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POPULATION STUDIES, LOCAL GROWTH RATES AND 
REPRODUCTION OF THE PISMO CLAM 

(Tivela stultorum) 
BY 

WESLEY R. COE 
Scripps Institution of Oceanograph11' 

AND 

JOHN E. FITCH 
California Division of Fish and Game 

ABSTRACT 

Large samples collected, measured, and returned to the beach at monthly intervals 
at La Jolla, California, for five successive years showed an average initial set of 3 
young clams per sq m in an area of 2000 sq m. The annual mortality has been from 
67 to 75% for each year-class. Of an annual set of 6000, only 2000, 700, 170 and 50, 
respectively, have remained at the end of the first to fourth years. The length 
increases about 21 mm per year for the first two years of life and somewhat less 
thereafter. Less than one per cent survived long enough to reach the legal length of 
127 mm. 

In the cooler waters of three more northern localities investigated, growth is more 
rapid, average length of life is longer, and large crops of legal size are produced 
annually. Population studies by the California Bureau of Marine Fisheries at Pismo 
Beach for 19 years showed that an average of 50% of those not more than four years 
old belonged to the first year-class and 23, 13 and 14%, respectively, to the second, 
third and fourth year-classes. Wide fluctuations occurred. In some years only O to 
10% of the population belonged to the first year-class, while in other years this year-
class comprised 60 to 80%. 

The most productive areas on both the California and Mexican coasts are those 
with extensive upwelling of cool oceanic water, bringing inorganic nutrients essential 
for the growth of phytoplankton. The principal spawning season is June to December. 

The natural populations of this species, which is one of the largest 
and most palatable of the bivalves on the California coast, have been 
studied by collecting samples at monthly intervals for five successive 
years, 1945-1950, on the beach at the Scripps Institution of Oceanog-
raphy at La Jolla, California. Many marked individuals were also 
replanted on the beach and remeasured monthly. In addition to this 
local population, less frequent studies have been made at other locali-
ties along the coast for a number of years with the object of determin-
ing t~e population changes from year to year, the si~es and ages of the 
constituent year-classes, the rates of growth at each ll>cality, the season 

1 Contribution from the Scripps Institution of Oceanography, New Series No. 495 

( 188) 
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of spawning and the date of the first appearance of the young clams on 
the beach. 

The Pismo clam inhabits the open coast of the southern half of 
California and most of the Pacific coast of Lower California. Because 
of its economic importance, this species has been investigated extens-
ively under the auspices of the California Division of Fish and Game. 
Weymouth (1923) published a detailed report of its habits, growth and 
economic aspects. This report was supplemented by Herrington 
(1930) and population statistics have been published by Clark (1932), 
Roedel (1939), Aplin (1947), and others. The rates of growth at La 
Jolla and the nature of the food and its digestion, as well as the sexu-
ality, were described by Coe (1947, 1948), while Fitch (1950) has 
published a popular account of the ecology, growth and utilization of 
the clam and the management of the fishery. 

In order to determine the extent to which local conditions influence 
the populations, productivity, rates of growth and the spawning 
season, collections have been made during each month of the year, with 
a few exceptions, at four widely separated localities along the coast. 
The most southern of these are La Jolla and La Jolla Shores, the most 
northern Pismo Beach, the two being separated by about 215 miles of 
seacoast. Sunset Beach is about 65 miles northwest of La Jolla, Point 
Hueneme 65 miles northwest of Sunset Beach, and Pismo Beach about 
85 miles further northwest. The season of development of the sexual 
products and the spawning periods at each of these localities, as well 
as at Morro Bay and at several beaches on the coast of Lower Cali-
fornia, were also investigated. The writers are indebted to Professor 
and Mrs. Carl L. Hubbs for material and temperature records from 
some of these more southern localities and to the Bureau of Marine 
Fisheries for permitting the inclusion of data on the yearly variations 
in the populations at Pismo Beach obtained by the California Division 
of Fish and Game. 

The constituents of the population and the average lengths of the 
clams in each of the first four year-classes at each of these localities in 
samples collected at monthly intervals are shown in Tables I to XIII. 
The figures given indicate the averages for five years at La Jolla, two 
to three years at La Jolla Shores, Sunset Beach and Hueneme, and 19 
years at Pismo Beach. The mean lengths represent the weighted 
averages for all of the collections in the corresponding months of 
successive years. The number of individuals on which the data are 
based and the average temperature are included. 

As an introduction to the present report it may be stated that 
these clams are generally of separate sexes, with less than one per 
cent ambisexuality. Weymouth (1923) erroneously reported them as 
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being hermaphroditic. The principal spawning season extends from 
June to December although some individuals may not complete 
spawning until Jan~ary and a few may spawn at intervals during the 
remainder of the year. At La Jolla many of the young clams spawn 
at the age of about one year, when they are 17 to 31 mm in length, 
but most of those with retarded growth first become sexually mature 
in their second summer. At the more northern of the localities 
investigated, spawning is usually delayed until the clam's second 
summer or autumn. The older individuals have a prolonged spawning 
season, discharging their sexual products at intervals during two to 
six months or more. The ova are very small, measuring only 0.074 to 
0.081 mm in diameter, exclusive of the gelatinous membrane, but they 
are produced in great numbers. A large female may liberate from 10 
to 20 million eggs each year for five or more years (Coe, 1947). 

After completion of a free-swimming larval period, the minute 
young clams settle on the beach and remain there unless disturbed by 
the surf or by enemies. The period of the most successful settling 
and survival of the young may occur early in the season or one to six 
months later. Consequently it is usual that in any year-class some 
individuals are several months older than others. 

The constituent year-classes in the population have varied con-
siderably from year to year due to differences in the initial set of young 
clams and the subsequent mortality. At La Jolla there has been an·· 
annual loss of 67 to 75% for each year-class, and less than one per 
cent of the young clams reached the age of four years. At Pismo 
Beach, where the water is cooler in summer and conditions for survival 
much better, the losses have been estimated as 55, 45, 29, 34, 52, 68 
and 72%, respectively, for the fir st to seventh years. The sharp 
increase in the fifth to seventh years is attributable to the taking of 
clams of legal size for food. An average of only one clam in each 200 
of the original set remains. 

