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Abstracl: We exanlinedthe reproductive cycleÓf a,tropical bivalvé� t4e f¡re sdallop timá'eCtenoidey) 8cabra 
(Born, n78), óvéta 14 riÍonths perio!I in the Golfo de Cariaco, Venezuelá, and thl' assooiation of gonadal gtowth 
!Wd' spawning ,wi* eIWi.rotpnen,tai.factor�. Most small,¡indiv�duals were,m¡Uejé,ljÍld.WPst large individu� 
fe!pales� wdicatihg thc;l ,Ftotaq,drous characteristic:Qf this' �pecies: )Vil doC ' �e��k� decre,ases ÍI} • 

gonadal p:tass, froll1 1*QctOber� December 1992;frpm early Jupc;l tO�1!l" í99�:!illd from lateO�tober , . 
tO e�ly December 1993, im:dru Wéteassoéiated with dt:9Ps in témPeratur¿ .' to r�'wed upwelling. TIus" 
suggested that major sjnchtónlzed spawl)ÍDgs wete stiIp.�ted bydrop�intempeiature or �ther {actors related 
,totht;otlSet oí I!Pwe�., MtII-�pl!'i regres§ipn ánMyse�,;Ítl4icatedth\lt tlie Ill3jor envir0nÍnental factor assbciated " 
with 'inereaS�fjn;,cgºn¡tdhl Íl;utá$ iwas phyWpl�mc f�ayíWability; f\nalYSt;�' of J:égressi�J1S of.�, of' 
sºwt\���s,s�. �;s�n. �i¡g'!J.t���e��!l. ' .i', 

, ÍI} res' " Jflt�Q�iI� ' ,�tthe eIlq q.f¡tl1e NOV!(m,��-:'í�i: 
, . . Decembersp,!lw�gs;blJt'l;lot'l\t,Jlie I;IlIl 9. . Uiy sp J�" e<;l!u�� i>9dy';r��I:fVI;S ¡g� ��� "> : f for reproatt�tióIÍ aUÍing Novemper'adit Decem .. wheIlphylppl' •. ...... d\lválUl¿>JQ.� is 19."': .' 'C c 
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Key.wotdS:J-ima sciW'r4l, biválvei'rep¡OI;I.uctiQn¡(fél)v,iJ¿oDnieI1�¡�bndi�JiS;;tempt;táture; ,{Q0d ;availálllliiyó ·l; .. ,¡ ., "<;',( ,\,,"/' " '
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The 'fire scaUop LiT11rd!l::d�'noidl?s) . sc.tJ

bra (:t30rtl, 1778� isdoun:d :rt:(jD;t North C;ff07 
linain lhe United' States tOltii�,.erthea�em 
'Coast of'BtaziJ(Abbott 1974, ;))J:a�' and Puya� ·; 
na 1994)., Along the coas,t of the . Golfo ere 
Cariaco; Ven�zuela,. it is con:rrnon'in rocky 
crevicel>andspáces' aínóng cotal branéhes. 
Although !heb:¡omáss ()Hhis spe,()iesc:w be . 
relatively hig�,;(11.3 g dJiy:mass/m2 W the 
Golfo de C'<lri�có, :GÓmez.et al. 1995'�r.it is 
not welI'lsuitéd for·commetcial·explditatíon 
because of !he difficulty in coHecting it from . 
coral habitáts. AIso, harvesting would l�ely 
damage c�ral'cótnmunitie¡¡� It :Jjkely ha:s'va" 
lÚe as an'o�amental species for ¡:tquaria, be-, 
cause of its:beautiful�shell Witll,l'adiating 
ribs, !he long . tentacles :�d the. strikin:g red 
tissues (o�ing to their high carotenoid con�; 

" ,  ;'- Nj , , :,
' ,': ' . :'. 

