EVIDENCE OF A NORTHWARD MOVEMENT OF STOCKS OF THE
PACIFIC SARDINE BASED ON THE NUMBER OF VERTEBRAE

ROBERT L. WISNER"

INTRODUCTION

Tvidence on the movements of stocks of sardines
along the Pacific Coast of the United States and Mex-
ico has been derived from tagging, from counts of
vertebrae, and from related data. The present study
represents a second major attempt using numbers of
vertebrae. Previous studies, reviewed below, have
demonstrated an unknown but presumably significant
amount of heterogeneity within the range of the
sardine, as well as considerable intermingling of stocks
between the regions of IPunta Eugenia (in central
Baja California), California, and the Pacific North-
west.

Tagging studies: An extensive tagging program,
initiated in 1936 and carried on continuously until
1942, demonstrated that the sardine stocks inter-
mingle considerably within the area from Pta. Eu-
genia to Central California and from Southern Cali-
fornia to British Columbia (Hart, 1943; Clark and
Janssen, 1945). Some fish tagged in Southern Califor-
nia were recovered along the west coast of British
Columbia and some tagged in the latter region were
recovered in Southern California. The tag-recoveries
demonstrated a rather rapid migration: sardines tag-
ged off Southern California in February and March
were retaken off British Columbia in the following
July ; others, tagged off British Columbia in July and
August, were caught off San Pedro, California, in the
sneceeding December and January (lHart, 1943). As-
sociated with this rapidity of migration is a size re-
lationship. Clark and Janssen (op. cit.) stated that,
“The largest sardines may be expected to move
quickly to distant fishing grounds whereas the smaller
fish tend to remain longer in the locality where tagged
or to make short migrations. These smaller fish reach
distant grounds in later years when they have grown
to larger sizes.’’

The one lot of sardines that was tageed south of
Pta. Eugenia, in April, 1938, comprised 963 fish in
Magdalena Bay. No recoveries were made from this
lot, possibly because the number was too small to in-
sure a return, or, as the authors suggested, because
sardines from the area do not intermingle with the
more northern fish.

Vertebral Studies: Clark (1947) compiled the re-
sults of vertebral counts made by previous investiga-
tors in the United States and Canada—Hubbs (1925),
Thompson (1926), Hart (1933), and Clark (1936).
The 1947 data, when grouped by latitude, showed a
rather definite trend from north to south, particularly

1 Contributions from the Scripps Institution of Oceanography.
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within the 0 and 1 age groups. No adults (2-vear fish
or older) were available from south of San Diego with
the exception of a small sample of 31 fish from the
Gulf of California. The areas treated ranged from
Alaska to the Gulf of California and the years
sampled from 1921 to 1941.

From the combined age-group data Clark (1947)
reached a tentative conclusion that, ‘“‘sardines found
in southern Lower California and the Gulf of Cali-
fornia constitute a separate population which rarely
intermingles with the more northern population, but
that a considerable, and perhaps variable, amount
of interchange takes place throughout the range of the
northern population from- Alaska to I’ta. Eugenia in
central Lower California.”” The results of the tageing
in the Magdalena Bay area, though somewhat incon-
clusive, recounted above, augmented Clark’s interpre-
tation of vertebral data from the area and strength-
ened the hypothesis that the stocks of fish in the area
may well constitute a separate population that inter-
niingles little if at all with the more northern stocks.

Growth Studies: Felin (1954) attempted to assay
the heterogeneity of the sardine populations from the
standpoint of growth characteristies, using age and
length data gleaned from samples of the commercial
landings in Southern and Central California during
the vears 1942-1950. The following excerpts from her
conclusions appear to be pertinent to the present
study :

Complete intermixture and homogeneity in pop-
ulation of adult fish as sampled by the fishery
in different regions is not evidenced from data on
mean caleulated lengths. The apparent cline in
the growth characteristic . . . appears indicative of
intraspecific populations in which there is limited
intermingling, and suggests a series of over-
lapping coastal migrations of more than one
stock.

