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A B S T R A C T

Growth and production of a population of the tropical clam Donax denticulatus, and important
Venezuelan fishery resource, were studied for 24 months. Growth rates were 4,22 mm per month
during the first 2-3 months post recruitment, 1 mm during the next 4 months and negligible there-
after. Mean maximal total length was 19 mm. Daily production ranged from 31-466 mg per m2

with standing dry weight biomasses of 4 to 40 g per m2. P/B ratios ranged from 0.005 to 0.016
per day. Daily production rates were used to calculate annual production of 37.6 g (181 kcal) and
77.4 g (372 kcal) m-2, respectively, for 1974-75 and 1975-76.

IN T R O D U C T I O N

v elez (1985) reported on the annual repro-
d u c t i v e  c y c l e ,  p a t t e r n  o f  g e m a t o -

genesis and sex ratio in a commercially im-
portant population of the tropical beach clam
Donax  dent icu la tus  in  Venezuela .  Here  we
present the results of a growth and produc-
tion study of the population. Despite the value
of D. denticulatus as a fisheries resource and
its apparent importance to infauna ecology
throughout the Caribbean, the published in-
formation on its population biology is limited to
Jamaican  popula t ions  (Wade  1967,  1968;
Trueman 1971; Ansell and Trueman 1973).
To make management decisions for D. d e n t i -

c u l a t u s  i t  i s  essent ia l  to  have comparat ive
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d a t a  o n  t h e  r e l a t i o n s  a m o n g  p o p u l a t i o n
s t ruc ture ,  reproduct ive  cycles  and produc-
tion from throughout its range.

Our objective in the present study was to
provide a more complete picture of the popu-
lation biology of D. denticulatus in different
par ts  of  i t s  d is t r ibut ion  in  the  Car ibbean.
Specifically, w e  d e s i g n e d  t h e  s t u d y  t o
describe individual growth, population den-
s i ty ,  age  s t ructure  and biomass  product ion
of a Venezuelan population.

M A T E R I A L S  A N D  M E T H O D S

Thir ty  samples  were  col lected every 2-4
weeks from June 1974 to June 1976 from a
beach on the Araya Peninsula in the state of
Sucre in eastern Venezuela. The beach habi-
ta t  was  near ly  homogeneous  and sampled
along four 2 m transects with a dredge 10

6 3
cm deep and 5 cm wide. Based on reported
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d i s p e r s i o n  p a t t e r n s f o r  D .  d e n t i c u l a t u s

( R o d r i g u e z  1 9 5 9 ;  W a d e  1 9 6 7 ) ,  t h e  t r a n -
sects were located perpendicular to the beach
line from the breakwaters to the upper limit
of the humid zone at 100 m intervals.

M a t e r i a l  f r o m  e a c h  s a m p l e  w a s  p a s s e d
through a series of four screens of 5.0, 2.0,
1.0 and 0.5 mm mesh size. Individuals re-
tained by the first two screens were counted
di rec t ly .  Those  re ta ined by  the  two f iner
screens were counted by aliquot subsamples.
Identification and enumeration of small juve-
niles was aided by subsample treatment with
Rhodamine B and observation under a dis-
secting microscope. Growth, density, stand-
ing biomass and production at the site were
estimated by pooling data from the four tran-
sects on a given date. Length-frequency his-
t o g r a m s  w e r e  u s e d  t o  e s t i m a t e d  g r o w t h .
C o h o r t s  w e r e  d i s t i n g u i s h e d  i n  t h e  h i s -
tograms with the method of Cassie (1954).

Increases in cohort mean length were used
to construct a Walford (1946) growth curve,
from which coefficients were estimated for
the von Bertalanffy (1938) equation

L t =  L% [ 1 - e- K ( t - t o )] (1)

w h e r e L t = length at time t

L% = theoret ical  maximum

length form Walford curve

K = growth constant from the
Walford curve

The length-weight relation was described by

W  =  a Lb

w h e r e W = dry weight in grams

L = total length in mm

Because individual cohorts were not always
ident i f iab le ,  b iomass  and product ion  were
e s t i m a t e d  u s i n g  t h e  m e t h o d  d e s c r i b e d  b y
Winberg (1971) for daily estimates of
biomass and production in populations with
continuous reproduction.

