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The reproductive cycle of Zygochlamys patagonica was studied from October 1999 to February 2001 in a bed located in the
south-western Atlantic (Reclutas bed 39°24" S-55°56'W). Scallops were collected monthly and the sexual maturity stages
were determined histologically (N = 508). Sex-ratio was 1:1 (t-test P > 0.05). The size of first sexual maturity was estimated
from males of an average of 36.63 mm and females of 36.31 mm of shell height. The relative gonadal condition index (RGCI)
showed an annual cycle, with higher values during winter-spring and lower values during summer-autumn; an inverse
relationship for the relative muscle condition index (RMCI) was observed with maximum values in early summer. Thus,
a reallocation of energy from soma to gonad appears to be inevitable to meet energy demand of gonad development.
Seven histological stages of sexual maturity were established for both sexes: (1) immature; (2) early maturity; (3) advanced
maturity,;(4) ripe; (5) spawning; (6) spent; and (7) recovery. Individuals in early and advanced maturity were found through-
out the year; however, they were found more frequently between June and September. Spawning began in October (early
spring) and extended through March (late summer-early autumn) coexisting with early and advanced maturity stages sup-

ported by the annual variation of the RGCI and the food availability into the system.
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INTRODUCTION

The life cycle of target species and knowledge of reproductive
cycle of a fishery resource are a necessary step in determining
when the recruitment might occur. As annual variations of
recruitment in part depend on the reproductive potential
(Barber & Blake, 2006), one of the basic goals of fisheries man-
agement is to conserve sufficient reproductive potential of a
stock to allow a sustainable exploitation (Marshall et al., 2003).
This is in part supported by the knowledge of reproductive vari-
ables such as size at first maturity and extension of spawning
period (Gosling, 2003). Particularly for scallop species, commer-
cial interest is based on the adductor muscle, in which their mass
varies seasonally in relation to gametogenesis and spawning
(Bricelj et al., 1987 a, b; Barber & Blake, 2006).

Various exogenous and endogenous factors determine the
timing and extent of reproductive events for a particular
species at a particular location and time (Sastry, 1979;
Barber & Blake, 2006). Regarding bivalves, temperature and
food supply are considered the most important environmental
factors in the regulation of gamete maturation and spawning
(MacDonald & Thompson, 1986; Pearse et al, 1991; Brey &
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Hain, 1992). Life history knowledge and the relationship with
the environmental parameters are the baseline to establish regu-
lations to help preserve a target resource from the fishing effect.

Geographical distribution of the Patagonian scallop
Zygochlamys patagonica in the south-eastern Pacific extends
from Chiloé Island (42°00'S; Valladares & Stotz, 1996) to
Cape Horn (55°56'S), and in the south-eastern Atlantic north-
wards to off the Rio de la Plata estuary (35°50'S) (Lasta &
Zampatti, 1981; Waloszek & Waloszek, 1986; Defeo &
Brazeiro, 1994; Gutiérrez & Defeo, 2003, 2005). Location of
the main aggregations of Patagonian scallop overlaps with
the Shelf-break Frontal System at the 100m isobath
(Bogazzi et al., 2005). This area is characterized by the devel-
opment of seasonal thermocline-pycnocline and meso-scale
processes influencing the circulation and exchange that
would generate nutrient enrichment and hence high pro-
ductivity over the front (Bogazzi et al, 2005).

The Patagonian scallop fishery has been conducted since
1996 on the south-western Atlantic coast (Lasta & Bremec,
1998), with an annual catch of 39.522 tons of commercial
size scallops that produce s5.535 tons of adductor muscle
landing (estimated for 2005; Lasta & Campodonico, 2006).
Considering the commercial importance of this species and
the importance of the knowledge on reproductive biology
for developing a proper management, little information con-
cerning its reproduction is available. According to the
results of Waloszek & Waloszek (1986), analysing a pool of
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individuals from different locations across their latitudinal
gradient (39°47'S to 54°30'S), first sexual maturity is
reached at 45 mm shell height (SH, = 2 years old) and the
emission of gametes occurs in two pulses: one during spring
and the other during late summer -early autumn. Although
hermaphroditism is the general rule in pectinid (Beninger &
Le Penec, 2006), Zygochlamys patagonica is a gonochoric
species (Campodonico et al., 2004).