' t�nt; Linand Pompa·I977). ID fact� itis:()c..; 
'casionally; .cóU�ctbd;c()mmercially{ls an (i)J:�' 
namental \speCi.� m 'fuI!' Golfo de Cmaco (1:' 
Belmonte" Valm:oíe, ACU;MAR'Srl;;' €artete, 
,ra CUÍllana.,�atigüítar, Venezue:la,;p�r1>oná:l 
commuM()�tion). 'l\ 

¡ FeW stn,dies.·bve 'ex'llIni�d,r�;tepio" 
.ductivebioI'ogy ofsp�cies inJl1e genu�bi�)': 
Two studies:Qy'06met �t,.al.¡(�990, · 1995);;¡¡e� 
pdit oa aspects oC tÍle pop�latidnbiology ()f 

. Lima $cabta irltheGolto \!�. Cari.aco and;iri� 
,dicate it is a protandric 'hennaphroditic. spe-
cies. No stúdieshave described ilis reproduc:.. 
tive cycle. 'lhe ,preseat s�dy docljmentstbe . 
reproductive'cyc1eoyer 14nionths and,at tbe . 
.same time ex�es 1Ihe. relatiQn between go" 

, nad¡ü :growtb áJld spa\wning 'iindenvironmen" 
tal ractors. 

.. . 
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MATERIALS AND METHODS 

To document the reproductive cycle of L. 
scabra, 30-35 individual s were colleted from 
amongst coral branches (mainly Diploria stri

gosa and Millepora alcicornis ) at 0.5-2.5 m 
in depth at Turpialito (lO° 26' 56" N ;  64002' 
00" W), in the Golfo de Cariaco, Venezuela at 
1-2 months intervals from October 1992 th
rough December 1993. The bivalves were re
moved from crevices using large tweezers. 
The samples were transported to the labora
tory in insulated containers at - 10 oc. For 
each individual, we measured shell height 
(dorsal-ventral axis) with an electronic cali
per (0.0 1 precision) and then dissected it to 
separate the gonad, shell, muscle and remai
ning somatic tissues which were weighed to a 
0.00 1 g precision (after draining for 5 min on 
paper toweling). The sex of the gonad was de
termined from observations of tissues with a 
microscope and from gonadal color (brown 
for females and gray for males). 

In examining seasonal changes in gonadal 
size we used gonadal mas s as a percentage of 
somatic tissue mas s (muscle and remaining tis
sues) as a gonadal indexo An ANCOVA using 
shell height as the covariate indicated that slo
pes of the relationships of somatic tissue mass, 
shell mass, and total mas s to shell height were 
similar (P>O.l). 

Numerous environmental factors were 
quantified to evaluate their possible influen
ce on the reproductive cycle 01' L. scabra. A 
Sealog electronic thermograph (Vemco Ltd., 
Halifax, Canada) was placed at - 1  m in depth 
among the corals to continuously record tem
perature.Other variables were detennined 
from water samples taken from 0.5-1 m in 
depth with a 5-L Niskin bottle at weekly in
tervals from a fixed station at the entry to the 
cove. As soon as the bottles were removed 
from the water, samples were taken for oxy
gen determinations (Winkler method, Stric
kland and Parsons 1972). We also took 400 
mL samples for salinity determinations 
(using an inductive salinometer and the cal-

culations described by Anomymous 198 1) 
and 500 mL samples were preserved in 10 % 
formaldehyde for phytoplankton identifica
tions and counts. The remaining water was 
transferred to the laboratory in opaque con
tainers for the analysis of seston. Within 2 h 
in the laboratory, we removed macroplankton 
using 153-¡..tm Nytex screens and then 500 or 
1000 mL aliquots were passed through 0.7-
¡..tm fiberglass MFSF filters. These samples 
were frozen at -20 oC for subsequent analy
ses. The masses of organic and inorganic ses
ton were measured gravimetrically and chlo
rophyll a was determined using the spectrop
hotometic method as described by Strickland 
and Parsons ( 1972). The energetic content of 
the ses ton was estimated from measurements 
01' protein (Lowry el al. 195 1) and carbohy
drate (Dubois el al. 1956) content, using con
versíon factors of 23.9 and 17.5 KJ g-l, res
pectively (Gnaiger and Bitterlich 1984). Af
ter permitting the phytoplankton to settle 
using Uterm6hl's technique (1958), we iden
tified and counted the species present using 
an ínverted microscope. Low magnification 
(lOX objective) was used for macrophyto
plankton and high magnification (40X) for 
micro- and nano-plankton. In the analysis, 
the phytoplankton was separated into four 
groups, diatoms, dinoflagellates, cocolithop
hores and nanoflagellates «20 ¡..tm; we did 
not distinguish between auto- and hetero
trophic flagellates). 

