlstrom (1958). In these reports, sardine eggs
are enumerated by age for each 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 relative
508469 0—59

2

abundance of eggs; the concentration at each sta-
tion is the cumulative standard haul total for the
year.

The estimated abundance of sardine eggs in
1952 is summarized by month and station line in
table 2. This table is comparable to tables 8 and
9 in the previous report (Ahlstrom 1954b). Sub-
totals are given for six areas, delimited as follows:

1. Area north of Point Conception: northern
and central California, station lines 40 to 77.

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

3. Northern Baja California area: from the In-
ternational Border to Point San- Quintin, station
lines 97-107.

4. Upper central Baja California area: from
Point Baja to Point San Eugenio, station lines
110-120.

5. Lower central Baja California area: from
off Turtle Bay to Point. San Juanico, station lines
123-137.

6. Southern Baja California area: from Cape
San Lazaro to Cape San Lucas, station lines 140~
157.

In 1952, there were 11 monthly cruises (none in
December), and in March, a second survey of the
area off central Baja California. The estimate of
the number of sardine eggs spawned in 1952 is the
lowest. for the T-year period, 1950-56.

Two major sardine spawning centers were
pointed out by Ahlstrom (1954b), one oftf south-
ern California and northern Baja California
(station lines 80-107), the other off central Baja
California (station lines 110-137). The upper
or northern spawning center was made up of areas
2 (southern California area) and 3 (northern Baja
California area) in the above grouping of areas,
while the lower or southern spawning center was
made up of areas 4 and 5, off central Baja Cali-
fornia. The separation of the two centers was
most complete in 1951 (Ahlstrom 1954b, fig. 8).
This separation was again apparent in 1952 and
1957. The latter is not included in the present
report. In intervening years, however, the sepa-
ration has been less complete, and in 1954, 1955,
and 1956, spawning was continuous between the
two areas. It is convenient, however, to retain
the geographic separation of spawning into two
primary centers, or areas, especially since there
has been such a marked change in the distribution
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Figure 3.—Distribution and abundance of sardine eggs in 1952,



EGGS OF THE PACIFIC SARDINE, 1952—56 191
TABLE 2.—Estimated number of sardine eggs in survey areas, 1952
[In billions; cruise number in parentheses]
January |February| March Late April May June July August | Septem-| October | Novem- .
Area (520D (5202) (5203) | March (5204) (5205) (5206} (5207) (5208} er (5210) ber Total | Percent
{h203) (5200) (5211
North of Point Concep-
tion:
Lines 40-57. . 0
[ i 0
Total ..o .- (1} 1]
Southern California:
Line80_ ... ... [V}
83 Q
| P, 10
T [ 118
L) 1,132
O3 s 1,403
Total o oemmea - 2,863 1,98
Northern Baja
Californla:
Line 97 13 25 67 0 0 0 0 0 582
100 0 0 4 o 0 0 0 0 4
103 14 0 L1 3 P 0 0 0 0 14
105 SR PN VR (5 31 P R S A 1,030
107 0 [N PR 0 0 0 0 o]
Total 32 26 71 0 0 0 U] ] 1,630 1.20
Upper central Baja
California:
Line 110 0 0 0 ] 0 683
113. 3,398 g 0 0 0| 25 878
1188 ne | Cisn| T o 127 18,825
10, 239 5,612 5,204 0 0] 41,81
14,772 5,631 7,185 0 12 | 85, 26% 62. 67
Lower central Baja
California:
203 383 3,249 6, 802 2,682 111 66 0 3,024 38 81 17,168
0 1.802 4, 399 962 554 153 0 [J 0 498 0 8, 368
13 0 156 41 0 0 0 & 819 0 0 [|] 9, 877
20 14 0 0 26 0 0 0 0 [ 0 (U]
902 0 0 0 0 10, 029 0 0 0 0 0 10,931
1,138 2,199 7.804 7, 805 3,262 | 10,203 6 8, §19 3,024 536 81 46,404 34.11
19
64
0
0
2 20 RN P ORI AP S RSSO PO IV PP [ 83 .06
Grand total . _____ 2, 445 7,132 | 27,584 8,209 | 23,105 | 20,225 14, 301 2, 544 14, 458 1n, 189 536 20 | 136,048 100. 00
Percent 18 5.2 2.5 6.0 17.0 14.9 14.2 1.9 10.6 7.5 0.4 ] 00.0 ...

of spawning within these centers during the
period covered by this report.

There was very little sardine spawning to the
north of the central Baja California area in
1952—only 3.2 percent of the total. Sardine
spawning in the southern spawning area centered
oftf Point San Eugenio. Iess spawning, propor-
tionately, occurred to the south of Point San Eu-
genio than in 1950 or 1941,

The largest portion of sardine eggs are usually
spawned by the 2- and 3-year-old fish, since these
ages usually make up the dominant portion of the
spawning population. The 1949 and 1950 year
classes were the weakest on record, based on num-
bers landed by the commercial fishery. Each

year class supplied only about 130 million fish to
the commereial catch.  For comparison, it may be
noted that the 1939 class supplied 7,500 million
fish; the 1947 class, 3,100 million; and the 1948
class, 2,100 million. Undoubtedly, the low egg
estimate for 1952 reflects the low numbers of 3-
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 abundance of sardine eggs by
station lines in 1953 is given in table 3, and the
distribution is illustrated in figure 4. Cruises
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TABLE 3.—Estimated number of sardine eggs in survey areas, 1953
LIn billions; cruise number in parentheses]
Jan- Febh- | March| Late | April May June July August Sep- Octo- |Novem-| Decem-
Area uary ruary March tember| her her ber Total | Percent
(5301) | (5302)} (5303)| (5308)) (5304) ! (5305) | (5306) (5307) (5308) | (5309) | (53100 | (5311) | (5312)
North of Point
Conception:
Lines 60-77 0 0 0 0 0 o
Total . _. 0 0 0 0
Southern California:
Line 80 0 0 [V 20 IR SRS [ (P (1]
12 0 0 0 [} 0 0 39
0 0 0 L1 PR— 0 0 2
0 0 0 0] .. 0 0 0
(1} 0 () [V I 0 0
12 593 [1 2 I, [ P 0 634
593 0 0 0 0 0 675 0.15
18 18
0 9
33 1,014
________ 965
0 1,199
51 3, 205 0.73
0 0 [1 2 D 0 4, 636
2,026 0 0 8 0 13, b996
0 Y1 R 77| 3.s32| 0 34, 760
286 310 29, 047 148, 907 4, 196 124 214, 070
Total..._._..._. 136 | 37.387 [ 12.417 | . 894 | 15,085 | 10,173 { 3.558 29,047 | 148,984 | 7.728 124 207, 165 0. 70
Lower central Baja
California: .
0 9,114
0 149, 211
n 710
[J 1, 668
0 8, 418 |
[\ 169, 121 38. 42
0 1]
0 0
0 0
0 0
L3 PSSR TS ORI IS S S PN S R SRR SUP of o
136 | 41,086 | 12,874 1,510 | 16.457 { 12,087 | 3,773 | 180,692 | 151,667 | 7.728 | 1,474 0 1,682 | 440, 166
<0.1 9.3 0.3 3.7 0.9 43.1 3.5 1.8 0.3 0 0.4 100.0 | 100.00

were made during all months of 1953, although
the cruises in September and November covered
only a part of the usual survey area.

The distribution of eggs in 1953 was similar to
the distribution in 1952, as can be seen by a com-
parison of figures 3 and 4. Very little spawning
occurred to the north of the central Baja Cali-
fornia area—Iless than 1 percent of the total.
Water temperatures were lower during the spring
months of 1953 than in any recent season, es-
pecially in the inshore waters off southern Cali-
fornia and northern 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 central Baja California
area, offshore from Sebastian Viscaino Bay (sta-

tion lines 110-120). The heaviest spawning of the
year, however, occurred in July and August,
centered within Sebastian Viscaino Bay and along
shore in the area between Point San Eugenio and
Point San .Juanico. This late-season spawning
was the heaviest of any recent year.

