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INTRODUCTION

Cardium corbis, commonly known as the ‘‘cockle,” is the most abundant and
important species of Cardium found on the Pacific coast. It is widely distributed
along the Pacific coast from southern California to the Pribilof Islands, Alaska, and
as far south as Japan on the Asiatic shore. (Dall, 1916.) In the north it is found on
tide flats in the bays, where it may be seen lying on top of the sand or barely beneath
the surface. In the south it is found both in the bays and on the exposed beaches of
coarse sand. The optimum locality for the species would appear to be in the Strait
of Georgia, southern British Columbia, where they occur in great numbers. (Thomp-
son, 1912; Weymouth, 1920.)

Although the cockle is very abundant in many localities and is an excellent food
mollusk, it has never attained commercial importance because of its poor keeping
qualities and small edible content. The local markets absorb small quantities, and
many are used by the crab fishermen for bait. Attempts have been made to can the
cockle, but have not met with notable success. '

The data upon which this paper is based were incidentally collected by Dr.
F. W. Weymouth, H. C. McMillin, and H. B. Holmes during the studies of the Pacific
razor clam. Although the amount of material was relatively small, the homogeneity
of the samples and the uniformity of clam growth bave made it excellent material for
growth studies.

AGE DETERMINATION

A quantitative analysis of growth data requires the knowledge of two variables—
time and size. The absence of direct observation has required the use of the “annual
rings”’ as measures of the time variable or age. The method is that which has long

1 Submitted for publication Sept. 18, 1930.
633



634 BULLETIN OF THE BUREAU OF FISHERIES

been used to determine the age of trees that in their structure show evidence of sea-
sonal growth. Observers have established the presence of annual marks on the
scales and otoliths of fish. Weymouth (1923) has shown in the Pismo clam and
Weymouth, McMillin, and Holmes (1925) in the Pacific razor clam that there is a
very definite relation existing between seasonal growth and the structure and external
appearance of the shell. Rings are formed only once each year at the time of slow
or suspended growth in the winter. Evidence of this cyclic growth in the Pismo clam
has been presented by Weymouth (1923), and a retardation of growth during the
winter months has been shown to occur in the razor clam by McMillin (1923), in the
limpet (Patella vulgata) by Orton (1928), and in Tellina tenms by Stephen (1929).
By marking and holding Atlantic cockles (Cardium edule), Orton (1927) affirmed the
validity of the rings as measures of age.
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FraurE 2.—Course of growth of Cardium corbis at Snug Harbor

GROWTH

In determining the size at the different ages the shells were measured radially
from the umbo along the longest rib by means of calipers reading to tenths of milli-
meters. This rib, in Cardium corbis, is located near the posterior end of the shell.
The annual rings to which the measurements were made are very definite and readily
noted in the cockles from northern waters. The determination of the annual rings is
more difficult on those from southern beaches, where winter growth is less retarded.

From measurements made in this manner the secular trend of the growth has
been determined. The growth may be graphically represented by two methods, direct
and logarithmic, and each type of curve has its particular value in the presentation
of data. Figure 2 is an example of the direct presentation of growth and the curve is
of the type most commonly used. This type of curve is coustructed from the median
length at each age, and is convenient for comparing the growth of closely related
forms. (Brody, 1927.)

The life of this clam is sufficiently long to permit satisfactory trends of growth to
be determined and to eliminate the effect of chance succession of favorable or un-
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FIGURE 1.—Cardium corbis, Martyn
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favorable years. The unusual uniformity of the data, due to the high correlation of
the growth from year to year in the same individual, has resulted in very smooth
growth curves. Figure 3 shows the uniform course of growth of two large individuals
taken at Kukak Bay and at Port Moller, respectively.
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FIGURE 3.—Individual growth of Cardium corbis at Kukak Bay and at Port Moller

The same data may be further analyzed, and the differential of the first curve
or the absolute annual increments may be plotted as in Iigure 4 V. This curve shows
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FIGURE 4.—The velocity (V) and (A) of the absolute growth of Cardium
corbis at Snug Harbor

the velocity or time rate of growth and is useful to make conspicuous relatively slight
variations in the curve, such as the presence of growth cycles.

The differential of this velocity curve—that is, the second differential of the orig-
inal growth curve—represents the acceleration of the growth. Most growth data are
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so irregular as to make it impossible to use this curve, but the clam data are suffi-
ciently uniform to give fairly smooth acceleration curves, as seen in Figure 4 A.
Since one can not readily see from the velocity curve the relative changes with
time—the gain per unit of size—it becomes necessary to plot the ratio diagram of
growth as in Figure 5. Minot (1908) emphasized the importance of relative growth.
He says: “It is evident that the increase in weight depends upon two factors—first,
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F1GURE 5.—Ratio diagram of the growth of Cardium corbis at Snug Harbor

upon the amount of body substance, or, in other words, of growing material present
at a given time; second, upon the rapidity with which that amount increases itself.”
The “intensity ”’ of growth can be shown only by the relative method. To do this the
logarithms of the lengths have been plotted on the age. As a result, equal vertical
distances represent equal relative changes, and equal slopes mean equal relative rates.
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FIGURE 6.—Relative growth rate (Pr) (-A‘Z(%—i from Figure 5) and logarithms

of rolative growth (log Pr) of Cardium corbis at 8nug Harbor

Early growth is emphasized and late growth is minimized as a natural result of the
relative aspect.

