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Abstract
The gametogenic cycle of the pearl oyster, Pinctada radiata, from the Zarat region (Gulf of Gabès) in Tunisia was investi-
gated monthly during a 1-year study of the reproductive cycle. Gametogenic activity was determined based on histological 
analysis of the gonads during the study period. P. radiata was found to have a clearly defined annual reproductive cycle, with 
two spawning periods per year. The first spawning period was observed in June and August for both sexes, and the second 
one was occurred from September to December for males and from September to November (except October) for females. 
The observed index shows that the main periods of gametogenesis and spawning around the year were from September to 
December for males and from September to November (except October) for female. Two types of hermaphroditism were 
observed following gonad ripening. The sex ratio showed a clear relationship with the size, with males the dominate sex 
among smaller individuals (shell height [SH] < 65 mm) and females predominant in larger size classes (SH > 65 mm). 
The condition index proved to be a strong indication of the gonad cycle as it illustrates the reserve accumulation during 
gametogenesis, maximum maturity and gamete emission. Maturity is roughly synchronous between sexes. The beginning 
of reproduction seems to be controlled by sea surface temperature rather than salinity.
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Introduction

The Gulf of Gabès is situated in south-eastern Tunisia and 
the southern part of the Mediterranean Sea. Its coastline 
extends for 750 km from Chebba (35°N) to the Libyan bor-
der. The gulf is notable for its shallow waters, elevated levels 
of temperature and high salinity. The maritime zone includes 
large continental shelves known for the presence of large 
beds of the seagrass Posidonia oceanica (Ben Othman 1973; 
Ben Brahim 2005). The main characteristic of substrates in 
the inshore and midshore areas is muddy sand, with exten-
sive beds of the seagrasses Cymodocea nodosa and Zostera 
noltii in some regions of the inshore area and thick coverage 
of P. oceanica in some regions of the midshore area (Ben 

Brahim 2005). However, in the deep sea, the bedrock con-
sists mainly of reef barrier and dead shellfish.

Due to its topographical and biological features, this deep 
sea area is an important area for natural stocks of bivalves 
for both local and national fisheries. For local fisheries, this 
region is the main fishing region, with > 50% of the fishing 
fleet of Tunisia active here, and it provides around 94% of 
the total Tunisian clam production (Ruditapes decussatus), 
of which 99% is sent overseas, i.e. Europe (CRDA 2002). 
Among the edible shellfish species, the pearl oyster Pinctada 
radiata is abundant along the Gulf of Gabès. The total bio-
mass of this species in the coastal region of Medenine has 
been reported to be 44.68 tons (Derbali et al. 2009). Pinc-
tada radiata (Leach, 1814) belongs to the Pteriidae and is an 
Indo-Pacific species that was reported for the first time in the 
Gulf of Gabès in 1891 (Bouchon-Brandely and Berthoule 
1891). This pintadine had been confined to this area and 
has reproduced there, forming very dense populations (Tlig-
Zouari 1993). It is considered to  be both the major spe-
cies for producing cultivated pearls (Gervis and Sims 1992; 
Urban 2000) and a biovigilance fauna for the levels of heavy 
metal in the maritime environment (Al-Madfa et al. 1997). 
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Only the inhabitants of a few coastal regions in Tunisia, 
namely the Kerkennah Islands, Djerba Island and Bizerte, 
are major consumers of P. radiata (Tlig-Zouari et al. 2010).

In Tunisia, this species is collected from wild sites and 
is not cultured. Therefore, a detailed understanding of the 
reproductive biology of P. radiata is an important tool for 
managing the renewal of natural stocks of this species. Since 
the 1950s, the reproduction of P. radiata has been studied 
by Uemoto (1958) in Japan and Tranter (1959) in Australia. 
Following its propagation in Tunisian waters, P. radiata has 
been the subject of much research on its biology, morphol-
ogy and breeding (Zouali 1978; Soufi-Kechaou and Aloui-
Bejaoui 2004; Irathni 2007; Dkhili 2008). However, to our 
knowledge only two studies, namely those of Tlig-Zouari 
and Zaouali (1994) and Derbali et al. (2009), have been 
conducted on its reproductive cycle in Tunisian waters. In 
this context, the aim of our study was to collect fundamen-
tal information on its reproductive biology by evaluating 
its reproductive cycle and sex ratio during a 1-year cycle. 
During this study we followed the stages of the reproductive 
maturity index and condition index at monthly intervals, and 
we determined the influence of two important environmental 
factors, i.e. temperature and salinity, on the progress of the 
reproductive cycle of P. radiata.

