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Nymphonella tapetis (Pycnogonida, Ascorhynchidae) is an endoparasitic sea spider affecting bivalves. Recently, sea spiders
have been found on a massive scale in the commercially important Manila clams (Veneridae, Ruditapes philippinarum) in
Japan (Tokyo Bay). Simultaneously, mass mortality has occurred in this area. Local fishers assumed that this mass mortality
was caused by the parasitic sea spider, despite the effect of the parasite and parasite intensity on the host being unknown. To
evaluate the susceptibility of the Manila clam to sea spider infestation and the impact on mortality levels, we established six
treatments at different infection intensities (density of newly hatched larvae of sea spiders) over a 6-month long laboratory
experiment. We monitored mortality and three susceptibility indices (clearance rate, sand-burrowing speed and adductor
muscle strength) under sufficient food conditions. Parasitization by sea spider affected clearance rate and sand-burrowing
speed. The pattern of parasitic intensity effects on survival of Manila clam hosts was shown to be dependent on the levels
of parasite numbers, i.e. clams with lower parasitic levels (total of ,200 hatching larvae of sea spider given to a host)
have a higher survival rate, and high mortality of host clams was shown in excessively higher parasitic densities (400–
4000 individuals). Such pattern of parasitic effects on host survival might be one of the causes of mass mortality of
Manila clams occurring in the field.
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I N T R O D U C T I O N

Parasites may regulate the population size of their host by
causing high mortality (Møller, 2000; Altizer et al., 2006)
and by decreasing fecundity (Hudson et al., 1998;
Fredensborg et al., 2005). Parasite-induced mortality has
been investigated both theoretically and experimentally
(Anderson & May, 1978; Adler & Kretzschmar, 1992).
However interactive relationships between host and parasite
such as symbiotic relationships are often complex and
intensity-dependent factors that lead to host mortality are dif-
ficult to identify (May & Anderson, 1983; Tompkins & Begon,
1999).

Nymphonella tapetis (Ohshima, 1927) is a sea spider that is
endoparasitic in bivalves, including the commercially

important Manila clam Ruditapes philippinarum (Adams &
Reeve, 1850), and had been found intermittently within the
host clam since 1927 (Ohshima, 1927, 1933, 1935; Kikuchi,
1976; Ogawa & Matsuzaki, 1985). Until 2006, this parasite
species had only rarely been found, and biological knowledge
of it was limited, because its translucent body colour, behav-
iour of shallow sand-burrowing, small size and quite small
population mean it is difficult to find.

In 2007, the species appeared suddenly and spread explo-
sively on a massive scale infesting R. philippinarium and
several other bivalves on the Banzu tidal flat in Tokyo Bay,
Japan (Miyazaki et al., 2010, 2015; Toba et al., 2016).
Simultaneously, mass mortality of bivalves was observed,
leading to the shutdown of the local clam fishery.
Understandably, it was assumed that mortality was due to
the parasitism of the sea spiders. However, it has still not
been confirmed that sea spider infection leads to high mortal-
ity of the clam (Ohshima, 1927, 1933, 1935; Kikuchi, 1976;
Ogawa & Matsuzaki, 1985). If it can be established that para-
sitism by sea spiders is the cause of mortality within a
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population, then simultaneous outbreaks of sea spiders and
mass mortality of host clams could be attributed to high
levels of infestation. This study evaluated the susceptibility
of the Manila clam R. philippinarium to sea spider infestation
and the impact on mortality levels. The experiments were con-
ducted under controlled laboratory conditions where environ-
mental conditions and food supply could be maintained.

Adults of N. tapetis live freely on or just under the surface
of sandy substrata. Adult males carry embryos on their ovigers
until hatching, as is common in sea spiders. Hatched larvae
enter the host bivalves and grow there, clinging to various
soft parts and feeding on body fluid, probably until the matur-
ation moult. After the first discovery of this species in 1926,
there were occasional records from several places in Japan
(Ohshima, 1927, 1933, 1935; Kikuchi, 1976; Ogawa &
Matsuzaki, 1985; Miyazaki et al., 2015). Reported host
bivalve species for this sea spider include the Manila clam R.
philippinarum, as well as the Common Orient clam Meretrix
lusoria, duck clam Mactra veneriformis, razor clam Solen stric-
tus and Theora lata (Kikuchi, 1976; Ogawa & Matsuzaki,
1985). All these bivalves occur commonly in Tokyo Bay but
mass mortality supposedly due to sea spider parasitism was
observed only in Manila clam (Miyazaki et al., 2010; Toba
et al., 2016). In this study, therefore, we evaluate the impact
of N. tapetes on populations of the Manila clam.