Wolf and Daugherty (1960) have reported that
two-vear-old fish comprised the bulk of the Southern
(California catch in the 1958-59 season (to be dis-
cussed later). These fish were unique in that they
averaged 191 mm. (7.7 inches) in standard length,
12 mm. (0.5 inches) smaller than the previous recent
ninimum (1954-55), but not much smaller (3 mm. or
0.1 inch) than the 1939 vear-class as two-years-olds, an
outstanding vear-class. It has further been reported
(Ibid., 1960) that the fish in Baja California averaged
even smaller (162 mm., 6.4 inches)-—so much smaller
as to suggest that the fishery there was not utilizing
the same stocks of fish as was the Southern California
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fishery. Also, the two-year-olds landed at Monterey
were smaller than the San Pedro fish, indicating
somewhat more population heterogeneity than usual
(no samples from the Monterey landings were avail-
able for the present study).

These previous studies have all pointed either to a
mixture of stocks, of phenotypic or genotypic origin,
that intermingle more or less completely within the
area from north and eentral Baja California to South-
ern California and from the latter area to British
Columbia, or to more or less sporadic influxes of non-
intermingling fish from other areas, presumably the
south.

The present study attempts to cover essentially the
same areas (Fig. 1) reported on by Clark, with the
exception of Central and Northern California, and
provides a body of data well separated in time from
any previous similar data. No samples were available
from these northern areas, as it was not until the
1958-59 season that the sardines reappeared there in
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FIGURE 1. Chart of areas discussed, showing the localities from which
samples were secured in the present investigation and in that of

Clark (1947).

sufficient numbers, since about 1950, to warrant a
fishery or a sampling program (Marine Research
Committee, 1960). No samples were available for study
from the 1958-59 central California fishery, although
about 25,000 tons were landed at Monterey and San
Francisco (Ibid., 1960). In general, the present data
agree with Clark’s findings only for the areas south
of Pta. Eugenia. From there northward to San Pedro,
California, the data show that a major portion of the

samples studied are characterized by a marked redue-
tion in average number of vertebrae.

METHODS

As age determinations were not available for sam-
ples from most of the localities treated, all age-groups
are combined. Only the 1957-58 Ensenada and San
Pedro samples were aged (by CalCOFI personnel,
emploving a subsample amounting to approximately
20 percent of each sample studied). In the other areas
studied, aging would have been possible only by arbi-
trarily assigning an age to any given length fre-
quency. This was not attempted as age-length compo-
sition studies have shown that adult sardines (2 years
or older) vary in length from 1.5 to 2.5 inches in each
age-group. Thus, an arbitrarily assigned age may re-
sult in an error of two or three years.

All fish, except one sample of 500 postlarvae from
the Gulf of California, were X-rayed for determina-
tion of vertebral numbers. The postlarvae were stained
with alizarin and cleared in glycerin before counting.
All vertebrae were counted by the author. The uro-
stvle was included in the count.

The nature of the data does not warrant detailed
statistical analyses, and the study is not intended as
a purely racial one. The real significance lies in the
differences in average values, both in individual and
in grouped samples, between the present body of data
and that presented by Clark (1947) for the region
north of I’ta. Eugenia, Baja California.

Because of the rather small range in total numbers
of vertebrae the standard deviations about the mean
do not differ markedly. For the region north of Pta.
Kugenia the range of deviations, inecluding both
Clark’s and the present data, is 0.5980 to 0.6719 (ave.,
0.6191). The range of standard errors of the means
is 0.0006 to 0.0225 (ave., 0.0149). This large range in
standard error values is due to the quite large varia-
tion in numbers of specimens used (Table 1).

An indication of the significance of the difference
between means of Clark’s and the present data, for
the northern region, is the average difference of 0.23,
nearly one-fourth of a vertebra. In comparing this
with the almost three-fourths of a vertebra that sep-
arates the Gulf of California fish (average mean,
51.00) from those reported by Clark for northern
Baja California and northward (average mean,
51.70), elementary statistical treatment will provide
odds of but one in hundreds of thousands of chances
that the two sets of data comprise a single population
or stock of fish. Such orders of significance do not,
of course, pertain to the southern areas—from Pta.
Eugenia southward and into the Gulf of California—
because of the striking similarity of the two sets of
data in this southern region.