DISTRIBUTION AND ABUNDANCE OF
SARDINE EGGS IN 1954

The distribution of sardine eggs in 1954 is
shown in figure 5; their estimated abundance in
table 4. Ten cruises were made in 1954, represent-
ing every month except 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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TABLE 4.—Estimuatcd winmher of sardine cqus in survcy arcas, 1954
[In billions: cruise number in parentheses]
Area Junuary | Febraary| Muareh April Muy June July Angnst | Oetober (Deccmber]  Total Percent
(5l (54012) (540 (fd0d) (5405) (54065} (5407 (5408) (54100 (5412)
North of Puml; Conerption:
Lines60-77_.. ... 0 {] 0 0 0 38 0 0 3% 0.01
Total_ ...l 0 0 0 n 0 kL 0 n L1 1 (RO 38 0.01
Southern California:
Tine®0_ ... (1] (] [ (] 0 H7 (] .0 0 0 67
L P, 0 17 0 (] 90 132 7 1] 0 0 255
K5 oL 0 2 2 3 U] 75 385 [}] 0 0 467
.7 S 0 0 [} 08 4, Kby 197 19 Q 0 0 5,043
WL n 4 o] 1,501 1,083 62 11,317 0 0 0 20,873
L - 0 {] 0 3.214 6,661 0 0 0 0 2, 451
Total__.__...._. 0 19 2 5, 28t 12,412 17,704 11,7238 0 0 0 47,156 13.27
Northern B\\.]ﬂ Californ
Line 47_ R 0 0 4, 174 7. 2564 1, 561 13, 215 128 170 0 0 26, 502
o0 LT 2 0 2,725 72 16, 538 4,217 139 0 0 0 24, 593
(- D 39 10 4,096 15, 951 3,251 1,672 5714 0 i] 0 30,743
107, - 0 EL 604 2,768 2078 4,045 37 0 U] 0 7,802
Total. . .. .. 41 50 11, 599 26, 975 21, 628 23, 149 6,018 170 0 0 89, 630 25,22
U pper central Baja California:
Line 110 2 110 1,207 3,950 &, 3871 334 a 4] 4] 0 10, 498
0 f, 022 10,037 8, 128 3,860 2,049 0 [ 0 1] 30, 49n
26 461 3.883 911 4,385 101 241 [1] 0 0 n, 018
21, 595 fi, 660 8,752 268 94 338 8, 016 7,252 0 232 a3, 207
Total. ..o oo... 21,647 13,253 23,879 13, 287 13, 690 3.7 |, 257 7.252 0 232 | 105,219 29.61
Lower eentral Baja Callfornia.
Lince 123 3,431 27,879 3,593 88 (] 0 643 13 Q 200 35,847
127 .. 380 9,235 4, 652 407 108 22 324 n Qa 0 15, 12%
130. [ 28 [ 0 0 12 2, 285 1] 0 [d 2,825
133. . 0 48 0 0 0 0 ~IO. 297 [ 0 0 40, 345
137 44 0 0 0 2,142 1,418 (] 0 141 3.745
Total.. .. 3,855 37,190 8,245 495 2,250 1,452 43, 549 13 0 341 47, 390 27,41
Southern Baja California:
Line 140 0 0 0
143. . 15,925 0 15,925
147__ 0 [¢] 0
150 0 0 0
Total_ P 15,825 || e 0 15,925 4. 4%
Grand total_._.._.__._.. 41,468 50, 512 43,725 46, 043 49, 930 48, 070 R9, 552 7.435 U] 573 | 35A,358 100, 00
Percent_ ... _______. 1.7 14.2 12.3 3.0 % 1.1 13.0 19.6 2.1 U] 0.2 100. 2

The most striking feature of sardine spawning
in 1954 was its northward spread to waters oft
southern California and northern Baja Cali-
fornia. It is by far the greatest contrast that
has been observed between successive seasons. In
1953, sardine eggs were obtained in only 20 hauls
in the northern center (station lines 80-107),
while in 1954 they were taken in 149 hauls. In
1953, the distribution was discontinuous; in only
two instances were sardine eggs taken in contigu-
ous hauls. In 1954, the distribution was contin-
uous over widespread areas. Only 4X1(" eggs
are estimated to have been spawned in the north-
ern center in 1953, while 137 X 10" are estimated
to have been spawned in 1954, Interpreting these
figures literally, there were approximately 35
times as many spawning fish in the northern cen-
ter in 1954 as in 1953,

The estimate of egg abundance for the area oft
central Baja California of 203 X102 eggs consti-
tutes approximately 57 percent of the total num-
ber taken during 1954. The late-season spawning
was much less important in 1954 than in 1953;
less than 30 percent of the estimated total num-
ber of eggs in the central Baja California region
was obtained during the last half of the year.

DISTRIBUTION AND ABUNDANCE OF
SARDINE EGGS IN 1955

The estimated abundance of sardine eggs in
1955 is summarized by month and station line in
table 5. Relative abundance in different parts of
the spawning area is illustrated in figure 6. The
August cruise of 1955, the wide-ranging Norpac
expedition, is not included in the tabulations.
No sardine eges and only 27 sardine larvae were
obtained on Norpac. ’
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TABLE 5.—Estimated niwnber of 2ardine eggs in survey areas, 1955

[In bhillions; cruise number in parentheses)

Septeni- Novem-| Deeem-
Area January |February| March | April May June July August her October er er Total Per-
(5501 (R502) (5503) {5504) (5505) (5306) 15507) | (55NR) U | (5508) {5510 (5511 (5512) cent
North of Point Coneep-
ceptlon:
Lines 60-77. . . | cmmmm e cmim e e e e [ e 1] 0 [/ A S, [) I AR S 0
T R SO SN AR S oo 0 [N [ ([ 0 0
Southern California:
Line 80__._____ 0 n 0 n 0 4,379 [ 1 O, R [+ PR, 1 1,379
83. 0 1) 0 0 0 0 (LN P )] 0 | 0
Q 0 0 [ 0 300 56 | ... (] 1] ] 0 35
0 ] 26 278 1. 031 27 40 | -- 0 0 0 1} 1,876
0 0 1,511 Ad #,153 3. 714 [ AR D LV 0 TR, 0] 11442
0 0 1,761 342 7.184 S, 879 L1 D, 0 it 0 0 18, 062 1111
Northern Baja Cali-
fornla:
Line 97 . ... ... ... 0 0 1,342 11,288 10, 101 72 0 23,303
100 0 ] 4,687 | 23,690 2,152 33 0| 30 562
103__ 0 6, 268 6L 1,277 147 48 8 7, 844
107 9 3.117 579 2,188 34 17 0 Th 04t
Total_.._._.. ... R 9 0, 335 6,668 | 38,443 12, 434 (70 S 1 67,6853 41.60
Upper central Baja B
California:
Linel110_______._. ... 0 2,83% 164 263 7 0 L P, n 3,273
M3 .. 12,238 4,910 4,424 675 0 0 LU (. 0| 22,247
J3 I S 18 119 526 622 1,122 209 MO .. 0 3,205
120 5, 280 871 1,382 9 6, Y3 6, 505 1,972 (... .. 377 27.323
Total__.___._...._.. 17, 536 8, 738 6, 497 1, 560 T, 822 6, 804 4,493 || P23 LI R 37 A6, (48 3446
Lower central  Baja '
California:
Line123._ . ... ... 47 Q 32 0 n [ 17 529
127 . 0 0 { 0 0 n 0 1,534
0 0 0 0 0 0 6,028 | 1, 028
0 0 0 [ n 21 0j. 83
0 Q 0 8,230 0 0. 10. 927
0 32 0 %, 230 21 6045 | aofeoioaas G2 |- 2,967 19, 401 11.93
0 0
431 434
0 939
0 a8
0 47
0 0
434 [ (R [, R, - ) Y PRI . u 1,478 0. 91
Grand total___._._| 21,333 18,557 | 14.958 [ 40,354 | 35,670 16,174 10,670 |- ... 0 2,274 2,052 | 1682, 642 100, 01
Pereento_...._.... 13,1 11. 4 9.2 24.8 2 9. [ n 1.4 [} 1.R ue. 9
|
1 Norpuc.