The causes, other than human agencies, of this high rate of mortality 
have not been fully determined. Many of the clams are killed by 
gulls and others by various species of sharks, rays and bony fishes. 
Others are drilled by boring snails and some are devoured by cancer 
crabs, but the highest mortality urnally occurs in summer when dino-
fl.agellates are most abundant. At such times vast numbers of clams 
particularly those of the first and second year-classes at La Jolla di~ 
from ui:i-explained causes. Dying clams and empty shells may then 
be left m rows along the shore. Possibly unfavorably high tempera-
ture ~r "disease" may be among the contributing factors. Trematode 
para~1tes are comm~n, especially in the older clams, but they are not 
considered to be senously detrimental. 
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During some years the set of young clams on a particular beach has 
been an almost complete failure and one or more year-classes have 
been missing from the subsequent population. But whether the 
mortality has occurred during the larval period or after the settlement 
of the delicate young clams on the beach at times of heavy surf has not 
been determined. 

Growth is slower than in many bivalves, the average increase at La 
.Jolla being between 21 and 22 mm a year during the first two years of 
life and somewhat less thereafter (Fig. 1). The legal length of 5 inches 
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Figure L Growth curve of the Pismo clam at La Jolla. Corresponding curves of the 
growth of the sea-mussel and the bay-mussel from the pier adjacent to the clam beds are 
Indicated for comparison. 

is reached in about seven years, while the largest individuals known 
from La Jolla were 148 to 151 mm long, with an estimated age of 10 
years or more. At other localities, lengths of 170 to 175 mm have 
been found and the age has been estimated as 18 to 25 years. The 
most rapid increase in length usually occurs during the clam's serond 
year (Table XIII), but the volume and weight increase more rapidly 
thereafter (Coe, 1947). 

Like most other bivalve mollusks, these clams are typical ciliary 
and mucous feeders, taking into the stomach a great variety of small 
particles. These include not only living and dead organic materials 
but also a considerable proportion of sand and small fragments of 
mollusk shells. The organic material consists mainly of diatoms, 
dinoflagellates and other unicellular algae, as well as other phyto-
plankton, both living and dead, protozoans, microflagellates and 



192 Journal of Marine Research [IX, 3 

bacteria. Detritus derived from the decomposed tissues of all species 
of marine animals and plants is evidently an important part of the 
clam's nutrition. However, the experimental studies by Coe (1947, 
1948) have shown that only the smallest of these particles and cells 
without cellulose walls can actually be digested. 

INVESTIGATIONS AT LA JOLLA 

Collections containing usually about 200 individuals were made 
near the end of each month, with a few exceptions, during each of the 
five years. After being measured, the clams were returned to the 
same part of the beach from which they had been taken. In so far as 
possible the same individuals were collected in each succeeding month, 
although most of those that represented the fir st year-class in 1945 had 
disappeared before the end of the experimental period in 1950. The 
number of individuals and the average length and range of those in 
each year-class for the corresponding months of each year are shown 
in Tables I and II. It will be noted that the most rapid growth occurs 
from May to September. During that period the phytoplankton is 
most abundant and the temperature is highest (Fig. 2). During the 
winter the growth rate is inhibited by the lower temperature, rougher 
seas, shifting sand and less abundant nutrition. 

The area included in the population studies at La Jolla covered 
about 2000 square meters of the beach at the Scripps Institution, 
legally protected from human interference. It is estimated that an 
average of three young clams arrived on each square meter each year, 
but the annual decrease in the population has been from 67 to 75% 
for each year-class. Most of this decrease has been due to destruction 
by enemies or to death from natural casuses, but a few of the clams 
were taken by poachers and a relatively small number were carried by 
the surf into deeper water. Of the average annual set of approxi-
mately 6000, only about 2000, 700, 170 and 50 respectively remained 
at the end of the fir st to fourth years. The proportions actually 
collected were 1008, 347, 83 and 25. The constituents of the popula-
tion found at the end of each month in 1946-47 and the changes which 
occurred during the year are shown by the diagrams in Fig. 3. 

Rates of Growth. In computing the average of the collections at the 
end of September of these five years, it is found that the 1008 indi-
viduals estimated to have an average age of one year had a mean length 
o_f 21.5 mm. The lengths varied from 11 to 31 mm (Table I ) indica-
tive not only of variations in growth rate but also of diff er~nces in 
actual age because of the prolonged spawning season and the different 
times of settlement on the beach. 
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At an estimated average age of two years the mean length of 347 
individuals had increased to 42.8 mm, indicating an increase of 21.3 
mm during the second year. This is only slightly less than during the 
first year. The relative number of individuals two years old in the 
population, however, had decreased to but little more than a third of 
those found in the first year-class. The maximum length at the end of 
the second year was 52 mm and the minimum 29 mm (Table I). 

TABLE I .-RATE8 OF GROWTH AT LA JOLLA DURING FIB8T AND SllCOND YllAB8 

Date Atlerage Aoerage Number Length, mm Indicated 
water age, 1n Mean Range 1ncre1Ut 

temperature months 1ample1 1n month 
October 18.26 1 
November 15.58 2 
December 14.15 3 368 4 .8 3-7 
January 13 .08 4 145 5 .6 4-12 0.8 
February 13 .11 5 107 6 .5 4-13 0 .9 
March 13.84 6 457 7 .6 4-13 1.1 
April 15.28 7 144 9 .4 4-18 1.8 
May 17 .36 8 491 11. 7 5-22 2 .3 
June 18.88 9 813 14.3 6-22 2.6 
July 19.57 10 1016 16.7 7-26 2.4 
August 20.48 11 1183 19 .0 11-30 2 .3 
September 19.64 12 1008 21.5 11-31 2 .5 

October 18.26 13 217 23 .4 11H33 1.9 
November 15.58 14 602 25.0 16--35 1.6 
December 14.15 15 548 26.4 16--38 1.4 
January 13 .08 16 646 27.4 17-39 1.0 
February 13.11 17 514 28.5 16--39 1.1 
March 13.84 18 521 30.1 17-41 1.6 
April 15.28 19 434 32.4 22-43 2.3 
May 17 .36 20 362 33.7 20-45 1.3 
June 18.88 21 281 36.0 22-46 2 .3 
July 19.57 22 273 38.2 24-49 2 .2 
August 20.48 23 184 40.4 28-50 2 .2 
September 19.64 24 347 42.8 2~52 2.4 

In the collections made at the end of September, 194&-1949, only 
83 individuals were found with an estimated age of three years. Their 
average length was 62.0 mm, indicating a mean increase of 19.2 mm 
during the third year. The maximum was 68 mm and the minimum 
52 (Tables II and III). 

