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ABSTRACT

Incidences of hermaphroditism in green mussels (Perna viridis) were determined in four
different areas (Sebatu, Port Dickson, Muar and Johor Bahru) along the west coast of Peninsular
Malaysia. In Sebatu, 1000 specimens of green mussels were used for the visual determination of
sex ratios. The male:female visual ratio was 1:0.79. Three hundred and seventeen individuals were
also sexually identified using histology technique. Male to female ratio was 1:1.01. Two
hermaphrodite specimens were recorded during the months of June and September, 2004. In Port,
Dickson, 319 specimens were visually sex-determined, the male: female ratio was 1.00:0.856. One
hundred forty one were also histologically identified. Male: female ratio was 1.00:0.96. There was
no hermaphrodite specimen encountered in this population. For the population of Muar and Johor
Bahru, the entire specimen’s numbers were visually sex-determined first and later confirmed by
histological procedure. The male:female ratio was 0.72:1.00 and 1.00:0.95. No hermaphrodite
specimen was found at either site. The pooled samples from different months showed no significant,
seasonal deviation in the sex ratio from a 1:1 ratio (Chi-square test, p>0.05).
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INTRODUCTION

Mussels are extensively cultured along the west coast of Peninsular Malaysia (Ismail et al.,
2000; Yap et al., 2002; Al-Barwani et al., 2007; Amin ef al., 2005). The culture of green mussels
{Perna virtdis) in Malaysia was first introduced in the mid-seventies by the Fisheries Research
Institute in Penang. Since then mussel culture has shown a significant development in different
coastal waters of Peninsular Malaysia. The culture of green mussels in Malaysia is dependent
exclusively on the natural spat-fall; Sebatu, Malacea is known for its rich natural spat-fall which
has supported the industry at sustainable levels (Zaman, 2000). Green mussels are dioecious, with
some occasional hermaphrodite specimens reported from Hong Kong, China and India {(Lee, 1988;
Anonymous, 1980; Narasimham, 1980; Nagabhushanam and Mane, 1991). Sexes cannot be
identified by external morphology (Siddall, 1980; Vakily, 1989; Rajagopal et al., 2006). However,
the internal morphology of the mantel can reveal the gender base on the different coloration of the
male and female gonad which occupies a large section of it. The color of reproductive tissue of green
mussels varies considerably, male (Fig. 1) gonadal tissue are usually milky to creamy white while
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Fig. 1: Gonad of male Perna viridis

Fig. 2: Gonad of female FPerna viridis

in females (Fig. 2) it 1s orange to red orange (Vakily, 1989; Rosell, 1991; Yap, 1999). An
intermediate coloration or a color very similar to the mature male gonad could be found when the
animals are immature or the females are at developing or spent stage (Vakily, 1989; Lee, 1988).
At these stages, it 1s very difficult to correctly identify the sexes visually.

Hermaphroditism is common among individuals of other bivalves such as in the
Anomalodesmata, Pectinidae, Pisidiidae and Tridacnidae (Morton, 1981; Lee, 1988), while it is
considered stable gonochorism with occasional hermaphroditism in Mytilidae (Seed, 1969; Sunila,
1981; Lee, 1988). In case of green mussels various percentages of hermaphroditism were reported
by different authors. Nagabhushanam and Mane (1991) have reported some minor incidence of
hermaphroditism (0.8%) in India while Lee (1988) has reported a very low percentage (<0.1%) in
Hong Kong. On the other hand, Anonymous {1960) and Narasimham (1980) have reported 14.3
and 8% cases of hermaphroditism in China and India, respectively. However, some authoers in the
region have classified green mussels as a diocecious species and no cases of hermaphroditism were
reported by them (Huang ef al., 1985). Since there 1s no information on hermaphroditism of green
mussels from Malaysia, the objective of this study was to look for incidences of hermaphroditism in

Sebatu, Malacca in the west coast of Peninsular Malaysia.
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MATERIALS AND METHODS

Study area: Four study sites were examined for cases of hermaphroditism in green mussels. A total
of 1400 specimens were collected from the four study sites in Sebatu, FPort Dickson, Muar and Johor
Bahru along the western coast of Peninsular Malaysia.