Materials and methods

Study site

Samples (n = 10) of P. radiata were collected monthly from 
March 2012 to March 2013 (with the exception of July 2012 

due to difficulty in sampling) by divers at depths of 5–7 m 
in the Zarat region (Gulf of Gabès, south-eastern Tuni-
sia) (Fig. 1). The site is located 20 km to the east of Zarat 
(33°40′4.27″ N/10°21′1.78″ E). This area is characterized 
by low water depth, low current speed and high salinity and 
temperature. Moreover, the ecological conditions in the  
Zarat region are favorable for the growth and reproduction 
of many bivalves (Rabaoui et al. 2013).

Environmental parameters

The sexual cycle was studied in relation to changes in two 
environmental parameters: temperature and salinity. These 
two parameters were determined monthly using a thermom-
eter (model 700260; Bibby Sterilin Ltd., Staffordshire, UK) 
and a salinometer (model MET 51302611; Mettler Toledo 
Greifensee, Switzerland–Mettler Toledo), respectively.

Condition index

The total weight was determined by weighing each oyster 
(P. radiata). We then separated the somatic tissues from the 
shells and weighed each part separately. The condition index 
(CI), determined according to the recommendation of the 
French Association for Standardization (Association Fran-
çaise de Normalisation) AFNOR NF V 45,056, (September 
1985), was then calculated as:

CI = (drained mass of soft tissues∕ total mass) × 100.

Fig. 1  Location of the sampling 
area in the Gulf of Gabès
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Histological examination

After dissection, the gonads were embedded in aqueous 
Bouin’s solution for 48 h, following which these samples 
were dried in four consecutive baths of increasing alcohol 
content (70, 80, 95, 100 %), then passed through three con-
secutive baths of toluene and finally fixed in paraffin (melt-
ing point 57 °C). These samples were cut into 3-μm-thick 
slices on a microtome (model RM 2135; Leica Microsys-
tems, Wetzlar, Germany), stained with hematoxylin and 
eosin, and placed under a Pertex coverslip. The aim of 
microscopic examination under a light microscope (model 
MCX 300; MICROS Austria, Vienna, Austria) was to deter-
mine the phases of the gametogenic cycle. The reproductive 
phases of gonad development were based on the description 
by Guillon et al. (1990).

Maturity index

Numbers from 1 to 5 were given to classify the different 
stages of the reproductive status of the oysters were clas-
sified on a scale of 1–5, where a1 = indifferent; a2 = early 
development; a3 = development; a4 = ripe; a5 = emission 
(Guillou et al. 1990).

The proportions of oysters in each phase were calculated, 
and the MI determined (Smaoui-Damak et al. 2006, 2007) 
as follows:

Statistical analysis

The χ2 test was used to evaluate statistically significant devi-
ations from a balanced sexual proportion of 1:1. We also 
used analysis of variance followed by Tukey’s post hoc test 
to identify the variations in the seasonal patterns of each var-
iable. The findings were presented as the mean ± confidence 
interval (CI), with a significance level of P = 0.05. The sta-
tistical analysis was carried using SAS software (1998).

Results

Sex ratio

In all P. radiata specimens collected, 57 were male (M), 51 
were female (F), nine were indeterminate and three were 
hermaphroditic. The general sex ratio (F:M 0.9:1) was not 
considerably different from equivalence (F:M = 1:1; χ2 
test, P > 0.05). To depict variations in specimen size as 
a function of sex ratio, we grouped the data according to 

MI = 1a1 + 2a2 + 3a + 4a4 + 5a5.

size classes (shell height [SH] classes of 5 mm SH) (Fig. 2). 
The smallest size classes of specimens (SH < 65 mm) con-
sisted predominately of males; the intermediate size classes 
(SH 60–70 mm) statistically comprised males and females 
equally; the largest size groups (SH > 65 mm SH) consisted 
predominantly of females (χ2 test, P < 0.05).

Condition index

Seasonal variations in the CI between males and females 
were not statistically different; therefore the results from 
both sexes are presented together in Fig. 3. The statistical 
analyses showed that there were no significant changes in CI 
between March 2012 and March 2013 (P > 0.05). The mini-
mum CI values were observed in August–September and 
December 2012 (P < 0.05). The CI rose considerably from 

Fig. 2  Variations in proportion of female and male Pinctada radiata 
specimens collected from the Zarat site according to size

Fig. 3  Temporal variations in the condition index of P. radiata speci-
mens collected from the Zarat site between March 2012 and March 
2013. Ten specimens were collected each month. Error bars 95% 
Confidence intervals (CI)
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March (M1) to May, then from September to November and 
finally from December to February.

