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Abstract : In the present study, we investigated temporal variation in the reproductive effort and bio-

chemical contents in adult Manila clam Ruditapes philippinarum at Shi-Heung-Ri beach on the east

coast of Jeju Island. Gonad-somatic index (GSI), a ratio of the egg mass to the total biomass determined

using ELISA increased dramatically from late May to June (7.1% to 19.5%). In mid-July, GSI dropped

to 15.1%, indicating spawning on a small scale during this period. GSI also declined dramatically from

late August (15.5%) to September (4.3%), suggesting that massive spawning occurred during this

period. A positive correlation was observed between clam size and potential fecundity, while potential

fecundity ranged between 1.19−8.40 million eggs/clam. Total proteins and lipids in the tissue increased

from late spring to mid-summer, coinciding with an increase in GSI. Protein, lipid and carbohydrate

contents in the tissue were lowest in January, indicating that clams were suffering from poor nutritional

circumstances, which may be associated with poor food supply from the environment. Monthly increase

and/or decrease in the body weight were closely related to gonad maturation and subsequent spawning,

which was also linked to temporal changes in the contents of protein, lipid and carbohydrates in the

tissue. 
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1. Introduction

Widely distributed on intertidal sand or sandy-mud flats

in the coastal Yellow Sea, Manila clam Ruditapes

philippinarum is often a dominant species in terms of the

abundance in the coastal benthic ecosystem (Okutani

2000; Min 2004; Koh and Khim 2014; Kim et al. 2017). In

Jeju Island, off the south coast of Korea, where annual

mean water temperature is higher than the west and south

coasts, Manila clams also occurs widely on sand tidal flats

in Jeju Island, although its population density is much

lower than the west and south coasts (Park and Choi 2001;

Ngo and Choi 2004; Lee et al. 2014). Despite its importance

in the coastal ecosystem, few studies have carried out to

understand reproductive ecology of clams in Jeju Island.

Kang et al. (2004) first investigated an annual reproductive

cycle of the clams from Shi-Heung-Ri beach on the east

coast of Jeju Island. According to Kang et al. (2004),

clams at Shi-Heung-Ri beach initiated the gonial mitosis in

March, as the water temperature remained 14−15oC, then

they spawned from early July to late August as the water

temperature reached 24−27oC. 

Understanding annual gametogenesis and the amount of

gametes produced in an annual reproductive cycle of*Corresponding author. E-mail : skchoi@jejunu.ac.kr
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marine bivalve is crucial in successful management of a

natural population or aquaculture (Park et al. 2005; Ngo et

al. 2006; Yang et al. 2018). Measuring quantity of gonad

or gamete in marine bivalves is often challenging, since

most of marine bivalves do not exhibit a discrete gonad to

be isolated and measured; gonad of marine bivalves is an

integral part of the mantle and the visceral mass (see

Sastry 1979). As reproductive mature individual Manila

clam also exhibit no discrete gonad, while the gametes are

presented in the mantle and visceral mass (Park and Choi

2004).

To overcome the difficulty involved in the measurement,

Park et al. (2004) developed polyclonal antibody specific

to Manila clam egg protein. For the quantification, Park et

al. (2004) applied an indirect enzyme-linked immunosorbent

assay (ELISA), which is fast and sensitive. In ELISA,

small quantity of homogenized clam tissue which contains

unknown quantity of the egg protein is located on a

microplate wall and reacted with the egg protein-specific

polyclonal antibody. The microplate also includes known

quantity of the clam egg proteins as the standard material

and reacted with the antibody. Quantity of the egg protein

in the clam tissue is finally referred from a regression

curve of the egg standard included in the ELISA. ELISA

was found to be sensitive, fast and affordable for the

quantification. Accordingly, several different types of

polyclonal antibodies have been developed to quantity

reproductive effort of different marine bivalve species

using ELISA (Kang et al. 2003; Park et al. 2003, 2005;

Uddin et al. 2012; Mondol et al. 2012; Kim and Choi

2012; Jeung et al. 2014). 

Biochemical composition in marine bivalve tissues,

including carbohydrate, protein and lipid often varies

seasonally, due to the growth and reproductive condition.

According to Uddin et al. (2012), the total carbohydrate

level in Manila clam in Incheon Bay on the west coast of

Korea reaches its annual maximum in May, as level of

chlorophyll a in the water column show its annual highest.