The distribution of eggs in 1955 was almost as
widespread as in 1954, More than 50 percent of
the ezgs were obtained in the northern center,
with the heaviest spawning occurring on lines 93—
100, between Del Mar, Calif., and Ensenada, Baja
California.

There were only 18 occurrences of sardine eggs
to the south of Point San Eugenio during 1955
(lower central Baja C'alifornia avea). This repre-
sented a marked decrease from preceding seasons.
Only about 13 percent of the spawning oceurved in
this area in 1955 as compared with 52 percent in
1951, 34 percent in 1952, 38 percent in 1953, and
27 percent in 1954,

The late-season spawning (July to December)
was not adequately sampled in 1955. The only

305469 O—50-——3

regular cruises made off central Baja California
after July were in October and December. Be-
cause of this, the 1955 estimate is too low hy per-
haps 10 or 15 percent.

DISTRIBUTION AND ABUNDANCE OF
SARDINE EGGS IN 1956

The survey avea in 1956 was covered fairly com-
pletely during January through July, but only
partially thereafter. The area between Point C'on-
veption, Calif, and Peint San Juanico, Baja
California (lines 80-137), was covered on monthly
cruises between January and July 1956: the area
to the north of Point Conception (lines 60-77)
was covered in April through June: the area off
southern Baja California in Juanuary, February,
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and April. After July, the cruises covered only  center, however, had a wider distribution than in
a portion of the usual survey area: in August and  the southern center (table 7).

September the portion off central Baja California ; The 1956 season was unusual in several respects.
in October through December the portion off  There was less difference in temperatures in dif-
southern California and one station line off north-  ferent parts of the spawning range than in any
ern Baja California (lines 80-97). recent year (table 12) ; furthermore, the tempera-

The distribution of sardine eggs in 1956 (fig. 7)  tures throughout the spawning range were the
was similar to that in 1954, although areas of high  lowest. of any year between 1951 and 1956.
concentration of eggs were less widespread. The
heaviest spawning in 1956 was in the Sebastian AREAL DISTRIBUTION OF SPAWNING
Viscaino Bay region in July (table 6). The per- The marked change in the distribution of sar-
centage of spawning that occurred in the north-  dine spawning that occurred between the 1953
ern center was lower than in the preceding year:  and 1954 seasons has been briefly commented on
37.3 percent in 1956, as compared with 52.7 percent  in the discussion of the distribution and abundance
in 1955. Spawning in the northern spawning  of sardine eggs in 1954. This difference will be

TABLE 6.—Estimated number of sardine cggs in survey areas, 1956

[In billlons: eruise humber in parentheses]

January |February| March | April May June July | August | Septem- | October | Novem- | Decem- | Total Per-

Area (5601) (5602) (5603) | ( 5604) (8605) (5606) (5607) (5608) ber (5610) ber her cent
(5609) (5611) | (5612)
North of Point Con-
ception:
Lines 60-77_ . _________| o |e e |ime o 0 0 {5 OSSR FNPRVIURIUOY FRVRPIVRPEURIVI) (RVURPRURVIE (SVRRRRyOTo) [P 0
Total || 0 0 (410 SRR ISR RSN PO (I ST 0 0
Southern California
Line 80_. 0 0 [} [ 0 Q 0
83. . 0 0 0 18 Q 0 16
] 0 [\ 0 44 8, 631 8,685
0 ] 39 0| 12,123 480 13. 006
0 0 38 0 6,379 1,043 7,543
0 0 77 16| 18,546 | 10,154 29, 250 11.43
0 0 261 48 2,378 120 2, 818
] 0 93 2, 490 442 0 3.025
0 27 2,125 3.032 9% 17,241 23,221
0 0 4,707 136 44 26, 456 37, 266
0 27 7.186 5,706 2,960, 43,817 6,632 | |- 0 0 0 66,328 25,91
Upper central Baja
California:
3. 904
461
0
19, 338
99, 730

123, 433 48.22

Lower central Baja

California:
Line 123 0 5,910 2,054 366 0 0 0 [} n
127 0 16,013 0 0 ] [} (]
130 0 1.230 0 [ 0 0 ] ] 0
133. 0 0 0 [ 0 0 1,063 0
137 0 0 0 0 0 10, 156 0 0 0
Total ... 0 7,179 2,054 16, 379 [¢] 10, 156 0 1. 063 [ I SRR VR SR, 36, 831 14.39
Southern Baja Cali-
ornia:
Line 140.________..__. 0 0l .. a
. 143. 82 0 feoo R2
0 -3 I 75
0 [ LI R 0
0 0. 0
0 (11 P, 0
82 75 |aeeo o [ LI USSR FSDIPIVEPISRIPR VUSRI [RPUISIPIIVRIES JRSPUPUIPRRIRY SUURRRIEOINY SUPRRIPRIR) PP 157 0. 06
QGrand total . ._____ 2,674 13,563 | 17,832 | 24,436 | 31,827 64,313 | 71.168 | 23.583 6, 520 3 0 0 [ 255,999 [ 100.01
Percent.__.._______ 10 53 7.0 9.6 12.4 25.1 27.8 9.2 2.6 <0.1 0 0 0.0
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further developed by considering the area] distri-
bution of spawning in the northern and southern
spawning centers during 1952 through 1956.

The areal extent of spawning has been esti-
mated for each spawning center by cruise. The
results are summarized in table 7. Yearly sum-

maries based on the summation of areal distribu-

tions of monthly eruises follow :

Northern | Southern
Year center centor Total
(lines 0~ | (lines 110-
107 130y
Square milex| Square miles| Synare milex
27,824 89, 420 117,744
14, 560 90,224 104, 784
149, 904 137, %0 287, 5%4
120,912 TH. 208 197,120
S0, 368 A5, 10 135. 488

The areal extent of sardine spawning in 1954
was 2.7 times as great as in 1953. Compared with

the distribution in 1952

~

it. was 2.4 times as great,

1.5 times as great as in 1955, and 2.1 times as great

as in 1956.

in the extent of spawning

TABLE T—Estimated urea ovcr

There was not only a tenfold increase
in the northern center

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

(lines 80-107) in 1954 as compared with 1953, but
there 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 19564 than in any other year in the
series, there was also a greater extent of moder-
ately heavy to very heavy concentrations of eggs
(101 or more eggs per standard area per day)
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 1954, the extent of heavy spawning
was greater in both the northern and southern
spawning areas than in the other years.

