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A B S T R A C T

The reproductive biology of the tropical clam Donax denticulatus, an important Venezuelan
fishery resource, was studied for 24 months. Histological examinations were made of gonadal
tissue from 966 clams collected from a population on the coast of the Araya Peninsula. Gameto-
genesis and sexual differentiation began asynchronously when juveniles were approximately 9 mm
long. Half of the juveniles spawned for the first time at 6-7 months. Adults clams reproduced
continuously throughout the year, but showed greatest activity between July and December, when
water temperatures were highest (28°C). Sex ratio was 1:1 in all samples of individuals longer
than 9 mm.

INTRODUCTION AND M E T H O D S

P unta Araya beach, located on the Araya
Peninsula shoreline in eastern Venezuela

(Fig. 1), was selected for this study. It holds
one of the largest populations of D. denticu-
la tus  in  eas tern  Venezuela .  Sal in i ty  of  the
water  c lose  to  the  s tudy area  showed no
m a r k e d  v a r i a t i o n  ( 3 6 . 5 - 3 6 . 8  ° / o o )  d u r i n g
the  inves t iga t ion  per iod .  Previous ly ,  Gade
(1961, a&b) reported annual salinity values
be tween  36 .3  ° /oo  and  37 .0  ° /oo  for  the
same environment. The seasonal variation of
Orinoco River water does not affect the sa-
l i n i t y  o f  t h e  n o r t h e r n  V e n e z u e l a n  C o a s t
(Gade, 1961c). The entire tidal variation lies
within the range of 50 cm (Gade, 1961a).

The diurnal variation of interstitial water
t e m p e r a t u r e  o f  D .  d e n t i c u l a t u s  h a b i t  w a s
measured from June 1974 to May 1976 (Fig.
2). The highest temperatures (27 and 29°C)
were recorded between July and November,
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and the  lowest  tempera tures  (22  to  25°C)
from January to May.

D. dent icu la tus  were col lected dur ing 24
c o n s e c u t i v e  m o n t h s  ( J u n e ,  1 9 7 4  t o  M a y ,
1976). Representative samples of all
cohor ts  in  the  popula t ion  were  taken f rom
four transects located at right angles to the
beach,  based on the  d ispers ion  pat tern  es-
tablished for D. denticulatus (Wade ,  1967) .
The material from each transect was passed
through four sieves with mesh sizes of 5, 2,
1  and 0 .5  mm,  respect ive ly .  Samples  re-
tained by the first two sieves were counted
direc t ly ;  whi le  those  re ta ined by the  f iner
sieves were counted by aliquot subsamples.
Counting and measuring small juveniles were
aided by treatment of subsamples with Rho-
damine B and observation in a Bogorov Ca-
mera Under a dissecting microscope.

Gametogenesis ,  maturat ion and sex ra t io
were examined histologically in individuals
col lec ted  dur ing  16  months .  The  monthly
samples  se lec ted  for  h is to logical  examina-
tion were fixed in Davidson’s solution for 48
h, then preserved in a mixture of glycerine
and 70% e thanol  (1 :9  VVV).  Paraf f in  em-
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b e d d e d  t r a n s v e r s e  s e c t i o n s  ( 7  µm) w e r e
taken from the area immediately posterior to
the  labia l  pa lps  and inc luded v iscera ,  go-
nads, gills and digestive diverticula. The sec-
t ions  were  s ta ined wi th  Delaf ie ld’s  haema-
t o x y l i n ,  t h e n  c o u n t e r s t a i n e d  w i t h  e o s i n
using standard procedures. The reproductive
condition of cells within different regions of
the gonad varied. The reproductive status of
the sample was therefore determined by divid-
ing  each  gonad sec t ion  in to  ten  sub-areas
and determining the sexual condition of the
cel ls  wi th in  these  areas .  The f requency of
each reproductive stage was then based on
the 10 observations of 35 clams, or a total
of  350  observa t ions .

The size, sex ratio, and maturity were stud-
ied by histological examination of 966 indiv-
iduals having antero-posterior shell lengths
of 5 to 24 mm; this included most size clas-
ses. The annual reproductive cycle was esti-
mated by the histological examination of 35
adult specimens per month and the observa-
tion of recruitment of spats. The pattern of
probabi l i ty  curves  (Wenner ,  1972)  and  the
h y p o t h e t i c a l  r e l a t i o n  o f  1 : 1  ( S i m p s o n ,
1967) were used to establish the nature of
changes in the sex ratio.