At the average age of four years the lengths varied between 67 and 
95 mm, with a mean of 78.9 mm, indicating an increase of 16.9 mm 
during the fourth year (Table III). 

Marked Individuals. A reliable measurement of the growth rates 
from month to month was obtained by marking the shells of more than 
800 clams and replanting them on the_ beach. From those that were 
recovered subsequently it was found that the average increase in 
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TABLE II .-RATJ:B or GROWTH AT LA JOLLA DURING THIRD AND FouRTH YmARB 

Date Aoeraue Aoeraue Number Len(llh, mm lnd,cated 

water aue. in Mean Ranue ,ncrease 

temperature monllu samples in montll 

October 18 .26 25 73 44.6 31-53 1.8 

November 15.58 26 94 45 .9 35--55 1.3 

December 14.15 27 106 47 .l 35--55 1.2 

January 13.08 28 92 47 .0 35--56 -0 .1 

February 12.11 29 104 48 .1 38--59 1.1 

March 13.84 30 128 50.3 39--62 2 .2 

A pril 15.28 31 91 52.1 42--58 1.8 

May 17 .36 32 76 54.1 44-61 2.0 

June 18.88 33 68 56.3 46-63 2 .2 

July 19.57 34 64 58 .4 49--65 2 . 1 

August 20 .48 35 61 60 .1 5Q--65 1.7 

September 19.64 36 83 62 .0 52--68 1.9 

October 18.26 37 37 63 . l 57--69 1.1 

November 15.58 38 29 64 .1 57-78 1.0 

December 14.15 39 26 64 .0 60--70 - 0 .1 

January 13.08 40 23 65.8 59--71 1.8 

February 13 .11 41 28 66 .9 59--73 1.1 

March 13 .84 42 24 68 .4 62-74 1.5 

April 15.28 43 25 70.3 62-76 1.9 

May 17.36 44 24 72 .4 63- 79 2 .1 

June 18.88 45 24 74.4 64--80 2.0 

July 19.57 46 19 76.2 66-86 1.8 

Augu6' 20.48 47 20 76 .9 67-89 0.7 

September 19 .64 48 25 78 .9 67-95 2 .0 

TABLE III. - RELATIVE PROPORTIONS or THE POPULATION IN EACH AGE GROUP AND 
Y1tARLT INCREMENT IN LENGTH (mm) AT LA JoLLA IN F1RsT, SECOND, THIRD 

AND F OURTH YEARS, AB ESTIMATED FROM SAMPLES COLLECTED 

AT END or SEPTEMBER IN EACH YEAR 

Ytar Ao. aue, 1 11ear Ao. aue, % 11ears Ao. aoe, 3 11ear. Ao. age, 4 11ears 

No. in Ao. No. in Ao. No. in Ao. N o. in Ao. 
sample len(llh sample len(llh Inc. sample lenoth Inc. sample len(llh Inc. 

1945 135 20. 9 38 42.0 21 58. 5 3 77.3 
1946 247 21.2 61 42.3 21.4 12 61. 8 19. 8 3 78. 4 19.9 
1947 214 21.4 71 41.1 19.9 8 59. 1 16. 8 4 81. 1 19.3 
1948 211 20. 7 82 43. 1 21. 7 19 62.0 20.9 6 75.2 16. 1 
1949 141 23 .3 95 45.3 22.2 23 68. 6 19.3 9 82. 4 12.3 

Total 1008 347 83 25 
Aver . 21.6 42.8 21 .3 62.0 19. 2 78. 9 16. 9 

length in their second and third years was 2.1 mm in October, 1.7 mm 
in November, 1.2 mm in December, 0.9 mm in January, 0.7 mm in 
February, 1.2 mm in March, 2.0 mm in April, 2.3 mm in May, 2.4 mm 
in June, 2.3 mm in July, 2.0 mm in August, and 2.3 mm in September. 
These figures indicate an increase of only 7.8 mm for the six months 
preceding the end of March and 13.3 mm during the following half year, 
the increment for the entire year being 21.1 mm (Fig. 2). This would 
average 1.3 mm per month in winter and 2.2 mm per month in summer. 
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INVESTIGATIONS AT LA JOLLA SHORES 

On this beach, which is only a mile from the one at the Scripps 
Institution, there has been only occasional patrol by the wardens of 
the California Division of Fish and Game and this has not prevented 
the public from taking as many young clams of illegal size as could be 
found. Consequently there is a less natural population and the collec-
tions, which were made at intervals over several years, show much less 
uniformity. The temperature and other environmental conditions at 
the two localities are essentially similar, except that in spite of the 
relatively large numbers in the first and second year-classes only a 
few individuals have been permitted to reach their third year and 
nearly all have been taken from the beach before the end of their 
fourth year (Tables IV and V). The population has been maintained 
by the spawning of such young individuals as have escaped the public 
and by older ones living in deeper water or on other beaches. 

TABLE IV .-R.o.TEB OF GROWTH .o.T L.o. JoLL.t. SHORES DURING FIBBT AND SECOND YE.A.BB 

Date Aoerage Number Length, mm Indicated 
age, months in samp~s Mean Range increase 

in monlh 

October 1 
November 2 
December 3 8 7 . 2 o--9 
January 4 33 8 . 5 4-13 1.3 
February 5 83 8 . 1 2-13 -0.4 
March 6 13 10.8 6-17 2 . 7 
April 7 38 10.1 7-17 -0. 7 
May 8 317 9 . 7 3-22 -0. 4 
June 9 241 11. 7 2-24 2 .0 
July 10 686 11. l 3-25 -0.6 
August 11 330 14.3 6-27 3 . 2 
September 12 234 20. 2 13-20 5.9 

October 13 467 19. 9 9-34 -0.3 
November 14 473 21. 5 11-36 1.6 
December 15 464 24.6 10--38 3.1 

