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1. INTRODUCTION
1.1. History of Sardine Vertebral Studies
When any species of fish is exploited over a large portion of its range, it is important to know whether that species
consists of several populations each keeping to a limited area or whether there is intermingling between different
areas. The sardine, Sardinops caerulea (Girard), is fished with varying intensity along a North American coast line
of approximately 2,000 miles, from British Columbia south to Cape San Lucas on the southern tip of Lower Califor-
nia. To determine the amount of intermingling of sardines on these far-flung fishing grounds, several types of invest-
igations have been conducted. The results from each study confirm or support the findings from the other ap-
proaches. One of these investigations deals with the variations in the number of vertebrae of sardines taken in differ-
ent localities. It has been held that, as a general rule, fish from warm waters have a smaller average number of ver-
tebrae than do fish of the same species from colder waters (Hubbs, 1934). Thus, if there were little or no interming-
ling, it might be expected that sardines taken off southern Lower California would have on the average fewer verteb-
rae than those taken in British Columbia waters and fish from California would occupy an intermediate position. If
the populations do interchange, many complexities in the average number of vertebrae might occur, especially if the
interchange is a partial one only.

Five previous papers have been published giving summaries of counts on vertebrae from sardines taken along the
Pacific coast of North America. Hubbs (1925) presented the results of counts made on 1,910 fish taken in Central
and Southern California and concluded that racial distinction between the populations in the two localities had been
neither demonstrated nor disproved. Thompson (1926) made comparisons between California and European sardines
and found statistically significant differences in the averages. Because of variations within each population,
however, he felt that doubt was cast on the biological significance of these differences. Hart (1933) published two
papers comparing counts from British Columbia and from California. Again variations between collections from the
same locality prevented interpreting differences between localities as biologically significant. Clark (1936b) tabu-
lated additional data for collections from Alaska to Mexico and summarized all counts made to that date. These res-
ults indicated a complex adult population, perhaps resulting from the intermingling of sardines from many localities;
but significant differences between the counts on young fish taken in California and on those taken in southern
Lower California suggested a lack of admixture between the latter and the former.

Since 1936 many counts have been added for both adult and young sardines taken from British Columbia to the
Gulf of California. The present paper tabulates all data and attempts to interpret the results.

1.2. Summary of Results
These vertebral counts indicate that sardines from British Columbia to Pt. San Eugenio in central Lower California
comprise a mixture of populations, the young of which may have been reared on nursery
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grounds in any of these localities. For most seasons, presumably, the nursery grounds off California and northern
Lower California make the greatest contributions to the population.

Sardines living off southern Lower California and in the Gulf of California probably comprise a distinct group
which does not mix with the northern fish; or if a mixture occurs, the proportion of southern fish to the total northern
population is small.

The interchange between nursery grounds begins early, perhaps before the sardines are a year old.
The number of vertebrae varies between year-classes, and certain year-classes are characterized by high or low

averages in all localities.
The average number of vertebrae is approximately 51.7 for all sardines north of southern Lower California and

about 51.2 for sardines from southern Lower California.

1.3. Source of Material
The fish from Alaska were collected and the vertebral counts made by Dr. George A. Rounsefell of the U. S. Fish
and Wildlife Service.

The records for British Columbia sardines include tabulations by Hart (1933) plus additional counts published
here through the courtesy of the Fisheries Research Board of Canada. These additions are 61 counts made by Dr. H.
C. Williamson in 1927, 6,900 made by Dr. J. L. Hart and his associates between 1934 and 1940, and 400 made by
the writer on material forwarded to California by Dr. Hart.

From Oregon, counts on 25 sardines were furnished by Dr. Hart. Eighteen specimens of young fish were taken in
albacore stomachs by Captain Svenson, 30–35 miles off the Columbia River, and forwarded to the California Divi-
sion of Fish and Game by the Pacific Marine Products Company of Oregon. The remainder of the material from
Washington and Oregon was collected by the U. S. Fish and Wildlife Service and counts were made by the writer.

The California data consist of records made by Hubbs (1925) and Hart (1933), and much additional material col-
lected by the staff of the Bureau of Marine Fisheries of the California Division of Fish and Game. Also counts were
made by the writer on 240 young sardines from the collections of the Museum of Zoology, University of Michigan,
furnished through the courtesy of Dr. Carl L. Hubbs.

