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ABSTRACT _

T oral -B ar aa. L. a nd Gomez. E .D.. 19Hfl. Reprodu ctiv e cycle of the cockle Anadara an ti qua ta L. in
Calat agan. Bat an gas. P hilip pines. J nurnnl nf (' oa.,ta l Re.... earch, I l:l) : ~ -l 1 · 2 -l.~ . Fo rt Laud erda le. IS~ :-...:

074!1 -IWIH.

T he a n n ua l gonad co nd it io n of Anadnra ml l iqu ata was d etermined hist ol og ica lly in biw eek ly
sa m ples co llecte d over a two-ye ar period from Ca la ta ga n, Batangas, Philippines . Exa mi na
tion of go nad sections sh owed th at ga metogenic ac tivi ty a nd s pa w nin g occur co n tin uo usly
thro ughout t he ye a r. with peak spawning fro m -Ju lyto Septe mh e r. Flu ctuationsoft he gonad
index s u.: .:es t th a t th e duration of th e Kameto ge nic cyc le is 1-2 months.

ADDIT ION AL IND EX WO RD S: A an ticuata . "IIl'k/P, gametogenu: cycle. gonad. histologica!
anatysi....

INTRODUCTION

The coc kle Anadara antiqua ta L. is a n importan t
fishery item in ma ny shore line to wns in th e Philip 
pines. In Ca lataga n, Batangas (lon gitude 120 ° 37'
j :l " E, la t itude 13° 48' 1) :3" N), it is th e only ed ib le
bivalve mollu sc th at is commercially harvest ed from
wild populat ion s.

A. antiquate belon gs to th e fa mi ly Arcidae, sub
family Anad arinae which is recognize d for it s farm
ing poten tial. Amo ng t he members of this fam ily
which are the subject of exte nsive cultu re ope ra t ions
are Anadara granosa in West Malaysia (B ROOM.
1983), A. subcrenata in Korea and A. unfla ta wh ich
is tra ns ported from the Philipp ines to aq uac ult ure
farms in J apan (DZYU BA and MASLENNIKOVA, 1982).

With th e inc rea sing dem and for cheap prot ein
so urces. resea rch age ncie s have s ta rte d invest igat
ing th e production po te nt ial of loca l biva lve s pecies
by condu ct ing detailed stud ies on th eir basic rep
rodu ctive b iology. This paper provide s informa tio n
on the re product ive cycle ofA. an tiquata which may
contr ibu te signifi ca nt ly toward s th e deve lop me nt
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of a technically feasibl e a nd econo mica lly via b le
cultu re program .

MATERIALS AND METHODS

All coc kles used for thi s s tudy were obta ined
aro und Maah as Island in Ca latagan, Batangas. The
sa m pling area is a vast seagrass be d of sa ndy 
muddy se d ime nts mi xed with co ra l rub ble. T he
average de p th d urin g low t ide is about 0.,') m. T he
coc kles, whi ch bu rrow in th e se di me nt s, a re found
at a dep th of approximately 2-6 cm.

From Octob e r 1978 to Se ptember 1980. twent y
cockles with a size ra nge be tween 38.,') to 50.7 m m
were sa mpled ran dom ly every two week s. The
coc kles we re o pe ne d at the hin ge and prese rved in
10 ';; forma lin-se awate r. Two s ubsam ples of gona d
ti ssu e were taken from each co ckle fo r histological
ana lys is. Standard histological techniques were
em ployed. Paraffin t issues were sect ione d at 7 mic
ro me ters, stai ne d with De lafie ld 's hemat oxylin a nd
counte rs ta ine d with eosi n.

T emperatur e and salinity were reco rded , gener
ally at mid-day. d uring the co llection pe riod. T he
rea di ngs wer e plot ted for each sa m pling dat e a nd
the ir infl uen ces in reg ulat ing th e rep rodu ctive
act ivity of the a nima l we re dis cussed.
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Assessment of Gonad Condition

Sec tio ns of the gona d ti ssues were assigned to a
stage of gonad development acco rding to the criteri a
used by ROPES and STICKNEY (196 5) for the soft
she lled clam , Mya arenaria. In bri ef, the following
are the stages and their cr ite ria :

(1). In active Stage - Gona d follicl es are sma ll,
with few recognizable sex ce lls.

(2). Active Stage - This stage is cha rac teri zed
by the ra pid pro liferatio n of game tes; gonad follicles
contai n spermatogenic and ooge nic cells in dif
fere nt stages of development.

(3). Ripe Stage - In fem ales, the follicl es conta in
a lar ge number of mature oocytes which appear to
be free in th e lumen; in males, the follicles are filled
with spe rmatozoa. Th e antecede nts of the spe r
matozoa form a thin layer at th e periphery of the
follicle. All cockles in th is stage are physiologically
pr ep ared to spawn. .