In contrast, the total carbohydrate level was markedly

decreased during post spawning seasons in several marine

bivalves (Ngo et al. 2006; Yang et al. 2011; Uddin et al.

2012).

In the present study, we attempted to utilize the

polyclonal antibody to assess the reproductive effort of

Manila clams from Shi-Heung-Ri beach on the east coast

of Jeju Island. The present study also determined potential

fecundity of clams during the spawning season, referred

from the reproductive effort.

2. Materials and Methods

Sampling site and effort

Shi-Heung-Ri beach locates on the east coast of Jeju

Island, where the fine sand flat extends approximately

800 m from the high tide to the low tide line (Fig. 1).

According to Kang et al. (2004), the sea surface temperature

varied from 10 (January) to 28oC during the course of

study. In this study, 30 to 40 adult clams were collected

monthly or biweekly from May 2001 to April 2002 (Table

1). For the assay, clams were first placed in a 40 L seawater

Fig. 1. Sampling location, Shi-Heung-Ri sand flat on the east coast of Jeju Island (cited from Kang et al. 2004)
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tank for 24 hrs to depurate their stomach contents. After

measuring the shell length (i.e., the longest axis of the

shell) to mm, the flesh was removed and weighed to mg

using an electronic balance.

Analysis of biochemical composition of tissue

For the assay, whole body was lyophilized and homo-

genized using mortar and pestle. Twenty to 25 mg of the

homogenized tissue was taken from individual clam and

further homogenized using an ultrasonicator. Level of

carbohydrate in the tissue was determined according to

Taylor (1995) using phenol-sulfuric acid with dextrose

(anhydrous) as the standard. Quantity of protein in the

tissue was estimated using the method described by Lowry

et al. (1951), as bovine serum albumin was used as the

standard material. The total lipid level was determined

gravimetrically, as the lipid was extracted from the tissue

using methanol and chloroform according to Bligh and

Dyer (1959). Concept of standard animal was adapted in

this study to exclude effect of the size, and absolute

quantity of the proteins, carbohydrates, and lipids were

estimated monthly (Beninger and Lucas 1984; Ruiz et al.

1992; Kang et al. 2000, 2007). The standard animal length,

which was the mean shell length of the total analyzed

clam, was found to be 31.6 mm. Tissue dry weight,

protein, carbohydrate, and lipid of a standard animal were

calculated for each sampling month. Allometric relationship

of log10 dry tissue weight against log10 shell length for the

clams at each sampling period was determined using linear

regression analysis. All regressions were statistically

significant (P < 0.001). 

Quantification of reproductive effort using ELISA

An indirect enzyme-link immunosorbent assay (ELISA)

was used to determine quantity of the eggs in a female

clam. In ELISA, the rabbit anti-Manila clam egg protein

IgG developed by Park and Choi (2004) was served as the

primary antibody, and the alkaline phosphatase-labeled

goat anti-rabbit IgG (Sigma) as a secondary antibody. For

the analysis, triplicates of 100 µl of each clam tissue

homogenate dissolved in 0.15 M PBS (pH 7.5) were

included in a 96-well ELISA microplate. The microplate

also included duplicates of the standard solution, which

were known quantity of the purified clam egg homogenized

in phosphate buffered saline. Optical density (OD) of the

color product developed in ELISA (i.e., primary antibody-

antigen complex) was red at 405 nm using a micro-plate

spectrophotometer. From ELISA, a regression curve was

plotted based on the optical densities of different concen-

trations of the egg standard. Unknown quantity of the egg

protein presented in the homogenized clam tissue was then

referred from the standard regression curve. Finally,

quantity of the egg mass was estimated as the quantity of

egg protein obtained from ELISA times 2.44 (i.e., the ratio

of egg protein in an individual egg, Park and Choi 2004).

The ratio of the egg mass to the total dry tissue weight was

expressed as gonad somatic index (GSI). Potential fecundity

of ripe female clams was also determined by dividing total

quantity of the eggs estimated from ELISA by 22 ng,

estimated weight of the single mature egg. Estimation of

the potential fecundity was limited to the females exhibiting

GSI over 20% during spawning season.