January 16 446 25.5 14-40 0 .9 

February 17 258 28.3 lo--42 2 . 8 

March 18 80 31.2 23-39 2 .9 

April 19 116 31.0 19-45 -0. 2 

May 20 212 34.0 21-45 3 .0 

June 21 103 36.9 29-48 2 . 9 

July 22 261 38.6 26-48 1. 7 

August 23 278 39. 7 2&-53 1.1 

September 24 87 40. 8 31-53 1.1 

The average lengths at the end of the first, second and third years 
were 20.2, 40.8 and 63.7 respectively at La Jolla Shores as compared 
with 21.5, 42.8 and 62.0 mm at La Jolla. These small differences do 
not exceed the probable errors to be expected in random samples 
(Tables IV and V). 
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TABLE V.- RATES OF GROWTH AT LA JOLLA SHORES DURING THIRD AND FOURTH YEA RS 

Datt Aoeraoe Number Length, mm I ndicatt d 

aoe. months i n samples lvfean R anoe increase 
in month 

October 25 290 40. 4 29--58 - 0 .3 

November 26 103 42.3 32-63 1.9 

December 27 72 44.0 34-56 1. 7 

January 28 95 47.2 38-61 3. 2 

February 29 49 49. 9 44-63 2 . 7 

March 30 19 45.4 41- 55 4.6 

A pril 31 34 53. 2 46-61 7.8 

May 32 47 50.9 44-59 - 2.3 

J une 33 13 58.6 51-66 7.7 

July 34 55 54.5 47.68 -4.1 

August 35 29 60.0 51-68 5 . 5 

September 36 16 63.7 56-77 3 . 7 

October 37 54 61.2 53-81 -2.6 

November 38 8 63. 6 59-68 2 . 4 

December 39 2 64. 5 63-66 0 . 9 

January 40 5 66.6 59--81 2 . 1 

February 41 6 71.0 67-78 4.4 

March 42 
April 43 
May 44 
June 45 6 73.6 68-81 
July 46 2 79.5 71- 88 5.9 
August 47 6 72.8 71-75 -6. 7 
September 48 

In some months the collections on the two beaches were nearly 
identical, while in other months there was a wide difference in the 
proportions of the year-classes. One curious difference deserves 
special emphasis. A comparison of Tables I and IV shows that some 
individuals of the first year-class only 3 mm in length continued to be 
found as late as July at La Jolla Shores, while none of that small size 
have been discovered at La Jolla later than the preceding December. 
A length of 3 mm would normall y indicate an individual less than two 
months after setting, giving evidence that spawning may occasionally 
continue as late as March or April. At that time the gonads of most of 
the population are in various stages of gametogenesis preparatory to 
the more usual spawning season, June to December. 

INVESTIGATIONS AT SUNSET BEACH 

This locality, about 65 miles northwest of La Jolla, has been par-
ticularly favorable for the rapid growth of the clam, presumably 
because of the large sewer which brings to the vicinity an abundance 
of nutrients from the wastes of a dense human population. The 
temperature of the water at nearby Balboa Pier averages only slightly 
lower than that at La Jolla (Tables VI, VII and XIII). The mean 
length at the estimated average age of one year was found to be 26.9 
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TABLE VI.-RATEB OF GROWTH AT SUNSET BEACH DURING FIRST AND SECOND YEARS 
Dalt Aoeraoe Aoeraoe Number Length, mm Indicated 

water• aoe, in J.,Iean Ranae increase 
temperature months samples in month 

October 16.72 1 
November 15.07 2 
December 13.76 3 
January 12. 13 4 
February 12.31 5 3 5 .3 4-6 
March 12.96 6 
April 14.37 7 8 8 
May 17. 19 8 208 7.3 4-20 -0. 7 
June 19.05 9 557 13.4 5--27 6.1 
July 18.95 10 127 14.0 6--25 0.6 
August 19.24 11 141 21.0 16--32 7.0 
September 18.62 12 128 26. 9 19--35 5.9 

October 16.72 13 284 30. 9 21 .45 4 .0 
November 15.07 14 204 21. 7 24-41 0 . 8 
December 13. 76 15 279 36. 8 21--49 5 . 1 
January 12.13 16 162 34.5 21--49 -2.3 
February 12.31 17 140 37. 6 27--43 3 . 1 
March 12.96 18 
April 14.37 19 20 42.3 36--51 
May 17 . 19 20 202 47.0 40-57 4.7 
June 19.05 21 278 53. 8 42-75 6 . 8 
July 18.95 22 316 57.6 42-70 3 . 8 
August 19.24 23 54 61.5 47-70 3 .9 
September 18.62 24 133 65. 2 46--77 3 . 7 

• At Balboa Pier, 194S--49 

mm, as compared with 21.5 mm at La Jolla. The average length at 
the estimated age of two years was 65.2 mm, as compared with 42.8 
at La Jolla, while those clams believed to be three years old averaged 
88.5 mm, with a maximum of 102 mm. During the fourth year the 
lengths varied from 78 to 122 mm, with an average of 103.8 mm at the 
end of the year (Table VII ). 

These data would indicate an average increase of 26.9 mm during 
the fir st year, 38.3 mm in the second, 23.3 mm in the third, and 15.3 
mm in the fourth year (Table XIII). This last figure is obviously not 
representative, since it was based on only 6 individuals and is smaller 
than indicated for the same year-class three months earlier (Tables VI 
and VII). The disappearance of this year-class is attributed to remov-
al of clams of both legal and illegal sizes from this beach by the public. 

To determine whether the rapid growth rate was due to the environ-
mental conditions or to different genetic factors in the population, 
more than 100 individuals were marked as to size and transplanted 
from this beach to La Jolla at various times. They grew somewhat 
more rapidly for two or three months than clams of similar size in the 
native population near which they were planted. However, after a 
few months those from Sunset Beach grew no faster than their native 
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TABLE VII.-RATE8 OF GROW'l'H AT SUNSET BEACH DURING THIRD AND FOURTH YEAB8 

Date ADerage ADerage Number Length, mm Indicated 

water• age, in Mean Range increase 

temperature months samples in month 

October 16.72 25 170 67.0 50-77 1.8 

November 15.07 26 68 65.0 53-79 -2.0 

December 13.76 27 278 70. l 50-82 4 .9 

January 12. 13 28 244 70. l 54-88 0.0 

February 12.31 29 283 70. 1 55--88 0 .0 

March 12.96 30 
April 14.37 31 154 73.0 59-88 
May 17. 19 32 427 75.0 58--91 2.0 

June 19.05 33 294 78.4 64-94 3 . 4 
July 18.95 34 226 82.8 69-97 4 . 4 

August 19.24 35 256 85. 2 74-99 2 .4 
September 18.62 36 243 88. 5 69-102 3.3 

October 16.72 37 197 89. 2 78--101 0 . 7 
November 15.07 38 26 93. 7 79-103 4 .5 
December 13.76 39 347 95. 6 82-116 1.9 
January 12. 13 40 137 96.9 85--115 1.3 
February 12.31 41 145 96.5 84-115 -0.4 
March 12.96 42 
April 14.37 43 135 100. 7 89-122 
May 17 .19 44 120 99. 5 87-118 -1.2 
June 19.05 45 94 104. l 92-121 4 .6 
July 18.95 46 94 103. l 92-117 -1.0 
August 19.24 47 
September 18.62 48 6 103. 8 97-110 

• At Balboa Pier, 1948--49 

associates. It is therefore concluded that the increased growth rate of 
the population at Sunset Beach results from the favorable environ-
mental conditions and not from different hereditary characteristics. 