Maturity index

The monthly divergences observed in the MI were not sig-
nificant among the sexes; therefore, the results from both 
sexes are presented together in Fig. 4. The maturity indices 
showed a significant discrepancy between the months (χ2 
test, P < 0.05). The highest MI value (4.20) was recorded in 
June, whereas, the lowest one (1.33) was observed in March 
2013.

Distribution of gametogenesis stages

The gonadal development of P. radiata was categorized into 
five stages in males and females separately (Table 1; Fig. 5).

Males

The percentage of oyster males at each gonad stage is shown 
in Fig. 6a . Most of the gonads were in developmental state 
1 in March (66.68%) and April (50%) 2012. Males were 
mature in June (60%). Two spawning periods were observed 
in the male oysters, with the first occurring in the summer 
(June [40%] and August [20%]) accompanied by 50% of 
males in the indifferent stage in September, and the sec-
ond one observed from September (25%) to December 
(22.22%) 2012. The sexual rest period began for a few speci-
mens (25%) in January 2013, increasing up to March 2013 
(33.33%), with a high percentage (50%) in February 2013.

Females

The development of female gonads based on histological 
studies is shown in Fig. 6b. For females, gametogenesis 

began in few specimens in March 2012 (20%), increasing to 
a high level in April (83.33%). In May, 100% of females were 
mature. Two spawning periods were observed in females, 
with the first period occurring in the summer (June [20%] 
to August [20%]) and the second observed from September 
(28.58%) to November (50%) (with the exception of Octo-
ber). The spawning periods were separated, with 28.58% 
of females in the indifferent stage observed in September. 
In December, 100% of females were in early development. 
The sexual rest period began for few specimens (14.29%) in 
January and continued up to March 2013 (33.33%). In March 
2012 all reproductive stages (I, II, III, IV, V; Table 1) were 
observed in females with equal proportions (20%), while in 
September the composition of individuals in terms of repro-
ductive stage was heterogeneous (I 28.58%, II 14.28%, III 
14.28%, IV 14.28%, V 28.58%).

A few hermaphroditic individuals were identified (Fig. 7) 
in May, September and November. In the hermaphroditic 
specimens observed in May (Fig. 7a), both sex gametes were 
present in the same gonadal tubule. However, in the her-
maphroditic specimens observed in September and Novem-
ber (Fig. 7b), male and female gonadal tubules occurring at 
the same time, even though they were set apart.

Temperature and salinity

Water temperatures and salinity from March 2012 to March 
2013 are shown in Fig. 8. A water temperature cycle was 
observed, with temperature varying between 17 and 21 °C 
in winter and between 29 and 32 °C in summer. The maxi-
mum and minimum recorded water temperature was 32 °C 
in August and 16 °C in January, respectively. Salinity varied 
slightly from 1 month to another, with the lowest (33.9‰) 
and highest (38.43‰) salinity value recorded in April and 
June, respectively.

Discussion

The pearl oyster Pinctada radiata is a protandric hermaph-
rodite species (Tlig-Zouari and Zaouali 1994; Derbali 2009), 
as confirmed in the present study. In most pearl oysters, 
hermaphroditism is a rare phenomenon. Hermaphroditic 
animals suffer an energetic cost because they maintain two 
reproductive systems (Heath 1976). In Tunisian waters, Der-
bali et al. (2009) found only 26 bisexual specimens among 
2360 pearl oysters collected, whereas we found three her-
maphrodite individuals among 120 pearl oysters during the 
maturity and spawning seasons. Protandry is commonly 
found in many other pearl oysters, including P. margaritifera 
(Linnaeus, 1758), P. mazatlanica (Hanley, 1855), P. albina 
(Lamarck, 1819), P. imbricata (Röding, 1798) and P. fucata 
(Gould, 1850) (Tranter 1958; Saucedo and Monteforte 1997; 

Fig. 4  Monthly variations in the maturity index of P. radiata speci-
mens collected from the  Zarat site between March 2012 and March 
2013. Ten specimens were collected each month
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O’Connor 2002; Kimani et al. 2006; Hwang 2007). For 
example, among 3360 pearl oysters collected  by Pouvreau 
et al. (2000a), only seven bisexual specimens; however, there 
was no proof that the two gonads were functional. Another 
study reported that under stressful conditions, natural (tem-
perature or food) or non-natural (handling or cleaning), 
changes from male to female and from female to male occur 
(Thielley 1993). These changes are likely to be linked to 
food availability (Tranter 1958). Pouvreau et al. (2000) sug-
gested that good conditions will favor female development, 
whereas stress conditions will suppress it.