3. Result

Reproductive effort  

Indirect ELISA assay applied in this study was fast and

sensitive, which detected as little as a few milligrams of

clam eggs contained in 100 to 300 mg dry weight of the

somatic tissues. Over 12 months of sampling, the clam egg

proteins could be detected as early as in March, as most of

the females were in early to developing stage. It was

noticeable that GSI of a clam collected in December 2001

contained substantial amount of the egg during post-

spawning period, as the GSI was calculated to be 14.1%.

Fig. 2 plots monthly means and the standard errors of

GSI estimated using ELISA. In 2001, GSI increased

dramatically from May (2.5%), reached its annual highest

in late June (18.9%). GSI remained stable during the

Table 1. Biometry of clams used in this study. SL, shell

length in mm, WTW, wet tissue weight in gram

Sampling 

Period
N SL (mm) WTW (g)

2001 May 30 37.5 ± 2.5 1.963 ± 0.498

June 30 32.3 ± 3.9 1.494 ± 0.451

July 30 30.7 ± 2.8 1.009 ± 0.267

August 30 34.6 ± 4.2 2.190 ± 0.791

September 30 31.3 ± 4.0 1.481 ± 0.577

October 30 32.2 ± 4.5 1.266 ± 0.589

November 30 29.6 ± 2.1 0.962 ± 0.200

December 30 31.1 ± 2.3 1.018 ± 0.273

2002 January 30 29.9 ± 1.8 0.790 ± 0.144

February 30 31.4 ± 5.6 0.937 ± 0.532

March 30 29.1 ± 4.0 0.793 ± 0.469

April 30 31.2 ± 2.9 0.946 ± 0.288

May 30 29.9 ± 2.5 0.923 ± 0.325
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summer, from July (15.1%) to late August (15.5%). In late

summer, GSI dropped rapidly (4.3% in September), as

most of the female completed spawning. During January

and February, ELISA failed to detect the egg protein in

clams, when most of the clams were in resting phase (i.e.,

reproductively inactive). The highest GSI was recorded in

July, as 36.3%. 

From June to September 2001, a total of 20 clams

showed their GSI over 20%. Accordingly, the potential

fecundity of those female was determined. The potential

fecundity ranged 1.193 million to 8.394 million eggs, with

a mean of 3.443 million. A positive correlation was found

between the size and the fecundity, as larger female

produces more number of eggs during spawning season

(P < 0.05, Fig. 3).

Tissue biochemical composition 

Fig. 4 shows monthly changes in the total dry tissue

Fig. 3. Potential fecundity of Manila clam estimated from

a clam population at Shi-Heung-Ri beach on the

east coast of Jeju Island. N = 20, clams exhibited

GSI over 20% were selectively included

Fig. 4. Seasonal changes in total dry tissue weight of

clams. The observed tissue dry weight was con-

verted to a standard animal weight as calculated

from the standard clam with shell length of

31.6 mm obtained in this study

Fig. 2. Monthly variation in GSI of Manila clam at Shi-

Heung-Ri beach in Jeju Island

Fig. 5. Seasonal changes in total protein, carbohydrate

and lipid in the tissue. The observed weight of

total protein, carbohydrate, and lipid was con-

verted to a standard animal weight as calculated

from the standard clam length of 31.6 mm in

shell length obtained in this study 
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weight. During May and June of 2001, the total tissue dry

weight (mg) increased dramatically from 131.4 mg to

234.8 mg. The total tissue weight was slightly declined

from June to July (204 mg), then, increased again from

July to August (308.3 mg). From September 2001 to

January 2002, the total tissue weight declined gradually,

reaching its annual minima in January (126.0 mg).

Seasonal changes in the total protein, carbohydrate, and

lipids are presented on Fig. 5. Monthly mean level of the

total protein in the body tissue ranged 42.0 mg (February

2002) to 157.1 mg (August 2001), while the monthly mean

of the total carbohydrate and lipid varied from 13.8 mg

(January 2002) to 59.5 mg (November 2001), and 11.2 mg

(January 2002) to 62.7 mg (August 2001), respectively.

The protein and lipid contents in the tissue increased from

May to August and September, as quantity of the eggs

increased until spawning. In contrast, the total carbohydrate

increased gradually from August to January, then dropped

dramatically. 

