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Abstract − As a suspension feeder, Manila clam Ruditapes

philippinarum (A. Adams and Reeve 1850) plays a crucial role in

the coastal soft bottom ecosystem in the temperate region, linking

the benthic primary production to the upper trophic level. Manila

clam density on tidal flats on the west coast of Korea has been

declining for the past decades, and infection by the protozoan

parasite Perkinsus olseni (Lester and Davis 1981) is one of the

major causes for the decline. Recent studies carried out in Japan

revealed that P. olseni induces mortalities of the juveniles in their

natural habitats, which may lead to the recruitment failure and

subsequent decline in the clam population. In this study, we surveyed

P. olseni infection in juvenile Manila clam occurring on two tidal

flats on the Taean coast. Ray’s fluid thioglycollate medium assay

(RFTM) revealed that P. olseni infection was not limited to the

adult clams, and the juvenile and small-sized clams are also infected

by P. olseni. As young as four-month-old juveniles from Jugyo tidal

flat were infected by P. olseni, with the prevalence (i.e., percentage

of the infected individuals) of 75.0% and the intensity of 7.77 × 105

cells g-1 wet tissue weight (WT). The adult Manila clams (SL> 30 mm)

from Jugyo tidal flat showed a prevalence of 96.0%, and the intensity

as 5.80 × 105 cells g-1 WT. The observed infection prevalence and

intensity of the juvenile are somewhat comparable to those of the

adult clams, suggesting that a high level of P. olseni infection in the

juveniles may lead to mortality and a long term decline in the clam

population density.

Keywords − Perkinsus olseni, Ruditapes philippinarum, Manila
clam, juvenile, infection prevalence and intensity, RFTM

1. Introduction

Manila clam Ruditapes philippinarum inhabits the temperate

muddy and sandy intertidal and shallow subtidal, where the

clams burrow into the sediment to maximum of 10 cm from

the surface to avoid lethal risks such as predation and

desiccation (Kurihara 2003; Toba et al. 2011; Takeuchi et al.

2015). On the west coast of Korea, Manila clam is one of the

dominant species in the intertidal benthic community, where

the density often exceeds 1,000 individuals per meter square

(Park et al. 2013, 2018). Such a high density reported from

the west coast is, in part, attributed to the characteristic high

microalgal productivity in the tidal flats (Park et al. 2014;

Kwon et al. 2020). Despite the favorable food conditions,

Manila clam production on the west coast has declined for

the past decades, and the recurring mass mortality is one of

the major factors responsible for the decline (Park et al. 2006;

Nam et al. 2018). The mass mortality events of Manila clams

on the west coast often coincide with a high level of parasitism

in the clams, especially the protozoan parasite Perkinsus

olseni (Park et al. 2006, 2010; Lee et al. 2020).

Perkinsus olseni infects various marine bivalves and

gastropods, and the infected hosts often show retarded growth

and reproduction (see the review of Villalba et al. 2004 and

Choi and Park 2010). Mortalities of adult Manila clams

parasitized by a high level of P. olseni have been reported

from several locations in the world, including the west coast

of Korea (Pretto et al. 2014; Ruano et al. 2015; Nam et al.

2018). Recently, Waki et al. (2018) reported a high level of*Corresponding author. E-mail: skchoi@jejunu.ac.kr



574 Lee, H.-M. et al.

juvenile clam mortality from a tidal flat in southern Japan,

where the Manila clam density showed a long term decline.

The survey indicated that the juveniles were infected by P.

olseni, and they postulated that the mortality linked to the

high level of P. olseni infection in the juvenile might prevent

recruitment, resulting in the long term decline of the adult

clam population in the study site. Park et al. (2018) reported

that there is no recruitment of the juvenile clams in some

tidal flats on the west coast of Korea, while the pathogenic

condition of the juvenile remains unexamined.

While numerous studies have reported P. olseni infection

among adult clams in various tidal flats in Korea waters,

infection in the juveniles remains poorly known (Park and

Choi 2001; Park et al. 2006; Uddin et al. 2010; Yang et al.

2012). Recently, Yang et al. (2019) first reported P. olseni

infection cases in the juvenile and small clams on the west coast,

although the data are somewhat insufficient to substantiate

the infection. In the summer of 2016 and 2017, we investigated

P. olseni infection in the juveniles in two tidal flats on the

west coast, where previous studies reported a high level of

infection. In this study, we report the survey results of P.

olseni infection in juvenile clams. 