There ave two possible explanations for the
marked increase in spawning in the northern cen-
ter in 1954: either the sardines moved into the
area from another area or areas, or the sardines
had been in the northern center all of the time,
but few of them had spawned in 1952 and 1953.

s chich sardine spaicning took place sinmarized by cruige for the northern and gouthern

centers, 195256

'In square miles]

Northern center (lines S0-107) Southern center (lines 110-137)

1952 1953 14954 1955 1956 1952 1953 1954 1953 1956
January. ..ol 256 0 i TN 0 A, 840 980 13, 440 1. 696
February. oo 0 1, 800 1,728 7. 936 1,200 10, 960 11, 360 10, 49 12,0768
Mareh ... 112 4, 800 26, 784 26, 480 28, 096 11, 48 16, 672 15, 616
............... 8. 336 1, &40 44, 640 39, 856 15, 824 15, 824 14, 0o 7. 068
............... 5, 1) 3. 120 33, 400 22 416 20, 8 14, 144 14, 592 3. 206
3,520 2, 580 36,392 21,380 1,312 13,104 10, 464 6. 12%
1. 520 320 5, T 1, 568 2,816 4, 704 4, (83 2,256
e |00 0 448 Norpae |............ 7,400 8, &30 3, 084
September. . 0o (11 P, [ 2 4. 5680 1,200
October___ \} 0 (] 0 320 Le 182 0| AIA2 |l
Naovember \] [ PR 0 0 L7 R [ESRPIRRPS SRR P,
December. .o 0 0 576 [ R, 2096 {  3.632 | ._........
Total P 27,824 14, 560 149, a4 120,912 §0, 368 R0, 920 137, 680 76, 208 A5, 120

TaBLE 8.—Relative areal distribution of sardine spacning, growped according to

intensity of spaicning in the northern

and sonthern centers, 185256

[In square miles]

Number of eggs Northern center (lines S0-107) Southern center (lines 110-137)
Abundance per standard
area per day .
1952 1953 1954 1955 1956 1952 1953 1954 1955 1956

Light . . 1-10 .o 19, 984 9, (M 72,738 42, 460 30, 624 30, 752 fir, 816 39, 808 28, TR4
Moderate..._...._____.._._.._. 11-100 ... 7,584 3,420 44,312 41, 208 22,022 33, 554 29,712 33, 088 17, 250 11,024
Moderateheavy_ .. .. . . 011,000 Ri7 1, 600 31, 264 A3, 560 13,168 23,712 23, 856 32, 456 18, 12% 11, 808
Heavy..._.. 1.001-~10,000. R 0 n 1, 600 576 2,018 2, 000 4, 0%0) 1320 992 3, 504
Very heavy Over 10,00________ 1] 0 [} 1] [ [ 1,524 0 [} 0
CTotal e 27,824 14,560 | 149,904 | 120,912 80, 363 84, 920 a0, 224 | 137,680 76, 208 35,120
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Ficure 8.—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-
mercial catch (in California) in 1952-53
amounted to only 4,520 tons, in 1953-54 to 3,172
tons, while it jumped to 67,258 tons in 1954-55.

Emigration into the area is the only explanation
that satisfactorily accounts for both the increase
in eggs spawned in the northern center in 1954
and the marked increase in fish available to the
fishery in the 195455 season. The only likely
areas that sardines could have migrated from are
those to the south. There seems to be little doubt,
therefore, that sardines moved into the northern
spawning center from the southern center off cen-
tral Baja California. ' '

There is no categorical answer to the question,
“Why did the spreading out of spawning occur ?”
At 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, the most likely change would involve
water temperatures, dirvectly, or as an indicator of
other qualities of significance to spawning sar-
dines. .

In order to study temperature changes within
the northern spawning center, the area was di-
vided into four quadrants. The northeast section
(inshore, southern California) was identical to
the area surveyed in 1940 and 1941; the northwest
portion consisted of all stations occupied on lines
80-93 to the seaward of the inshore section. The
southeast portion consisted of all stations on lines
97 to 107 hetween shore and station 50 inclusive;
the offshore quadrant comprised all stations oc-
cupied to the seaward of station 50 on lines 97-107.
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Average temperatures at a depth of 10 meters
for the winter and spring seasons of 1951 through
1956 are given in table 9 for the four quadrants
of the northern spawning center. There was noth-
ing unusual about winter and spring temperatures
in 1954. For the northern center as a whole, the
winter temperatures were less than 0.1° C. higher
than the 6-year average; the spring temperatures
were 0.25° C. higher than the average. 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 ahove average in the inshore
quadrant (0.17° C. in January-March and 0.50°
C. in April-June) and somewhat below average in
the oftshore quadrant in the winter period (0.25°
C. lower than average) and close to average in
the spring period. There was only 0.02° C. dif-
ference between the average winter temperatures
in the northern spawning center in 1952 as com-
pared with 1954—two markedly contrasting years
with regard to distribution and abundance of
spawning 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° C.), but were the coldest
in the series during the spring months (0.61° C.
below the -year average).

TABLE 9.—Average water temperatures at « depth of 10
meters in northern spawning center based on all sta-
tions occupied

[Lines 80-107]

Temperature (* C.) in—
Date
Northeast {Northwest| Southeast |Southwest| Northern
section | section section | section center
January~March:

1951 13.34 14. 02 14. 72 15.87 14.71
13.59 13. 8¢ 14. 41 15,08 14.24

13.33 13. 9% 14.24 14.71 14.06

13. 90 13.93 14. 46 14.73 1426

13. 46 13. 67 14.26 14.72 14.03

12,79 13. 78 13. 65 14. 67 13.72

13.40 | 1402 1420 149 14.17

14.34 14, 51 15. 46 16.14 15.11

14,09 14. 75 14.23 18, 16 14 %1

12. 90 14, 20 14.18 15.57 14.23

14.20 1475 15. 52 15. 90 15.09

14.28 14.21 15.63 15. 70 14. 96

14,22 14. 30 . 15,10 15.76 14. 84

14.00 14, 47_ 15,02 15.87 14. 54

Temperature data for the years 1952 through
1956 will be published in Qceanic Observations
of the Pacific, of which only one volume in the
series, observations for 1949, has appeared as yet
(Rakestraw, Horrer, and Wooster, 1957).

In a subsequent section, there is a discussion of
temperatures at which sardine eggs were obtained
during the years 1951 through 1956. I do not
wish to anticipate results before presenting the
data, but the difference was more marked between
temperatures at which sardine eggs were obtained
in the two major spawning centers in 1952 and
1953 than in the other years.

An 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
marshaled in support of this thesis, some against
it. Two lines of evidence will be considered: vir-
tual population estimates and estimates of the
number of eggs spawned.

It is possible to derive minimal estimates of the
size of the spawning population each year from
virtual population (accumulated age) estimates.
These estimates are hased on age composition data
from the commercial catch (Felin, Anas,
Daugherty, and Pinkas, 1952; Felin, MacGregor,
Daugherty, and Miller, 1953, 1954, and 1955;
Felin, Wolf, Daugherty, and Miller, 1958; Wolf,
MacGregor, Daugherty, and Miller, 1958). Each
estimate represents those sardines of 2 years of
age and older that were definitely present in the
population in a given season, since they were sub-
sequently caught. Availability influences virtual
population estimates, since only those fish can be
caught that are present in the fishing area. Also,
differences in fishing intensity and natural mor-
tality of sardines ave not taken into account.
Hence, the estimates are minimal.

Virtual population estimates for seasons 1951
through 1955 are compared with estimates of sar-
dine egg abundance in the following tabulation.
Recent estimates of the virtual population are low,
because some year classes used in the estimates
have made only a partial contribution to the fish-
ery as yet. The 1956 estimate of the virtual popu-
lation is not included for this reason.

Estimate of
sardine egg
ahundance

Virtual popu-
Year Iation estimate
(in billions) !

1.20 610X10 12
.38 136%10 1
.67 436X%10 12

1.17 35510 12

0.75 16310 2

' Minimal size of spawning population.
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- There is fair correspondence between the vir-
tual population estimates and the estimates of
sardine egg nbundance for every season except
1953. In this season the estimate of egg abun-
dance is too large in comparison with the virtual
population estimate. As noted previously, most
of the sardine eggs obtained in 1953 resulted from
fall spawning in the southern center, and it is
unlikely that the group of late-season spawners
ever became fully available to the California
fishery. Only about 89X10* eggs were taken
during the main spawning period in 1953 (table
12).

The virtual spawning population in 1954 was
the largest for any season since 1951. The in-
crease could have resulted in moderate population
pressure. However, the amount. of spawning off
central Baja California in 1954 was only 35 per-
cent as much as in 1951, when spawning re-
mained concentrated in the southern spawning
center.

