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This study aimed to reconfirm the sex change scale and pattern of 7egillarca granosa.
Although the sex ratio (female : male, female proportion) of 7. granosa was 1:2.32 (30.2%)
at the initial stage (2011) of the study, it was 1:0.94 (51.5%) after one year (2012) in the
same population. The increase of the female proportion was greater in the 2+ year class
(23.0%) when compared to the 1+ year class (19.2%). Overall, sex change ratio of 37.6%
was observed in this population of 7 granosa. The sex change ratio of the 2+ year class
(39.3%) was higher than that of the 1+ year class (35.3%). And sex change ratio in the
males (42.2%) was higher than that in the females (26.9%). The female proportion was
the opposite of the result from 2006~2007, and one of the causes was presumed to be
the difference in cumulative water temperature during the gonadal inactive stage (winter).
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Introduction

The hermaphroditism is divided into simultaneous, and sequen-
tial. Simultaneous hermaphroditism is the simultaneous release
of eggs and sperm by one organism during the same season.
Sequential hermaphrodites are either male or female for one or
several annual cycles (Heller, 1993; Gosling, 2004; Collin, 2013).
Sequential hermaphroditism has been reported in Patinopecten
yessoensis (Osanai, 1975; Ventilla, 1982), Mercenaria mercenaria
(Sastry, 1979; Menzel, 1989), Crassostrea rivularis, C. madrasensts,
C gigas, C virginica, Saccostrea glomerata, S. cucculata, and
Ostrea edulis (Mackie, 1984; Asif 1979; Sastry, 1979; Guo et al,
1998; Park et al, 2012), /das washingtonia (Tyler et al., 2009),
Pinctada margaritifera (Chavez-Villalba et al, 2011) and Rudlitpes
philippinarum (Lee et al,, 2013).

Lee et al. (2014) have presented direct evidence of sex changes
in T granosa and the fact that 7 granosa is a sequential her-
maphroditic bivalve undergoing sex change. However, definitive
conclusion on whether the scale and pattern of sex change of 7
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granosa is always consistent could not be made. Therefore, the
objective of this study was to reconfirm sex change in T granosa
and consider the scale and pattern of sex change compared to
the results of Lee et al. (2014).

Tegillarca granosa is one of the important species for bivalve
aquaculture in Korea, and its production is continuously declining
from 5114 tons in 2010 to 1248 tons in 2015 and 80 tons in 2022
(KOSIS, 2023).

Materials and Methods
1. Specimens

Tegillarca granosa was sampled from a muddy intertidal region
of Jangsu Bay on the southern coast of Korea (N34°65'04",
E127°57'93"), the same research location of the study by Lee et
al. (2014). The total number of T granosa used for sex change
identification was 777 with a shell length (SL) between 25.1~35.0
(30.9 £ 2.13) mm. The study was conducted by dividing specimens
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Fig. 1. Monthly water temperature and salinity (A) and cumulative water temperature during gonadal inactive stage (B) in the study area

of Tegillarca granosa (KHOA, 2012).

into two groups: a 1+ year class (14 months, SL: 28.6 + 1.02 mm,
n = 302) and a 2+ year class (26 months, SL: 32.2 £ 1.36 mm, n
= 475).

2. Environmental conditions

Data from the Korea Hydrographic and Oceanographic Admin-
istration (KHOA, 2012) were used for the water temperature and
salinity profile in this study.

3. Sex change identification

Experiment for confirming sex change was conducted at the
sampling location of 7. granosa and the duration of rearing in the
wild was approximately one year, from June 2011 to June 2012.
Sex identification, tagging and confirmation of sex change were
carried out in accordance with the methods of Lee et al. (2014).

4. Sex ratio

The sex ratio and female frequency were computed with the
following equation.

e Sex ratio = Female (n) : Male (n)

e Female proportion (%) = [Female / Female + Male] < 100

5. Histological analysis

In addition to microscopic analysis, histological techniques
were also used to confirm the sex of each specimen. The study

organisms were dissected, and their visceral mass, which included
the gonad, was fixed in aqueous Bouin's solution for 18 h and
rinsed in running water for 24 h and then dehydrated through a
graded ethanol series (70~100%, Duksan, Korea). The preparations
were then embedded in paraplast (McCormick, US.A.). Embedded
tissues were sectioned at 4~6 pm thickness using a microtome
(RM2235, Leica, Germany). Samples were stained with Mayer's
hematoxylin-0.5% eosin (H-E) stain (Sigma-Aldrich, Saint Louis,
United States).