In our study we found that the sex ratio was statistically 
balanced in relation to the SH size-classes. This last finding 
is consistent with the results of a similar study in P. radiata 
from Tunisian waters (Derbali et al. 2009) and P. imbricata 
from Australia waters (O’Connor and Lawler 2004). In our 
study, the majority of individuals with a SH of < 65 mm 
were male; sex inversion appeared in individuals in the SH 
size class of 65–70 mm. Above a SH of 65–70 mm, the 
proportion of females increased progressively, ultimately 
dominating the largest size classes. Similar results have also 
been found in a population of P. radiata from the waters off 

Fig. 5  Gonad developmental 
stages for male (a) and female 
(a) P. radiata specimens col-
lected at the Zarat site. I Indif-
ferent stage, II developmental 
stage 1, III developmental stage 
2, IV mature stage, V spawning 
stage. Scale 50 μm. Ct Connec-
tive tissues, Gt gonadal tubule, 
Spg spermatogonia, Spt sperma-
tid, Spz spermatozoa,  O oocyte, 
Og oogonia,  Or residual oocyte
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Fig. 6  Gonad stages of male 
(a) and female (b) P. radiata 
specimens in each monthly sam-
ple, from March 2012 to March 
2013. Percentages of oysters 
corresponding to each gonad 
stage are identified by different 
bar patterns.  I–V See caption 
to Fig. 5

Fig. 7  Histological sections of hermaphrodite gonad of P. radiata: a Both sex gametes are present in the same gonadal tubule (scale 100 µm), b 
male and female gonadal tubules are arranged in separate zones (scale 50 µm). O Oocyte, Spg spermatogonia, Spz spermatozoa
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Kerkennah Island (Derbali et al. 2009). However, in Pinc-
tada margaritifera, individuals having a SH size of < 90 
mm were exclusively male; above this size the percentage 
of females grew gradually, ultimately becoming the more 
predominant sex (Pouvreau et al. 2000). Lucas (1965) and 
Tranter (1958) attributed these changes in the sex ratio as 
a function of size to different causes: either a difference in 
growth and survival between the sexes or a sexual inversion.

In this study, the presence of different developmental 
stages of gametogenesis in the two sexes almost through-
out the entire year was one of the most obvious character-
istics of the P. radiata gametogenic cycle. This result indi-
cates that gametogenesis, maturation and spawning happen 
year-round in P. radiata. A small number of gonads were 
in the resting phase (January–February), implying that 
gametogenesis is almost continual. These results signify 
that oysters rarely experience a resting phase or that this 
phase is brief. They are in agreement with other studies 
that have reported gonad activity and spawning in tropical 
and subtropical pearl oysters throughout the year (P. maz-
atlantica, Garcia-Dominguez et al. 1996; Pouvreau et al. 
2000; Urban 2000). The peak of P. radiata spawning var-
ied with marine locality, with spawning occurring in June/
July in Bahrain (Khamdan 1998), in December–January/
March–May in Australia (O’Connor and Lawler 2004) and 
in July/November in Kerkennah Island (Tunisia) (Derbali 
2011). In our study, P. radiata had two spawning periods 
a year, with the first occurring in the summer (June and 
August) for both sexes and the second one occurring from 
September to December for males and from September to 
November (except October) for females. These two peri-
ods were separated by a retardation phase in September 
that was characterized by the occurrence of undifferen-
tiated individuals. These results show that the spawning 
season of males totally coincided with that of females in 