Based on population variation of adult sea spiders in the
tidal flat sediments (e.g. Murauchi et al., 2014), parasitic
recruitment of sea spider into the Manila clam may occur at
several times during the year (spring–autumn; Miyazaki
et al., 2010; Murauchi et al., 2014; Yamada et al., 2016b).
Not all larval recruitment represents parasitic success,
because the number of initial recruitment of newly hatched
larvae (difficult to see with the naked eye and up to 42 indivi-
duals; Yoshinaga et al., 2011) is higher than the number of
immature parasites (visible with the naked eye and up to 15
individuals; Miyazaki et al., 2010; Tomiyama et al., 2016). It
is presumed that a greater number of newly hatched larvae
may parasitize a host clam until these observations of initial
recruitment (Yoshinaga et al., 2011). However, the infection
dynamics of this sea spider (such as infection ratio, parasitic
growth success rate until adulthood within host clams, and
ratio of dropout in newly hatched larvae from host clam)
are not well understood.

A sudden and significant presence of a newly observed
species is commonly assumed to be indicative of it being an
alien or recently introduced species. The same occurred in
the case of N. tapetis in Tokyo Bay, although there has been
dispute over whether N. tapetis is a native or alien species
(Miyazaki et al., 2010, 2015); many studies support its identi-
fication as an alien species because of its unexpected occur-
rence and fishery damage (Yoshinaga et al., 2011; Chow
et al., 2012; Yoshinaga, 2012; Murauchi et al., 2014).

M A T E R I A L S A N D M E T H O D S

Laboratory experimental setting
The laboratory experiment was conducted in aquaria (height
30 cm, bottom area 800 cm2), randomly placed in a running
filtered seawater system (flow rate 0.5 l h21, salinity 27–32),
with aeration under ambient light and temperature conditions
(Appendix 1). Each aquarium contained one-third fine sand

(depth 12 cm; median grain size: 180 mm), which was
washed with filtered seawater and dried (at 988C for
.48 h). Sediment hardness in running filtered seawater was
approximately 0.15 kPa (vane shear strength), suitable for
sand-burrowing by the Manila clam (Sassa et al., 2011).

Collection of host and parasite, and
preparation for laboratory experiments
Experimental clams (N ¼ 300, mean shell length 27.2 + 1.2)
were collected at particular sites in Tokyo Bay (35824′N
139854′E; northern parts of the Banzu tidal flat) and Lake
Hamana (34845′N 137835′E) No sea spiders were detected
in our preliminary observations from c. 300 clams captured
at these sites.

In the laboratory, the clam specimens were acclimated in
aquaria for .14 days with running aerated filter-cleaned sea-
water prior to the experiment, in order to remove the effect of
the natural environment in the inhabited area (i.e. historical
effect) and to ensure uniform conditions among the Manila
clams (cf. Yamada et al., 2016a). A diatom Chaetoceros spp.
(cell diameter �5–7 mm), was used to provide an algal diet.
A sufficient feeding status of 5–10 × 107 cell.clam-g21 day21

(Toba & Miyama, 1991; Nakamura, 2004; Yamada et al.,
2016a) was offered for 12 h every day until the end of the
laboratory experiments. The number of algal cells was
counted in a Coulter counter (Coulter Z1, Beckman Coulter,
Inc., Tokyo, Japan), and those with a particle diameter of
.2.5 mm were regarded as Chaetoceros spp.

Newly hatched larvae were obtained from ovigerous males
of N. tapetis for manipulating parasitism intensity (e.g.
Ohshima, 1933, 1935). Ovigerous males (free-living) of N.
tapetis carrying egg-mass sacks (�500 ind.) were collected
from several sites at southern parts of the Banzu tidal flat in
Tokyo Bay biweekly from May to August 2011. Ovigerous
males of N. tapetis were kept in chambers (�20 ind.
aquarium21) with running aerated filter-cleaned seawater
and sufficient feeding status (Chaetoceros spp., 5–10 × 107

cell.sea spider-g21.day21), although the diet of free-living
adults of this species is still not fully understood. As the sea
spider larvae are not planktonic, newly hatched larvae were
collected on the bottom every day. Hatched larvae were iso-
lated in aerated chambers which were stored and kept in an
incubator (158C) under a dim light. Most eggs of a single
male hatched within 7 days, and �5 × 107 larvae (mean
torso length, 46.2 + 4.9 mm) were obtained from �300
adult males. Before inducing parasitism into the Manila
clam, dead larvae were removed. These operations were con-
ducted four times for manipulating parasite from June to
August 2011 (Appendix 1).