With the exception of 588 fish collected by Dr. L. A. Walford, U. S. Fish and Wildlife Service, material from
Mexico was collected by the California Bureau of Marine Fisheries.

From the California and Mexican collections about 60 percent of the counts were made by the writer and the re-
mainder by the staff of the California State Fisheries Laboratory. Special mention should be made of the assistance
furnished by C. R. Clothier who handled about 20 percent of the counting and of J. B. Phillips who made about 5
percent. This help from the staff of the Bureau of Marine Fisheries is gratefully acknowledged as well as that from
the Fisheries Research Board of Canada and the U. S. Fish and Wildlife Service.

1.4. Methods
Many workers have attempted to make population studies of the sardine based on variations in fin rays and gill
rakers and in body proportions. Accurate fin ray counts are difficult to make and studies of this
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character were abandoned due to the labor involved in making compilations for large numbers of fish. Gill raker
counts can be made with fair accuracy but these vary with the size of the specimen and this precludes direct compar-
isons between young and adult sardines. The proportional measurements vary not only with size of fish but also
between fresh and preserved material; in addition it is difficult to compare measurements made by different indi-
viduals. Because of these complexities this study has been confined to tabulations of the total number of vertebrae.

Counts made by the California workers and those published by Hubbs and by Thompson include the hypural. In
Hart's publications the hypural was omitted but his data have been adjusted to make them directly comparable with
the remainder of the material.

When specimens were handled fresh, the whole fish was boiled and the flesh removed from the backbone so that
the number of vertebrae could be readily counted. For preserved material the flesh was cut away from one half of the
body and the back bone exposed on one side. For small fish sufficient magnification was used to make the individu-
al vertebrae readily distinguishable. All counts were checked by a second count. No attempt was made to distinguish
between abdominal and caudal vertebrae.

As with other fishes abnormal vertebrae occur in sardines. These consist of fused and partly fused vertebrae and
excess spines. In only a few instances was the back bone so deformed that no accurate count could be made. All par-
tial fusions were counted as separate vertebrae. Vertebrae bearing extra spines were considered as single vertebrae.
Fortunately the number of sardines with vertebral abnormalities is small. Fish with back bones so badly deformed
that they had to be discarded comprised 0.03 percent of the California fish and those with fused vertebrae and addi-
tional spines 0.33 percent. Dr. Hart through correspondence with the writer indicated that sardines with abnormalit-
ies involved 0.32 percent of the British Columbia specimens.

The collections were divided into three age groups, adults, I group and O group. These age classifications were
determined on the basis of size of fish and time of collection. Fish were considered adult if they were 150 mm. in
standard length or greater. Most of the adult fish were obtained from the commercial fishery and were larger than
170 mm. Sardines were classed in the O group if they were fish of the year, taken between July and the succeeding
January. These consisted of sizes ranging from about 30 mm. to about 120 mm. and represented fish up to about
eight months old. The I group comprised fish taken from February through July when they were about 8 to 14
months old. These fish had a size range approximating 100 to 150 mm. In the I group were also included two collec-
tions made in northern Lower California in September. These were placed in the I group on the basis of size but
their true age is subject to question.

1.5. Location of Collections
The adult sardines used in this study were taken on the fishing grounds off British Columbia, Washington and Ore-
gon; off San Francisco and Monterey; and in southern California between Point Conception and the Mexican bound-
ary. One gill net collection of 46 fish was
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made off Shelter Cove in northern California, and 31 adult sardines were taken in the Gulf of California in a dip net
under a light at night.

FIG. 1. Localities, indicated by dots, where O group sardines were collected
The locations of collections of O group fish are shown by dots in Figure 1. Most of these fish were taken in small

round haul nets either by bait fishermen or in experimental catches made by the staff of the California Bureau of
Marine Fisheries. Fish of the I group from south of San Francisco were collected in the same general localities and
by similar methods.

The collecting localities have been grouped into six major regions: Pacific Northwest, from Alaska to the Oregon-
California line; Northern California from the Oregon line to Point Conception; Southern California, from Point Con-
ception to the Mexican boundary; northern Lower California, from the boundary to Pt. San Eugenio; southern Lower
California, from Point San Eugenio to Marquis Point; and Cape San Lucas and the Gulf of California.
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2. ADULT SARDINES
Details of the counts on adult sardines are given in Table 1. The averages from different regions indicate no definite
trend from north to south. One of the lowest averages occurs in the Alaska collections, and variations between col-
lections made in one region in different years are as great as those between regions. The only group which shows
outstanding differences is that from the Gulf of California. These 31 fish averaged 50.97 vertebrae which is over
one-half vertebra less than the average of any other collection of adult sardines.