Sample process and analysis: Mussels were initially cleaned of all the encrusting organisms and
their byssuses were removed. Biometric measurements such as length (maximum length along the
anterior-posterior axis), height {maximum length along the dorsal-ventral axis) and width
{maximum length through both valves) of each individual were measured by using vernier caliper
to the nearest 0.1 mm. The total weight of each individual was then recorded. A small part of the
male (Fig. 1) and female (Fig. 2) gonad from the mantel and the mesosoma were incised and fixed
in 10% buffered formalin for 48 h. The gonadal tissues were then processed, embedded in paraffin
wax, sectioned at 5 pm and stained in haematoxylin and eosin using standard methods
{Bancroft ef al., 1996). Histologically 316, 121, 60, 40 specimen were analyzed from Sebatu, Port
Dickson, Muar and Johor Bahru, respectively.

Data analysis: Chi-square test was used to see if there was any seasonal deviation in the sex ratio
from a 1:1 ratio. All analysis was done using SP5S software version 15.0.

RESULTS

In Sebatu, 1000 specimen of green mussels were examined visually for sex ratio. The numbers
of male, female and undetermined were 524, 412 and 64, respectively. The male: female ratio was
1.00:0.79. Histologically (Fig. 3, 4), 317 individuals were identified for sex ratio. The numbers of
identified male, female and immature were 156, 157 and 4, respectively. The total male to female

Fig. 3: Micrographs of male Perna viridis gonad tissue, Magnification x10, Scale bar: 100 pm

Fig. 4: Micrographs of female FPerna viridis gonad tissue, Magnification x10, Scale bar: 100 pm
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Fig. 5 Micrographs of hermaphrodite FPerna viridis gonad tissue, Magnification x10, Scale bar:
100 um

Fig. 6: Photo of hermaphroditic Perna viridis

Table 1: The monthly histological sex ratio in Sebatu, Malacca

Month Male Female Immature Total Ratio (M:F)
October, 2003 7 14 0 21 1:20
November, 2003 8 12 0 20 1:1.5
December, 2003 11 10 0 21 1:0.91
January, 2004 16 5 0 21 1:0.31
February, 2004 8 11 0 19 1:1.38
March, 2004 8 12 0 20 1:1.50
April, 2004 7 12 1 20 1:1.711
May, 2004 13 11 1 25 1:0.85
Jume, 2004 12 8 0 20 1:0.67
July, 2004 12 9 0 21 1:0.75
August, 2004 6 12 2 20 1:20
September, 2004 15 0 24 1:0.60
Octaober, 2004 14 0 22 1:0.57
November, 2004 10 13 0 23 1:1.3
December, 2004 ¢} 11 0 20 1:1.22
Tatal 156 157 4 317 1:1.01

ratio determined histologically was 1.00:1.01 (Table 1). The occurrence of male and female gametes
on the mantle was in different acinus (Fig. 5). Two hermaphrodite specimens were recorded during
the months of June and September, 2004. Both specimens had both male and female gametes on
one side of the mantle (Fig. 6). No trace of hermaphroditism was observed neither in the second side
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of the mantle nor the mesosoma. The pooled samples for the different months showed no significant
seasonal deviation in the sex ratio from a 1:1 ratio (Chi-square test, p>0.05).

In Port Dickson, 319 specimens that were visually sex-deterrmned showed male, female
and immature numbers to be 164, 142 and 13 individuals, respectively. The male:female ratic was
1.00:0.86. One hundred and forty one specimens examined histologically showed male, female
and immature numbers to be 72, 69 and 0 individuals, respectively. The male:female ratio was
1.00:0.96. No hermaphroditic specimens were encountered in this population.