(4). Par tially Spaw ned Stage - Obviou s gaps in
the lumin a indicate that some gametes have been
she d. Foll icles still conta in few ripe gametes. In
both se xes, gametogenic activity may start at thi s
stage thus making a quick transi tio n to th e act ive
stage.

(5). S pe nt S tage - Follicles cont ain few or no
res idual spermatozoa or mature oocytes within t he
lumina. In males, a thin layer of sperma togenic ce lls
at the follicle wall indi ca te the onset of new
developm en t.

Th e data obtained from histological analysis were
presented in fre qu ency distribution histogram s and
expresse d as percentage of individuals in eac h stage
of gona d developm en t per collect ion.

Gonad Index Determination

The gona d index , which provides an estima te of
the reproductive activity among individua ls in a
population, was d etermined. T he calculat ion was
pattern ed after th e scheme ado pted by KENNEDY
(1977) from WILSONand SEEDfor mu ssels. In com
puting for the gonad ind ex, the five gametogenic
stages wer e assigned num erical scores as follows:
inact ive = 1, active = 2, ripe = 3, parti ally spawne d
= 2, and spen t = 1. T he number of cockles classi
fied in ea ch stage was the n multiplied by the corres
ponding nu merical value and the produ cts ave rage d.
Value s close to 1 indicate the presence of inactive
and /or spe nt individuals. Values close to 2 im ply
th at spawning and development are cont inuo us ly
occurring whereas those app roac hing 3 denote the

presence of ripe ind ividuals. In genera l, an increase
in th e valu e of the gona d ind ex impl ies gona d devel
opme nt, while a decrease imp lies spawning.

RESULTS

A. antiquata is dioecious. Se xes can be differen
tia te d on th e basis of color. The mal e gonad is usual
ly cream in color, while th e fem ale is ora nge. Th e
gona d, in bo th se xes of A. antiquata, enve lopes the
visce ra l mass. It cons ists of a sys te m of branched
tubules wherein the developing gametes are formed

Of the 1,040 cockles exami ne d, there were more
males th an females. In general, however, the sex
ratio did not differ significa ntly from 1:1. No her
maphrodi tes were fou nd in any of the gona d sec
tions exa mine d.

Annual Gonad Condition

Figure 1, expressed as percentage of ind ividu als
in eac h stage of gonad development over tim e, shows
that A. antiquata br eed s thro ughout the year, with
one or two period s of pea k spawning. In Year 1 of
the study period (Octo ber 1978 to Se pte mber 1979),
heavy spawning occurred prac tically throughout
the year, with spawning peak s from March to April
and from J une to September. Prior to th e spawning
peaks, the re was an obs erved increase in gameto
genic act ivity, al though gametoge nesis was most in
te nse fro m May to ea rly J une when more cockles
with ripe gonads were observe d.

In Year 2 (Octo be r 1979 to Se pte mbe r 1980) , in
te nse spawning was ap pa re nt only from J uly to Sep
te mber. Isolated peaks outside th e maj or
br eeding period were noted from late Nove mber to
December and fro m late April to ea rly May. From
January to March , game toge ne sis was rapid as
ind icated by the increase in numb er of ripe cockles .
Fr om late May to June, th ere was another increase
in gametogenic activity.

T he inactive stage occ urre d only during the
mont hs of No vember, Decem ber, and January in
Yea r, 1 an d in January in Yea r 2. Individuals in th e
spe nt stage were likewise few and observed inter
mittently throughout t he study period .

Gonad Index

Figur e 2 sho ws the re prod ucti ve condition of A.
antiquata exp ressed in terms of the gonad index.
T he values of the gonad index remained at 2.0 and
above through most of the sam pling period indicating
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Figu re 1. Percentage di stri butio n of go nadal s ta ges for A. antiquata . Spaces between bars re flects date of sampling.

conti nuous gonadal act ivity and spawning. The
month s when inactive and spe nt individuals were
encountere d brought th e value of th e gona d inde x
below 2.0. T he tenden cy of th e gonad inde x to drop
below 2.0 was observed more ofte n in females than
in males .

T he gona d index curves for both sexes showed a
1-2 month period between successive upward pul ses,
with females exhibiting longer intervals between
peaks. This t rend was cons ta nt throughout the two
yea r sa mpling peri od .

Environmental Factors

Figure 3 shows the surfa ce temperature and
salinity readings at the study area recorded at mid
day of each date of collection. In year 1, te mpe ra-

ture ranged from 26 to 33°C. Lowest mean qu ar
te r ly value was 27.7° from Octob er to December,
1978 and the high est was 30.5° from July to Se p
te mber, 1979. In Year 2, temperature was from 26.5
to 32 .5°C. The lowest mean quarterl y value was
re gistered at28.0°C during th e fir st quarter of 1980
and the highest mean quarterly value of 30. 5° was
again re corded during the third quarter of 1980.