In scallops with a broad geographical distribution such as
Z. patagonica, many authors have mentioned the important
role that latitudinal variations play in their reproductive
cycles (Sastry, 1979; Barber & Blake, 1983), thus, it is import-
ant to consider the spatial scale of analysis. Due to the com-
mercial importance of Z. patagonica, and in view of the
importance of improving the knowledge about reproductive
characteristics of this species, the main objectives of this
study were: (1) to analyse the variations of the gonadal con-
dition index and muscle condition index of Z. patagonica
through the year; (2) to determine a macroscopic scale of
gonadal stages; (3) to describe the gonadal development
stages using histological techniques and determine the repro-
ductive cycle; and (4) to estimate the sex-ratio and size at first
maturity of this scallop at Reclutas bed.

MATERIALS AND METHODS

Monthly sub-samples of Z. patagonica were collected in
Reclutas bed (39°20'S-56°W and 39°30'S-55°52"W,
1085 km?, south-western Atlantic Ocean), in a closed fishing
area of 216 km* at depths of~104 m (Figure 1). Samples
were obtained on board of the RV ‘Capitan Canepa’ using a
non-selective 2.5 m wide dredge (Lasta & Bremec, 1997)
between October 1999 and March 2001. Bottom temperature
and salinity were obtained by conductivity -temperature-
depth SeaBird Model 19-02.
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Fig. 1. Sampling area: location of Reclutas bed, in the south-western Atlantic.
CFZ, Common Fishery Zone. Isobaths of 100, 200 and 1000 m.

Shell height (umbo to ventral axis, SH) was measured for
each individual (N = 1368) to the nearest 1 mm and
gonadal mass and muscle mass (GM, MM; + o0.01 g) were
recorded. Sex-ratio was analysed for the total sub-sample by
examining gonadal smears and was tested against a 1:1 ratio
by performing a x*-test (Zar, 1999).

Relative condition indices

Gonadal (RGCI) and muscle (RMCI) condition values were
estimated using a condition index (with adult individuals >
45 mm SH). For size-mass relationships, Mass = a * SH®,
linear regression analysis was carried out on the log-
transformed data by: log (Mass) = a + b * (log (SH)).

Monthly gonadal condition values were analysed using the
condition index: CI = Mass/SH", where b is the slope from
the linear regression, and was normalized using the relative
condition index (see Lasta et al., 2001 for details):

RCI = (CI — mean CI)/(SD of CI). SD, standard deviation.

A two-way analysis of variance (ANOVA) was used to
examine differences in the RGCI and RMCI among seasons
and sexes. Given the RGCI data heteroscedasticity
(Cochran’s C, P < 0.01), ANOVA was still performed since
this test is robust to heterogeneity of variance; however, the
level of significance was set at o = 0.01 to reduce the risk of
Type I error (Underwood, 1997). Multiple comparisons
were made using Scheffé’s F-test when differences were
found (Zar, 1999).

Macroscopic and microscopic observations

Gonadal maturity was analysed from specimens collected in
early March 2001 (N = 247) in order to define a macroscopic
sexual maturity scale. The scallops were shucked and gonads
were examined macroscopically for determination of sexual
maturity mainly based on colour, external appearance and
size of testes and ovaries and posterior, validated by histologi-
cal analysis.

For histological analysis, a total of 508 scallops (about 30
individuals per month) between 55 and 65 mm SH were
sampled. Gonads were removed and preserved in 7% formalin
for 24 h. After fixation, a tissue portion was dehydrated in
ethanol, cleared in xylol and embedded in paraffin. Sections
were cut of 5-pm thickness and stained with Harris’s haema-
toxylin followed by eosin counterstain. Histological staging of
gonads was based on the development stage of germinal cells,
following the description of Beninger & Le Pennec (2006) and
Eckelbarger & Davis (1996 a, b).