The P values obtained from analyses of variance of vertebral counts within localities and between localities are
given in Table 4. For adults these values indicate that differences between year-lots taken in the same locality are
statistically significant for the Pacific Northwest and for Northern California and probably so for Southern Califor-
nia. Also the counts for the Pacific Northwest specimens differ significantly from those of Northern California but
the differences between Northern and Southern California data are not significant. On the other hand, Southern Cali-
fornia material shows a high probability of being significantly different from fish taken in the Gulf of California.

Since the differences between collections made in different years within one locality are as great as those for col-
lections from different localities, these additional data substantiate conclusions drawn from former studies of verteb-
rae. These are that adult sardines along the California, Oregon, Washington and British Columbia coasts intermingle
and the populations on these fishing grounds are complex, receiving in one year or another contributions of young
fish from many sources. No adults from Mexican waters are available with the exception of the 31 sardines taken in
the Gulf of California. These fish have a sufficiently low vertebral average to suggest that an independent population
may occur in the Gulf. Studies on young fish help to verify this conclusion.

It is difficult to assign a value for the average number of vertebrae for all adults. The weighted average for all
adults, excluding the Gulf, is 51.688 (Table 1). Three times as many fish, however, were counted from the Pacific
Northwest as from either of the California localities, and an average giving equal representation to each of the three
major areas might define more accurately the whole population. This average is 51.698, and for general purposes the
average number of vertebrae for adult sardines may be considered 51.70.
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TABLE 1
Vertebral Counts on Adult Sardines
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TABLE 1—Cont'd.

11



TABLE 2
Vertebral Counts on I Group Sardines
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TABLE 2—Cont'd.
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TABLE 3
Vertebral Counts on O Group Sardines
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TABLE 3—Cont'd.
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TABLE 4
Average Number of Vertebrae for Sardines Taken in Various Localities and Values of P Obtained from Analyses

of Variance
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3. YOUNG SARDINES
3.1. I Group
For fish here classified as the I group, collections are available from British Columbia to Magdalena Bay, Lower
California.

Details are given in Table 2. In contrast to the adult sardines, the averages for the I group show a definite trend
from the north to the south. The highest average is in the Pacific Northwest, and for the four major areas the aver-
ages show a consistent decrease from 51.81 in the north to 51.34 at Magdalena Bay.

Analyses of variance (Table 4) indicate that collections within one locality show no significant differences except
for the three lots from Magdalena Bay in southern Lower California. Pacific Northwest counts differ significantly
from Northern California but Northern and Southern California differences are not significant nor are those for
Southern California and northern Lower California. On the other hand, northern Lower California material does dif-
fer significantly from southern Lower California.

3.2. O Group
Collections of O group sardines extended from Oregon to the Gulf of California. Figure 1 shows the locality of these
collections and Table 3 gives the average number of vertebrae for each locality. As with I group fish, these youngest
sardines show a general decrease in the number of vertebrae from the north to the south, the highest average occur-
ring in Oregon and the lowest in the Gulf of California.

Tests of significance (Table 4) indicate that vertebral counts of O group sardines from various California nursery
grounds do not differ significantly either between year-classes or between localities. For the Lower California ma-
terial, however, the differences within one locality between year-classes are significant. These differences between
year-classes in Lower California may explain the significant differences between Southern California and northern
Lower California as well as those between the two Lower California regions.
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4. COMPARISON OF ADULTS WITH YOUNG
The comparison of adults with young sardines is shown graphically in Figure 2. This figure gives the average num-
ber of vertebrae for the three groups of sardines according to the approximate degrees of latitude where collections
were made. From 32° to 42° there is no great difference in the averages. These latitudes correspond closely with the

FIG. 2. Average number of vertebrae by latitude for adult, I and O group sardines
California boundary lines. For more northerly latitudes the average for young sardines increases slightly, whereas
that for adults does not. In the southerly latitudes (Mexican waters) the average for young fish decreases rapidly with
each degree. Table 4 indicates that there is no significance in the differences between localities in California for any
of the groups of fish. Both Pacific Northwest and Mexican fish, however, tend to differ significantly from California
collections; and collections from different Mexican localities differ significantly from each other.