1952-56 ' 203

The widespread spawning in 1954 is interesting
for another reason. In a consideration of factors
that might favorably influence the survival of a
year class, I have theorized (Ahlstrom 1950, p.
45) that the exfent of the area over which spawn-
ing was spread was probably one of the more im-
portant ones: the larger the area, the greater the
chance of a good survival. The 1954 distribution
gave us an opportunity to test this hypothesis.
The areal extent of sardine spawning in 1954 was
greater than in any other recent year. The 1954
class had poor survival during the larval stage
and has, to date, contributed very little to the
fishery (larval survival for 1952-56 classes will
be presented in « later publication). It appearsto
be nearly as wealk 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 subsequent history in the
fishery, then we must question the importance of
wide areal distribution in the production of a
successful year class.

ol —1

POINT CONCEPTION

SAN DIEGO
AREA 3 _ T

PERCENT OF TOTAL

AREA 4

[} o S

AREA 5 —

JAN FES MAR APR MAr JUN JUL AUG SEP OCT NOV DEC

Frcure 9.—Average seasonal distribution of sardine spawning, 1951-56, by area.

(Area 1 omitted: see footnote to

table 10.)
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The relation between sardine spawning in the
northern center and availability of sardines to
the commercial fishery during the subsequent fish-
ing season has been briefly mentioned for 1952
through 1954. The relation during the 5-year
period, 1952 through 1956, is given in the follow-
ing tabulation :

Estimated Commercial
abundance | Percentage fishing California
Spawnling season of eggsin of total season commercial
northern spawning (Oct. 1- cateh
spawning Feb. 1) (tons)
center
4X1012 3.2 | 1952-53 4,520
4102 .9 1953-54 3,170
137X1012 38.5 1954-55 67, 260
86X1012 52.7 1955-56 74. 960
26X1012 37.3 1956-57 32,650

Sardine spawning was negligible in the north-
ern center in 1952 and 1953, and the commercial
catch was exceedingly poor. With the return of
a sizable spawning population to the northern
spawning center in 1954, the commercial catch
immediately jumped to 67,260 tons. It could
have been larger during this season, as a price
dispute delayed the opening of the San Pedro
season for about 5 weeks. The 1955-56 catch
was the best during the 5-year period. The catch
during the 195657 season started out well. Sar-
dines were moving southward during the brief
period of good fishing and were not available in
any numbers to the southern California fishery
during the remainder of the season.

SEASONAL DISTRIBUTION OF SPAWNING
1951-56

The monthly occurrences and abundance of sar-
dine eggs in different parts of the spawning range
are summarized in table 10 for the 6-year period,
1951-56. Average seasonal distributions are illus-
trated in figure 9. The 1950 season is not in-
cluded because the coverage of spawning areas
was less intensive and complete than in succeed-
ing years.

Southern California area (lines 80-93)

Approximately 98 percent of the eggs spawned
in this area have been obtained during the 4-
month period, April through July. The month of
peak spawning has been either May (1951, 1952,
1956), June (1954, 1955), or July (1953). Based
on totals for six seasons (1951-56), nearly 45 per-
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cent of the sardine eggs were obtained in May, 35
percent in June. There have 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.

Northern Baja California area (lines 97-107)

The areas off southern California and northern
Baja California together constitute the northern
spawning center. As off southern California,
there 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 earlier in the year off
northern Baja California, however. More than
45 percent of the 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
have been considerably more occurrences of eggs
in this area than off southern California. Based
on totals for the six seasons, approximately 30
percent of sardine eggs were obtained in April
and 33 percent in June.

Upper central Baja California area (lines 110-120)

Sardine eggs have been collected throughout the
year in this area. The composite seasonal dis-
tribution, based on the totals for 6 years, is
bimodal, with peaks in March and August.
Spawning during the first half of the year
usually has a much wider areal distribution than
spawning during the latter half. As is shown
later, spawning during the main spawning period
has taken place at temperatures that were only
slightly higher than those encountered in the
northern spawning center, but that were fully
2.5° C. lower than the average temperature of
spawning of the late-season group.

Late-season spawning usually is confined to the
southern end of Sebastian Viscaino Bay in the
upper central Baja California area (lines 110~
120) and to inshore stations along the coast in the
lower central Baja California area (lines 123-
137). Asis pointed out later, late-season spawners
may constitute a separate subpopulation of



EGGS OF THE PACIFIC SARDINE,

1952—56

TABLE 10.—Occurrences and abundance of sardine eggs, by area and month, 1951-56
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Area ! and month

Oceurrence of eggs

Estimated number of eggs (in billions)

1951 1952 1953 1954 1955 1956 Total 1951 1952 1953 1954 1955 1956 Total |Percent
Southern California
(lines 80-93):
January._. 0 1 0 0 0 0 1 0 0 0 0 3| <o.01
February 1 0 2 2 0 0 5 0 0 20 19 0 39 .03
March___ 2 3 (1} 1 3 3 12 211 139 0 2 1,761 7 2,190 1.93
April. .__ 6 4 1 13 5 1 30 202 498 2 342 16 6, 344 5. 59
ay. 4 7 3 1% 14 14 60 | 10,927 1.521 36 | 12,412 7,184 18,546 | 50, 626 44. 59
June. 6 2 3 18 15 8 52 4,065 74 24 17,700 8,670 | 10,154 | 40,705 35.89
July_ ... 3 2 1 A 2 2 15 315 422 593 | 11,728 314 | 13,528 11.96
August____ 0 1 0 (1} [£2 T 1 Q 8 (12 T | I SOSPRRR (O, 8 .01
September_ 1] 0 0f....... {12 S 0 0 g [/ PR, [+ N 0 0
October_.__ .. [} 0 )] 0 0 1 1 0 1] 0 0 0 83 83 .07
November. 0 0 [ L TR P 0 0 0 0 {1 N [ 0 0 [} 0
December.___.___ {1 ) 0 [ ] 0 0 [ 3 PR 0 0 0 0 0 0
Total..__..___. 22 20 10 &7 39 29 177 15,720 2,663 675 | 47,156 18,062 | 29,250 | 113, 526 100. 00
Northern Baja Cali-
0 0 0 2 1 0 3 0 0 [ 41 9 [ .02
0 0 2 2 7 1 12 0 0 673 50 9, 385 A} 10,135 4.10
3 3 2 19 12 19 88 61 1, 501 204 11, 599 6, 668 7,186 | 27,309 11.05
6 2 2 2 24 11 73 2, 675 32 1,199 | 26,975 | 38,443 5,706 | 75,030 30. 36
8 1 2 17 14 11 53 2, 355 26 088 | 21,628 | 12,434 2,960 | 40,391 16. 34
T 2 2 16 9 7 43 | 13,546 71 51 23,149 670 | 43,817 | 81,304 32.90
0 0 0 6 1 3 10 0 0 0 6,018 36 6,632 | 12,686 5.13
1 0 0 2 42 1] 0 170 |oo e 212 0.09
0 0 - 0 0 [ ) [RORRY ESEROR PHyapu) P 0 0
0 0 0 0 0 0 0 0 [} 0 0 1]
0 (12 IR 0 0 1 [+ I PPN (RN SR 0 0 0
[ U . 0 1 [ LN PR 0 0 8 0 8 <.01
Total___....... 25 8 10 01 69 52 255 | 18,679 1, 630 3.205 | 89,630 | 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 2 136 | 21,647 17, 536 2,502 | 43,929 4.92
R 3 5 7 20 10 9 54 52,336 5,911 37,387 13, 253 8,738 6,282 | 123,907 13. 87
8 10 17 25 9 13 82| R, 204 | 24,450 13,311 23,879 6, 497 8, 515 | 163, 856 18.34
April ... 10 1 14 26 14 4 79 , 804 14,772 15. 035 13, 287 1, 569 2,335 , 802 .81
May_. ... 9 14 10 25 5 5 68 19, 491 15,416 | 10,173 13, 690 7,822 10, 321 76,913 8.61
Juneo ... 3 13 10 18 4 4 52 393 8, 863 3. 558 3,722 6, 804 186 | 23, 528 2.63
July_ ... 2 i) 2 4 4 3 20 | 28,398 2,056 | 29,047 8,257 4,493 | 64.162 | 134,411 15,04
August_ ... 3 7 4 3 ™ 6 23 6, 916 5,631 | 148,084 7262 ¢ ... 22,520 { 191, 303 21. 41
September______ 1 4 b - 2 18 7. 165 7,728 ||l 6,520 | 21,719 2.43
October__.__. - 3 0 1 0 & 9| 30,736 (1} 124 0 2,212 [_._....__.| 33,072 3.70
November. - 2 ) N R B, - - 3 2 _ 6, 944 .7
December.....__. 2 4 1 2 10 4224 .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 Baja
California (lines
123-137):
January. ... _. 3 3 0 3 2 0 11 10, 410 1, 450 0 3, 2,744 0 18, 450 2.68
2 4 4 4 0 4 18 17, 262 1,138 3,006 | 37,190 [} 7,179 | 65,775 9. 55
5 13 9 4 1 3 35 ( 177, 801 10, 003 779 8,245 32 2,054 | 198,914 28. 87
4 9 3 & 0 3 24 39, 687 7, 805 221 495 0 16,379 | 64,587 9. 37
3 4 S 2 2 0 10 | 68 162 3,282 2, 250 8,230 82, 704 12.02
0 4 3 3 1 2 13 10, 293 1 1,452 21 10, 156 . 062 3.20
1 1 3 4 3 0 12 3. 814 66 | 160,052 | 43 549 6, 045 0 | 213, 526 30. 99
2 2 7 1 ) 1 13 2,705 8,819 2, 13 oo 1,063 5, 283 2.2
1 b2 [ DRI B 1} 3 47 3 (1} 3,071 .45
October_.._.__... 0 2 2 0 ) U P 5 [ 1,948 .28
November. .- 0 ) I S E N 1 0 8 <.01
December____.._. ) 3 P 0 2 F: 2N I 6 38 1 2,648 .38
Total. ___. .._.. 22 45 39 28 13 13 160 | 319,926 [ 46,404 | 169,121 97. 390 19, 401 36,831 | 689,073 100. 01
Southern Baja Cali-
fornia (lines 140-
January. .. .. ... |eeooL. |l 1 4 1 [ 0| 15925 1,044 82
Y IO B B A O R 3 SRR - 3 PR I, 434 i