6. Statistical analysis

Statistical analyses were performed using SPSS 18.0 (SPSS Inc,
US.A). Sex change data were assessed by #test. Significance was
established at p<0.05.

Results
1. Environmental conditions

The average water temperature at the rearing location of ex-
perimental organisms was 16.2°C (5.7~24.4°C), similar to historical
records. The average salinity was 31.6 psu (28.7~32.7 psu). The
average and cumulative water temperature during the period
of December to February, the gonadal inactive stage, was 7.2°C
(5.7~10.2°C) and 655.6°C, respectively. The average salinity during
that period was 31.6 psu (31.4~31.9 psu) (Fig. 1A, Table 1).
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Table 1. Monthly water temperature and salinity in the study area during gonadal inactive stage of Tegillarca granosa (KHOA, 2012)

2006 2007

2011 2012

Average Average
Dec. Jan. Feb. (Cwt) Dec. Jan. Feb. (Cwt)
Water temperature (°C) 101 7.0 70 80 10.2 5.8 5.7 /2
) ’ : (726.1) ’ ’ : (655.6)
Salinity (psu) 303 330 32.7 320 314 316 319 316
Cwt: cumulative water temperature
Table 2. Sex ratio (F:M) with year class in the same population of 7egiflarca granosa
2011 2012
Year class
Sex ratio Female (%) Sex ratio Female (%)
Total 1:2.32 (n = 130/431) 30.2 1:0.94 (n = 222/431) 51.5
1+ year class 1:3.16 (n = 45/187) 24.1 1:1.31 (n = 81/187) 433
2+ year class 1:1.87 (n = 85/244) 34.8 1:0.73 (n = 141/244) 57.8

Table 3. Sex change ratio with year class in the same population of 7egillarca granosa

Sex change ratio (%)

v No. of
ear class individual

Individua Total F—F F—-M M- M M- F
Total 431 376 (n=162/431) 731 (n=95/130) 269 (n=35/130) 57.8 (n=174/301) 422 (n= 127/301)
1+ year class 187 353 (n=66/187)  66.7 (n = 30/45) 333 (n=15/45) 641 (n=91/142) 359 (n = 51/142)
2+ year class 244 393 (n=96/244)  73.1 (n = 65/85) 235 (n=20/85) 522 (n=283/159) 478 (n=76/159)

*F: female, M: male

2. Recovery rate and growth

As the result of having cultured T granosa in the wild for
approximately one year from June 2011 to June 2012, the overall
recovery rate was 55.5% (n = 431/777). The recovery rate of the
1+ year class was 61.9% (n = 187/302) with SL increasing from
286 (£ 1.02) mm to 31.6 (+ 1.28) mm. In the 2+ year class, the
recovery rate was 97.3% (n = 322/331) with SL increased from
322 (£ 1.36) mm to 35.0 (+ 1.73) mm.

3. Change of sex ratio (female : male)

Although the sex ratio (female proportion) of 7 granosa was
1:2.32 (30.2%) at the initial stage (2011) of the study, it was 1:0.94
(51.5%) after one year (2012) in the same population. When the
analysis was based in "year classes", the female proportion in the

1+ year class at the initial stage of the study was 24.1% and in-
creased to 43.3% after one year in the same population. Although
the female proportion in the 2+ year class in 2011 was 34.8%, it
also increased to 57.8% in 2012. However, the increase in the
female proportion was significantly greater in the 2+ year class
(23.0%) in comparison to that of the 1+ year class (19.2%)
(Table 2).

4. Sex change ratio

For the T granosa population cultured in the wild for approxi-
mately one year, the overall sex change ratio was 37.6%. Of these,
the sex change ratio from females to males was 26.9% while the
change from males to females was 42.2%. When the analysis
was based on "year classes" the sex change ratio of the 1+ year
class was 35.3%. Of these, the sex change ratio from females to

http://jmls.or.kr
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males was 33.3% while that from males to females was 35.9%.
The sex change ratio of the 2+ year class was 39.3%. Of these the
sex change ratio from females to males was 23.5% and that from
males to females was 47.8% (Table 3).

Discussion

The sequential hermaphroditism in bivalves signifies sex change
(Heller, 1993; Gosling, 2004). The sex determination and sex change
of bivalves are influenced by genetic factors and environmental
factors such as water temperature and food (Zouros et al., 1992;
Guo et al, 1998; Yusa, 2007; Stenyakina et al, 2010; Yusa et al,
2013). However, reports on the scale and pattern of the sex
change of bivalves as well as the environmental factors involved
in the sex change are limited.