the first period but that it only partially coincided with 
that of females in the second period. In contrast, a study 
in the waters off Kerkennah Island (Gulf of Gabès) showed 
a total coincidence during both spawning periods (Derbali 
2011). Lubet and Mann (1987) suggested that differences 
in reproductive behavior can be observed within a species 
in the same geographical area and that they could arise 
from changes in temperature, food availability and salinity. 
Environmental conditions are generally taken into con-
sideration when identifying and monitoring gametogen-
esis. Temperature is considered to be an essential factor 
influencing reproduction. Indeed, in bivalves increases in 
temperature speed up gametogenesis and facilitate the use 
of reserve material (Lubet 1991). In our study, gametogen-
esis started in March when the water temperature reached 
17 °C. The first spawning period was correlated with a 
rise in seawater temperature from 27 °C in May to 32 °C 
in August. The second spawning period took place when 
the water temperature dropped from 30 °C in September 
to 20 °C in November. This observation suggests that the 
high temperatures in the summer months would appear 
to influence the release of gametes. The decrease in tem-
perature makes it possible for the gonads to quickly ripen 
within a short period, resulting in the second spawning 
in the late autumn. Our findings support previous results 
found by Derbali et al. (2009) in the waters off Kerken-
nah Island. Hwang (2007) also reported that the spawning 
of Pinctada fucata and P. margaritifera in the waters off 
Taiwan was influenced by changes in water temperature. 
The first spawning peak of P. fucata was associated with 
a rising water temperature from April to May and the sec-
ond one occurred when the water temperature decreased 
from September to October. P. margaritifera has also been 
observed to spawn when the water temperature increases 
(Hwang 2007). Contrary to what was previously observed 

Fig. 8  Monthly changes in 
water temperature (T) and salin-
ity (S) from the Zarat site from 
March 2012 to March 2013
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for Cerastoderma glaucum (Iglesias 2006; Machreki-Ajmi 
2009), Ruditapes decussatus (Smaoui-Damak 2005) and 
P. radiata (Derbali et al. 2009), our study shows that the 
salinity was not involved in sex change. In other bivalves, 
such as the cockle C. glaucum (Bruguière 1789) a rapid 
decline in salinity may negatively affect reproduction, 
resulting in a postponement of gametogenesis and even 
spawning (Iglesias 2006; Machreki-Ajmi 2009). In the 
clam R. decussatus (Linnaeus, 1758) the spawning period 
corresponds to the period of the highest seawater salinity 
(Smaoui-Damak 2005).

The MI closely reflects the gametogenic process and dem-
onstrates the degree of maturity of gametes. In the present 
study, the MI was considerably different between the months 
of the study but not between the sexes. Therefore, male and 
female P. radiata  were in synchrony in terms of the matura-
tion and spawning of gametes. According to Derbali (2011), 
the MI shows that the main periods of gametogenesis and 
spawning throughout the year were roughly synchronous 
between sexes.

The relationship between seasonal variations in body 
weight and reproductive activity has been demonstrated in 
many bivalves (Pouvreau et al. 2000; Hwang 2007). Gener-
ally, in bivalve seasonal reproduction, gonadal biomass gives 
an indication of gamete production; consequently, the CI 
can directly assess the activity of gametogenesis (Laruelle 
1999), and it can also be an indicator of food availability 
for the given species in a particular zone or time (Mzighani 
2005). Using the CI, we established the CI as a specific 
sign of highest gonad maturity and spawning periods, not-
ing that the values were associated directly with the gonad 
state determined by histological methods. The CI values 
increased in line with the majority of individuals being at 
an advanced stage of gametogenesis, with the highest CI 
values occurring when the oyster was mature, and the sharp 
decline coinciding with a high percentage of specimens at 
the post spawning stage, as a result of weight loss ensu-
ing from gamete release. This finding is consistent with that 
reported by Tlig-Zouari (1993) in the waters off Kerken-
nah Island, possibly implying that no changes in food avail-
ability occurred in that year and the present study period. 
Since the CI takes into account all meat tissue (somatic and 
gonadal tissues), the differences may be affected by other 
factors which are not linked to gonad growth directly, such 
as somatic development and storage of reserves typically 
occurring during the summer (Larretxea 1995). This differ-
ence can also be explained by the degree of adaptation that 
differs from one population to another. Some studies also 
found a higher CI in clams R. decussatus and Mya arenaria 
harvested from contaminated sites in comparison with the 
same species harvested from control sites (Gauthier-Clerc 
et al. 2002; Smaoui-Damak et al. 2006).

Conclusions

The results of this study confirmed that P. radiata exhib-
ited a clearly defined annual reproductive cycle with two 
spawning seasons. Temperature may play an important role 
in oyster maturity and spawning. In fact, the explanation of 
the reproductive cycle of the P. radiata given in our article 
provides an important insight into the reproductive behav-
ior of this species.  In the future, this species may possible 
be used to forecast the most favorable reproductive time to 
introduce artificial spawning in aquaculture systems. Our 
findings will serve as a reference for future studies in aquatic 
ecotoxicology.
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