Although the spawning season is approximately the same as that at 
La Jolla, no representatives of the new set have been found until 
February and only four individuals until May. The size in the latter 
month (4 to 20 mm) obviously indicates a group present earlier but 
previously overlooked. All were fully ripe or partly spawned out in 
August. 

INVESTIGATIONS AT POINT HUENEME 

Point Hueneme is only about 130 miles northwest of La Jolla, but 
the temperature of the water is generally considerably lower. The 
differences vary with the season, and in most years the temperatures 
are only 1 to 2° Clower than those at La Jolla during the winter but are 
commonly 3 to 4 ° lower during the summer and autumn months when 
most of the clams are spawning and when they have the most rapid 
rate of growth (Tables VIII and IX). These temperatures were taken 
on the open coast, however, and are several degrees lower than those at 
the clam beds on sunny afternoons. 
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Nevertheless, it would appear that the clams increase in size more 
rapidly than at any of the other localities with the exception of Sunset 
Beach (Tables VIII and IX). It seems probable that the low summer 
temperatures indicate the upwelling of oceanic ,vater, bringing to that 
area inorganic nutrients favorable for an initial growth of phyto-
plankton and indirectly for the microorganisms and detritus on which 
the clam's nutrition depends. The average spawning season is about 
two months later than at La Jolla. 
TABLE VUI.-RATES OF GROWTH AT POINT HUENEME DURING FIRST AND SECOND YEARS 

Date Aoerage Aoerage Number Length, mm Indicated 
waler• age. in Mean Range increlU!e 

temperature months samples in month 

December 12.95 1 
January 11. 10 2 
February 11.43 3 
March 12.25 4 
April 13.05 5 
May 14.80 6 
June 15.03 7 46 10.2 4--15 
July 16.30 8 120 9 .0 4--21 -1 .2 
August 16.04 9 225 13.0 5--28 4.0 
September 16.61 10 
October 15.34 11 1 22.0 22 
November 14.82 12 35 23.4 11-32 1 . 4 

December 12.95 13 
January 11 . 10 14 208 35.0 20-44 
February 11.43 15 200 38. 6 28-49 3 . 6 
March 12.25 16 
April 13.05 17 152 41.3 33-52 
May 14.80 18 153 46.3 28-57 5 .0 
June 15.03 19 150 50.4 28-58 4 . 1 
July 16.30 20 172 54.9 39-66 4 . 5 
August 16.04 21 152 56.5 45--66 1.6 
September 16.61 22 
October 15.34 23 198 61.4 43-72 
November 14. 82 24 156 60.9 48-72 -0.5 

• 1948-49 

At the estimat~d average of one year the mean length in a small 
collection was only 23.4 mm, but a large collection two months later 
showed a mean of 35.0 mm. At the end of the second year the mean 
length was 60.9 mm as compared with 42.8 mm at La Jolla. The 
indicated mean increase of 37.5 mm in one year makes it seem probable 
that the small collection at the end of the first year represented a 
sample of smaller si~es than the normal average at that locality 
(Table XIII). 

At the end of the third year the mean length was 86. 7 mm, indi-
cating an increase of 25.8 mm during the year. In the fourth year an 
apparent gain of 17.5 mm brought the mean length to 104.2 mm 
(Table IX). 
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TABLE IX.-RATES OF GROWTH AT POINT HUENEME DURING THIRD AND FOURTH YEARS 

Date A vcraoe A~eraue Number Lenoth. mm Indicated 

water• age, in ]Hean Range increase 

tempera.ture months samples in month 

Decemb,-r 12.05 25 
January 11 . 10 26 270 64.4 52-78 
February 11 .43 27 49 67.3 56-77 2 . 9 

March 12.25 28 203 67:3 55-79 0 .0 
April 13.05 29 35 67.4 54-79 0.1 
May 14.80 30 215 71.4 58- 85 4 .0 
June 15.03 31 154 74. 8 61-89 3 .4 
July 16.30 32 116 78.0 66-91 3 . 2 
Au gust 16.04 33 114 80 . 4 67-95 2 .4 
September 16.61 34 
October 15.34 35 5 85.0 77-94 
November 14.82 36 53 86 .7 73-100 l . 7 

December 12.95 37 
January 11 . 10 38 33 89.6 76-111 
February 11. 43 39 11 84. 9 79-97 -4. 7 
March 12.25 40 
April 13.05 41 15 86 . 7 80-103 
May 14. 80 42 42 87 .3 78-105 0.6 
June 15.03 43 23 90 . 5 84-104 3 .2 
July 16.30 44 52 94.4 83-114 3 . 9 
August 16.04 45 16 99 .2 !)3-110 4.8 
September 16.61 46 
October 15 34 47 
N ovember 14.82 48 5 104. 2 101-111 

• 1948-49 

Spawning by most individuals had been nearly completed in Jan-
uary. Gametogenesis in February and March was usual, although a 
few were apparently ripe or partially spawned out. Most individuals 
were apparently ripe in May. Spawning by both sexes took place in 
the aquarium on June 10, and the eggs produced normal larvae. All 
were fully ripe or partly spawned out in August. 

INVESTIGATIONS AT PISMO BEACH 

This beach has long been noted as one of the most productive locali-
ties on the California coast. The investigations of Weymouth (1923), 
Herrington (1930), Clark (1932) and Roedel (1939) were made in this 
area, and population studies have been continued in subsequent years 
by the California Bureau of Marine Fisheries. 