2. Materials and Methods

Sampling effort

We selected Jugyo tidal flat as the study site to survey P.

olseni infection in the juveniles. Jugyo tidal flat is located on

the northern coast of Boryeong county on the west coast of

Korea (Fig. 1). According to Park et al. (2018), Jugyo tidal

flat consists of gravelly muddy sand. Kang et al. (2017) and

Yang et al. (2019) reported that Manila clams in Jugyo tidal

flat are heavily infected by P. olseni. As a control, we also

visited Padori tidal flat in Geunso Bay, approximately 55 km

north of Jugyo tidal flat, where the bottom sediment is

characterized as gravelly muddy sand (Park et al. 2018; Jeon

et al. 2019). Kang et al. (2017) and Yang et al. (2019) reported a

low level of P. olseni infection in Manila clams in Padori tidal

flat. In August 2016, 409 clams ranging from 8.5 to 42.5 mm

in shell length (SL) were collected from Jugyo tidal flat (Fig. 1).

In August 2017, we also gathered 407 clams ranging from

9.9 to 43.3 mm SL from Padori tidal flat for the analysis (Fig. 1).

Biometry

At the laboratory, SL (i.e., the longest axis of the shell) of

Fig. 1.Map showing the study sites showing Padori (A) and Jugyo (B) tidal flats on the west coast of Korea
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each clam was measured to mm using an electronic caliper.

The soft body was removed from the shell and measured to

mg using an electronic valance. The weight of the shells was

also measured to mg. Condition index (CI) was determined

as the ratio of the wet tissue weight (WT) to the dry shell

weight.

The age of each clam used in this study was determined by

reference to the von Bertalanffy growth curves of Ruditapes

philippinarum reported in Korea by Chung et al. (1994) and

Choi et al. (2011). Based on SL, we grouped all the collected

clams into six size classes, including three different classes

of juvenile (7 to 10 mm, 10 to 15 mm and 15 to 20 mm), two

different classes of small clams (20 to 25 mm, 25 to 30 mm)

and a class of adult clams (30 to 45 mm). According to the

growth curve, Manila clams smaller than 10 mm SL are four

months old, 10 to 15 mm SL are nine months old, and 15 to

20 mm SL are 15 months old. Therefore, the juveniles we

defined in this study are believed to be 4 to 15 months old,

while the small clams are approximately 1.5 to 3 years old

(Fig. 2).

P. olseni infection intensity analysis using RFTM assay

Ray’s fluid thioglycollate medium assay (RFTM, Ray 1966)

and NaOH digestion (Choi et al. 1989) were adapted to diagnose

P. olseni infection. After measuring the weight, the whole tissue

was placed in a conical tube containing 10 ml of FTM media

fortified with antibiotics (nystatin 200 unit ml-1, chloramphenicol

100 ng ml-1). After a week of incubation in the dark at room

temperature, the FTM was discarded, and all tissues were

digested in 2M NaOH at 60°C for one hr. After several washing

steps, the hypnospores developed in the media were resuspended

in 3 to 10 ml of phosphate-buffered saline (PBS) and the number

of cells was counted using a hemocytometer. Finally, the

infection intensity of P. olseni was expressed as the number

of prezoosporangia cells per gram of the wet tissue (cells g-1

WT).

Statistical analysis

The significance of variations of mean values among all

CI and the infection intensities were verified using the non-

parametric one-way ANOVA (Kruskal-Wallis test). For the

analysis, CI and the infection intensity data were rank-

Fig. 2. von Bertalanffy growth curves of Ruditapes philippinarum used in this study. A, the growth curve estimated by Chung et al.
(1994) and B, Choi et al. (2011)
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transformed. SAS statistical package (SAS Institute Inc;

2019 USA) was used for the analysis with the statistically

significant level at p < 0.05.

3. Results and Discussions

Table 1 summarizes the numbers, sizes, and CI of the

clams collected from the two tidal flats. The mean CI of the

clams from Jugyo tidal flat was significantly higher than

those of clams from Padori, regardless of the size classes (p

< 0.05). At Jugyo tidal flat, the mean CIs of juvenile clams

(7−20 mm SL) ranged from 0.35 to 0.53, and the mean CI of

the adult clams (30−45 mm SL) was significantly higher

than the juveniles (p < 0.05). 