For salinity, th e range was 27 to 36 pp tfor Year 1,
and 30 to 36 ppt for Year 2. The lowest mean qu ar 
te r ly valu es were re corded during th e third quarter
of each year, coinciding with the onset of th e ra iny
season. In Year 1, the lowest quarterly value was
29 .4 pp t, while in Year 2 it was 32 .2 ppt, Highest
mean quarterl y valu es, on the othe r hand, were
re corded from January to March in Year 1 (32.2
ppt) and January to June in Year 2 (34.4 ppt).
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Figure 2 . Go nad index of A. antiouata.
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Figure 3. T emperature and sa linity readings for eac h date of collection at Maahas, Calatagan, Batangas.

DISCUSSION
Annual Gonad Condition

The resul ts of the gonad examination show that
gam etogen ic ac t ivity and spa wning in A. antiquata
occurs continuously throughou t th e yea r, a condi
tion which is ty pical in many tropi cal bivalve mol
luscs. So me local bivalve s found in a similar condi
tion include the br own mussels Modiolus philip 
pinarum (WALTER and DELA CRUZ, 1980) and M.
metcalfei (LOPEZ and GOME Z, 1982b) and the
man grove oys te rs Crassostrea echinata and C.
lugubrius (LOPEZ and GOMEZ, 1982a).

Alth ou gh sp awning is year-round inA. antiquata,
variation in the number of ind ividu al s spa wning at a
given time occurred during t he two-year study
period . Wh ile temperature and sa linity are con
sidered as imp ortan t factors affec t ing the regul a
tion of th e gona da l cycle in man y bivalve speci es
(GIESE, 1959; KINNE, 197 0; GIESE and P EARSE,
1974), th ese two pa ra me ters do not seem to directly
control th e reprodu ctive act ivities of A. antiquata.

There are indications that high temperature bring s
abo ut an increase in spawning ac t ivity in A. anti
quata. Spawning was most active du ring the third
qu art er of the year whe n the highest mean qu ar terly
value of tem perature was obtai ne d. That t he major
spawning season coinc ided with the period when
te mperature was re latively high suppo rts pre-

vious ob servations by STEPHENSON(1934) that the
maj ority of tropical species spawn exclusively or
most intensely during the warmer months. This
trend, however, did not support the occurr ence of
othe r min or spawning peaks observed outside the
maj or breeding season, suggesting that factors other
than optimal temperature influence spawning in
A. antiquata.

Prolonged changes in salinity as a re sult of heavy
fresh-water discharge or monsoon rains could affect
th e reproductive activity of the animals (KINNE,
1964). The gametogenic cycle of the cockle
Anadara granosa in the West Coast of Malaya was
obs erved by PATHANSALI (1964) to display a
definite seasonality which appears to be closely
related to variation in salinity. He noted that breed
ing takes pla ce ma inly during th e earlier half of the
Northeast Monsoon when low salinity conditions
ar e sustaine d over a long period of time.

The re corded salinity around Maahas Island
(Figure 3) showed that low salinity condi tions were
ma intain ed for a t ime during the third quarter of
1979, coincidi ng with the spawning peak for that
yea r. Spawning peaks other than that observe d dur
ing the th ird qu arter of 1979 could not, however, be
attributed to change in salinity since fluctuati on s
during othe r times of the study per iod were less
pr onounced and of short duration.

The spawning pe ak s obs erved outside the maj or
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breeding season which occur when temperature
and salinity are presumably less favorable appear
to be a function of the rate at which the gametes
attain a morphologically ripe state, that is, spawn
ing may be spontaneous after the individuals reach
a critical state of maturity.

Gonad Index

The gonad index fluctuations during the first
year of the study period characterize gonad devel
opment and spawning as the dominant reproduc
tive events, while in the second year the trend indi
cates longer periods of ripening. Values of the female
gonad index were generally lower than those of the
males since they have a greater tendency to spawn
out completely and undergo an inactive phase. Males ,
on the other hand, have higher gonad index values
because aside from appearing to have a faster rate
of gametogenic activity, thereby producing more
ripe individuals at a given time, they also have the
tendency to develop a new set of sex cells for a suc
ceeding gametogenic cycle while spawning at the
same time. This redevelopment phenomenom ap
pears to be the reason why the inactive stage is
practically nonexistent in the male gonad cycle .

The gonad index indicates more or less syn
chronous gonad development and spawning in both
sexes of A. antiquata. the period between succeed
ing peaks in the gonad index curve occur every 1 to 2
months, suggesting that the duration of the gameto
genic cycle is within this range.
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