Weymouth concluded from an examination of the growth rings that 
the average length of the young clams at Pismo Beach and Oceano 
during the first winter, when he supposed they were 4 to 6 months of 
age, was 22 mm and during the second winter 45 mm, but he was doubt-
less in error as to the ages. Our data show a mean length of 19.0 mm 
at the estimated age of one year and 46.7 mm at the age of two years 
(Tables X and XIII). This would indicate an increase of 27.7 mm 
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during the second year. The average increment in the third year was 
21.1 mm and in the fourth year 19.3 mm (Tables XI and XIII). 

TABLE X .-RATES OF GROWTH AT PISMO BEACH DURING FIRST AND SECOND YEARS, 
INCLUDING DATA FBOM WEYMOUTH (1923) AND THE CALIFORNIA STATJII 

FISHERIES LABORATORY 

Date Average Average Number Length, mm Indicated 
water• age, in Mean Range increas, 

tempirature months samples in morth 
December 12.86 1 
January 12. 10 2 
February 11 . 91 3 
March 11.46 4 
April 10.69 5 
May 11.31 6 
June 11 .90 7 
July 12.35 8 31 7 . 4 4--13 
August 12.93 9 
September 13. 58 10 169 13.4 6-23 
October 13. 54 11 
November 12.99 12 4232 19.0 !!-36 

December 12.86 13 44 21.2 16-25 2 . 2 
Janua ry 12. 10 14 143 27. 2 12-32 6 .0 
February 11 . 91 15 231 24.5 14--36 -2. 7 
March 11 .46 16 381 29. 7 24--35 5 . 2 
April 10. 69 17 187 30.0 23-37 0 .3 
May 11.31 18 285 32.7 25--40 2 . 7 
June 11 .90 19 344 34. 9 21--43 2.2 
July 12.35 20 593 38.1 12--49 3 . 2 
August 12.93 21 152 45. 7 39--53 7 . 6 
September 13. 58 22 224 43.9 23-55 -1.8 
October 13.54 23 141 49. 6 42-56 5 . 7 
November 12.99 24 2483 46.7 32-65 - 2.9 

• At Point Arguello 

Although no data are available as to the temperature of the water 
directly adjacent to Pismo Beach, the mean annual temperature of the 
water a few miles offshore in that area averages about 13° C as com-
pared with 16.9° at La Jolla . In October, when it is probable that the 
greatest number of larvae are in the water, the average temperature is 
only 13 to 15° and falls to 12° or lower during the winter. In some 
years it does not reach as high as 13° until July. At Point Arguello, 
only about 30 miles south of Pismo Beach, the temperature at the 
shore is even lower, with a yearly average of only 12.3°. The monthly 
average reaches as high as 13° in September and October only, while 
at La Jolla during these two months the average temperature of the 
water is 6 to 7° higher. It should be emphasized that on sunny 
afternoons the temperature of the water on the beach at Pismo may 
sometimes rise as high as 24 ° C and that of the sand at the level 
occupied by the clams may be above 21° (Weymouth, 1923). 

Weymouth concluded that the spawning season at Pismo Beach 
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TABLE XL-RATES OF GROWTH AT PISMO BEACH DURING THIRD AND FOURTH YEARS, 
INCLUDING DATA FROM WEYMOUTH (1923) AND THE CALIFORNIA STATE 

FIBHERIEB LABORATORY 

Dale A~e.raoe Aoeraoe Number Lenoth, mm Indicated 

water• aoe, in Mean Ranoe increase 
temperature months samples tn month 

December 12.86 25 16 54.5 50-60 7 . 8 

January 13. 10 26 63 53.7 3\Hl2 -0.8 

February 11. 91 27 264 52.3 40-66 -1.4 

March 11.46 28 16 60.6 52-70 8.3 

April 10. 69 29 45 58.9 4~9 -1. 7 
May 11 .31 30 106 62. 8 47-70 3 .9 

June 11 .00 31 195 62. 5 45-80 -0.3 
July 12.35 32 81 66. 9 48-78 4 . 4 

August 12.93 33 88 74. 2 .55-80 7 .3 
September 13.58 34 
October 13.54 35 35 77 . 4 67-81 
November 12. 09 36 1369 67 . 8 64-85 -9. 6 

December 12.86 37 
January 12. 10 38 233 77 . 2 59-91 
February 11 . 91 39 60 77. 1 63-89 -0. 1 
March 11 .46 40 
April 10.69 41 136 82.0 68-98 
May 11. 31 42 323 84 . 2 71-96 2 . 2 
June 11. 90 43 150 90.0 77-104 5 . 8 
July 12.35 44 175 92.2 77-107 2.2 
August 12. !J3 45 160 91 . l 80-104 -1.1 
September 13. 58 46 
October 13. 54 47 
November 12. !J9 48 1141 87. l 

• At Point Arguello 

extends from July to September, although he found large eggs in some 
of the individuals which he examined at intervals from March to 
November. It has now been found, however, that while the most 
active spawning takes place in the summer and autumn, apparently 
normal ovogenesis and spermatogenesis continue in some members of 
the population throughout the entire year. This is not considered 
satisfactory proof that spawning actually takes place in midwinter 
and early spring, although the gonads of a small proportion of the 
individuals examined indicated such an occurrence. This evidence is 
corroborated by finding young clams only 4 mm long in July and 6 mm 
long in September (Table X). 

The earliest observed spawning by clams from this beach occurred 
in the aquarium in June. But no young clams have yet been found on 
this beach until July of the following year. They had then attained 
a length of 4 to 13 mm, with a mean of 7.4 mm (Table X). Assuming 
a rate of increase of 1 mm a month in winter and 1.7 in the spring it 
would have required about eight months to reach a length of 13 m'.m. 
Consequently, a mean of 7.4 mm in July would indicate a population 
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averaging five to six months of age. The data for the remainder of the 
year are in harmony with this assumption. For these reasons i~ is 
concluded that the median date when the young have completed the 
larval period and settled on the beach at Pismo Beach is November, or 
about two months later than at La Jolla. They would then have an 
average age of one month in December, but presumably these dates 
vary considerably in different years. 

