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ABSTRACT : The sex ratio (F:M) in the same population of oyster, Crassostrea gigas at the commencement of the study
(2007) was 1:1.0, but changed to 1:2.8 by the end of the study (2008). The sex reversal rate in two-year-old oysters was
40.2%. Specifically, female to male sex reversal rate was 66.1%, which is higher than the male to female sex reversal rate

of 21.1%. The sex reversal pattern of C. gigas appears to go from male = female = male, and as such is determined to

be rhythmical hermaphroditism.
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Sex reversal has indirectly and directly been confirmed
in several bivalve species (Orton, 1933; Coe, 1943; Gould,
1952; Osanai, 1975; Guo et al., 1998; Kasyanov, 2001;
Lee et al., 2012a, b). Examples of sex ratio changes in
accordance with size at the level of population has been
found in Ostrea virginica (Galtsoff, 1937), Mercenaria
mercenaria (Eversole, 2001) and Crassostrea gigas
(Gosling, 2004). The oyster, C. gigas, displays multiple
sexual characteristics in which protandric sex change,
dioecy and hermaphroditism are displayed concurrently.
It has also been shown that C. gigas female ratio increases
with age as the result of sex reversal from male to female
(Guo et al., 1998). According to preliminary study, C.
gigas displayed differences in sex ratio in accordance
with shell size. Although the male ratio was high in the

one-year-old class, the female ratio was higher in the
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two-year-old class, with the male ratio becoming higher
once again in three-year olds. The aim of this study was
to verify the pattern of sex reversal in two- year-old oyster,
C. gigas, with the anticipation that sex reversal pattern of
this species would differ in accordance with age.
Oysters used in sex ratio analysis were collected
from the Sangju seashores in the south sea of Korea (N
34°42'49", E 127°59'13") in July 2006. 459 specimens
of C. gigas were used in the sex ratio analysis (SH:
23.5-135.7 mm). Oysters used in sex reversal confirmation
were two-year-olds (14 months) of 88.7 mm in average
shell height (n=293). Collection and rearing of the oysters
in wild conditions for identification of sex reversal was
carried out in the same location. Confirmation of sex reversal
was carried out in accordance with the methods of Lee
et al. (2010). 1) germ cell aspiration and sex verification,
2) sex tagging on the shell, 3) rearing in the wild
condition (from July 2007 to July 2008), and 4) sex
reversal was verified using histological analysis.

Sex ratio (F:M) for the entire population (n=459) was
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1:1.5. However, sex ratio was found to be different
when the oysters were divided into groups according to
shell height (SH) in intervals of 10.0 mm. The sex ratio
of individuals with SH <70.0 mm was 1:2.7 (n=52:140),
showing a higher proportion of males. In contrast, the
sex ratio of individuals with SH between 70.1-100.0
mm was 1:0.9 (n=103:88), exhibiting a higher proportion
of females. This pattern was reversed again in the sex
ratio of individuals with SH >100.1 mm was 1:1.5 (n=
30:46), where a higher proportion of males were observed
once again (Table 1).

The average SH of oysters at the commencement of
fieldwork (2007) was 88.7 mm, while at the end-point
of fieldwork (2008) SH was 99.2 mm. Sex ratio at the
start of fieldwork was 1:1.0 (n=143:150). However, the

Table 1. Sex ratio with shell size of oyster, Crassostrea gigas
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sex ratio of 132 individuals at the end of fieldwork,
with the exception of oysters for which identification
of sex was not possible, was 1:2.8 (n=35:97), thereby
illustrating significant higher ratio of male (Table 2).

Rate of sex reversal in two-year-old oysters was
40.2% (n=53/132). Among these, 66.1% exhibited conversion
of sex from female to male (n=37/56), while 21.1%
(n=16/76) changed from male to female, thereby illustrating
higher sex reversal rate from female to male (Table 3).

Sex reversal research of bivalves has traditionally been
conducted on oysters. Literature does point to the fact
that the proportion of males is higher at the early stage,
with increase in the proportion of females arising through
sex reversal as the oyster gets older (Orton, 1933; Galtsoff,
1964; Thompson et al., 1996; Guo et al., 1998).