Table 2 shows P. olseni infection prevalence and the

intensity of the clams analyzed using RFTM. The infection

prevalence (i.e., percentage of the infected clams) of Manila

clams from Jugyo tidal flat ranged from 63.7% (15−20 mm

SL) to 97.1% (25−30 mm SL). It was noticeable that the

juvenile clams of 7−10 mm SL (N = 16) occurring on Jugyo

tidal flat exhibited a high prevalence (75.0%), although the

prevalence of the small and the adult clams was higher than

that of the juveniles (81.6−97.1%).

The juvenile clams from Jugyo tidal flat also showed a

high level of P. olseni infection intensity, ranging from 3.82

× 105 cells g-1 WT (15−20 mm SL) to 7.77 × 105 cells g-1 WT

(7−10 mm SL). The infection intensities of the juveniles

were somewhat comparable to the 1.5 to 3 years-old small

and adult clams, as their infection intensities ranged from

4.58 × 105 cells g-1 WT (20−25 mm SL) to 5.80 × 105 cells g-1

WT (30−45 mm SL). The non-parametric ANOVA test

indicated that the mean infection intensity of the adult clams

Table 1. Shell length (SL), wet tissue weight (WT), and condition index (CI) of Ruditapes philippinarum collected from Jugyo and
Padori tidal flats

Site Shell Length (SL, mm)  N Mean SL (mm) WT (g) CI

Jugyo 7 ≤ SL < 10 16 9.3 ± 0.4 0.04 ± 0.03 0.35 ± 0.09

10 ≤ SL < 15 180 12.8 ± 1.3 0.09 ± 0.03 0.47 ± 0.08

15 ≤ SL < 20 91 16.5 ± 1.2 0.18 ± 0.06 0.53 ± 0.07

20 ≤ SL < 25 38 22.4 ± 1.2 0.54 ± 0.12 0.52 ± 0.09

25 ≤ SL < 30 34 27.1 ± 1.6 1.01 ± 0.21 0.57 ± 0.06

30 ≤ SL < 45 50 35.0 ± 3.7 2.24 ± 0.72 0.56 ± 0.09

Padori 7 ≤ SL < 10 1 9.9 0.03 0.33

10 ≤ SL < 15 92 13.4 ± 1.2 0.07 ± 0.02 0.39 ± 0.06

15 ≤ SL < 20 113 17.5 ± 1.4 0.17 ± 0.05 0.42 ± 0.05

20 ≤ SL < 25 77 22.3 ± 1.7 0.42 ± 0.13 0.41 ± 0.06

25 ≤ SL < 30 59 27.2 ± 1.4 0.79 ± 0.16 0.40 ± 0.08

30 ≤ SL < 45 65 35.1 ± 3.8 1.92 ± 0.69 0.42 ± 0.07

Table 2. Perkinsus olseni infection prevalence (Prev.) and intensities in the different size groups of Manila clams analyzed in this study.
WT, wet tissue weight

Site
Shell Length
(SL, mm)

 N
Prev.
(%)

Mean infection intensity
(cells g-1 WT)

Highest infection intensity
(cells g-1 WT)

Jugyo 7 ≤ SL < 10 16 75.0 7.77 × 105 ± 8.83 × 105 3.07 × 106

10 ≤ SL < 15 180 76.7 5.54 × 105 ± 6.38 × 105 3.09 × 106

15 ≤ SL < 20 91 63.7 3.82 × 105 ± 5.63 × 105 3.81 × 106

20 ≤ SL < 25 38 81.6 4.58 × 105 ± 4.49 × 105 1.74 × 106

25 ≤ SL < 30 34 97.1 5.50 × 105 ± 4.35 × 105 1.51 × 106

30 ≤ SL < 45 50 96.0 5.80 × 105 ± 3.09 × 105 1.36 × 106

Padori 7 ≤ SL < 10 1 - 1.32 × 10
6

1.32 × 10
6

10 ≤ SL < 15 92 4.3 2.15 × 104 ± 1.48 × 104 1.31 × 106

15 ≤ SL < 20 113 1.8 8.31 × 102 ± 7.29 × 103 7.59 × 104

20 ≤ SL < 25 77 39.0 2.15 × 10
4
 ± 4.72 × 10

3
2.08 × 10

5

25 ≤ SL < 30 59 81.4 3.72 × 104 ± 4.72 × 104 1.76 × 105

30 ≤ SL < 45 65 90.8 4.37 × 104 ± 5.41 × 104 2.50 × 105
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is significantly higher than the juvenile and small clams (p <

0.05). 