To evaluate the effect of environmental 
factors on the gonadal development of L. 
scabra, we examined the relation between in
creases in the gonadal index and environ
mental conditions (the mean values during 
each period of gonadal increase) using a 
stepwise multiple regression analysis 
(P=0.05) applied to log-transformed data. AH 
of the recorded environmental parameters 
were considered. Colinearity effects within 
predictive models must be minimized (Hair 
et al. 1992) and Pearson Correlation Analy
ses indicated that the correlations among va
riables were not high (r<0.7). 
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RESULTS 

On most sampling dates, gonadalindices 
were highly variable suggesting varying stages 
of gonadaldevelopment (Fig. 1). The similar 

rangeof the gonadal índices forsmall to large in
divídualsindicated that alI sizes sampled, from 
25 to 75 mm in shell height, were reproductively 
active. However, during the periodfrom 15 De
cember 1992 to 1 March 1993 and on 6 July 
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Fig. 1. Lima scabrq . . Relation oftesticl.llar and ovarían indices to shell heightJorindividuals collected at Turpíalito on 
different dates.frohl November 1992 to December 1993.. 
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1993 and 6 December 1993 Índices were consis
tently low (generaIly <5 %, Fig. 1) and testes and 
ovaries were translucent and flaccid suggesting 
they were Ín.spent condition. 

The mean testicular and ovarian índices 
showed decreases during the fIrst sampling 
dates, from late October to December 1992, 
suggesting a synchronized spawning (Fig. 2). 
Then the indices increased almost steadily 
until 8 June 1993, after which a second de
crease occurred by 6 July 1993. Following 
this, a rapid gonadal growth occurred to a 
peak in late August. High levels were sustai
ned until 6 October and then a third decrease 
occurred by early December 1993. Thus, L. 
scabra appears to have two major spawnings 
per year, one from June to early July and a se
cond from November to December. Although 
the pattern was almost the same for both se
xes, ovarian mass was greater than testicular 
mass (paired Student t-test, P<O.OO 1). The 
proportion of females increased with shell 
height which is indicative of a protandric spe
cies (Fig. 3). 

For musc1e and remaining somatic tis
sues, the intercept on the Y axis for regres
sions of tissue mass to shell height showed no 
marked variations over time (a= 1.62- 1.85 for 
musc1e and a= 1.38- 1.59 for remaining tis
sues, Table 1). AIso, the regression slopes did 
not vary between males and females on any 
sampling date, except for remaining somatic 
tissue mass in January 1993 and musc1e mass 

J F M A M J J A S O N D 
1993 

Fig. 2. Lima scabra. Mean testicular and ovarían indices 
for individuals collected at Turpialito at 1-2 month 
intervals from November 1992 to December 1993. 

in August 1993 (Student t-tests of slopes, 
P<0.05). The similarity in slopes may indica
te that the quantity of reserves in the somatic 
tissues, and possibly physiological condition, 
was generally similar for the two sexes. For 
both males and females, the slopes of mass of 
the musc1e and remaining somatic tissues to 
shell height tended to be lower on 7 January 
1993 and 6 December 1993, when the ani
mals were in post spawning condition, than 
prior to spawning, 22 October 1992 and 6 
October 1993, respectively (P<0.05), sugges
ting that these spawnings caused a depletion 
of tissue reserves. 

The stepwise multiple regression models 
indicated that environmental factors could in 
large part predict gonadal growth (Males = 
2.77 chlorophyll a + 1.05 seston energy + 
0.77, r2 =0.5 1, P<0.0 17: females = 5.25 chlo
rophyll a + 0.39 nanoflagellates + 3.67 oxy
gen + 7.75, r20.82, P<0.002). ChlorophyIl a 

was the frrst factor integrated into the models 
for both males and females indicating that the 
phytoplanktonic biomass was the principally 
factor influencing gonadal growth. Tempera
ture did not appear to be critical for gonadal 
growth, as it was not retained in the regres
sion models. Nevertheless, temperature may 
have had an effect on spawning as each of the 
three major spawning events. were associated 
with a temperature decrease (Fig. 4). 