Although sex change has been reported for other bivalves,
such as scallop Patinopecten yessoensis (Osanai, 1975; Ventilla,
1982), sex change studies have traditionally been conducted on
oysters. Historically, the literature points to the higher proportion
of males at the early stage, with increasing proportion of females
arising through sex change at older stages of oysters (Orton, 1933;
Galtsoff, 1964; Thompson et al,, 1996; Guo et al, 1998). Ostrea
edulis has 10~16% male to female sex change in the first year
with approximately 50% male to female sex change in the second
year (Orton, 1933). They initially mature as males, and undergo sex
change into females after the first discharge of sperm, while sex
change is repeated throughout their life cycle (Walne, 1974). O
lurida undergoes rhythmical sex change in which the repetition of
sex change between female and male phase occurs regularly, fol-
lowing a preliminary male phase (Coe, 1934). Crassostrea virginica
is a protandric species with an increase in the proportion of
females through sex change as it ages (Thompson et al.,, 1996).
Guo et al. (1998) found that the female proportion of C gigas
was 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 change from male to female. However, Park et al. (2012) con-
firmed the sex change from male to female and then to male of
C gigas in the southern coast of Korea in accordance with their
ages. Such results suggest the possibility that the patterns of sex
change can differ depending on the habitat environment even
for those of the same species.

In Veneridae, Mercenaria mercenaria becomes sexually mature
at less than one year old, developing first as males but changing
to an equal sex ratio in the second year (Menzel, 1989). For
Ruditapes philippinarum, the sex ratio of the males is higher at

first. The ratio of females increases with the increase of their age.
Although its overall sex change ratio is approximately 19%, the sex
change ratio from female to male is approximately 12.9% while
that from male to female is approximately 25.9% (Lee et al, 2013).

For Tegillarca granosa, the scale of sex change during 2006~
2007 was reported to be 15.1% (Lee et al, 2014). In this study,
the overall scale of sex change in 7 granosa was 37.6% during
2011~2012, which was approximately 2.5 times higher than that
reported by Lee et al. (2014). In addition, the difference between
the sex change ratio from females to males and that from males
to females was 15.3% during the period of 2011~2012, which was
similar to the finding of 15.0% during 2006~2007 (Lee et al, 2014).
The sex change ratio of female to male: male to female was
1:3.42 during 2006~2007 reported by Lee et al. (2014). It was 1:
1.57 during 2011~2012 in this study.

It is impossible to confirm germ cells during the inactive stage
of the sequential hermaphroditic bivalves including C virginica
(Thompson et al., 1996), R. philippinarum (Lee et al, 2013), and T
granosa (Lee et al, 2014). Moreover, they do not display histo-
logical evidence of progressive sex change during the repro-
ductive cycle and undergo the sex change as they go through
the gonadal inactive stage. Therefore, environmental factors of
their habitat during this stage might have effect on the scale and
pattern of their sex change.

Water temperature imparts important effect on the items related
to the reproduction including the sex determination, embryonic
development, sex ratio, and sexual maturation of the molluscs
(Mackie, 1984; Chavez-Villalba et al,, 2003; Yusa, 2007). Such effect
of water temperature on reproduction is continuous for prolonged
period of time rather than temporary, thereby necessitating the
employment of integral water temperature.

This study was executed by setting the venue and duration of
the research that were the same as those of the research by Lee
et al. (2014). And comparatively analyzed the data on of the water
temperature and salinity, which are the representative factors of
a marine environment closely associated with the reproduction
of marine organisms between 2006~2007 and 2011~2012. As the
results, although there was a difference of 0.8°C in the average
water temperature during the winter, the inactive stage, between
2006~2007 (8.07°C) and 2011~2012 (7.27°C), the corresponding
average difference in the salinity was quite minor at 0.4 psu. When
this difference in the water temperature during the inactive stage
is computed as the cumulative water temperature, the difference
in the water temperature for 2011~2012 (655.6°C) is 70.5°C lower
than that for 2006~2007 (726.1°C). Therefore, the difference in the
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water temperature during the inactive stage between 2006~2007
and 2011~2012 might be the cause of differences in the scale
and patterns of the sex changes in T granosa (Table 1, Fig. 1B).

In this study, it was possible to make considerations for water
temperature and salinity on the based on existing data. However,
other factors affecting the sex change scale of 7 granosa cannot
be completely ruled out. Therefore, regarding the effect of water
temperature on their sex change, it is necessary to confirm the
change in sex ratio by changing the rearing water temperature
during the gonadal inactive stage.
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