The reproductive cycle of female D. denti-
c u l a t e s  w a s  a r b i t r a r i l y  d i v i d e d  i n t o  f i v e
stages following the general pattern describ-
ed by Porter (1964), Ropes (1968), Keck et
al. (1975) ,  Velez (1977) ,  and Andrade  and
Lunet ta  (1978)  wi th  modif ica t ions  for  the
species concerned as follows:

The Early Active Stage (EAS) is characteriz-
ed by presence of small follicles surrounded
by abundant connective tissue (Fig. 3A). In
virgin  females ,  the  fol l ic les  have a  smal l
empty  lumen,  whereas  the  lumen is  occu-
pied by a few residual oocytes in spent fe-
males  and those  res tar t ing  gametogenes is .
(Fig. 3F).

The Late Active Stage (LiS) is characteriz-
ed by increased size and number of follicles
(Fig. 3B). Consequently, the interfollicular
connect ive  t i ssue  i s  considerable  reduced.
There is increase in the proportion of pear-
shaped oocytes, now attached to the follicu-
Iar wall only by a penduncle. Juvenile fe-
males that have passed through the EAS and
those  tha t  have  par t ia l ly  spawned and re-
started oogenesis exhibit LiS. In the latter,
the ample follicular lumen contains some re-
sidual oocytes and the follicular wall is in-
vaded by growing oocytes.

The Mature Stage (MS) is characterized by

fol l ic les  and oocytes  which have reached
maximum size and number (Fig. 3C). The go-
nadal connective tissue is reduced to simple
in ter fo l l icular  par t i t ions .  Numerous  oocytes
that have separated from the follicular wall
now occupy the lumen.

In the Partially Spawned Stage (PS) there
are  numerous  fo l l ic les  wi th  ha l f -empty  lu-
mens (Fig. 3D). The interfollicular connec-
t ive t issue shows character is t ics  s imilar  to
those described for the previous stage. How-
ever, in this stage the interfollicular walls are
shrunken  and  broken ,  so  tha t  the  gonadal
s t ruc ture  appears  d isorganized .  The  gonads
reorganize and restart gametogenesis in the
LiS (Fig .  3F) ,  or  become undif ferent ia ted
with loss of vesicular connective tissue (Fig.
3E) in the Undifferentiated Stage ( U S ) .

The male reproductive cycle was divided
into five stages in accordance with patterns
descr ibed  by  Por te r  (1964) ,  Ropes  (1968) ,
K e c k ,  et al. ( 1 9 7 5 ) ,  V e l e z  ( 1 9 7 7 )  a n d
Andrade and Lunetta (1978) with modifica-
t ions :

In the Early Active Stage (EAS) the sexual
tubes  a re  d ispersed  in  the  gonad and have
numerous  pr imary  gonocytes  implanted  in
thei r  wal ls  (Fig .  4A) .  There  are  a lso  con-
centr ic  bands  of  spermatocytes ,  spermat ids
a n d  s p e r m a t o z o a  c o n v e r g i n g  t o w a r d  t h e
center of the lumen.

The gametes in the Late Active Stage ( L i S )
g r o w  a n d  m a t u r e  r a t h e r  t h a n  i n c r e a s e  i n
number .  Transverse  sec t ions  of  the  “ tubo-
t e s t i s ” show tha t  the  in ter tubular  connec-
tive tissue in considerably reduced in most of
the gonadal area (Fig. 4B). As in females,
t h o s e  m a l e s  t h a t  h a v e  g o n e  t h r o u g h  t h e
EAS, or have partially spawned and restarted
gametogenes is  demonst ra te  LiS.

The Mature Stage (MS) is characterized by
the gonad being almost completely occupied
by “ tubo tes t i s”  (Fig .  4C) .  Thei r  lumen i s
filled mainly by spermatozoa converging to-
wards  the  center .  The wal ls  of  the  tes tes
s h o w  n o  a c t i v e  s p e r m a t o g e n e s i s ,  t h o u g h
sometimes a thin band of spermatocytes or
spermatids can be observed. The connective
tissue has been reduced to simple interfolli-
cular partitions.

Male spawning is not as easy to recognize
as in females. The Part ia l ly  Spawned  S tage
( P S )  c a n  b e  i d e n t i f i e d  b y  o b s e r v i n g  t h e
morphology of transverse sections of “tubo-
t e s t i s ” and a lso  the  organiza t ion  and de-
velopmental stages of the gametes (Fig. 4D).
Transverse sections of the “tubo-testis” are
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circular during maturity, but become polygon-
al after spawning due to shrinkage.