RESULTS

Figure 2 is a plot of all samples embodied in the
present data, arranged by area. Wherever the areas
are closely comparable, Clark’s 1947 data are also
plotted. Each solid dot represents an individual sam-
ple of the present data, and each open circle repre-
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TABLE |
VERTEBRAL NUMBERS—ALL AGE GROUPS
Number of Vertabrae

Number Average

Locality Year, Month 49 50 51 52 53 54 of Fish Vertebrae

San Pedro. ... oo 1951: I 1 33 40 3 77 51.58
X 4 52 39 3 98 51.42

X1 2 31 28 3 64 51.50

XII 1 11 10 22 51.41

1954: X 1 18 17 1 37 51.49

1957: X 7 78 69 4 158 51.44

XII 10 225 228 20 483 51.53

1958: 1 7 88 101 8 204 51.54

I 1 5 87 74 12 179 51.51

v 2 39 49 1 91 51.54

VII 4 101 99 7 211 51.52

VIII 40 35 5 80 51.56

IX 1 7 68 78 6 160 51.51

San Pedro total_._____.___ ... .. _.____ 2 51 871 867 73 el 1,864 51.51
Clark total .. - 4 119 3,039 5,802 677 11 9,652 51.73
San Diego. - 1950: VII 2 89 96 5 1 193 51.55
1951: 1 I 1 10 13 1 - 25 51.56

1952: VII 1 11 22 2 36 51.69

1957: III 2 4 7 2 15 51.60

v 8 16 1 25 51.72

1958: VI 1 1 26 26 1 I 55 51.45

VII 1 32 21 4 58 51.48

X 2 46 41 2 R 91 51.47

XI1 U 1 26 25 1 53 51.49

1959: 1 1 17 19 2 39 51.56

XII 4 37 34 1 I 76 51.42

San Diego total .. ... 1 16 306 320 22 1 666 51.52
Clark total ... 2 86 2,085 3,923 452 5 6,553 51.73
Ensenada._ oo 1952: 1V e 8 18 . 26 51.69
VIII 1 19 13 1 34 51.41

X1 1 16 23 40 51.55

XI1 15 21 2 38 51.66

1956: IX 1 33 26 60 51.42

Ensenada total prior to 1957 . ..ol _o-. . 3 91 101 3 . 198 51.53
1957: 1X 5 83 102 8 198 51.57

X 17 315 434 33 799 51.60

XI 10 265 230 8 513 51.46

XII 1 35 562 494 24 1,116 51.45

1957 total e 1 67 1,225 1,260 73 2,626 51.51
1958: I 2 22 23 2 R 49 51.51

11 1 2 112 158 14 I 287 51.63

It 16 383 435 42 876 51.57

v I 12 197 240 17 o 466 51.56

v 9 181 200 13 403 51.54

Vi e 19 296 268 5 I 588 51.44

VII R 20 362 340 12 . 734 51.47

VIII 1 27 346 299 18 691 51.44

IX 24 497 422 17 1 961 51.45

X - 18 358 363 18 757 51.50

XI 31 600 581 45 . 1,257 51.51

XII I 32 390 339 16 I 77 51.44

1958 total o _ - 2 212 3,744 3,668 219 1 7,846 51.50
Ensenada total . . _ . ___ ... . ... 3 282 5,060 5,029 295 1 10,670 51.50
Cedros and San Benito Islands_.__.__________._.. 1946: VIII I 9 89 71 3 e 172 51.40
1952: XI 1 10 i1 1 23 51.52

1955 ... 31 99 13 143 51.87

1958: VIII 2 21 27 50 51.50

IX 1 107 85 5 198 51.47

XI 1 44 48 4 97 51.54

XI11 5 45 44 6 100 51.51

Cedros and San Benito total__________._______.__ . 19 347 385 32 N 783 51.55
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TABLE |—Continued
VERTEBRAL NUMBERS—ALL AGE GROUPS