In Table 5 comparisons are made among adults, I group and O group fish in each locality, and the values of P are
given for such comparisons. For the Pacific Northwest, differences are significant when the three groups are com-
pared, and the adults differ significantly from the I group. The O group does not so differ from the other two, but
since there are only 18 fish in the O group, the data are not indicative. In Northern California the three groups differ
significantly and in each pair of comparisons the adults are significantly different from the I and O group but com-
parisons between the I and O groups show no significance. For Southern California the adult and I group differences
are not significant but the O group differences are. For Mexican waters none of the available comparisons is signi-
ficant.
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TABLE 5
Comparison of Average Vertebrae by Age Groups
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These various comparisons of the vertebral averages by localities and age groups indicate a complex admixture in
the sardine population. Except for the Gulf of California, adult sardines taken in any locality show no indication that
they are composed exclusively of fish reared in the same locality. Also the significant difference between the I and
O groups in Southern California and the fact that in each locality averages for the I group occupy an intermediate
position between the O group and the adults suggest that the admixture begins at an early age, perhaps before the
fish are a year old. This admixture evidently involves sardines from all localities between Alaska and Pt. San Eu-
genio in the central part of Lower California. On the other hand, the rapid decrease in average vertebral number for
sardines taken south of Pt. San Eugenio and the significant differences in the averages suggest that the southern
Lower California fish and those from Cape San Lucas and the Gulf may comprise an independent population or pop-
ulations which seldom, if ever, mingle with the fish to the north. All fish, adults and young, collected south of Pt.
San Eugenio had an average vertebrae number of 51.223.
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5. ADMIXTURE OF POPULATION
It would be useful to know how much each of the nursery grounds contributes to the adult sardine population. No
definite answer can be derived from the sardine vertebral counts but some interesting approximations can be made.
Since collections of O group fish do not differ significantly throughout California, Northern and Southern California
collections may be combined. This gives five major localities for which data are available and the vertebral averages
for the O group are as follows:
Pacific Northwest 51.83

California 51.76

Northern Lower California 51.62

Southern Lower California 51.30

Gulf of California 51.05

If these values are combined giving each locality equal weight, an average of 51.51 results. This is far below the
approximate average of 51.70 for adult sardines and it is evident that all localities do not contribute equally to the
adult population. If the Gulf of California is omitted and the four remaining localities combined on an equal basis,
the average becomes 51.63, again below that for all adults. Omitting the two localities south of Pt. San Eugenio, the
three remaining localities average 51.74. This is somewhat above the 51.70 average for adults. A combination of
California and northern Lower California gives an average of 51.69 which is practically identical with that for all
adults. This may indicate that the major portion of adult sardines are reared on the nursery grounds off California
and northern Lower California. Obviously, however, many other combinations could be made which would give an
average approaching that of the adults. At times young sardines reared in the Pacific Northwest have contributed to
the adult population and similar contributions may come from southern Lower California. A determination of the
composition of the stock from vertebral counts would require adequate data on the variations between year-classes
in each locality as well as between localities.
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6. VARIATIONS BETWEEN YEAR-CLASSES
Table 3 indicates that members of the O group collected in one locality vary in vertebral count from year to year and
certain year-classes have a consistently higher or lower average in many of the localities where collected. The aver-
ages for six year-classes are compared in Table 6. All available material for O group fish has been included in this
table plus I group fish from the Pacific Northwest. This latter addition is necessary to give comparisons with the
northern region and seems justified because there are reasons to think that these yearlings were derived from north-
ern spawnings. The largest sample is of the 1939 year-class and in that year extensive spawning is known to have
occurred in the northwest. Furthermore, the remoteness of the northern spawning grounds renders it unlikely that the
northern spawned fish could have moved entirely out of that area as yearlings or that young sardines would have
moved in from the south. Averages based on less than 100 specimens should be interpreted with caution. The 1937
year-class has consistently high averages in all localities for which data are available. The 1939 year-class also has
high averages for all regions except Northern California and the Cape San Lucas-Gulf area. In contrast, averages for
the 1940 year-class are low.