Regarding gonadal stages there have been some discrepan-
cies in terms used in the literature such as follicle, acini and
alveolar; thus to avoid possible confusions we followed the
meanings proposed by Beninger & Le Pennec (2006).

Size at first maturity

Shell height at first maturity was based on 864 specimens
between 16 and 55 mm SH collected from November 2000
to February 2001. Individuals were grouped in 1 mm size-
classes and classified histologically as mature (with oocytes
or sperm present in the acini) or immature (with scantly



and small acini containing few sexual cells). To estimate size at
L50% a logistic model was fitted to the proportion of mature
individuals by SH class using the maximum likelihood
method (Kendal & Stuart, 1967). Also, it registered the size
of the smallest male and female with active gonads such as
individuals capable of spawning at the time of capture or in
the near future (according with Hunter et al., 1992).

RESULTS

Zygochlamys patagonica is a gonochoric species. The sex-ratio
was no different to 1:1 (238 males; 237 female, x>-test, P >
0.05) for the complete studied period. Maximum and
minimum values of sea bottom temperature occur in early
winter (June, 6.64°C) and early spring (October, 5.53°C)
respectively.

Relative condition indices

RELATIVE GONADAL CONDITION INDEX

The RGCI varied among seasons (two-way ANOVA, P <
0.01) showing the higher value in winter 2000 with respect
to the rest of the seasons, spring 1999 with an intermediate
value between winter 2000 and all the other seasons, and
the lower values in summer 2000 and 2001 (Figure 2 A,
Scheffé’s F-test, P < 0.05). No differences were observed
between sexes (two-way ANOVA, P > 0.05).

RELATIVE MUSCLE CONDITION INDEX

The RMCI varied among seasons (two-way ANOVA, P <
0.01) showing the lower value in winter 2000 with the
higher value in summer 2001 and intermediate values in the
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Fig. 2. Variation of relative gonadal condition index (RGCI) and relative
muscle condition index (RMCI) from October 1999 to February 2001 in
males and females of Zygochlamys patagonica. Male, solid line; female,

dotted line. Equal letters indicate no significant differences at a = 0.05. The
average ratio of dependent variable decreases in alphabetical sequence.
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rest of the seasons (Scheffé’s F-test, Figure 2 B). No differences
were observed between sexes (two-way ANOVA, P > 0.05).

Male and female gonadal stages

MACROSCOPIC OBSERVATION
No sexual external dimorphism was found, although during
periods of middle and maximum gonadal development, it
was possible to differentiate both sexes by the coloration of
the gonads: female gonad was orange whereas the male
gonad was cream.

A macroscopic gonadal scale of five stages (I-V) for both
sexes was defined as follows:

I Juvenile-early maturation
Small gonads, transparent or colourless, with an angular and
flattened appearance.

II. Advanced maturation

Gonads near to maximum size, testis is white or cream
(Figure 3 A) and the ovary is orange or bright orange
(Figure 4 A).

III. Ripe

Gonads larger than other body organs (the most conspicuous
structure in the scallop), rounded, and the surface smooth
and glossy. Intense coloration: testis are white or cream
(Figure 3 B); the ovary is bright orange (Figure 4 B).

Fig. 3. Macroscopic observation of gonadal stages of male of Zygochlamys
patagonica. (A) Stage II; (B) Stage III; (C) Stage IV (partially spawned);
and (D-E) Stage V. Am, adductor muscle; Gn, gonad; Ft, foot; Gi; gill. Scale
bar = 1 cm.
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Fig. 4. Macroscopic observation of gonadal stages of female of Zygochlamys
patagonica. (A) Stage II; (B) Stage III; (C) Stage IV (partially spawned); and
(D-E) Stage V. Am, adductor muscle; Gn, gonad; Gi, gill. Scale bar = 1 cm.

IV. Spawning

Gonads reduced in size and collapsed, with empty areas. Testis
is white or practically colourless (Figure 3 C) and the ovary is
amber or dull orange (Figure 4 C).