Number of Vertabrae

Number | Average

Locality Year, Month 49 50 51 52 53 54 of Fish | Vertebrae
Sebastidn Viscatno Bay _ . ________.____________ 1953: 1V - 6 27 20 1 O 54 51.30
1958: VIII R 7 72 24 1 e 104 51.18
VIII . 7 19 24 R PR 50 51.34
IX 1 2 11 17 U R 31 51.42
XII — 3 70 58 1 R 132 51.43
1959: I - 2 36 35 O R 73 51.45
v R 8 54 53 e .- 115 51.39
Sebastidn Viscaino Bay total ___________________ 1 35 289 231 3 U 559 51.36
Clark total . _____.__________ . _________________ S 22 420 596 55 1,093 51.63
Pta. Eugenia to Cape San Lazaro____.___.____.___ 1951: 'V 1 18 146 141 ———— o 306 51.40
IX - 14 105 130 6 1 256 51.51
1952: I P e 7 11 R ———- 18 51.61
IX 2 8 39 25 - R 74 51.18
1953: II O 2 5 5 R PR 12 51.25
A\ e 3 63 54 3 PN 123 51.46
VIII U U 15 18 1 R 34 51.59
X1 ———- 21 178 117 5 R 321 51.33
1956: VII R 6 73 55 3 R 137 51.40
VIII . 3 51 87 3 R 144 51.63
IX e 3 22 23 1 1 50 51.50
X _—— 2 9 23 ———- R 34 51.62
1958: VIIL R, 9 103 55 1 - 168 51.29
IX R 20 190 78 1 1 290 51.22
Pta. Eugenia Cape San Lézaro total______________ 3 109 1,006 822 24 3 1,967 51.39
Clark: total Pta. Eugenia to Pt. San Juanico____._ - 32 417 248 13 e 710 51.34
Santa Marfa Bay.______ . _._.___._______..._____ 1951: VI R - 27 17 1 I 45 51.42
X - 3 31 43 1 - 78 51.54
X1 R ———— 4 7 2 S 13 51.85
1952: 1V . 1 8 3 1 . 13 51.31
VII P 7 57 6 eee ——en 70 50.99
VIII R 1 7 10 1 R 19 51.58
1953: VII - 5 68 51 IO R 124 51.37
VIII [ 5 51 41 6 R 103 51.47
1955: VIIE . 3 20 25 3 N 51 51,55
IX ———- 1 14 18 R R 33 51,52
X —— 1 11 9 ———- - 21 51.38
XI —e 2 23 24 2 R 51 51,51
1956: VI-VII e 9 10 R R I 19 50.53
XI S S, 33 22 . R 55 51.40
1959: II . 19 107 21 - R 147 51.01
Santa Marfa Bay total-._________________.______ - 57 471 297 17 e 842 51.33
Magdalena Bay__.__ . __._________________.____. 1949: II e 1 27 17 1 S 46 51.39
1951: VI ——— 1 8 10 3 . 22 51.68
1952: VII 1 4 38 9 R R 52 51.06
VII U 8 43 39 RN R 90 51.34
VIII _——— 5 41 13 - R 59 51.14
IX . R 32 35 1 R 68 51.54
1953: VI ——— 1 23 20 2 R 46 51.50
1958: VI ———— 7 105 27 R ——— 139 51.14
VI e 18 82 20 R N 120 51.02
small .
VI R 2 23 12 - —e- 37 51.27
larger
Magdalena Bay total . ___________________.___.__ 1 47 422 202 7 U 679 51.25
Clark total ________________________ .. _____.___. 1 44 500 243 7 U 795 51.27
Pt. Marquis_ . ____________ .. 1952: X 6 38 18 3 65 51.28
Gulf of California._.___________________. ______ 1953: VIII 15 71 25 111 51.09
1956: XII 4 84 315 a7 R R 500 51.01
(postlarvae)
Gulf of California total . ________________________ 4 99 386 122 L . 611 51.02

Clark total

735 51.04
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FIGURE 2.

Frequency distribution of individual sample means and the mean of each area. Each solid dot (present data) or open circle (Clark’s

data) refers to an individual sample. The acute triangles represent the area means.

sents a sample listed by Clark (1947). Table 1 sum-
marizes the present data in Fig. 2 by year and month.

Clark’s 1947 data, with all age-groups combined,
indicate that prior to 1942 the mean vertebral values
changed abruptly in the vieinity of Pta. Eugenia,
Baja California: average values south of this point
were markedly lower than thoseé to the northward.
The higher values to the northward formed the basis
for Clark’s statement that ‘‘The average number of
vertebrae is approximately 51.7 for all sardines north
of southern Lower California and about 51.2 for sar-
dines from southern Lower California.’’ These nu-
merical values have since been considered to be

‘““‘standard’’ for sardines spawned under what has
been thought to be ‘‘normal’’ oceanographic condi-
tions. For Southern California alone Clark’s average
for all age groups combined was 51.73. She reported
on only five samples with a combined mean value of
51.62, sampled from 1938 to 1940 from the Boundary
to Pta. Eugenia—excluding Sebastidn Viscaino Bay
samples, considered separately.