Perkinsus olseni infection prevalence of Manila clams

from Padori tidal flat varied from 1.8% (15−20 mm SL) to

90.8% (30−45 mm SL), and the intensities ranged from 8.31

× 105 cells g-1 WT (15−20 mm SL) to 4.37 × 105 cells g-1 WT

(30−45 mm SL). The paired t-test indicated that P. olseni

infection intensity of Manila clams from Padori tidal flat is

significantly lower than the intensities of Manila clams from

Jugyo tidal flat, regardless of the size classes (p < 0.05).

Numerous studies have reported that a high level of P.

olseni infection exerts sub-lethal effects on the hosts such as

retarded growth and reproduction, and often a high level of

P. olseni infection leads to the mortality of the parasitized

clams (Villalba et al. 2004; Park et al. 2006; Pretto et al. 2014;

Waki et al. 2012, 2018). In particular, the detrimental effects

of P. olseni parasitism on juvenile Manila clam was confirmed

experimentally in Japan, as P. olseni challenged juveniles

showed a high level of mortality (Shimokawa et al. 2010;

Waki et al. 2012; Umeda et al. 2013; Waki and Yoshinaga

2013, 2018). The experiments carried out in Japan indicated

that the infection level exceeding 106 cells g-1 WT could be

lethal to the juveniles (Shimokawa et al. 2010; Waki and

Yoshinaga 2013, 2018). Waki et al. (2018) also reported that

the recent decline in Manila clam density in Ariake Bay in

Japan is linked to the mass mortalities of the newly recruited

juveniles, where the juveniles exhibited a P. olseni infection

intensity exceeding 106 cells g-1 WT.

RFTM assay carried out in this study indicated that more

than 60.0% of the juvenile clams (4 to 15-month-olds) at

Jugyo tidal flat are infected by P. olseni, and approximately

one-half of the infected juveniles showed the intensity close

to 106 cells g-1 WT (Fig. 3). Using RFTM assay, Yang et al. (2019)

also estimated P. olseni infection intensities of juvenile clams

ranging from 10 to 15 mm SL in Gomso Bay and Incheon Bay,

and they reported the mean infection intensities of the juveniles

as 4.91 × 105 cells g-1 WT (Gomso Bay, January 2008) and 9.41 ×

105 cells g-1 WT (Sungam Incheon, November 2008). It was

noticeable that the highest infection intensity of the juveniles

reported by Yang et al. (2019) is exceptionally high, as much

as 1.41 × 106 cells g-1 WT (Gomso Bay) and 3.20 × 106 cells g-1

WT (Sungam Incheon Bay). According to Waki and Yoshinaga

(2013) and Waki et al. (2018), such a high level of infection

can be lethal to the juveniles, since the level exceeds 106

cells g-1 WT. In the natural habitat of the clams, a high level

of P. olseni infection may negatively impact activities such

as burrowing and feeding, as well as depressing the cellular

immune functions of the host (Waki and Yoshinaga 2018;

Nam et al. 2018). 

The life cycle of P. olseni features three distinct stages

including the trophozoite stage, a vegetative stage in the host

tissue, the prezoosporangia (i.e., hypnospore) stage, a resting

stage in the environment, and the motile zoospore stage where

the parasite emerges from the prezoosporangia stage (see a

review of Villalba et al. 2004). All these three life stages are

known to be infectious (Villalba et al. 2004; La Peyre et al.

2008). The infectious Perkinsus cells are also released from

an infected host via feces and pseudo-feces, and decomposing

tissues of moribund hosts (Bushek et al. 2002; Villalba et al.

2004). Perkinsus olseni particles are also presented in the

sediment and then transmitted to a new host via filtering of

the infectious cells as they are resuspended in the water column

(Park et al. 2010; Wang et al. 2018). In this study, the adult

clams occurring on Jugyo and Padori tidal flat show a high

P. olseni prevalence (90.8 to 96.0%), indicating that both

tidal flats are P. olseni endemic areas. The observed high

level of P. olseni infection in the juveniles at Jugyo tidal flat

Fig. 3. P. olseni infection intensity of Manila clams in different
size groups
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can be explained by the active feeding activities of the

juveniles, as they filter the infectious P. olseni cells in their

environment (Wang et al. 2018; Waki and Yoshinaga 2018).

In this study, we did not estimate the mortality of the juvenile

clams caused by P. olseni in the study area, although RFTM

assay indicated that the level of infection in some juveniles

is considered to be lethal. For the proper management of

Manila clam populations on the west coast, more studies on

P. olseni infection dynamics and the related impacts on juvenile

clams should be carried out to enhance the wild Manila clam

population.
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