0

15,925

T Area 1 omitted. Only two collections containing sardine eggs were obtained in area 1 (to the north of Point Conception): One in June 1951, the other in

June 1954.
2 Norpac.
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sardines, Although the separation of regular
spawning from the late-season spawning is much
sharper in some seasons than others, I am con-
sidering eggs spawned between January and June
in this area to belong to the regular spawning
group, and eggs spawned during July through
December to result from another spawning group.

Lower central Baja California area (lines 123-137)

The composite seasonal distribution of sardine
spawning in the lower central Baja California
area is bimodal with peaks in March and July.
In the 6-year period, 1951-56, about two-thirds
of the spawning in this area occurred during the
main spawning period, and one-third during the
late spawning period. Sampling has been less
intensive during the latter half of the year, con-
sequently abundance of eggs during these months
has been somewhat underestimated.

The lower central Baja California area de-
creased in importance as a spawning center be-
tween 1950 and 1956. In 1950 and 1951, approxi-
mately 50 percent of the total sardine spawning
occurred 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-California. Nine cruises were made in Jan-
unary through March, and the remaining four
were made during April, June, September, and
December. Sardine eggs were taken in 12 hauls.
6 made during January, 4+ during February, and
2 during June. Collections in which eggs were
common were obtained only in Janunary.

WATER TEMPERATURE AT TIME
OF SPAWNING

There have been no direct observations on sar-
dine spawning, consequently 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 1943;
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
have been concentrated near the surface or within
the upper 10 to 20 meters of depth, at 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 conditions, yet on the average the largest con-
centrations of eggs have been 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 this level
is much less influenced by diurnal changes than
the surface temperature. It is much simpler to
obtain than an average temperature for the upper
mixed layer, although in many situations it would
be identical with such an average and seldom
would differ from it by as much as 0.5° C.

In the following analysis, the spawning season
has been divided into two parts: main spawning
period, extending from January through July in
the northern center, January through June in the
southern center, and late-season spawning, oceur-
ring during July through December in the south-
ern center. Temperature observations are avail-
able for 913 collections of sardine eggs made dur-
ing the major spawning period in 1951 through
1956, and for 121 collections made during the
late spawning period.

The frequency of occurrence of sardine eggs
at different temperatures is given in table 11 and
illustrated in figure 10. Observations from the
several geographical areas are summarized sep-
arately. Temperature observations are grouped
by 0.5° C. intervals.

The temperature range over which sardine eggs
were obtained during the major spawning period
was from 11.0° to 21.2° (. Approximately 93
percent of the ovcurrences were at temperatures
between 13.0° and 17.9° C., and more than 50 per-
eent. of the occurrences were within a 114° C.
range (14.5-15.99¢ C.). The mean, median, and
modal temperatures for the spawning range as
a whole fall in the same interval, 15.0-15.49° C.
The majority of occurrences at. temperatures below
13° C. were in the adjacent 0.5° interval. So few
sardine eggs have been taken at temperatures be-
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TABLE 11.—Relation between water temperature and occurrence of sardine eggs, 1951-56

Oceurrences of sardine eggs during—

Temperature at 10 meters (° C.) Main spawning period on lines— Late-season spawning on lines—
80-93 a7-107 110-120 | 123-137 140-157 Total 110-120 123-137 Total
10100 i eiiiaaaos 1 25 T [ 3 1
51098 - 2 b2 [ P, L 20 P,
12.0-12.49__ 5 2 3 2 120
12.5-12.90_ 8 6 5 4 21 1
13.0-13.40_ 8 5 3 29 (...
13.5-13.99 12 3 LN 47 2
14.0-14.49__ 31 27 10 100 [ooooooo.oo
14.5-1490_ ... ... 53 58 15 |. 160 |
15.0-15.49 56 79 17 1. 169 2 2 4
15.5-15.99 2 141 2 3 5
16.0-18.49_ 8 98 A 4 9
16.5-15.99 8 1 2 5 1 6
17.0-17.49. 5 2 29 10 3 13
YT 517,09 e AL 12 1 19 T 6 13
IB0-18.40 i) R e 3 2 7 ] 1 7
1R 5-18. 00 e e 1 1 4 11 4 15
10.0-10.49_ e Y e 3. 4 |- 3 I, 8
1951899 i el 1 4 12 1 13
20.0-00.49 . e, e 3 4 2 8
2052099 it 1 2 2 4
02140 e e emmmeee] Y e e e 1 2 1 3
252100 e e | e I O 1 1 2
b2 RS UPINN [URPRUE AU INPUPRPIIOES ISP (RPN [ ISP 1 1
23.0-23.49 - 1 1
23.5-23.99_ - 3 3
27.0-27.49_ . 1 1
Total__.. 12 40 121
AVerage el 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 274° C. The average
temperature for the 6-year period was 18.1° C.
Thus, late-season spawning occurred, on the aver-
age, at temperatures which were 2.9° C. higher
than during the major spawning period. Less
than 3 percent of the occurrences during the ma-
jor spawning period were at temperatures above
18.0° C., while more than 50 percent of the occur-
rences during the late spawning period were at
temperatures of 15° C. or above.