For the population of Muar and Johor Bahru, all specimens were visually sex-determined and
observations confirmed histologically. Male, female and immature specimens were 18, 25 and O and
21, 20 and 0 for Muar and Johor Bahru, respectively. The male:female ratio was 0.72:1.00 and
1.00:0.95 for Muar and Johor Bahru, respectively. No hermaphroditic specimens were encountered

at either site.

DISCUSSION

The male:female histological ratios were almost the same for Sebatu, Port Dickson and Johor
Bahru. The overall sex ratios in the three sites were not significantly different from the 1:1 sex
ratio. Regardless of this, there was some trend of a slight dominance of one gender over the other,
In Sebatu, Port Dickson and Johor Bahru, the males showed a slight deminance over the females.
While in Muar, the females showed a large dominance over the males. In Sebatu with histelogical
gender identification, there was some slight overall dominance of females during the month of
October and November in 2003 and February, March, April, August, November and December in
2004. The male dominated the ratio in the other seven months during the 15 month study periods
{(Table 1), Anonymous (1960) have reported a male dominance in sex ratic in the months of
February to April which has coincided with the early phase of the gametogenetic cycle. However,
Anonymous (1960) have based his identification on the coloration of the intermantle and
mesosomal gonads which is believed to be unreliable for some period of time of the gametogenic
cycle (Brousseau, 1982; Lee, 1988).

The histological ratio for Muar was similar to that obtained for Sebatu by visual identification
with female dominating instead. The difference in male:female ratio of Muar could be due to the
fact that the mussels there were from naturally bottom living individuals which may exhibit
different ratios than those that are grown in suspended cultured (In all the other sites, the
specimens were from suspended culture platforms). While in Sebatu, that ratio could because of
immature or developing ovaries have coloration that 1s similar to that of mature male gonad, so
visually it could be easily misidentified as a male. This is the reason behind the higher dominance
of male sex ratic in the visual gender identification rather than in the more accurate histological
gender identification.

Many researchers in the South Kast Asia, in the Caribbean and in the USA have failed
to i1dentify any hermaphrodite individuals of green mussels population in their localities
{Huang et al., 1985; Agard ef al., 1992; Rylander ef al., 1996; Bigatti ef al., 2005; Urbano et al.,
2005). In this study, more than 1400 specimen were examined visually and histologically and only
two cases of hermaphroditism were found. The high percentage reported by Anonymous (1960)
could have resulted from the misidentification of the gender especially that he relayed on visual
gender identification 1n his study. This study therefore indicates that hermaphroditism in green

mussels 1s a rare phenomenon and could be classified as occasional hermaphroditism. This finding
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is in line with the low percentage of hermaphrodite cases that Lee (1988) has encountered in his
study. However, he has identified green mussels because of the low frequency of true
hermaphrodite as a gonochoristic species.

Since green mussels were classified both as dicecious and hermaphroditic in different regions
and different habitats, the actual identification is still debatable. Having some low reported cases
of hermaphroditism make it difficult to draw conclusion as to what triggers this sexuality
phenomenon in green mussels. Van der Schalie (1970) have hypothesized in fresh water mussels
that the interaction between environmental influences and genetic sex-determining mechanisms
might be responsible for occasional hermaphrodite cccurrences. Kat (1983) posited that the
occurrences are due to disruption of “single or complex of sex-determining hormones” owing to
parasite infection. This hypothesis is not valid in this study since both hermaphroditic specimens
of green mussels showed no evidence of parasite infestation.

CONCLUSION

The annual sex ratio of male to female was 1:1.01 at Sebatu, Malacca. Throughout the
investigation, two hermaphroditic specimens were recorded in June and September at Sebatu.
There was no hermaphrodite specimen encountered in the other three sides (Port Dickson, Muar

and Johor Bahru).
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