DISCUSSION 
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Fig. 3. Lima scabra. Percentage of females in relation to 
shell height. Numbers aboye the bars indicate the numbers 
of scallops sampled for each size class. 
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TABLE 1 

Regressiol( relationships between sO/natic tissues (muscle and remaining somatic tissues) and shell heightfor male and 
female Limascabra collectedon different dates between October 1992 and December1993 t Turpialito inthe Golfo de 

Cariaco, Venezuela 

Muscle Remainingsomatic tissue 
Date a b r2 a b r2 

28clO-�2 - Male 1.70 ·om 0.77 1.56 0 . .26 . 0.87 
FemaJe 1.73 0.26 0.93 1.55 0.3 1 0.9 1 

15-12-92 MaJe 1.71 0.32 0 .87 1.52 0 .38 0.97 
Female 1.75 0.27 0.75 1.57 0.32 0.90 

07cOI -93 Male 1 .67 0. 19 0.65 1.55 0.23 0.78 

FemaJe 1.76 0.20 0,69 1.60 0.26 0.80 

27-01-93 Maje 1.67 0.27 0.57 1.50 0.32 0.82 

Fell1a1e 1.70 0.31 0.90 1.59 0.24 0.78 

0 1-03-93 Male 1 .63 0.30 0.92 1045, 0.38 0.93 
Female 1.66 0.30 0.83 1 .48 0.36 0.85 

02"04-93 MaJe 1.63 0.26 0.73 1.50 0.28 0.77 
.'Remale 1.64 0.32 0.94 1.47 0.37 0.95 

02-05-93 Maje 1 .64 0.27 0.97 1.51 0.31 0.98 

Female 1.66 0;30 0.92 1.54 0.27 0.84 

08-06-93 Maje 1.67 0.30 0.92 J.50 0.33 0.92 
FefuaJe 1.67 0.29 0.81 1.46 0.42 0.88 

06-07-()3 . Male 1.67 .0.30 0.92 .1,51 0.;13 0.93 
FeinaJe 1.67 · 0.34 0.94 1.52 0.31 0.98 

16-08-93 Maje L66 0.32 0.89 1048 0.37 0 :�7 
Fe¡nale 1.69 ;0.19 0.80 ).50 0.31 0.89 

10-09-93 Maje 1.67 .0.26 0,70 1.49 0.34 0.94 

Female 1.68 0.26 0.70 1.49 0.34 0.79 

06-10-93 Maje 1.62 0040 0.86 1.38 0.44 0.97 
"Female 1.66 0.47 0.88 1:38 0.51 0.95 

06.-12-93 Male L85 0.34 0.98 .,1,51 0.35 0.99 
Female 1.67 0.27 0.63 1.51 0.33 0.95 

Theparameters a andb con-éspond lo the regressiol1 equation oflhe·fbrm a + bX and r2 isthe coeficient of determination. 
A1l regresiol1s were signifiant)Yith.aP:<O,006. 

We observed 25"30 mm L. scabra with 
testes in all stages of development, from oeve
loping to spent, suggestingthat individultlsof 
this sizeréprodllce. That most small indivi
duals were males andmost large individuals 
fémales corroborates the protandrous characte. 
ristic ofL.scabra as reported by Gómez et al. 

(1990, 1995). Separatingprodúction of sper· 
matozoa and oVulesover time in dioíqué spe· 
cies may serve as a mechanisms tú prevent self 
fertilizabon.· That L: scabra usually occurs in 
aggregations amongsf 8ora1.· branches should 
enhance fertilization success. An alternative 
hypothesis for prodrandric hennadrophism is 
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Fig. 4. Seasonal changes in temperature and chlorophyll a 
concentration from October 1992 to December 1993 at the 
stndy area at Turpia1ito in the Golfo de Cariaco, 
Venezuela. 

that it permits an initial period of more rapid 
somatic growth, because of a lower energetic 
cost of producing spermatozoa compared to 
ovules. However, the similar slopes for male 
and female L. scabra in regressions of somatic 
tissues to shell height suggested that the costs 
of producing maJe and female gametes were si
milar. Studies monitoring the developing of 
marked individuals over time are required to 
further elucidate the prodrandous gonadal de
velopment of L. scabra. 