Whereas Clark’s data from north of Pta. Eugenia
comprised samples taken between 1921 and 1941, the
present data stems from samples taken between 1950
and 1959. A distinet and significant change has taken
place in the decade that separates the sampling ef-
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forts (IFig. 2). The plotted mean values of all samples
from each area and the area means for the present
data show a rather marked reduction in areal mean
values as well as a very great number of sample mean
values that fall well below the lowest reported by
Clark. Tt will be noted that this reduction persists
from Southern California to IPta. Eugenia. Both sets
of data are in excellent agreement from Pta. Eugenia
southward and into the Gulf of California.

It is unfortunate that very few samples from the
region, “‘Boundary to Pt. Eugenio,”’ were available
to Clark, as compared with the much larger number
from Ensenada that are used in the present study.
Clark’s five sample means from this region all fall
within the range of those from Ensenada, though
they are distinctly on the high side. Clark’s data from
Sebastian Viscaino Bay alone correspond very closely
with those for the broad areal grouping from the
Boundary to Pta. Eugenia. The higher averages ap-
pear to have persisted further south in 1921-41 than in
1950-59.

Tt i of considerable interest that so many sample
means from the northern region should fall well below
those reported by Clark. For areas south of Pta. Eu-
genia, excluding those of Cape San Lueas and the
yulf of California, very few samples in the present
body of data (only 21 percent) have lower vertebral
mean values than do those from Ensenada and South-
ern California (Fig. 2). Clark’s data alone show 82
percent of the samples from these southern areas to
have appreciably lower values than do the samples
from Southern California reported on in 1947. This
difference of 61 pereent is striking evidence of the
reduction in mean numbers of vertebrae between the
two time periods in the samples from Southern Cali-
fornja and northern Baja California. The populations,
or stocks, of fish from areas south of Pta. Eugenia
may intermingle to at least a small degree with those
from the Gulf of California: of all samples from
south of Pta. Eugenia, excluding those from the Gulf,
about 23 percent have vertebral mean valies similar
to those reported from the Gulf (Fig. 2).

In contrast to the expected lower mean values for
the areas south of Pta. Kugenia are the several rela-
tively high values. The value of 51.795 for 78 fish
(0 age-group), listed by Clark for the ‘’t. Eugenio
to Pt. San Juanico’’ area, and the value of 51.669
for 127 fish (I age-group) from Magdalena Bay,
are generally considered as typically ‘‘northern’’ or
““high’ means. The present data includes one sample
of limited significance (comprising only 22 fish) from
the same area with a high mean of 51.68. The reasons
for these higher mean values are difficult to assess.

MeHugh (1950) offered a possible explanation of
these high values, which average 51.71. Postlarval
sardines from southern Baja California, spawned in
spring and summer, were found to have significantly
different mean vertebral numbers of 51.54 and 51.21
respectively (as McHugh did not count the urostyle,
his counts are increased by one to conform to those of
the present studv). The values of 51.79 and 51.17 for
spring- and summer-spawned fish in samples from
northern Baja California differ even more signifi-

cantly. Whereas Mecllugh’s high value of 51.54 for
postlarvae spawned in the spring in southern Baja
California falls well below the average ficure of ap-
proximately 51.71 for the older fish under considera-
tion from these southern areas, it does indicate the
possibility that environmentally induced meristic dif-
ferences may result in abnormally high mean verte-
bral numbers in at least some samples from these
areas, and, possibly, for all areas throughout the
range. Of course the reverse situation may also oceur
as is shown by two samples taken near the San Benito
Islands, about 15 miles -west of Cedros Island. In
1946, 172 O-vear fish furnished a mean vertebral value
of 51.40 and in 1955, 143 fish (estimated at nearly
two vears of age) provided a mean of 51.87 vertebrae.
This is an area that was quite ‘‘northern’ in the
data presented by Clark, but considerably less so in
the present data: the means are about 51.64 and 51.50,
respectively.