R ESULTS

Size, Sex, Ratio and Maturation.
Approximately 3% of juveniles with a shell

length of 7 to 9 mm showed signs of game-
togenesis but sex was difficult to determine
in all classes below 11 mm in length. The
number  of  sexual ly  mature  indiv iduals  in-
c r e a s e d  p r o g r e s s i v e l y  t o  t h e  1 7 - 1 9  m m
group, in which 98% could be sexed (Fig.
5) .  Males  and females  were  equal ly  repre-
sented in all juvenile and adult size classes
fol lowing a  s tandard  probabi l i ty  curve  and
the hypothetical relation of 1:1 males to fe-
males (Fig. 6).

Annual  Reproduct ive  Cycle
The annual  reproduct ive  cycle  has  been

defined as all reproductive cycles occurring
in 1 year (Giese and Pearse, 1974). Here the
term reproductive, including early differen-
tiation of sex cells, their growth (females),
multiplication (males), and release.

The  presence  of  more  than  one  s tage  of
the reproductive cycle in the same individual
and most of the five stages in all samples
wi th  length  grea ter  than  16  mm (adul t s ) ,
suggests that the population was reproductive
throughout the year (Figs. 6, 7). There were
marked  spawning  peaks  in  Ju ly-Augus t /74 ;
S e p t e m b e r - O c t o b e r / 7 4 ;  N o v e m b e r - D e c e m -
ber /74;  May-Apr i l /75  and  Ju ly-Augus t /75 .
However, the annual cycle appeared to be di-
vided in two reproductive periods: January
to June and July to December (Fig. 7). There
w a s  g r e a t e r  r e p r o d u c t i v e  a c t i v i t y  d u r i n g
July-December ,  when most  indiv iduals  ap-
parently did not pass consecutively through
five stages, but rapidly restarted the repro-
ductive cycle in the LiS (Fig. 3F) after PS.
Both males and females reorganized residual
gametes and restarted a new cycle of game-
togenesis. Nearly 70% of samples contained
mature  and spawning s tages ,  whereas  only
4 0 %  w e r e  r e p r o d u c t i v e  b e t w e e n  J a n u a r y
and June (Fig. 7). During this period most in-
dividuals restarted a new cycle of gametoge-
nesis in the EAS and US stages (Fig. 3A, E)
after PS, increasing the frequencies of EAS
and LiS (Fig. 7).

R e c r u i t m e n t
M o n t h l y  r e c r u i t m e n t  o f  s p a t  m e a s u r i n g

0 .1  to  4 .0  mm showed minimum dens i t ies
from January to June, and maximum densi-
ties from July to December (Fig. 8). During

this period there were peaks in September,
October and December of 1974, coinciding
with the observed gonadal changes (Fig. 7).

D I S C U S S I O N

Certa in  genera l iza t ions  about  the  repro-
ductive biology of D. dent icu la tus  and  the
structure of its populations in the study area
are  poss ib le .  Sexual  d i f ferent ia t ion  appears
to be rapid and distinct in individuals, but dif-
ferentiation in the cohort appears to be slow
and asynchronous .  For  example ,  juveni les
show progress ive  sexual  d i f ferent ia t ion  be-
tween 9 and 17 mm. According to the Von
Bertalanffy growth equation established for
t h i s  p o p u l a t i o n  (Velez e t  a l . ,  1985)  these
sizes should be reached at 3 and 7 months
respectively. Thus, sexual differentiation in
a  cohor t  can  las t  about  4  months .  Af ter -
wards, most clams sampled showed signs of
having spawned, suggesting that sexual mat-
uration requires approximately 7 months. If
the  l i fe  expectancy of  D .  d e n t i c u l a t u s  i s
around 13-16 months (Wade, 1968 and Velez
et al., op. cit.), and adult has a total repro-
ductive activity of only 6 months; this repro-
ductive period is relatively short when com-
pared with those of the oyster C r a s s o s t r e a
r h i z o p h o r a e  and the mussel P e r n a  p e r n a ,
other tropical bivalves with similar life cycles
(Velez, 1976 ;  Velez a n d  E p i f a n i o ,  1 9 8 1 ) .
Sex ratios indicate that recruitment and mor-
tality rates of the two sexes are similar.