The differentials of the logarithmic lengths may be derived and plotted just as
in the case of the absolute lengths. The first differential, in Figure 6, shows the
declining relative growth rate so much emphasized by Minot. The decline of relative
growth is an orderly process and may be fitted mathematically to some function of
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time. As shown by Weymouth, McMillin, and Rich (1931) and by Weymouth and
McMillin (1931), this decline closely approximates an exponential series, so that the
log of the relative growth rates plotted on age gives a straight line.

If relative growth rate =é—1—%?g—£= P, then

log Pr=a—kt
PL=ea-kl
Pp=Ae k¢
where A=e®
dog L_ s
log L=—5 g%t}
log L=b—ce ™"t
A
where c=% y
— pb—ce
%=§5’e"“_“

where B=¢?

Table 1 is a comparison of the observed lengths of Cardium corbis with the lengths
calculated by the formula L = Be~ce"** developed by Weymouth, McMillin, and

Rich (1930), and Weymouth and McMillin (1930).

TasLe 1.—Comparison of observed and calculated lengths of Cardium corbis
SNUG HARBOR

Year N Lo Lo Lo—Lo P.E. Year N Lo Lo Lo—L, P.E.,
________________ 1 34 0.363 1 ~0.028 |_____..._. 6 7.62 7.590 | —0.079 0.2135
________________ 7 1.09 1.280 -.190 0. 5018 6 8.27 8,280 —. 019 2164

. 7 2.02 3.040 -, 120 2304 8 8.76 8.705 045 4340
....... 6 4,96 4,040 011 5281 3 8.95 8,949 [0 N I,
________________ 6 6.54 6. 511 029 2072 2 0.09 9.089 [1.1) N

Nore.—N=number of individuals; %:Eobserved longths; P.E.,=probable error of observed lengths; and L.=calculated
lengths; L= Be-es ¥, [=027208¢ 2T« 77

GROWTH IN DIFFERENT LOCALITIES

The three curves presented in Figure 7 show the marked variation in the growth
of the species in different localities. These have been constructed from measurements
of clams taken on the beds of Copalis, Wash., and Kake and Kukak Bay, Alaska.
In general, it may be said that Cardium corbis, in the southern part of its range, makes
a tremendous early growth, with which is associated a short life and a small size.
The northern forms show & low initial growth rate, a long life, and a larger size than
that attained by the southern forms. Insufficient growth data for the more southern
forms have made it impossible to plot the course of their growth. However, where
data have been obtained the growth resembles that of the Copalis cockle.

The growth of Cardium corbis is an interesting confirmation of the conclusions
reached by Weymouth, McMillin, and Rich (1930) in regard to the growth of the



638 BULLETIN OF THE BUREAU OF FISHERIES

Pacific razor clam. In their work the relative growth rate, as initial rate and rate
at two years, was correlated with geographical position, age, and length. The
factors involved in geographical position sre numerous and largely unknown, but
include all of the physical and chemical features of the environment.

Geographical position was given a numerical value for correlation by counting
the distance along the coast from Pismo, Calif., the most southern beach from which
statistically valuable data were gathered. The sign of the correlation, then, is
entirely arbitrary. :

In order to compare the variations of growth in different localities, as observed
in the cockle, with that mentioned above for the razor clam, similar constants were
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FIGURE 7.—Growth curves of Cardium corbis from three localities

calculated for each locality. The values for geographical position were determined
as in the razor clam, the distance being measured from Tillamook. Maximum age
and maximum length were obtained as follows: On a survival curve for each locality
the age was located at which 5 per cent of the clams passing through the first winter
were still alive. This was taken as the maximum age. Owing to the small numbers of
cockles available for some localities, this value is only a rough approximation, but
the errors involved are much less than the differences in length of life, The maximum
length is that length read from the absolute growth curve at the maximum age as just
defined.