Both Magdalena and Santa Maria Bavs also show
a tendency to produce some samples with relatively
high mean vertebral numbers. Excluding the two low
mean values, 50.99 and 51.01 (Fig. 2, Table 1), raises
the Santa Maria Bay average to 51.44, a ficure notably
higher than the combined average for the Bay and
one that would appear to fit the plotted distribution
of sample means (Fig. 2). It is reasonable to assume
that as Santa Marfa Bay is entirely open to the sea
any migrating northern stock may readily enter. In
contrast, the relatively enclosed Magdalena Bay is
presumably less accessible to coastal migration and
may be expected to harbor a more indigenous popula-
tion. The number of samples from each bay is hardly
adequate to resolve the question. Actually the highest
mean value recorded for Magdalena Bay in each set
of data exceeds any of the means for Santa Maria
Bay. However, the high value of 51.68 listed in the
present data is derived from a sample of only 22
specimens and may not be of great significance. The
next highest value, 51.54, is derived from 68 fish. It
thus appears probable that higher values may oecur
in the Bay. Clark’s 1947 data includes a sample of 127
[-vear fish which furnished the more significant mean
value of 51.669. Thus it 1s apparent that either migra-
tions from the north may enter these bays or that
local spawning conditions may occasionally be such
that higher average vertebral numbers may result. It
15 also apparent that the same situation pertains to
those samples having lower vertebral mean values
comparable to those listed for the Gulf of California.
From the standpoint of migration these bays may
be considered to be more within the range of Gulf
stock than those from more northern waters, particu-
larly those from north of Pta. Eugenia.

As noted by Clark (1947) the Gulf of California
may well harbor a separate population of sardines
that intermingles little if at all with the northern
populations, but that may mix fo a degree with stocks
occurring below I’ta. Eugenia. The present data has
strengthened Clark’s conclusion, for the two sets
of data are remarkably similar, considering both the
time interval between the two sets of data and
the total number of years involved. Whereas Gulf
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samples consist of O fish or postlarvae, except for the
31-fish sample of adults reported by Clark, affording
a mean of 50.968, all samples have provided mean
values of about 51.00.

Year Class Data and the ““Warm’’ Years: The oc-
currence of abnormally high ocean temperatures in
1957 and 1958, and the observed reduction in average
numbers of vertebrae in samples from northern Baja
California and Southern California, requires that
some consideration be given to year classes comprising
the present data. As a major portion of the samples
were taken in 1957-58, particularly in these two areas,
the age data are considered for these areas only.

Daugherty and Wolf (1960) show that, for the
1957-58 season in Southern California, the 1957 year
class contributed only 1.3 percent to the commercial
catch. During the same period of the northern Baja
California season (including Ensenada and Cedros
Island landings) these authors show that the 1957
vear classes contributed only 1.4 percent. The 1958-59
catch data for Southern California showed that 1957
fish comprised only 10.2 percent of the ecatch and
in Baja California only 11.6 percent (Wolf and
Daugherty, 1961).

Thus it s clear that the 1957 and 1958 vear classes,
presumably hatched in warmer water, were a minor
constituent of the catches and the vertebral count
samples, Therefore, the recent ‘‘warm water’’ can be
almost completely discounted as contributing to the
low vertebral numbers off Southern California and
northern Baja California during the 1957-58 and
1958-59 fishing seasons.

DISCUSSION

If the effect of the warm years may be discounted
as being a major cause for the observed reduction in
average vertebral numbers in the area of northern
Baja California and Southern California, other hy-
potheses may be erected: (1) The environment had
begun to change as early as 1950 and the change was
reflected in the reduced average number of vertebrae
(but there i1s no oceanographic evidence of such a
change) ; (2) Micro-environmental changes affected
the vertebral numbers and morphometry of the in-
dividual spawnings that were later sampled (such an
event is, of course, always possible ; however, there are
great odds against the chance that such spawnings and
samples make up the bulk of the present data); (3)
Stocks of fish migrated northward from the southern
areas, which are characterized by lower average num-
bers of vertebrae, accompanied by a reduction in the
numbers of northern-type fish. This is the most attrae-
tive hypothesis.

Ahlstrom (1959) has reported that such a north-
ward movement did occur in early 1954. Associated
with this northward movement was an appreciable
rise in water temperatures, particularly in the early
spring. Clothier and Greenhood (1956) reported that
67,258 tons of sardines were landed during the 1954-
55 season in contrast to the slightly more than 3,000
tons in 1953-54 and some 4,500 tons in 1952-53.

Unfortunately, the present data are not adequate to
test whether or not this observed migration of sardines

into Southern California contributed to the lowering
of the average number of vertebrae within the area in
1954, though they are suggestive. Only one sample of
37 fish, from San Pedro, was available for study. This
sample afforded a mean of 51.49 (Table 1), quite
characteristic of the recent period in the Southern
California fishery, whereas the average for the earlier
period reported on by Clark was 51.73.