This marked difference hetween the average
temperature at spawning of the major spawning
group of sardines and of the late-season spawn-
ing fish has raised the question of whether the
late-season spawners may not constitute a separate
subpopulation. The subpopulation problem in
the Pacific sardine is discussed by Marr (1957).
Although the question has been posed from a con-
sideration of time and temperature differences at
spawning, the problem will have to be solved by
other techniques 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 central Baja

C'alifornia do not constitute a separate subpopula-
tion, then one of two explanations must apply:
either spawning throughout the year off central
Baja 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 114-year-old fish. The latter ex-
planation is an appealing one, for if true, it would
mean that the Jate-season spawning could be used
to assess the strength of each year class when ap-
proximately 114 years of age.

It is important to know whether the late-season
spawners do constitute a separate subpopulation
or not. If they are a separate subpopulation with
different environmental requirements than the
main group of sardines, they may be largely un-
available' to the California commenrcial 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 fluctuation in abundance of eggs is consid-
erably greater during the late-season than during
the main spawning period. Sampling during
July-December off central Baja California was
about equally intensive in 1952 and 1953, yet the
estimate of abundance of 352X 10 eggs for 1953
was nearly 12 times as large as the estimate of
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FIGURE 10.—Temperature distribution of sardine eggs during the complete spawning period off southern California and
northern Baja California (areas 2 and 8) and during the main spawning period (January-June) off central Baja
California (areas 4 and 5) and southern Baja California (area 6).

2TX 10 eggs for 1952. The lowest estimate of
the group, that of 15X10" eggs for 1955, is an
underestimate, sinee collections within the late-
season spawning areas were not made during
August and September 1955.

Average temperatures at which sardine eggs

were obtained in different parts of the spawning
range are summarized for the major spawning
period by season and area in table 13. The aver-
age temperature increased from north to south.
For the 6-year period, 1951-56, the amount of the
increase going southward from one area to the
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TABLE 12.—Relative contribution to sardine egg estimates of eggs collected during the main spawning period and of eggs
collected during late-season spawning, 195156

1951 1952 1953 1954 1955 1956
Area
Estimated|Percent| Estimated | Pereent| Estimated | Percent| Estimated | Percent| Estimated|Percent; Estimated|Percent
abun- |of total| abun- |of total| abun- |of total| abun- |of total] abun- |of total| abun- |of total
dance dance dance dance dance dance
Main spawning period:
North of Point Conception (lines 60-

&7 U 0 0 n 0 0 0 38 0.01 0 0 0 [
Southern California (lines 80-83)__.__. 15,720 2,57 2, 663 1. 96 675 N, 15 47,156 | 13.27 18, 062 11.11 29, 250 11. 43
“Iorthern Baja California (lines 97-

.................................. 18.679 3.06 1,630 1.20 3,205 73 89,630 | 25,22 67,653 | 41.60 66, 328 25.91
nger central Baja California, Jan,-

une (lines 110-1200._____...___._.... 183,254 | 30.00 70,404 | 51.75 79, 600 18.08 89,478 | 25.18 48,966 | 30.11 30, 231 11. 81
Lower central Baja Callfornia, Jan.-

June (lines 123-137) . ____.._......_. 313,322 | 51.29 33,951 | 24.96 5,036 1.14 53,457 | 15.05 11,027 6.78 35,768 13.97
Southern Baja California, Jan.-June
(lines 140 & below)..__........__ .. 50 0 83 0.06 0 L} 15,925 4.48 1,478 .91 157 .06
Total ... 531, 025 86. 92 108, 731 79.93 88,516 | 20.10 205, 714 83.21 147,186 90. 51 161, 734 63. 18
Late season spawning (Tuly-December):
Upper central Baja California..__.__. 73,219 | 11.99 13,864 | 10.93 | 187,565 | 42.61 15, 741 4.43 7, 082 4,35 93, 202 36. 41
Lower eentral Baja Californin. ... H, 586 1.07 12, 453 915 164.085 | 37.30 43,903 | 12.35 8,374 5.15 1,63 .42
Total . 79, 785 13.06 27,317 | 20.08 | 351,650 | 79.91 59, 644 16.78 15, 456 9. 50 94, 265 36.83

TABLE 13.—Temperature range

and means for stations iwchere sardine eggs were taken, by season and area, for main

spacning period

[Temperature (° C.) at 10 m.]'

1951 1952 1953 1954_ 1955 1956 All years
Southern California (lines 80-93):
Number of observations____ ... 22 19 10 56 39 28 173
Temperature range 11.8-18.2 12.0-18.2 11.3-16.9 12.8-20. 4 12.8-17.9 12.4-17.9 11.3-20.4
Mean temperature 14.8 14.5 13.7 14.9 14.7 14.7 14.7
Northern Baja California (lines 97-107):
Number of observations. 6 10 20 70 253
11.4-16.9 13.0-15.9 12.6-16.9 11.5-21.2 13.0-17.4 11.2-16.9 11.2-21.2
15. 14.6 14.8 15.6 15.1 14.5 15.1
35 57 59 123 48 36 358
Temperature range 12.7-16. 5 12.5-17. 4 12.7-16. 5 12.1-17.9 13.0-16.5 12. 2-16. 5 12.1-17.9
Mean temperature.._..._... 15.3 15.9 15.1 15.7 15.2 14.6 15. 4
Lower central Baja Calilornia (lines 123-137):
Number of observagions_.___.______ 17 34 21 6 12 117
Temperature range._ . .o eiaaoo- 13.5-17.9 12.3-19.4 12.8-17.9 12.9-19.9 14.0-15.9 12.4-17.9 12.3-19.9
Mean temperature_ ... .. 16.0 15.8 15.3 16.5 15.1 14.7 15.7
Summation (lines 80-1373:
Number of ohservations___ .. ... ____.______. 99 11 106 289 163 128 901
Temperature range 11.4-18.2 12.0-19. 4 11.3-17.9 11.5-21. 2 12.8-17.9 11.2-17.9 11.2-21.2
Mean temperature oo cieciceos 15.2 15.6 15.1 15.6 15.0 14.6 15.2
Southern Baja California (lines 140-157):
Number of ohservations.. .. ... ... 2 1 1 1 5 2 12
Temperature range ...___... 17.2-18. 1 19.9 20.2 19.7 16.9-20. 6 18.2-19.6 16.9-20. 6
Mean temperatire . oo icceaeaos 17.6 19.9 20.2 19.7 18.3 18.9 18.7

next was roughly uniform at approximately 0.3°
C. between each of the four principal areas, but
jumped to 3.0° C. from lower central Baja Cali-
fornia to southern Baja California.

The average temperature at spawning oft south-
ern California during the 6-year period was 14.7°
C. In only one year, 1953, did the mean temper-
ature depart from this average by more than 0.2°
C. The average temperature at spawning off
northern Baja California during 1951-56 was
15.1° C.; the range in average temperature values
for the individual years was from 14.5° to 15.6°
C. The average temperature at spawning in the
northern spawning center, which comprises the

above two geographical areas, was 14.9° C, during
these years.

Average temperatures at spawning for individ-
ual seasons in the upper central Baja California
area ranged from 14.6° to 15.9° C.; the average for
the 6i-year period was 15.4° C. There was a
greater spread in the seasonal averages for lower
central Baja California, the lewest, 14.7° C. in
1956, being 1.8° C. below the highest, 16.5° C. in
1954. Although there was a 0.3° C. difference be-
tween the 6-year average temperatures in the up-
per and lower central Baja California areas, it
should be noted that the average temperatures
were almost. identical during 4 seasons, and dif-
fered by 0.7° to 0.8° C. during the other 2 seasons.
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The average temperature at spawning in the
southern spawning center (upper and lower cen-
tral Baja California areas) during the 6-year
period was 15.5° C. Thus, the difference in aver-
age temperature at spawning in the two major
spawning centers was 0.6° C. during the years
1951-56. However, the difference between indi-
vidual years was as small as 0.1° or 0.2° C. (1955
and 1956) and as large as 1.3° C. (1952), as can be
seen from the following summary:

Average temperature
(*C.) in—

Major spawning period Ditference
Northern Southern °C
spawnings spawning

center (lines | center (lines
on 110-137)
14.9 5.6 +a.7
145 15.8 +1.3
14.2 15.2 +1.0
15.3 15.8 +0.5
15.0 15.2 40.2
14.5 14.6 +0.1

It is interesting to note that in 1952 and 1953,
when there was limited spawning in the northern
center, the difference in temperatures between the
two centers during the period of spawning was
somewhat. greater than in the other years.