The estimated sizes and ages of the clams found in equal sections of 
Pismo Beach by the California Bureau of Marine Fisheries in the 
census taken in November of each of the years 1927 to 1949, with the 
exception of 1942 to 1945 and 1948, are indicated in Table XII. The 

TABLE XII .-AVERAGE LENGTH AND YEARLY INCREMENT OF CLAMS IN THE FIRST 

FOUR AGE GROUPS COLLECTED AT PISMO BEACH IN NOVEMBER OF EACH 

Year 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1!)49 

YEAR BY THE CALIFORNIA BUREAU OF MARINE FISHERIES 

Av. age, 1 year Av. age, 2 years Av. age . • 1 years 
No. in Av. 

Av. aye. 4 years 
No. in Av. No. in Av. No. in Av. 

sample length sample length Inc. sample length Inc. sample lenc,th Inc. 
38 22.9 62 44.7 28 66. 7 21 88.3 

6 
468 
357 
871 
44 

19!) 
0 

758 
142 
743 

!) 
23 
24 
13 

31 

22.7 32 
20. 1 5 
20. 1 189 
21. 7 14!) 
21. 5 279 
15. 3 38 

70 
18 . 0 2 
21. 6 270 
14. !l 101 
25. 6 231 
17 .3 4 
21. 9 34 
20.0 4 

19. 4 164 
19.7 297 

13.0 

43 . 1 20. 2 40 61 . 6 16. 9 23 86.5 19.8 
40. 8 18. 1 23 
43 .3 23.2 5 
43.0 22. 9 56 
44.5 22. 8 128 
46.1 24. 6 122 
42. 6 27.3 23 
44. 0 56 
42. 6 24. 6 3 
45. 7 24. 1 24.5 
38. 5 23 .6 90 
41 . 8 16. 2 53 
45. 2 27 . 8 II 
41.8 19. 9 3 

49. 8 57 
49 . 0 20.6 101 

43 .0 28. 9 

59. 0 15. !l 23 
68.2 27 .4 4 
62.7 19.4 
G3 .8 20.8 103 
63 . 8 ] !J . 3 98 
6!) .8 23.7 80 
63.0 20.4 14 
63.0 19.0 45 
62.3 lU . 7 8 
62.4 16.7 173 
57. 6 19. l 75 
70. fl 29. I 19 
1\8. 7 23. 5 

73 .3 200 
75 . 7 25. 9 65 

75 0 20 . i" 

83. 1 21.5 
84.5 25.5 

80.8 18.l 
75. 1 II .3 
87.6 23.8 
85.3 15. 5 
79. 2 16.2 
75.1 12. l 
82.3 20.0 
87.0 24.6 
87.1 29.5 

92. 8 
93. 5 20. 2 

92. 8 16.7 

Totals -1111 
Av. length 
Av . increase 

18 .9 

7 

Hl38 
44.4 

2.5.5 

53 

1097 
6,5 . 2 

20.S 

19 

ll41 
86.6 

21.4 

total of 4111 clams approximately one year of age had a mean length 
of 18.9 mm. Those two, three and four years old numbered 1938, 1097 
and 1141 respectively, with average lengths of 4-1.4, 65.2 and 86.6 mm. 
The clams at La Jolla at the corresponding ages had average lengths 
of 21.5, 42.8, 62.0 and 78.9 mm. With the exeeption of the first 
group, the rates of growth were somewhat greater at Pismo Beach t~an 
at La Jolla. At Pismo Beach, moreover, the number of dams which 
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were four years old was even larger than in the group one year younger, 
while at La Jolla relatively few individuals survive in the intertidal 
zone for more than three years. 

Since all of the collections made by the Bureau of Marine Fisheries 
covered equal amounts of space in the same location on the beach in 
successive years, the numbers in each year-class will indicate the 
changes in the population from year to year. Inspection of Table 
XII will show that the numbers in the first year-class varied from 0 in 
1934 and 1 in 1949 to 871 in 1931, the total number for the 19 years 
being 4111, or 50% of the total of 8287 for the four year-classes. The 
average lengths, omitting the single individual found in 1949, varied 
from 14.9 mm in 1937 to 22.9 mm in 1927 and 25.6 mm for the small 
number found in 1938. 

The second year-class varied in number from 2 in 1935, 4 in 1939 and 
1941, and 5 in 1929 to 279 in 1932 and 297 in 1947. The total number 
in the second year-class was 1938 or approximately 23% of the entire 
population of 8287 individuals not exceeding four years of age. The 
average lengths varied from 38.5 mm in 1938 to 49.8 mm in 1946, 
while the mean length at the end of the second year was 44.4 mm, 
indicating an average increase during the second year of 25.5 mm 
(Table XII). 

Similarly, the third year-class varied in number from 3 in 1936 and 
1941 and 5 in 1930 to 245 in 1937, the total number being 1097 or 
approximately 13% of the entire population not exceeding four years 
of age. The average lengths at the estimated average age of three 
years varied from 57.6 mm in 1939 to 75.7 mm in 1947, with a mean of 
65.2 mm. 

Of the fourth year-class, 1141 individuals were obtained. These 
represent about 14% of the entire collections. The numbers varied 
from O in 1931 and 4 in 1930 to 200 in 1946. The average lengths at 
the estimated average age of four years ranged from 75.1 mm in 1933 
and 1937 to 93.5 mm in 1947, the mean length being 86.6 mm (Table 
XII). 

These extensive collections afford excellent examples of the great 
variability that may be expected in dealing with populations of inverte-
brates, not only in the constituent year-classes, as shown in Fig. 4, but 
also in the rates of growth in successive years. An estimate of the 
rate of survival through the first four years of life may be obtained 
from Table XII. It is obvious that any first year-class will be followed 
by the second year-class in the line below, which gives the data for the 
following year, and so on. Hence, if the figures in Table XII be read 
obliquely downward and to the right they will show the fate of any 
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first year-class in following years in so far as could be determined by 
the collections taken from equal areas of the beach in successive years. 
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Figure 4. Fluctuations in the populations found each year in three trenches, each 16 cm. 
wide, in separate locations on Pismo Beach, California, at rorresponding dates, 1923-1941 
and 1946-4 7. Between 1930 and 1938 the total population showed a biennial periodicity due 
to an increased set of young clams in each alternate year. The relatively small number of 
clams reaching the age of fou r or more years indicates tho high rate of mortality due to natural 
causes and human agency. (Data from Aplin , 1947 and from California State Fisheries 
Laboratory.) 