That these 1954 fish, and those of subsequent and
earlier samples to 1950, were probably not spawned iu
the area of capture during anyv warm period is evi-
denced by the following statement by Reid, Roden,
and Wyllie (1958), ““the period from 1949 to 1956 is
distinguished from the previous 15 or 20 years by
substantially colder waters in the first few months of
the vear.”’

The foregoing evidence of the period of 1949-1956
being colder than the previous 15 or 20 years adds
further interest to the comparison of the two sets of
data on vertebral numbers. If most specimens in the
present study are presumed to have been spawned in
waters colder than those in which Clark’s must have
been (all spawned prior to 1941), it could also be
presumed that the average numbers of vertebrae
would be higher than observed. This obviously is not
the case in those samples studied from northern Baja
California and Southern California; thus by every
test the change 1n vertebral numbers is opposite that
suggested by the environmental changes. There must,
then, have been major changes in the stocks on the
fishing grounds.

One question posed by the present body of data is,
what happened to the ‘‘northern’’ type of sardine?
Temperature data indicate that sufficiently cold wa-
ter was available to have produced high vertebral
numbers. The number of samples studied would ap-
pear to afford an adequate representation of the fish
available to the sampling techniques. It may be that
the northern types were ‘‘somewhere else’” and not
available to the fisherman or the sampling techniques.
It may also be that the influx of southern fish in 1954
continued and that interbreeding with the northern
types has resulted in lower average numbers of verte-
brae, or that the northern types were still present
but in considerably reduced numbers.

In review, south of Pta. Eugenia there was no
change in vertebral numbers between the earlier and
later period, all counts being low. North of Pta. Eu-
genia, vertebral counts during the recent decade are
lower than the earlier period, the average being in-
termediate between the stable southern dverage and
the earlier northern average. Further, the direction
of the change, i.e., a decrease, has been contrary to
that expected to have resulted from the cooler envi-
ronment during the recent period. Thus, there is good
evidence that there has been a change in the ‘‘racial’’
composition of the stocks taken by the fishery in
Southern California and northern Baja California.

The precise nature of the change is not so clear.
There has been a severe decline in the stocks available
to those fisheries compared to the early period (Clark
and Marr, 1955). This almost rules out the possibility
that the lowering of the vertebral numbers was
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caused only by an influx of southern fish. Rather, the
change in vertebral numbers must have been assoei-
ated with a reduction of the population of the north-
ern, high vertebral number, ‘‘race,’”” possibly, but not
necessarily, accompanied by additional influx from
the south.

SUMMARY

1. The results of the summarized three widely dif-
ferentiated earlier approaches to the problem of het-
erogeneity of sardine stocks throughout the range in-
dicate the presence of more than one population, or
stock, of sardines inhabiting the total range.

2. The present study demonstrates that a marked
reduction in average numbers of vertebrae, for sar-
dines sampled in northern Baja California and
Southern California, has occurred throughout the
period from about 1950 through 1958. This reduection
results in a much lower average value than that re-
ported by Clark (1947), the respective values being
51.50 and 51.73.

3. The plot of average numbers of vertebrae for
each sample within a given area, and the arca aver-
ages (Fig. 2), indicates that many of the samples
taken in northern Baja California and Southern Cali-
fornia, in the period from 1950 to 1959, have suffi-
ciently low values to have originated in the waters off
Central or Southern California.

4. Year-class data for a major portion of these fish
with low values indicate that only a small percentage
of the total catch could have been spawned in the area
of capture during the abnormally high ocean temper-
atures that began in 1957.

5. For the areas of southern Baja California (Pta.
Eugenia into the Gulf of California) the present data
is in excellent agreement with that presented by
Clark (1947). The two sampling efforts cover a period
of time from 1926 to 1958 for this broad area. This
fact indicates that these areas may harbor indige-
nous populations in that no apparent change in the
averagze vertebral numbers has occurred in the 32-
year period.

6. It is concluded that the sardines caught in north-
ern Baja California between the years 1950 and 1959
were comprised of a different ‘‘racial’’ mixture than
those taken prior to 1941, because the recent reduction
in vertebral numbers is contrary to the phenotypic
increases usually associated with cooler water. Con-
currently, abundance has declined, so the change in
vertebral number is most easily explained by postulat-
ing reduction in a northern ‘‘race,”’ possibly accom-
panied by an influx of additional southern fish.
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