The relative growth rate and acceleration were derived from the natural loga-
rithms of the length as discussed earlier in the paper. These five constants for the
eight localities are given in Table 2. It should be mentioned that Constantine Harbor
and Port Moller do not represent normal habitats for Cardium. The beach at the
former place is of coarse gravel, and Port Moller is near the northern limit of the
species.
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TaBLE 2.—Growth constants for different localities

. | Maxi- Maxi-
Dis- lr\n/[fi‘r{; mum Accel- Dis- Il\gﬁ;il mum Accel-
Locality tance, | o o length,| Py era- Locality tance, age length, | Pl era-
miles | S8% | centi- * tion 3 miles | A%, | centl- tion *
¥ meters ¥ meters
Tillamook. . ...__._. 0 7.5 8.15 | 0,515 | —0.497 || Constantine Harbor.| 1,500 11.4 7.30 | 1.051 | —1.342
Copalis - 100 6.8 7.60 .615 —.986 || Snug Harbor.____.___ 1,800 | oo |aanaaa 1.076 —. 603
Kake.__._.. cee| L00O foo o |ooo_.s 727 —.889 || Kukak Bay__._.__._ 1,940 14.8 10.90 [ 1.127 | —1.285

Cordova. ... __..._ 1, 480 12.4 9.60 ) 1.235 [ —1.207 j| Port Moller..._...._ 2,240 15.2 7.40 L7271 —1.363

t Actual ring number; to obtain age substract approximately one-half year.
2 Pr=relative growth rate—d—l%%—l‘— at {=2,

dP,
3 Acceleration ms —=
ceeleration ==

Scatter diagrams prepared from these data show, in most cases, definite trends
that agree with the correlations obtained for the razor clam. (Weymouth, McMillin,
and Rich, 1930; Weymouth and McMillin, 1930.)

As in the razor clam, geographical position shows the highest correlation with
maximum age. A lower correlation was obtained between length and age. Cockles
from the northern beaches reach the greatest ages and largest sizes. The relative
growth rate at two years shows a high positive correlation with age and with length.
This agrees with the relation shown by razor-clam growth in which a high relative
growth rate at two years is associated with great age and large size. The reverse
correlations must exist between early growth rate, age, and length. Figure 7 clearly
shows this relation to be true in the growth of the cockle. A high positive correlation
between age and length is also shown. The cockles reaching the greatest age are
the largest.

In the razor clam a confirmation of the relations observed between localities
was obtained by comparing the growth of the sexes. (Weymouth, McMillin, and
Rich, 1930.) In the case of Cardium, such a check is impossible, as the cockle is
hermaphroditic. (Edmondson, 1920.)

CONCLUSIONS

In summarizing, it may be said that, although based on a relatively small
amount of material incidentally collected, this study of Cardium presents several
interesting features.

1. The ring method of age determination may be applied to this species as well
as to others previously studied.

2. The growth of Cardium is characterized by great regularity, as shown by
the individual growth curves presented.

3. The type of growth observed in the razor clam is found in the cockle. In
this form the relative growth rate falls throughout postlarval life as first noted by
Minot in the guinea pig. The decline is orderly and regular, and in most cases the
growth curve can be accurately fitted from the formula L=Be~*"*, based on an
exponential rate of decline of the relative growth rate.

4. A comparison of growth in different localities shows the same relations as
observed in the razor clam. The northern forms, in contrast to the southern, show
a slower initial but more sustained growth and reach the greater age and larger size.
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TaBLE 3.—Average length of cockles

[N==number of individuals; Mi=median length in centimeters; P. It.=probable error of median]

Ring No. N Mi P. E. Ring No. N Mi P.E, l Ring No. N Mi P. E.
TILLAMOOK CORDOVA—CoON. KUKAK BAY
23 7 8.11 72 0.34 0.015
17 7 8.42 92 2.44 . 040
11 6 8.89 92 4.85 . 081
10 4 9.21 81 6.44 . 055
4 3 9. 42 69 7.45 . 093
2 2 9.82 47 8.23 L 116
1 1 9.70 34 8.90 . 098
i 9,81 29 9.31 . 045
1 9.97 21 9,60 062
1 10. 03 14 9.490 063
47 . . , 8| 10.10 063
50 4,40 . 040 CONSTANTINE 7 10.35 088
22 6. 52 213 HARBOR 6 10.€60 032
15 6. 36 104 1 34 51 10.75 075
7 6.97 089 g T 107 51 11.06 199
? 7.25 058 3' 105 4 11. 35 189
3 7.85 058 [| - 81
b. 65
8 5 18| .
4 .73 8 23 29 2.
4 2.78 9 14 20 3.
4 4.35 1 16 3. 0
4 5. 52 6 14 5.1
4 6.37 5 13 5.
3 7.32 1 11 5.7
3 7.81 11 6. 21
3 8.15 9 6.
2 7.37 8 6.
1 8.15 1 .34 5 6.
6 1.09 2 8. 0:
6 2.92 2 8.
5 4,96 2 8.
16 .26 b 6. 54 2 8.
32 1.80 b 7.52 1 8. 7¢
30 3.73 5 8.27
30 5,83 5 8.75
27 6. 08 3 8.95
23 7.43 2 9. 09
8 7.59 1 8.80
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