TABLE XIII.-CoMPARATIVE GROWTH RATES OF THE FrnsT FouR YEAR-CLASSES 
AT FIVE LOCALITIES 

Aoeraue length at each aue, Aoeraoe annual increment, 
Mean annual mm mm 

temp. of water 1 I yr . 2 yr . 3 yr. 4 y r . I yr . 2 yr. 3 yr. 4 yr . 
La Jolla 16.94°C 21. 5 42. 8 62. 0 78.9 21.5 21.3 19.2 16.9 
La Jolla Shores 16. 94 20. 2 40. 8 63 . 7 20.2 20. 6 22.9 
Sunset Beach 16.58 26. 9 65. 2 88. 5 103 8 26. 9 38. 3 23. 3 15.3 
Hueneme 14. 71 23. 4 60. 9 86. 7 104. 2 23. 4 37.5 25.8 17. 5 
Pismo Beach 12.30 18. 9 44.4 65. 2 86 . 6 18. 9 25. 5 20. 8 21.4 

1 At nearest temperature station, usually on a pier. 

Table XIII gives a comparison of the growth rates at the five locali-
ties investigated, as indicated by the average lengths and the annual 
increases of the first four year-classes, including all collections. It will 
be noted that the most rapid growth was found at Sunset Beach, with 
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the rate at Hueneme nearly as great and at Pismo Beach considerably 
less. La Jolla and La Jolla Shores, with the highest temperatures, 
appear to be less favorable for rapid growth and long survival than the 
localities with cooler water farther north or where there is extensive 
upwelling of cool oceanic water farther south along the Mexican Coast. 

INVESTIGATIONS AT OTHER LOCALITIES 

Morro Bay. The cool water at this locality is conducive to large 
populations of clams of legal size. In January most individuals were 
near the end of the spawning period or were completely spawned out, 
although a small percentage was continuing active gametogenesis. 
In February the spawned out condition predominated and in March 
all stages of gametogenesis were general, leading to the apparently ripe 
condition of some individuals in April. The first spawning observed 
in the aquarium was in June, although the gonads of others showed 
that spawning had occurred previously. 

LOWER CALIFORNIA 

On some of the beaches from 100 to 500 miles south of the Mexican 
border there is extensive upwelling of cool oceanic water and large 
populations of this species are produced. Collections from the follow-
ing localities have been examined at intervals. 

Punta Cabras (31° 20' N. Lat.). At this locality, about 100 miles 
south of the Mexican border, there is extensive upwelling of cool 
oceanic water, with a thriving population of clams which reach a large 
size. All of the clams examined in February were completely spa,vned 
out and others obtained in April had only early gametogenesis. Most 
of those examined in May showed early gametogenesis, but some 
appeared fully ripe or were in postspawning condition. In September 
all were partly spawned out. 

San Antonio del Mar (31° 06' N. Lat.). Extensive upwelling and 
large populations of clams are found at this localitv. Those collected 
in May were all nearly ripe or fully ripe and spa,;·ning took place in 
the aquarium. Of 36 individuals examined in July, one had recently 
completed spawning and all of the others appeared to be ripe. Spawn-
ing was general in the aquarium.2 

Blanca Bay (29° 06' N. Lat.). Here also there is cool water and an 
abundance of large clams. Those examined the first of April showed 
much variation in the condition of the gonads. Some were in the 

2 Most of the populatidn at this locality died in the early autumn of 1950. The 
cause bas not yet been determined. 
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early stages of gametogenesis, while others were nearly ripe, fully ripe 
or partly spawned out. In July all were ripe or partly spawned out. 

Thurloe f!ay (27° 38' N. Lat.). Although more than 450 miles south 
of the Mexican border, the water is cool and conditions are suitable for 
the production of clams of large size. All of the individuals examined 
in January were in various stages of gametogenesis but not ripe. 
Some of those examined in early April were fully ripe or partially 
spawned, while others were recently spawned out. In July also some 
were ripe, some were spawned out and others half ripe. It is con-
cluded that the spawning season at favorable localities on the Mexican 
coast is even less definitely seasonal than it is on the coast of California. 

SUMMARY 

The fluctuations of the populations have been studied by collecting 
large samples and returning them to the beach after measurement at 
monthly intervals for five successive years at La Jolla, California and 
for two to three years at three other widely separated localities. Many 
marked individuals were also replanted on the beach and remeasured 
monthly. 

The area investigated at La Jolla covered about 2000 square meters 
of a beach legally protected from human interference. The con-
stituent year-classes in the population varied considerably from year to 
year due to differences in the initial set of young clams and the subse-
quent mortality. It is estimated that an average of three young 
clams arrived on each square meter each year, but the annual mortality 
has been from 67 to 75% for each year-class. Of the average annual 
set of approximately 6000, only about 2000, 700, 170 and 50, respec-
tively, have remained at the end of the first to fourth years. Less than 
one per cent of the population survived for four years and clams of the 
legal length of 127 mm were usually found only in deeper, cooler water. 

At the other localities investigated, Sunset Beach, Hueneme and 
Pismo Beach, conditions are more favorable, growth is more rapid and 
large crops of legal size are produced annually. Many individuals 
reach an age of seven to twelve years or more. Nevertheless, the 
mortality rate for each year-class at Pismo Beach, in part due to human 
agencies, has been estimated as 55, 45, 29, 34, 52, 68 and 72%, 
respectively, from the first to seventh years. 

The populations at Pismo Beach enumerated by the California 
Bureau of Marine Fisheries in November of 19 years between 1927 and 
1949 indicated that an average of 50% of those not more than four 
years of age belonged to the first year-class and 23, 13 and 14%, 
respectively, to the second, third and fourth year-classes. Wide 
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fluctuations were found. In some years only O to 10% of the popula-
tion belonged to the first year-class, while in other years this year-class 
comprised 60 to 80% of the population. 

The most productive areas, both on the Californian and Mexican 
coasts, are generally those with extensive upwelling of cool oceanic 
water, bringing with it the inorganic nutrients essential for the growth 
of the phytoplankton and indirectly for the other organisms and detri-
tus on which the nutrition of the clam depends. 

The annual increment in length averages 21 to 25 mm the first and 
second years of life and somewhat less thereafter. The length of 127 
mm, which is the minimum legal size, is reached in five to eight years. 
The principal spawning season is June to December, although a small 
proportion of the population has apparently ripe sexual products at 
any season of the year. 
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