Although the lowest average temperature in the
northern spawning center occurred in 1953, the
lowest average temperature throughout the
spawning range occurred in 1956 (14.6° 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
greater abundance of sardine spawning occurred
in areas where the 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
helow 15° C.

Only a limited number of collections of sardine
eggs have been obtained off southern Baja Cali-
fornia. (lines 140-157). In the 6-year period,
1951-56, 12 hauls contained sardine eggs. The
temperature range at these stations was from 16.9°
to 20.6° C., the mean temperature was 18.7° C.
This value is 3° (. higher than the average tem-
perature in the lower central Baja California area
during the same period.

Actually, the average temperatures in the south-
ern Baja California area during January through
June 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 carried on by a
separate subpopulation and use as a major prem-
ise the difference in average temperatures between
the major spawning period and the late-season
spawning, then, by the same reasoning, we are
forced to conclude that the sardine spawners off
southern Baja California also constitutes a sepa-
rate subpopulation. 1 am merely pointing out
this fact for consistency, and hasten to add that
we have no definite evidence for or against the ex-
istence of a separate subpopulation in this area.
There is a possibility that the sardines from
southern Baja California are more closely allied
to sardines in the Gulf of California than to those
off central Baja California.

TABLE 14—Temperature ranges and means for stations
where surdine eggs were taken, summarized by years
and area, for late-season spawning

[Temperature (° C.) at 10 m.]

Lines 110-120 Lines 123-137
Year
Number| Temper- Mean {Number| Temper- Mean
of obser- ature temper- | of obser- ature temper-
vations range ature | vations range ature
14 17.5-20.9 19.5 5 16. 5-23.9 20. 4
16 | 11.3-21.4 17.3 8 15, 5-23. 4 19.1
21 150219 182 12 14.0-23.9 18.9
R 16. 5-20. 4 18. 6 7 16.0-20.9 18.1
11 13.5-17.9 18.5 7 14.0-16.5 15.3
10| 18.5-20.4 18.6 1 27.0 27.0
81 11.3-21.9 18.1 40 14.0-27.0 18.0

A difficulty 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 December; 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.

RELATION OF EGG ABUNDANCE
TO TEMPERATURE

In order to determine whether large concentra-
tions of sardine eggs were taken at temperatures
different. from those determined for sardine eggs
irrespective of abundance, average temperatures
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were obtained for those hauls containing 101 or
more eggs. The results are summarized by area
for the 1951-56 period :

All hauls of

Hauls of 101 or
sardine eggs

more sardine eggs

Area Station
lines Num- |Average] Num- [Average
ber of | temper-| bher of | temper-
hauls atare hauls ature
Gl &) ©C)
Southern California..___.. 80-93 173 14.7 51 149
Northern Baja California_.| 97-107 253 15.1 32 15.2
Upper central Baja Cali- .
fornia__ .. ... ....._. 110-120 358 15. 4 143 15.3
Lower central Baja Cali-
fornia. . ... 123-137 117 15.7 60 15. 6

The average temperature at which hauls con-
taining larger concentrations of sardine eggs were
made was very similar to the average for all hauls.
In only one instance was the temperature differ-
ence between the two groups of hauls as large
as0.2° C.

In an analysis of the relation of jack mackerel
larvae to temperature, Ahlstrom and Ball (1954),
using temperatures at 20-meter depths, found that
hauls containing 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

Sardine spawning surveys made in 1940 and
1941 covered an area off southern California that
‘presently would be included in the southern Cali-
fornin area (Sette and Ahlstrom, 1943; Ahlstrom
1948). The ranges and means of water tempera-
tures at stations where sardine eggs were taken
during these years are summarized, by cruise, 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
1941 season 16.1° C. The average temperature at
which 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

1941 was higher than the average temperature at
which sardine eggs were obtained off 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 California in
1941, so cannot compare the temperatures in
that region in 1941 with those obtained off
southern California.

TasLE 15.—Temperature range and mean for stations
where sardine eggs were taken, summarized by cruises,
1940 and 1941

[Temperature (° C.) at 10 m.]

Number Mean
Cruise number Date ofoccur- | Temperature | tempera-

rences range (° C.) ture

(¢ C)
III: 5-14 37 13. 65-16.00 15.2
III: 20-28 31 13. 83-15. 86 15.0
IV: 4-14 32 13.28-16.01 14,9
IV:22-v:3 31 12. 6818, 62 4.8
V:10-21 2 12, 50-18, 94 15.3
V:27-VI: 7 1% 13. 26-17.32 15.8
................ 1581 12. 58-18. 94 15.1
III: 21-30 41 14.98-17. 86 16.2
IV: 14-25 35 14, 10-16.90 15.4
V:8-17 27 14.57-18. 79 16.4
VI: 2-12 18 13.80-18.13 15.7
.| VI:25-VII: 3 11 14.39-19. 14 16.5
VIIL: 21-28 5 13.47-20.11 18.2
................ 137 13. 47-20. 11 16.1

Temperatures during the 1941 spawning season
point up the fact that there can be greater tem-
perature differences between years in a geographi-
cal area, such as the southern California area, than
are normally encountered in different parts of the
spawning range during a spawning season,

SUMMARY

The distribution and abundance of sardine eggs
are discussed and illustrated for the years 1952
through 1956.

Distribution of spawning in 1952 and 1953 was
mostly confined to the southern spawning center,
off central Baja California.

In 1954, a marked change occurred in the dis-
tribution of sardine eggs: heavy and widespread
spawning occurred off southern California and ad-
jacent northern Baja California (northern spawn-
ing center), as well as in the area off central Baja
California. There was a ten-fold increase in the
extent of sardine spawning in the northern center
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in 1954 as compared with 1953, and 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
1954, 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,
136 %10 *; for 1953, 436X 1012; for 1954, 355X
101%; for 1955, 163X 10125 for 1956, 256 X102,
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 continued
through June.

Sardine eggs were obtained throughout the year
in the southern spawning center. To the north of
Point San Eugenio (upper central Baja Cali-
fornia area), a composite seasonal distribution
showed peaks in March and August, while to the
south of Point San Eugenio (lower central Baja
California) the peaks occurred in March and July.

During the major spawning period, sardine eggs
have been collected at temperatures between 11.0°
and 21.2° C., with more than half of the observa-
tions occurring within a 11%4° C. range (14.5°-
15.99° C.). During the late spawning period
(July—December), sardine eggs have been col-
lected at temperatures between 11.3° and 27.4° C.
The mean temperature of 18.1° C. in the late
spawning period was 2.9° C. higher than the mean
temperature of 15.2° C. in the major spawning
period.

The average temperature at spawning off south-
ern California during the 6-year period was 14.7°
C.; off northern Baja California, 15.1° C.; off up-
per central Baja California, 15.4° C. (major
spawning period, January-June) ; and off lower
central Baja California, 15.7° C. (major spawn-
ing period, January-June). Thus, the average
temperature at which sardine spawning took place
increased from north to south in a fairly uniform
fashion.

The difference in temperatures between the two
principal spawning centers was found to be
greater in 1952 and 1953 than in the other years.

A limited number of samples of sardine eggs
off southern Baja California were collected at an
average temperature that was nearly 3° C. higher
than the average temperature in the southern
spawning center during the same period of the
year. '

When sardine eggs were grouped according to
abundance, no difference was found in the tem-
peratures at which they occurred.

The average 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 average temperature in 1941 was
more than 1° C. higher.
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