V. Spent

Gonads flaccid. Testis containing sex cells cloudy white, rest
transparent (Figure 3 D). The ovary is amber or pale
orange, or transparent and colourless (Figure 4 D). It is poss-
ible to discern the intestinal loop within them. In some cases,
sexes are not differentiated (Figures 3 E & 4 E).

HISTOLOGICAL DESCRIPTION OF MATURITY STAGES
A scale of seven stages for both sexes was defined by analysis
of different development phases of germinal cells as follows:

I. Immature (corresponding to macroscopic Stage 1)

Sexes are microscopically indistinguishable with absence of
gametes. Only few acini surrounded by abundant lax connec-
tive tissue are observed (juvenile, Figure 5).

II. Early maturation (corresponding to macroscopic Stage 1)

Gonads at this stage contain abundant inter-acinal connective
tissue and small acini. The first gametogenesis stages are
observed. In males, the acini show a row of spermatogonia
and a wide band of spermatocytes and spermatids forming a
germinal layer (Figure 5 B). In females, basophilic

Fig. 5. Photomicrographs of gonadal stages of males of Zygochlamys
patagonica. (A) Juvenile; (B) Stage II; (C) Stage III; (D) Stage IV; (E) Stage
V (partially spawned); (F) Stage V; (G) Stage VI; and (H) Stage VIL
Sz, spermatozoa; Ct, connective tissue; Lu, lumen. Magnification, 10X.

previtellogenic oocytes in first growth phase are observed
covering the acini walls (Figure 6 A).

III. Advanced maturation (corresponding to macroscopic Stage II)
Inter-acinal connective tissue is scarce. The acini are very large
and touching each other. In males, the layer of spermatocytes
and spermatids is very reduced, and there are spermatozoa in
the lumen. The spermatozoa become arranged with tails
pointing toward the centre of the lumen (Figure 5 C). In
females, yolked oocytes with eosinophilic cytoplasm are free
in the centre of the lumen while others are fixed to the
acinal wall by a thin stalk (Figure 6 B).

IV. Ripe (corresponding to macroscopic Stage II1)

Gonads attain maximum size. Connective tissues are replaced
by acini full of ripe gametes and acinal walls are thin. In males
the lumen are packed with ripe spermatozoa (Figure 5 D). In
females yolked, oocytes have the maximum size and take on
oval or polygonal shapes (Figure 6 C).

V. Spawning (corresponding to macroscopic Stage I1V)

Some empty alveoli can be seen. Acini are more or less empty,
depending on the spawning degree, the presence of residual
sperm or oocytes in restoration (atresia) can be observed.
Acini with different abundance of spermatozoa or yolked
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Fig. 6. Photomicrographs of gonadal stages of females of Zygochlamys
patagonica. (A) Stage II; (B) Stage III; (C) Stage IV; (D) Stage V (partially
spawned); (E) Stage V (spent); (F) Stage VI; (G) Stage VI (alveolar); and
(H) Stage VIL. AOo, atresic oocytes; Ov, ovocyte; Oo, oocyte; POo,
polygonal oocyte; Ct, connective tissue; Lu, lumen; Magnification, 10X.

oocytes can be observed for males and females, respectively
(Figures 5 E, 5 F, 6 D & 6 E).

VI. Spent (corresponding to macroscopic Stage V)

After spawning. Inter-acinal connective tissue increases and
acini reduce in size (Figures 5 G & 6 F, males and females
respectively). In cases with advanced degradation of residual
gametes, sexes can be undifferentiated (Figure 6 G).

VII. Recovery

Acini remain empty and abundant. Early gametogenetic
stages apparent around periphery of acini (Figures 5 H & 6
H, males and females respectively).

Reproductive cycle

The reproductive cycles of females and males were described
from the monthly percentage of microscopic gonadal develop-
ment stages. Both sexes were synchronic in gametogenic
development and in the spawning period.