Shell height (mm) Number Sex ratio (F:M, %) Chi-square P value
Total Female Male

<30.0 5 1 4 1:4.0 (20.0:80.0) 1.80 0.18
30.1~40.0 14 2 12 1:6.0 (14.3:85.7) 7.14 0.008
40.1~50.0 39 7 32 1:4.8 (17.9:82.1) 16.03 <0.001
50.1~60.0 60 16 44 1:2.8 (26.7:73.3) 13.07 <0.001
60.1~70.0 74 26 48 1:1.8 (35.1:64.9) 6.54 0.011
70.1~80.0 84 45 39 1:0.9 (53.6:46.4) 0.43 0.513
80.1~90.0 57 32 25 1:0.8 (56.1:43.9) 0.86 0.354
90.1~100.0 50 26 24 1:0.9 (52.0:48.0) 0.08 0.777
100.1~110.0 29 11 18 1:1.6 (37.9:62.1) 1.69 0.194
110.1~120.0 27 10 17 1:1.7 (37.0:63.0) 1.82 0.178
120.1~130.0 11 5 6 1:1.2 (45.5:54.5) 0.09 0.763

130.1< 9 4 5 1:1.3 (44.4:55.6) 0.11 0.739

Total 459 185 274 1:1.5 (40.3:59.7) 17.257 <0.001

Table 2. Sex ratio change with age in same population of oyster, Crassostrea gigas
Year Shell height Number Sex ratio Chi-square P value
(mm) Total Female Male (F:M)
(One-yei(r)-(:jl d class) 88.7 293 143 150 1:1.0 0.17 0.683
2008 99.2 132 35 97 1:2.8 29.12 <0.001

(Two-year-old class)
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Table 3. Sex reversal rate in two-year-old class of oyster, Crassostrea gigas

Female (F)
Total (%)

Male (M)

F—=F (%)

F—>M (%)

M-M (%) M=F (%)

402 (n=53/132) 33.9 (n=19/56)

66.1 (n=37/56)

78.9 (n=60/76) 21.1 (n=16/76)

Although manifestation of morphological sex and acti-
vation of bivalve gonads are in principle genetically
influenced, they are also affected by environmental and
biological factors (Coe, 1938; Gould, 1952; Guo et al., 1998).

In the case of Pomacea canaliculata, C. gigas and Mytilus
sp., an oligogenic sex determination method was used,
which is a mechanism that results in highly diversified
sex ratio and sex determination by small number of genes
(Guo et al., 1998; Yusa, 2007). Changes in sex ratio due
to exposure to pollutants, such as EDCs (endocrine dis-
rupting chemicals) during the inactive season, have also
been reported in Mya arenaria (Gagné et al., 2003),
Gomphina veneriformis (Lee & Park, 2007; Ju et al.,
2009) and Scapharca broughtonii (Lee et al., 2009).

Guo et al. (1998) found the female ratio of C. gigas to
be 37%, 55% and 75% in one-year, two-year and three-
year old oysters, respectively. This was assumed to be as
a result of sex reversal from male to female. In addition,
the results of the above cited study illustrated genetic
regulation of sex with the paternal effect in the sex
reversal of the individuals, showing concordance with the
single-locus model of primary sex determination with
dominant male allele (M) and protandric female allele
(F). MF is the true male while FF is the protandric female
that can undergo sex reversal. It was presumed that the sex
reversal ratio of FF individuals is the result of influence
from the secondary genes and/or environmental factors.

Although the above report did not mention sizes, it
is presumed that ‘adult’ refers to two-year-olds.

The results of our preliminary study showed diverse
differences in sex ratio in accordance with the sizes of
C. gigas. Although the proportion of males was higher
in the one-year-old class, that of females was higher in

the two-year-old class, thereby illustrating similar results

with Guo et al. (1998). However, the proportion of males
was higher in the three-year-old class. Such difference
in sex ratio was determined as the result of higher sex
reversal from female to male (66.1%) than from male
to female (21.1%) in two-year-old oysters.

Coe (1943) presented the following four patterns of
hermaphroditism in bivalves on the basis of sequence
of reproductive events: 1) functional hermaphroditism, 2)
consecutive hermaphroditism, 3) rhythmical hermaphroditism,
and 4) alternative hermaphroditism. Among these, 2), 3) and
4) are results of determination of sex at a point in life
cycle as the standard point and refer to the species generally
described as gonochoristic that undergo sex reversal.

In this study, although sex reversal was identified in male
and female of two-year-old oysters, the sex reversal rate
from female to male was higher than from male to female.
Therefore, when our results are compared with that of
Guo et al. (1998), it is evident that the sex reversal
pattern of oyster, C. gigas appears to go from male=
female= male, and the sex is rhythmical hermaphroditism.
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