R ESULTS

There was a similar reproductive pattern in
both years, suggesting that the reproductive
cycle was stable in the population. Recruits,
juveniles less than 4 mm total length, appeared
cont inuous ly ,  bu t  were  most  abundant  be-
tween July and December (Fig. 1 in Velez, in

press). Length-frequency histograms for ju-
veniles and adults (= 4 mm total length) are
presented in Fig. 1. A distinct juvenile cohort
(modal length = 8-9 mm) can be identified in
June 1974 and clearly followed to adulthood
in  the  subsequent  h is tograms for  tha t  year
(Fig. 1). August-September recruits first be-
came noticeable in the juvenile size classes
of  the  October-December  1974 h is tograms.
By January  1975,  September  1974 recru i t s
had become the dominant cohort in the po-
p u l a t i o n .  I t s  d e c l i n e  b y  N o v e m b e r  1 9 7 5 -
February 1976 suggest a life expectancy of
13-16 months. Individual cohorts were less
distinct in 1975-76 than in 1974-75. In gen-
eral, histograms from both years demonstrat-
ed  a  dominance of  juveni les  f rom January
through July and a dominance of adults from
Augus t  th rough December .

Population densities were similar in all four
t ransects  and were  therefore  combined to
es t imate  to ta l  popula t ion  dens i ty  (Fig .  2) .
Density ranged over approximately one order
of magnitude during the 2 years, from 212
t o  2 4 3 5  i n d i v i d u a l s  p e r  m2 .  P o p u l a t i o n s
dens i ty  of  ind iv iduals  > 4  m m  i n c r e a s e d
markedly from March to July principally from
growth of recruits during November to De-
cember (Fig. 1). Mortality resulted in density
decrease of individuals >4 mm from August
to November.

A g e  a n d  g r o w t h  w e r e  e s t i m a t e d  u s i n g
C a s s i e ’ s  ( 1 9 5 4 )  m e t h o d  w h e r e  d i s p l a c e -
ment of the mean (± 1SD) length of the
dominant  cohor t  i s  fo l lowed through t ime,
beginning in June 1975 (Fig. 1). The mean
lengths  of  the  cohor t  were  replo t ted  as  a
Walford (1946) growth curve in Fig. 3. The
von Bertalanffy growth equation coefficients
K and L% were then calculated from the slope
and 45° intercept of the curve. The coeffi-
c ient  to  was  calcula ted on the  assumption
that 1 month-old clams have a minimum to-
tal length of 5.0 mm. The von Bertalanffy
equation

L t =  1 8 . 5 [ 1 - e- 0 . 4 3 ( t + 0 . 0 5 8 )
] (3)

where L t is length in mm at time t in months
and  to is the theoretical age when the mean
clam had zero length (Fig. 4a). The equation,
however, does not account for larval develop-
ment which may require 1 month.

T o  d e t e r m i n e  i f  t h e r e  w e r e  s e a s o n -
specific effects on the relation between length
a n d  b o d y  w e i g h t  ( e x c l u d i n g  t h e  s h e l l ) ,
regress ion  equat ions  represent ing  the  four
q u a r t e r s  o f  t h e  y e a r  w e r e  c o m p a r e d .  B e -
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cause  no season-specif ic  d i f ferences  were
detected, a single length-weight equation

W  =  0 . 0 1 6 L2 . 6 8
(4)

was  used  to  conver t  length  da ta  to  weight
for  es t imates  of  b iomass  product ion .  W is
expressed by shell-free dry body weight in
mg and total length, L, as mm. The weight
curve for a typical clam is in Fig. 4b.

The rate of increase in total length was rela-
tively high (4.2 mm per month) during the
f i rs t  2-3  month  pos t  recrui tment .  The  ra te
decreased to 1 mm per month during the next
4 months and appeared to be negligible after
7  m o n t h s  ( F i g .  4 a ) .  T h e  m e a n  m a x i m u m
length did not exceed 19 mm (Figs. 1 and 3),
the  length  ca lcula ted  for  1-year  o ld  c lams
(Fig. 5a).

Daily production estimates were made for
each sampling date and then integrated for
an  es t imate  of  annual  product ion  because
cohorts were distinct only for the first year.
Curves  showing var ia t ion  in  da i ly  b iomass
and production activities during the 2 years
are given in Fig. 5 a, b. Daily production
increased f rom December  to  August ,  then
decreased to  November  wi th  ra tes  varying
from 31 to 466 mg per m 2 (Fig. 5a). Biomass
ranged from 4 to ca. 40 g per m2 (F ig .  5b) .
The ratio of daily production to biomass (P/B
—— “ s p e c i f i c  p r o d u c t i o n ” )  i n c r e a s e d  i n
D e c e m b e r - J a n u a r y  t o  c a .  0 . 0 1 6 ,  t h e n  d e -
creased to 0.005 in October-November (Fig.
5c), reflecting a shift from population domi-
nance by fast. growing juveniles to dominance
by slow growing adults.