Experimental design and monitoring of
mortality and susceptibility
In this experiment we examine the susceptibility of the host
Manila clam to varying numbers of parasitic larvae. It has
been reported that: (1) not all initial recruitment of newly
hatched larvae translates into parasitic success because the
number of initial recruitment of newly hatched larvae (up to
42 individualsYoshinaga et al., 2011) is higher than the
number of visible immature parasites (up to 15 individuals;
Miyazaki et al., 2010; Tomiyama et al., 2016); (2) a greater
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number of newly hatched larvae may parasitize a host clam
until observations of initial recruitment (Yoshinaga et al.,
2011); and (3) parasitic recruitment of sea spider into the
Manila clam may occur at several times during a year
(spring –autumn: Murauchi et al., 2014; Yamada et al.,
2016b). Based on these observations, we established six
levels of parasite number for study: (1) control (CL: parasite-
free), (2) Level 1 (L1; 10 parasite larvae per host × 4 times),
(3) L2 (50 parasite larvae × 4 times), (4) L3 (100 parasite
larvae × 4 times), (5) L4 (500 parasite larvae × 4 times),
and (6) L5 (1,000 parasite larvae × 4 times) (Appendix 1).
Miyazaki et al. (2010), Yoshinaga et al. (2011) and
Murauchi et al. (2014) found that the naturally occurring
number of parasites in each bivalve was up to �50 individuals.
Based on this estimate, we established the number of parasites
in L2 as natural parasite density. Thus, L3–6 would be
extreme parasite densities. For each of the six levels, 50 indi-
viduals of the clam were introduced into each infection level
(L) aquarium, giving a density of approximately 350 ind.
m22, very similar to natural densities in the tidal flats of
Japan (Yamada et al., 2014; Tomiyama et al., 2016).

Parasite infection was conducted by directly introducing
100 ml of seawater including newly hatched larvae into the
Manila clam by pipette (Appendix 1). 100 ml of filtered sea-
water with a uniform density of newly hatched larvae and
only seawater for the control (CL) were poured into the
Manila clam using a tapered pipette by shell opening slightly
(,0.5 mm width). The survival rate of the parasites was mea-
sured by counting the number of free-living adults in each
aquarium (see Results).

In the Banzu tidal flat, N. tapetis has a continuous repro-
ductive season from spring to autumn (when temperatures
are .158C, Appendix 2; Miyazaki et al., 2010; Yoshinaga
et al., 2011; Yamada et al., 2016b). We therefore monitored
mortality and three mortality susceptibility indices (i.e. sus-
ceptibility leading to the mortality) of the host in ambient
environmental conditions during this period (June–
November) in the laboratory.

Clam mortality, and the presence of free-living adults to
assess the success of induced parasitism, were monitored
daily. With regard to mortality susceptibility indices, we mea-
sured monthly clearance rates to represent feeding activity,
and sand-burrowing activity and adductor muscle strength to
represent physical capability (see below). A total of 3–5 indi-
vidual clams were randomly selected from each of the six
levels (L), and the three mortality susceptibility indices were
measured; this was done to avoid continuous measurement of
a specific individual. After measurement, these individuals
were placed back into their respective aquarium. Considering
the experimental conditions, the mortality susceptibility
indices determined by this indirect method may not be repre-
sentative of the true filtration rate of the clam in natural condi-
tions. When taking into account the simplicity of our study,
these values could potentially be used in comparative studies.

Measurement of susceptibility
Feeding activity of the clams as a mortality susceptibility index
was assessed in terms of clearance rate (CR), as per Nakamura
(2004):

CR = (V/ts) · ln(Cn/Cn+1) − CR∗ (1)

where V is the volume of the medium in the chamber, Cn and
Cn+1 are the algal concentration (Chaetoceros spp. cells ml21,
measured by Coulter Z1) at the start (time ¼ 0) and at time ts,
respectively, and CR∗ is the apparent clearance rate due to set-
tling of algae on the floor of the chamber. CR∗ was estimated
by monitoring changes in algal concentration (cell ml21) in a
chamber without clams (control):

CR∗ = (V/ts) · ln(C∗
0/C∗

1 ), (2)

where C0∗ and C1∗ are algal concentration (cell ml21) in the
control at the start and at time ts, respectively. The chamber
measurement for clearance rate was conducted in ambient
conditions with gentle aeration for about 30 min.