Our data on gonadal size indicates highJy 
variable gonadal development during most of 
the year but at certain periods most individuals 
have small spend gonads. This suggests that L. 
scabra undergoes partíal spawnings throug
hout much of the year and more massive and 
synchronized spawnings at other times. The 
more massive spawnings may be coordinated 
by an external cue. The association of the three 
marked decreases in gonadal mas s with drops 
in temperature in our study indicates that tem
perature decreases, or other factors related to 
upwelling, may provoke spawning. Gómez el 

al. ( 1995) reports high recruitment of juveniles 

between January to April, 1-2 mo after the No
vember to December spawning observed in our 
study. Recruitment, juvenile growth and survi
val may be enhanced during January to Apül as 
this period corresponds to a period of strong 
upwelling and low temperatures in our study 
region (Mandelli and Ferraz-Reyes 1982, Lo
deiros and Himmelman 1994, Lodeiros 1996). 

Many studies consider temperature as an 
important factor for both gametogenesis and 
spawning in marine invertebrates (Loosanoff 
and Davis 1963, Giese and Pearse, 1974, 
Sastry 1979, Giese and Kanatami 1987, Barber 
and Blake 199 1). However, the association of 
massive spawnings of L. scabra with drops in 
temperature contrasts with most bivalves for 
whích spawning is associated with temperatu
re increases (Sastry 1979, Giese and Kanatami 
1987). Bivalves in the Golfo de Cariaco appa
rently have various reproductive strategies, as 
Nodipecten nodosus (Vélez et al. 1987) and 
Pteria colymbus (Marquez 1996, Lodeiros el 

al. 1997) spawn throughout the year, without 
showing any relationship to temperature, and 
Euvota ziczac (Vélez el al. , 1993, Lodeiros and 
Himmelman 1994) spawns during temperature 
peaks. The mussel Perna perna (Vélez and 
Epifanío 198 1) is the only other species in 
northeastern Venezuela for wlúch spawning is 
suggested to be associated with temperature 
decreases. 

The multiple regression analyses indicated 
that the primary environmental factor influen
cing gonadal growth is chlorophyll a concen
tration, suggesting that production of gametes 
is stimulated by increases in phytoplankton. 
Phytopanktonic food availability is also indi
cated as a majar determinant of gonadal deve
lopment in a number of other bivalves (Sastry 
1979, Giese and Kanatami 1987, Barber and 
Blake 199 1). 

The ana1yses of regression slopes for the re
lationships of the mass of somatic tissues to shell 
height for L. scabra (Table 1) suggested a reduc
tion of energetic reserves in the somatic tissues 
during the sharp gonadal decreases during No
vember and December 1992 and October and 
November 1993. In the Golfo de Cariaco, a drop 
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in· wind velocities, generally from August-Sep
tember to November-December, causes a strati
fication of the water column and decreased pri
mary production as evidenced by reduced chIo
rophyIl a levels (Mandelli and Ferraz-Reyes 
1982, Ferraz-Reyes 1989, Quintero and Lodei
ros 1996, Lodeiros and Hirnmelman 1994, Lo

·derros 1996�])fesentsfi1dy). Thedecreased·food 
availability associated with the perlod of gonadal 
peak and spawning could explain the low level 
of reserves after spawning. In contrast, no chan
ge in regression slopes (which might indicate a 
depletion of reserves) was detected during the 
June and July 1993 spawning. This is likely be
cause the second spawning period was preceded 
by a period of abundant phytoplanktonic food 
(Fig. 5), related to upwelling conditions. Histo
logical studies of the gonadal, energetic determi
nations ofthe different tissues, and labeling stu
dies are needed to evaluate whether somatic tis
sue reserves are only used for gamete production 
when phytoplanktonic food availability is low. 

The present study indicates that gonadal 
growth of L. scabra in the Golfo de Cariaco is 
strongly linked to increased phytoplanktonic 
fobd availability. In this area, increases in 
phytoplankton production resulting from up
welling of nutrient-rich deeper water brought 
about by strong and continuous northeast 
winds. This upwelling causes a breakdown of 
the thermocline and abrupt drop in temperatu
re. The major spawnings are associated with· 
the initiation of upwelling and thus may be 
stimulated by the drop in temperature or other 
upwelling related factors. The increased pri
mary production following such spawnings 
may be advantageous as a food source for the 
larvae or recruiting individuals. 
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