T h e  b i m o d a l  r e p r o d u c t i v e  a c t i v i t y  w i t h
reproduction lower is January to June than
in  Ju ly  to  December ,  i s  expla ined  by  de-
creased gametogenesis and dominance of juve-
nile classes which direct their energy toward
g r o w t h  ( W a d e ,  1 9 6 8 ;  Velez et al., op cit.).
In July to December the population increases
gametogenesis as a result of both the tend-
ency of individuals to activate and synchro-
nize gonadal events, and the predominance
of adults (Ibid.). During that period recruit-
ment appears to modify, to a large extent,
t h e  p o p u l a t i o n  s t r u c t u r e  (Velez et al., op
cit.). Recruits resulting from this part of the
annual reproductive cycle will participate in
the active reproductive period of the popula-
tion during the following year. Most of the
indiv iduals  tha t  spawned dur ing  the  repro-
ductive period die by the following January
or  February  (Wade ,  1968  and  Velez et al.,
op. cit.).

Similarity between the annual reproductive
pattern in the Venezuelan population and two
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Jamaican populations (Wade, 1968) suggests
tha t  the  cycle  i s  re la t ive ly  independent  of
local environmental conditions, such as wind
patterns and fluctuations in salinity. The im-
por tance  of  tempera ture  f luc tuat ions  in  the
t iming of  reproduct ion  in  t ropica l  b iva lves
has been pointed out by Penzias (1969) and
Velez (1977), and supported by experiments
w i t h  P e r n a  p e r n a  ( V e l e z  a n d  E p i f a n i o ,
1981). Temperature variations of interstitial
water in the substrate habitat of D. dent icu-
latus are minimal from December to May (22
to 25°C), and maximal from July to Novem-
ber (27 to 29°C). The period with maximum
temperatures  and greates t  d iurnal  tempera-
ture variations corresponded with the period
of greatest reproductive activity and recruit-
ment .  Converse ly ,  the  per iod  wi th  cooles t
t e m p e r a t u r e s  a n d minimum diurna l  var ia -
t ions  coinc ided  wi th  decreased  product ion ,
spawning and recru i tment .

In the Caribbean, we may distinguish two
complexes of bivalves. One is characteristic
of the tropics, accumulating glycogen reserves
during those months when temperatures are
at a minimum (22°C). Spawnin and recruit-
ment for this group are optimal when temper-
atures are highest. This group includes the
oyster  Crassos trea  rh izophorae  (Velez and
Bonilla, 1972; Velez, 1977), M o d i o l u s  m o -
diolus squamosus (Flores, personal commu-
n i c a t i o n )  a n d  D .  d e n t i c u l a t u s .  T h e  o t h e r
group,  represented  by  the  b iva lves  P e r n a
perna and C. virginica, is of temperate origin
and populations in the Caribbean represent
the northern and southern extremes of their
g e o g r a p h i c  d i s t r i b u t i o n .  T h e i r  e n e r g y  r e -
serves accumulate when temperatures are at
a  maximum and the i r  reproduct ion  i s  most
intense when temperatures are lowest (Beni-
tez ,  1968;  Carva ja l ,  1969;  Lunet ta ,  1969;
Salaya, 1977). Thus, there appear to be two
species complexes of bivalves in the Carib-
bean having  oppos i te  tempera ture  requi re-
ments for their reproduction. However, more
experimental work is necessary to test this
hypothes is ,
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FIG. 1. – Location of Punta Araya beach in Araya Penin-
sula, eastern Venezuela.
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FIG. 2. – Diurnal interstitial water temperature; vertical
lines are ± one standard deviation.
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F I G. 3.– Sections of gonadal tissue from female Done.
denticulatus in each stage of its reproductive cycle, A-
early active stage (EAS); B- Late active stage (LiS); C-
mature stage (MS): D- partially spawned stage (PSI; E-
undifferentiated stage (US); F- late inactive stage (PSI.
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.

F I G. 4.– Sections of gonadal tissue from male D o n a x
denticulatus. A- early active stage (EAS); B- late active
stage (LiS); C- mature stage (MS): D- Partially spawned
stage (PS).
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FIG 5. – Percentages of Donax denticulatus in each stage
of the reproductive cycle for each class. The length of
each shaded area represents the percentage frequency
of clams in each developmental stage. The number of
clams per class are shown at the top of the diagram. U-
undifferentiated stage.
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F IG 6. – Sex ratios of Donax denticulatus in each size
class. The number of clams in each size class is shown
at the top of the diagram.
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