The physical capability of the clams as a mortality suscep-
tibility index was assessed from sand-burrowing speed (mm
s21) and adductor muscle strength (g) (i.e. the shell-closing
strength). In the measurement of sand-burrowing speed,
clams were reared in covered chambers (inner diameter
8.5 cm; height 30.0 cm) containing washed and dried sand
(median grain size: 180 mm and sand depth �15 cm) and
�280 ml of rearing water. The Manila clam, acclimatized
for 1 day, was placed on the surface of the sand. Burrowing
times, from touching the sediment surface with its foot to
burying the tip of the shell (according to Sassa et al., 2011),
were recorded for 3–5 randomly selected individuals. When
the clam did not move for .30 min, the sand-burrowing
experiment was ceased and postponed to another day, again
using randomly selected clams.

A spatula-shaped pressure sensor (SsPS, Sensor Net Co.
Ltd, Yamagata Prefecture, Japan; 5 mm width and ,0.5 mm
height) was used for measuring adductor muscle strength
(cf. Tomiyama et al., 2016). The head of the SsPS was inserted
(2–3 mm) between the valves into the half-length of the clam
shell, with these preconditioned for .1 h in chambers contain-
ing sand (depth �15 cm) with aerated rearing water. Pressures
were continuously recorded every second from 5 to 60 s after
insertion (55 datasets per observation) using an instrumentation
amplifier (WGI-400, KYOWA Co. Ltd, Japan). The maximum
pressure value was expressed as adductor muscle strength for
comparison amongst the control and L1-L5 infection level speci-
mens. Although clams were opened slightly after this operation,
we confirmed in the initial procedure that this manipulation did
not adversely affect the clams.

Statistical analysis
Differences in mortality among parasite infection levels were
evaluated using Cox proportional-hazards regression analysis
(Cox, 1972). The analysis included levels and experimental
date (nested within levels) as explanatory variables.
Differences in the occurrence of sea spiders and susceptibility
among levels (aquaria) were evaluated using a generalized
linear mixed model (R ver. 3.0.2 [http://cran.r-project.org/]),
because pseudoreplication occurs in randomly chosen meas-
urement terms (e.g. Yamada et al., 2014). We modelled para-
site intensity (CL, L1–5) as a fixed effect and experimental
data as a random effect (family ¼ Poisson). Modelling meas-
urement terms as a random effect controlled for pseudorepli-
cation and accounted for the variance between particular
terms. Variance components of random effects were estimated
using the restricted maximum likelihood method. Tukey post
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hoc tests were carried out to determine which time and treat-
ments differed.

R E S U L T S

Mortalities (%) were significantly different among levels of
parasite number (df ¼ 5, b ¼ 0.608, Wald statistics ¼ 25.78,
P , 0.001, Figure 1A). Mortalities in L1 and L2 were not sig-
nificantly different from controls (L1: z ¼ 1.12, P ¼ 0.2611;
L2: z ¼ 1.08, P ¼ 0.2784), while mortalities in L3–5 were sig-
nificantly higher (L3: z ¼ 3.48, P , 0.001; L4: z ¼ 3.67, P ,

0.001; L5: z ¼ 3.25, P ¼ 0.001). The occurrence pattern of
adult sea spiders in experimental aquaria (ind. aquarium21)
was also significantly different among levels (df ¼ 4, x2 ¼

35.309, P , 0.001, Figure 1B). Specifically, the number of
occurrences in L1 and L2 were significantly lower than in L4
and L5, with L3 intermediate among them.

The three mortality susceptibility indices showed typical
seasonal changes, i.e. during higher temperature periods
(summer: July–August), the clearance rate and sand-
burrowing speed were higher, and adductor muscle strength
(g) was lower (Figure 2). The clearance rate and sand-
burrowing speed were significantly different among levels
(clearance rate: df ¼ 5, x2 ¼ 12.223, P ¼ 0.032; sand-
burrowing speed: df ¼ 5, x2 ¼ 12.355, P ¼ 0.030, Figure 2).
However, although significant differences among levels were
shown in September and November for clearance rates, and
in July, September and November for sand-burrowing
speed, a decreasing trend along level gradients was not
evident in these months (Figure 2). Adductor muscle strength

did not differ significantly among levels (df ¼ 5, x2 ¼ 6.983,
P ¼ 0.222) (Figure 2).