4. Discussion

Indirect ELISA applied in this study enabled us to

quantify reproductive effort of female Manila clams, and

the ELISA was sensitive enough to assess a small quantity

of the egg protein presented in a clam collected in March,

when most of the females were reproductively inactive or

in early gametogenic stage (Kang et al. 2004). It was also

noticeable that ELISA detected the egg protein in an

individual clam collected in December, as most of the

females completed their spawning activities. Although the

clam collected in December contained substantial amount

of the eggs in the tissue (i.e., GSI = 14%) spawning of this

clam is unlikely to occur, since the water temperature (12−

13oC) is too cold to trigger spawning. 

GSI of the females determined in this study represents a

ratio of the egg mass to the total tissue weight. In an

annual reproductive cycle of clam, GSI would elevate

from the gonial mitosis to spawning, as the gametogenesis

progresses; highest GSI could be observed just prior to

spawning, while GSI declines after spawning, due to

discharge of the eggs (Choi et al. 1993; Kang et al. 2003;

Park and Choi 2004; Uddin et al. 2012, 2013). GSI of the

females at Shi-Heung-Ri beach increased dramatically

from May (3.1%) to June (19.5%). GSI of the female

stayed high during July (15.1%) and August (15.5%), then

declined dramatically in September (4.3%). The observed

changes in GSI during the summer indicate that clams

become ready for spawning in June, while a certain

portion of the females in the population spawned in July.

Dramatic decrease in GSI from August to September

suggests that most of clams actively discharged their

gametes during this period, resulting in decline of both

GSI and the body weight. 

As previously reported, water temperature and available

food in the environment are the key parameters that

govern the time series of the gonad maturation and

subsequent spawning. During the course of study, the sea

surface temperature increased from June (19.0oC) to

August (27.3oC), then dropped in September (24.7oC).

Accordingly, the rapidly elevated water temperature from

June to July may trigger spawning of the female, and the

highest temperature recorded in August enhanced the

spawning. 

Using ELISA data, potential fecundity (i.e., number of

mature eggs present in an individual clam) was calculated,

assuming that the mature clam egg weighs 22 ng (Park and

Choi 2004). For the calculation clams exhibiting GSI over

20% were selectively included, as previous studies indicated

that GSI of 20% is typical value for the clams in ready for

spawning (Park and Choi 2004; Uddin et al. 2012, 2013).

The fecundity of Manila clam at Shi-Heung-Ri was positively

correlated with the size, or age of clam, indicating that

large clams produce more eggs during spawning period. It

is noticeable that an individual clam size of 42 mm in shell

length analyzed in this study may produce as much as 10

million eggs during a spawning season. Similarly, Park

and Choi (2004) reported potential fecundity of Manila

clams in Gomso Bay on the west coast Korea as 0.94 to

11.00 million. Using the clam egg protein-specific polyclonal

antibody, Uddin et al. (2013) also determined GSI and

fecundity of Manila clam occurring on intertidal of a small

lagoon on the east coast of Jeju Island. During the summer

of 2006, Manila clam at the lagoon spawned mostly in late

August and the spawning activity completed in late

September. Fecundity estimated from the clam population

at the lagoon ranged 2.42−8.97 million eggs, which is

somewhat comparable to the present study (Table 2).

According to Uddin et al. (2013), GSI and the fecundity of

clams from Jeju are somewhat lower than the values

reported from the west coast of Korea, possibly due to the

low food availability in Jeju. 

Several studies attempted to assess fecundity of Manila

clam, which do not have a discrete gonad using various

methods (Table 2). Gravid clams are often induced to

spawn using various chemical stimulants including

ammonia and hydrogen peroxide solution. In Tokyo Bay

Japan, Toba and Miyama (1991) induced spawning of the
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gravid females using ammonia, as they reported the

fecundity as 0.24−1.35 × 106 eggs/clam. Chung et al.

(2001) also applied ammonia and thermal shock to induce

spawning in Manila clams, to quantify the amount of eggs

released during induced spawning. According to Chung et

al. (2001), some clams did not response to the chemical

stimulation, and the induced spawning is somewhat

incomplete and partial. Contrary to the induced spawning

assay, ELISA used in this study estimates quantity of the

egg proteins in the subsamples from whole clam

homogenized. Since ELISA detect minute amount of the

egg protein in a clam, regardless of the gametogenic stage,

the fecundity estimated using ELISA is considered to be

maximal. As many studies have reported, not all the

mature eggs are released via spawning, as some of the

residual eggs are phagocytized by the hemocytes and

reabsorbed during post spawning period (i.e., spent or

resting stage, Kang et al. 2004).