MALE REPRODUCTIVE CYCLE
Analysis of the monthly distribution of maturity stages
showed that Stage IV was predominant from November

REPRODUCTIVE CYCLE OF ZYGOCHLAMYS PATAGONICA

1999 to January 2000 (75-80%, Figure 7 A). Temporal distri-
bution of Stage III was similar, but with lower percentages.
From February to April, most of individuals were in the
spent stage, with low percentages of spawning. During May
mostly males were in the recovery phase, while from June to
September 2000 the predominant stage was advanced matur-
ity. During October, as in February 2001, spawning stage
showed a high percentage (39%). In November and
December 2000, males were mainly in spent condition (59%
and 45%, respectively); while in January 2001 the spawning
and spent stages were the most representative.

FEMALE REPRODUCTIVE CYCLE

Spawning activity was observed in October 1999, increasing
until December 1999 with the highest percentage of Stage V
(85%; Figure 7 B). Between February and April 2000,
females were predominantly in the spent condition while in
May recovery was the most conspicuous stage. From June to
September, most of females were in early or advanced matu-
ration. From October 2000 to February 2001, some females
were in spawning stage, coinciding with females in recovery
(October and November) and spent stages.

Size at first maturity

The size at first maturity was 36.63 mm SH for males and
36.31 mm SH for females (Figure 8). No differences were
observed between both sexes (P > 0.05). The smallest male
and female with active gonads corresponded to 25 and
32 mm SH respectively.
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Fig. 7. Percentage of Zygochlamys patagonica in each gonadal stage, between
October 1999 and February 2001(N = 503). (A) Male; and (B) female.
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Fig. 8. Size at first maturity of Zygochlamys patagonica in Reclutas bed.
(A) Male (N = 585); and (B) female (N = 279).

DISCUSSION

The annual reproductive cycle of Zygochlamys patagonica at
Reclutas bed showed a sharp seasonality that involves a
period of gametogenesis during autumn and winter followed
by a protracted spawning event with partial emissions that
takes place during spring and summer, supported by the
annual variation of the RGCI and the food availability into
the system.

Based on a sex-size frequency analysis distribution, it was
suggested that Z. patagonica presents sequential protandric
hermaphroditism (Orensanz et al., 1991) or a possible
sexual inversion (Calvo et al., 1998). However, as was pre-
viously observed (Campodonico et al., 2004), we found that
in the Reclutas bed, Z. patagonica is a gonochoric species pre-
senting a sex-ratio of 1:1.

The RGCI showed an annual cycle, with higher values
during winter-spring, matching with the gametogenesis
process and lower values during summer-autumn
coinciding with the spawning and postspawning period.
This pattern of monthly variation in RGCI was similar to
that previously observed for individuals from the same
bed where an inverse relationship for the muscle condition
index was found (Lomovasky ef al., 2007 a; this study). A
similar pattern of variation between the gonadal mass and
adductor muscle mass through the year occurs in other
pectinids such as Argopecten irradians irradians (Bricelj
et al., 1987a, b), Chlamys opercularis (Taylor & Venn,
1979), C. septemradiata (Ansell, 1974), Patinopecten cauri-
nus (MacDonald & Bourne, 1987), Placopecten magellanicus
(Robinson et al., 1981; MacDonald & Thompson, 1988) and
Pecten maximus (Comely, 1974), where there is an energetic
investment in gonadal production at the expense of adduc-
tor muscles mass (see Bricelj et al, 1987 a, b). This

phenomenon was associated with the use of muscular glyco-
gen reserves for gamete production (Bayne, 1976; Zaba,
1981). In Aequipecten (Chlamys) tehuelcha, the muscle
weight showed also seasonal fluctuation, associated with
the primary production cycle and spawning season
(Orensanz, 1986), in which muscle rapidly grows during
the autumn (matching the autumn phytoplankton bloom);
this tissue does not change during winter, and later it lost
weight during spring-summer coinciding with spawning.
The interannual differences observed in the RGCI and
RMCI from Z. patagonica could be due to interannual fluc-
tuations in the nutrient storage cycle caused by variations in
food availability (e.g. Robinson et al., 1981; Navarro et al,
1989).