In order to evaluate the effect on the host, we show differ-
ences in susceptibility between each parasite level (L) and CL
(as D susceptibility) in Figure 3. Because L should be lower
than CL due to effect of parasite, D susceptibility would
show negative changes. However, there was no clear trend
in temporal changes in D clearance rate, D sand-burrowing
speed and D adductor muscle strength (Figure 3). The nega-
tive relationships between levels and mortality susceptibility
indices were not clear, although negative effects were often
observed in L4 and L5 for D clearance rate, L3 and L4 for D

sand-burrowing speed, and L2–4 of D adductor muscle
strength; nevertheless, a clear decreasing gradient across
levels was not observed.

D I S C U S S I O N

Parasite number corresponded to a pattern of variation in
temporal mortality along levels (Figure 1A). The mortality
of Manila clams can be correlated with the level of parasitic
infection by the sea spider. Notably, the pattern of parasitic
intensity effects on survival of Manila clam hosts was shown
to be dependent on the levels of parasite numbers. In other
words, clams with lower parasitic levels have a higher survival
rate. This study is the first to report a potential correlation
between the mortality of this commercial fishery species and
parasitic infection by sea spiders.

The results of occurrence of adult sea spider in experimen-
tal aquaria indicate that introduction of parasitism in clams
was accomplished in this study (Figure 1B). This result pro-
vides valuable information on the duration of the stage from
newly hatched larva to sea spider adult, shown to be 1–1.5
months, based on the first occurrence of free-living adults
50 days from first infection in June (Figure 1B). This informa-
tion is helpful in understanding the life cycle of the sea spider
(e.g. Murauchi et al., 2014; Yamada et al., 2016b). On the other
hand, occurrence number of adult sea spider from clam hosts
were low, compared with numbers of initial-parasite introduc-
tion to an excessively high number (,5% of total number of
newly hatched larvae in initial-parasite introduction). There
might be two reasons for this: (1) the early parasitic success
ratio by newly hatched larvae of sea spiders is quite low;
and (2) parasites were successful only during limited periods
(e.g. if one-time induced parasitism manipulation (e.g. only
on 11 July) was successful (Appendix 1), parasitic success
would be 20%). However, we could not confirm early parasitic
success by newly hatched larvae of sea spiders due to technical
problems caused by the necessity of opening (killing) clams to
confirm early parasitic success.

In this study, we demonstrated that survival and suscepti-
bility of host clams were dependent on the levels of parasite
numbers. However, we also detected that significantly higher
mortality of host clams was shown in cases of excessively
higher parasitic densities (L3–5), and cases of weak influence
of the parasitic sea spider on host susceptibility were also
shown. These results suggest that mere presence of the para-
sitic sea spider (i.e. normal level of parasite) may not always
be concerned with survival and susceptibility of host clams.
In fact, the results of our experiment indicate that clams
with lower parasitic levels (L1–2) had a high survival rate.
This is consistent with results obtained in other clam parasite

Fig. 1. Temporal changes in (A) D mortality rate (by control) of the host
Manila clam Ruditapes philippinarum with levels (L1–5) of parasite number,
and (B) accumulation of the number of free-living adult sea spiders,
Nymphonella tapetis, during the experimental period (June–December).
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species (e.g. Yoshinaga et al., 2010; Waki & Yoshinaga, 2013).
Generally, the number of endoparasitoid species is quite low
among the total fauna (e.g. May & Anderson, 1983;
Tompkins & Begon, 1999). This is because parasites that kill
their hosts result in the parasite’s own death, which is quite
an inefficient biological interaction for population mainten-
ance of parasite species from both ecological and evolutionary
perspectives (Anderson & May, 1978; Adler & Kretzschmar,
1992). In the case of N. tapetis, although there is a perception
that sea spiders have a strong influence on Manila clam mor-
tality (Chow et al., 2012; Yoshinaga, 2012), it is possible that
the mass mortality of the clam cannot be solely attributed to
N. tapetis.

This suggestion that the mass mortality of clams is not
caused only by the sea spider but also by other factors is
also supported by our results of susceptibility variations.
Although clearance rate and sand-burrowing speed were sig-
nificantly different among treatments (Figure 2), a clear
decreasing trend across parasite levels was not evident for
any delta (D) in susceptibility indices (Figure 3). This result
supports that parasitization by sea spiders may not always
have a negative effect on host susceptibility. In this laboratory
experiment, we offered sufficient feeding states and a stable

water environment to host clams, suggesting that such experi-
mental conditions may lead to less infection effect on suscep-
tibility variations.