Integration of daily production over both
years  g ives  annual  product ion  es t imates  of
37 .6  and  77 .4  g  per  m2 f o r  1 9 7 4 - 7 5  a n d
1 9 7 5 - 7 6 ,  r e s p e c t i v e l y .  U s i n g  t h e  c a l o r i c
equivalent of 4.8 kcal per g determined in
our  labora tory ,  the  annual  product ion  was
181 and 372 kcal per m 2,  respect ively .

D ISCUSSION

S i n c e  p r o d u c t i o n  a n d  b i o m a s s  d a t a  f o r
other populations of D. denticulatus are lack-
ing ,  compar ison  i s  not  poss ib le .  However ,
p o p u l a t i o n  d y n a m i c s  w e r e  s i m i l a r  t o  J a -
m a i c a n  p o p u l a t i o n s  ( W a d e  1 9 6 7 - 1 9 6 8 ;
Trueman 1971;  Anse l l  and  Trueman 1973)
a n d  a c c o r d  w i t h  r e p r o d u c t i v e  p a t t e r n s
reported by Velez (in press).

The delay in appearance of juveniles from
the December recruits until April-May during
both years  i s  s imi lar  to  that  repor ted by
Wade (1968) for Jamaican D. dent icu la tus .

Explanation of the delay in juvenile recruit-
ment is difficult. The April-May peak may
have resulted from an unusually high survi-
v o r s h i p  o f  p o s t - l a r v a e  d u r i n g  J a n u a r y -
March. O r ,  t h e  j u v e n i l e s  a p p e a r i n g  i n
February-March and those in April-May may
r e p r e s e n t  f a s t  a n d  s l o w  g r o w i n g  m o r p h s
f r o m  t h e  s a m e  c o h o r t .  D i m o r p h i c  g r o w t h
ra tes  have  been repor ted  for  o ther  t ropica l
species (Moore and Lopez 1970; Velez
1 9 7 6 ) .

Annua l  p roduc t ion  by  D. dent icu la tus  i s
high among marine bivalves. It is exceeded
only  by  oys ters  (Humphreys  1979)  which
o c c u p y  a  t h r e e - d i m e n s i o n a l  h a b i t a t  t o  a
greater  extent  than does  D .  d e n t i c u l a t u s .
The P/B ratio which ranged from 0.005 to
0.018 was directly related to dominance of
the population by young, rapidly growing in-
dividuals with high growth efficiencies, and
was expected for an organism with the lon-
gevity and average weight of D. denticulatus
(Za ika  1973) .

Additional studies of D. dent icu la tus  a r e
necessary  to  provide  informat ion  on  geo-
graphic and among-year variation in density,
growth  and  product ion ,  and  the  e f fec t  of
exploitation. At this time sufficient data are
not available for long-term fishery manage-
m e n t  d e c i s i o n s .  S p e c i f i c a l l y ,  a  s t o c k -
recruitment assessment would did aid in de-
termining the susceptibility of the population
to over-exploitation. However, based on the
results of this and a preceding study (Velez,
in press), we believe that population stability
could be sensitive to fishery exploitation of
c o m m e r c i a l - s i z e  i n d i v i d u a l s  d u r i n g  p e a k
reproduct ion ,  Thus , w e  r e c o m m e n d  t h a t
fishing should be limited to November-April
in Venezuela.
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FIGURE 1. – Length-Frequency Histograms for D. denti-
culatus 1974-76 from samples taken every 2 weeks
during the first year and monthly thereafter. Numbers
above histograms are sample sizes. Absence of his-
tograms indicate no data collected.
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FIGURE 3. – Walford growth plot for D. denticulatus.
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FIGURE 4. – Growth curves for D. denticulatus. A. Esti-
mated values based on the von Bertalanffy equation.
Observed values (+ 2 S.D.) based on size-frequency his-
tograms presented in Fig. 2 B. Dry weight growth curve
obtained by applying a length-weight equation to lengths
predicted by the von Bertalanffy equation.
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FIGURE 5. – B. Seasonal dry weight biomass densities.
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FIGURE 5. – C. Weight-specific dry-weight production.




	GROWTH AND REPRODUCTION OF THE TROPICAL BEACH CLAM DONAX DENTICULATUS (TELLINIDAE) IN EASTERN VENEZUELA
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	ACKNOWLEDGEMENTS
	LITERATURE CITED