Seasonal variation in biochemical composition of clams

is often closely related to the reproductive activities of the

species (Robert et al. 1993; Ojea et al. 2004; Uddin et al.

2012). In this study, total protein and lipid levels increased

at a fast rate from May to June, and reached the annual

maxima in July. Such increases in the protein and lipids

coincided with the rapid increase in GSI. Unlike lipid and

protein, the carbohydrate level dropped from June to July

and August. It is also noticeable that both protein and lipid

level in the tissues dropped dramatically from August to

October, as most of the females completed spawning

during this period. In contrast, the carbohydrate level

inclined from August to November, when Manila clams

were in spent or resting stage, indicating that seasonal

change in the carbohydrate in clam tissue is inversely

related to the changes in protein and lipid. Such inverse

correlation was also reported by Camacho et al. (2003) and

Serdar and Lok (2009). 

Ojea et al. (2004) analyzed biochemical composition of

different tissues of the carpet shell clam Ruditapes

decussatus in an annual gametogenic cycle in Galicia

Spain. In their study, both protein and lipid level in the

gonad-visceral tissue increased from spring to summer, as

the clam became sexually mature during period. In

contrast, maximum level of glycogen in the tissue was

observed during the resting stage, as was observed in this

study. Similar seasonal variation was also confirmed by

Serdar and Lok (2009); seasonal change in the lipid

content in the carpet shell clams at Sufa Lagoon in Turkey

was inversely related to change in the carbohydrate

content. In marine bivalves, carbohydrates are used as the

energy-rich fuel for the build-up of the gametes during

vitellogenesis via conversion of the carbohydrate into lipid

reserves (Gabbott 1975, 1976, 1983). After spawning,

clams may reserve the assimilated energy as carbohydrate

(i.e., mostly glycogen) in the tissues, then the reserved

energy is mobilized and used as fuel during spawning

(Robert et al. 1993; Camacho et al. 2003; Ojea et al. 2004).

It is believed that the observed high levels of protein and

lipid in summer are associated with gonad maturation

process, since the clam eggs contain high level of protein

and lipid (Park and Choi 2004; Park et al. 2005). During

November and January, the carbohydrate level dropped

markedly, indicating that clam mobilized the reserved

energy during this period, suggesting that nutritional status

of the clams was in poor condition. In January, both lipid

and protein also showed its annual minimum, suggesting

that clams suffered from insufficient food supply which

may lead the poor nutritional condition, although the level

of available food for the clams was not determined in this

study. 

In summary, seasonal changes in the tissue biochemical

Table 2. Summary of Ruditapes spp. fecundity

Species Location Methodology
Fecundity

 (×10
6
 eggs)

Author (s)

R. philippinaum Tokyo Bay, Japan Induced spawning by ammonia 0.24−1.35 Toba & Miyama (1991)

R. largillierti Launceston, Tasmania Induced spawning by thermal shock 0.5−0.9 Kent et al. (1999)

R. philippinaum Gomso Bay, Korea Induced spawning by exposing to air, 

feeding stimulus, and thermal shock

0.20−1.79 Chung et al. (2002)

R. philippinaum Gomso Bay, Korea Immunological method (ELISA) 0.94−11.00 Park & Choi (2004)

R. philippinaum Bakmiri Tidal Flat, Korea Immunological method (ELISA) 2.54−13.40 Uddin et al. (2012)

R. philippinaum Tong-bat-arl Lagoon, 

Jeju, Korea

Immunological method (ELISA) 2.42−8.97 Uddin et al. (2013)

R. philippinaum Shi-Heung-Ri Sand Flat, 

Jeju, Korea

Immunological method (ELISA)
1.19−8.40 Present study
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composition and potential fecundity of Manila clam at Shi-

Heung-Ri beach on the east coast of Jeju Island were

monitored in an annual reproductive cycle of clam using

ELISA. GSI increased dramatically from May to June then

dropped from August to September, indicating that clams

at the study site spawned in late summer. GSI was

positively correlated with clam size, it was estimated that

the females may release 3.443 million eggs during

spawning. 
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