In order to confirm effect in the results of this study (i.e.
less infection effect on mortality and/or susceptibility of host
clam) with such a stable condition for host clam in laboratory
experiment, we established additional treatments under no
food conditions in L2, and monitored the mortality of host
clams. As a result, the number of infected clams in this treat-
ment decreased exponentially, and all infected clam indivi-
duals were dead within 34 days (data not shown). On the
other hand, infected clam individuals in L2 treatments with
sufficient food survived (not all dead) until the end of the
experiment of this study (�6 months; Figure 1A). These
results indicate a notable effect of interaction between para-
sitic infection and lack of food on host clams, supporting
that mass mortality of host Manila clam in the field (Tokyo
Bay) may not be caused solely by parasitic infection of sea
spiders, and might possibly be due to interactive effects
between the parasitic infection and other factors, such as
lack of food and severe environmental conditions (e.g.
hypoxia and low salinity; Wakita et al., 2014; Yamada et al.,
2016a).

Fig. 2. Variation of the three mortality susceptibility indices (clearance rate, sand-burrowing speed and adductor muscle strength) of the host Manila clam
Ruditapes philippinarum parasitized by the sea spider Nymphonella tapetis at control (CL) and at each Level (L1–5) of parasite number during each
experimental month (June–December).
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The result of a lower infection effect in normal parasitic
levels on mortality and/or susceptibility of host clam also
imply that the Manila clam as host of parasitic sea spider
might have some strategies to avoid and/or reduce the effect
of infection (e.g. May & Anderson, 1983; Tompkins &
Begon, 1999). If so, the fact that occurrences of parasitic sea
spiders on the Manila clam have been recorded for many
decades (since 1926; Ohshima 1927, 1933, 1935) suggests
that the Manila clam might have historical experience (e.g. a
selective advantage). This supports that N. tapetis might eco-
logically be regarded as a native species, although many
studies have identified N. tapetis as an alien species because
of its unexpected occurrence and fishery damage (Yoshinaga
et al., 2011; Chow et al., 2012; Yoshinaga, 2012, Murauchi
et al., 2014).

C O N C L U S I O N

We evaluated the influence of the parasitic sea spider N.
tapetis on the host Manila clam R. philippinarum, focusing
in particular on the survival and susceptibility of the host by
manipulating parasite number. Mortality of the Manila clam
depended on the levels of parasite numbers, but pattern of
mortality was significantly different between the levels of para-
site numbers (L1–2 and L3–5). Susceptibility of Manila clam
was affected by the parasitization but not always. These results
suggest that mere presence of the parasitic sea spider (i.e.
normal level of parasite) may not be concerned with survival

and susceptibility of host clams, and is therefore possibly
situation-dependent. For example, feeding state and environ-
mental variations might influence infection effects. Our results
also suggest that such interactive effects of infection and envir-
onmental variations on susceptibility of Manila clams would
provide an important future perspective for evaluation of
infection effects (Møller, 2000; Altizer et al., 2006).
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A P P E N D I X 1 A P P E N D I X 2

Appendix 1A. Date and number of induced parasites (newly hatched
larvae) of the sea spider on the host Manila clam in experiments.

Treatments Date Total

30-May 17-Jun 11-Jul 12-Aug

Control (CL) 0 0 0 0 0
Level 1 (L1) 10 10 10 10 40
Level 2 (L2) 50 50 50 50 200
Level 3 (L3) 100 100 100 100 400
Level 4 (L4) 500 500 500 500 2000
Level 5 (L5) 1000 1000 1000 1000 4000

Appendix 1B. Relationship between levels (L1–5) of parasite number and
total number of induced parasites (newly hatched larvae) of sea spider in the
Manila clam.

Appendix 2A. Temporal changes in (A) mean temperature (8C) and (B) mean
salinity of aquaria on experimental dates (May–December 2011).

742 katsumasa yamada et al.

https://doi.org/10.1017/S0025315417000200 Published online by Cambridge University Press

https://doi.org/10.1017/S0025315417000200

	Impact of sea spider parasitism on host clams: susceptibility and intensity-dependent mortality
	INTRODUCTION
	MATERIALS AND METHODS
	Laboratory experimental setting
	Collection of host and parasite, and preparation for laboratory experiments
	Experimental design and monitoring of mortality and susceptibility
	Measurement of susceptibility
	Statistical analysis

	RESULTS
	DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENTS
	FINANCIAL SUPPORT
	REFERENCES
	Appendix 1
	Appendix 2