Differences between year-classes from the Pacific Northwest were not significant, nor were those from Cape San
Lucas and the Gulf. For the other localities the year-classes varied significantly with P values of less than 1 percent
for all localities except Northern California where the value of P was 2 percent. Attempts were made to correlate the
changes in average vertebrae for the different year-classes with differences in water temperatures. The results were
not conclusive due probably to inadequate temperature records from the waters where sardines spawn and the larvae
develop. The major spawning grounds in Southern California are well off shore where complete water temperature
records have not been collected.

FIG. 3. Average number of vertebrae by year-class for three localities
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TABLE 6
Average Number of Vertebrae by Year-Class
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1 The O group averages as given in Table 3 did not differ significantly between the two localities and tests of individual year-classes from the
two regions gave values for P above 10 percent except for the 1940 group. For this year-slass P was below the 1 percent level. Since only the one
year-class showed significant differences, the combining of all material for California as used in Figure 3 seemed justified.

Through a cooperative study with the U. S. Fish and Wildlife Service, counts and age readings were made on
adult fish taken at Monterey and San Pedro in the 1939–1940 and 1940–1941 seasons. From this material the aver-
age number of vertebrae were calculated for each year-class. This gave counts for four classes from 1936 to 1939.
The averages for the adults are included in Table 6 and the trends of the vertebral averages for adults and young are
shown in Figure 3. To simplify the comparisons, in this figure, the data from Northern and Southern California were
combined.1 The average for the 1936 adults corresponds closely with the California O group averages, whereas
those for 1937 and 1938 are below the California averages for these respective year-classes. This suggests an admix-
ture of Mexican fish in these two groups. On the other hand, the 1939 year-class shows anomalies. In this year-class
the averages for Lower California are higher than those for California and the average for adults is the same as for
the I group taken in the Pacific Northwest. Because smaller numbers of specimens were involved in the adult collec-
tions, the results may have small significance, but if the differences are valid they indicate that the adult collections
contained a high proportion of fish reared in northern latitudes. An unusual amount of spawning is known to have
occurred in the Pacific Northwest in 1939 and the resultant sardines presumably made a goodly contribution to the
adult population along the coast.
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7. COMPARISON OF VERTEBRAE COUNTS WITH OTHER SARDINE
STUDIES
Exploratory work (Scofield, 1934) indicates that spawning may occur throughout the range of the sardine population
but that the heaviest concentration is off Southern California. This implies a movement of adult fish into this region.
Investigations of the ocean currents off Southern California (Tibby, 1939) show that larvae from these spawning
grounds would be carried to the nursery grounds off Southern California or northern Lower California.

Studies on length frequencies of sardines taken in the fishery at various California ports (Clark, 1936a) show that
the same dominant year-classes are present on all the California fishing grounds. Also similar size progression from
smaller to larger fish occurs each season at all California ports. Such consistent size changes would not be expected
if there were not an interchange of sardines between the fishing grounds.

An extensive tagging program (Clark and Janssen, 1945; Hart, 1943) has demonstrated that such intermingling
does occur. Fish released in California waters have been recovered in the Pacific North west and fish tagged off
British Columbia and Oregon have been retaken in California. Sardines marked and released along the Lower Cali-
fornia coast from the boundary south to Point San Eugenio have been recovered in Southern and Northern Califor-
nia.

Young sardines (in all probability members of the 1939 year-class spawned in the Pacific Northwest) were tagged
off Oregon in the spring of 1940. Tags from these fish were recovered in the California fishery in succeeding sea-
sons thus indicating that the nursery grounds in the Pacific Northwest do at times supply sardines to the adult popu-
lation in the more southern regions.

No recoveries have been made from 963 sardines released during April, 1938, in Magdalena Bay, Lower Califor-
nia. Negative results on returns from one tagging lot comprising less than 1,000 fish cannot be considered proof that
sardines from southern Lower California do not intermingle with the northern population. The low average vertebrae
count for these southern sardines tends, none the less, to confirm the results of the tagging investigations.

The tentative conclusion seems justified, therefore, that sardines found in southern Lower California and the Gulf
of California constitute a separate population which rarely intermingles with the northern population, but that a con-
siderable, and perhaps variable, amount of interchange takes place throughout the range of the northern population
from Alaska to Pt. San Eugenio in central Lower California.
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