Both spawning periods detected in our study were followed
by very strong and successful recruitments (1999 -2000 and
2000-2001) (Lasta & Campodonico, personal observation).
The extended spawning period with partial emissions
observed for Z. patagonica, and the different gonadal stages
coexisting during long periods throughout the year, could be
a strategy which provides multiple opportunities for larval
development in unpredictable environments and thus, leads
to high larval survival becoming an important factor in deter-
mining recruitment success, such as was observed for Pecten
maximus (Paulet et al., 1988). A similar annual reproductive
cycle was found for this species from individuals of a wide
range of distribution (39°47'S to 54°30'S, Waloszek &
Waloszek, 1986).

The size at first maturity was approximately 36 mm SH
for both males and females, which correspond to an
age between 2-3 years old (following Lomovasky et al,
2007 b). A previous study analysing samples obtained
from a wide latitudinal range (between 40° and 54° S)
showed a value of 45 mm SH (Waloszek & Waloszek,
1986); these differences could be attributable to the differ-
ent scales of analysis. It is known that the reproductive
cycle in marine bivalves shows high intraspecific variations
(Sastry, 1970), moreover, in scallops with a broad geo-
graphical distribution, many authors have mentioned the
important role that latitudinal variations play in their
reproductive cycles (Sastry, 1979; Barber & Blake, 1983),
therefore it is important to consider the spatial scale. Our
work is restricted to micro or small scale (place or patch)
where population processes (trophic or reproductive) corre-
spond to the neighbourhoods of individuals (Orensanz &
Jamieson, 1998).

What factors are the main triggers in the regulation of the
reproductive cycle in Z. patagonica?

Temperature and food supply are the most important par-
ameters as regulators of reproductive cycle in bivalves (e.g.
Broom & Mason, 1978; Luna Gonzalez et al., 2000; Darriba
et al., 2004; Delgado & Perez Camacho, 2005). However, the
reproductive cycle of Z. patagonica was not clearly related to
the water temperature according to the lack of differences
found in metabolic rate measured between temperatures exist-
ing in the study area (Heilmayer, 2004) and to the seasonal
variation of 2°C of sea bottom temperature on Reclutas bed
(Baldoni & Guerrero, 2000; Lomovasky et al., 2007 a) which
is not expected to affect the reproductive cycle (Lomovasky
et al., 2007 a). Thus, we focused on the food supply as a
regulator.



The main concentration of chlorophyll-a of the annual
phytoplankton growth cycle in the study area occurs
during austral spring (Carreto et al, 1995); at the same
time, the water column vertical stratification begins
(2-3°C, thermocline development) between October and
November (Baldoni & Guerrero, 2000; Romero et al,
2006), coinciding with the spawning period and a decrease
of RGCI values (this study). The phytoplankton growth con-
tinues during summer coupled with maximum somatic
growth of scallops, as indicated by the rapid increase in
adductor RMCI since September onwards. Phytoplankton
biomass remains high in autumn, when the secondary peak
and the vertical mixture of the water column occur (by con-
nective circulation pattern) and the stratification is broken
off (Baldoni & Guerrero, 2000; Rivas & Piola, 2002). This
process coincides with the beginning of gonadal develop-
ment. Zygochlamys patagonica switches from somatic to
gonad production around May-June (Lomovasky et al.,
2007 a), at the same time when primary production and
thus food supply cease. Thus, a reallocation of energy from
soma to gonad, as observed in other pectinid species
(Bricelj et al., 1987a, b; Bricelj & Shumway, 1991) appears
to be inevitable to meet energy demand of gonad develop-
ment. Subsequently, gonads grow until August-September,
when they must be ready for spawning in order to match
larval development with the spring bloom enhancing the
prospects for larval survival (Bogazzi et al, 2005;
Lomovasky et al., 2007 a).

As was previously mentioned, it is important to consider
the latitudinal range because it is closely linked to environ-
mental conditions and with gonad development. The present
study evaluated the reproductive cycle of Z. patagonica for a
small area compared with the species distribution. We think
it creates a basis of forthcoming studies dealing with latitudi-
nal trends, linking gonad development with environmental
conditions.
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