quatic

Aquatic Animals vol. 2026

nimals June 2026

Low-salinity tolerance in early life history stages of the porcellanid crab
Petrolisthes japonicus: implications for larval dispersal strategy

Kazuki Zama, Katsuyuki Hamasaki*, Shigeki Dan

Department of Marine Biosciences, Tokyo University of Marine Science and Technology, Konan, Minato,
Tokyo 108-8477, Japan.

*Corresponding author, e-mail: hamak@kaiyodai.ac.jp

Abstract

Early life stages of benthic decapod crustaceans are critical for dispersal and recruitment. We investigated
the low-salinity tolerance of Petrolisthes japonicus, an intertidal anomuran crab, to infer its larval dispersal
strategy. This species undergoes two zoeal stages and one megalopal stage. Given its broad distribution in
East Asia, we hypothesized that it employs a larval export strategy, in which larvae develop in stable coastal
or offshore waters before returning to fluctuating intertidal habitats. We exposed larvae and juveniles from
three broods to various salinities at 24 °C for 24 h to determine the median lethal salinity (MLS). MLS values
for first zoeae (18.0-20.0 ppt) and second zoeae (16.7-17.8 ppt) were significantly higher than those for
megalopae (7.0-8.0 ppt) and first crabs (6.1-10.3 ppt). These findings indicate an ontogenetic shift in salinity
tolerance, with megalopae and juveniles being significantly more euryhaline than zoeae. This supports the
export strategy hypothesis, suggesting that stenohaline zoeae rapidly emigrate to higher-salinity coastal or
offshore waters, whereas the more tolerant megalopae subsequently return to the parental intertidal habitat for

settlement.
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Introduction

Benthic decapod crustaceans typically exhibit a
complex life cycle characterized by a transition from
pelagic larvae to sedentary benthic juveniles and
adults (Anger 2001). These early life history stages
are fundamental to population persistence because
they facilitate essential dispersal and recruitment
processes. Specifically, the planktonic zoeal stage
serves as the primary phase for larval dispersal,
whereas the subsequent megalopal stage functions as
the transitional stage between pelagic and benthic
environments, enabling successful recruitment.
Information on larval biology and ecology is thus
essential for understanding population connectivity
and persistence in benthic decapod crustaceans.
Petrolisthes japonicus (De Haan, 1849) is an
anomuran crab of the family Porcellanidae Haworth,
1825. It inhabits intertidal cobble and boulder shores
in temperate and tropical regions of East Asia,

ranging from the western coast of Aomori Prefecture
on the Sea of Japan coast (~40-41 °N, ~140°E) and
the Boso Peninsula on the Pacific coast (~35°N,
~140°E), Japan, southward to Taiwan and southern
China (~21°N, ~108°E) (Miyake 1998; Osawa 2022).
This species is among the most common porcellanid
crabs along the Pacific coasts of Japan (Osawa 2022).
Petrolisthes japonicus hatches as a prezoea that
persists for approximately 1 h, and larval
development comprises two pelagic zoeal stages and
one megalopal stage before metamorphosis into the
first crab stage (Lee 1993; Osawa 1995). Megalopae
initiate benthic life in intertidal habitats (K. Hamasaki
et al., personal observations). Zoeal duration has been
reported as 12-15 days under laboratory conditions at
24-25 °C and 34-35 ppt salinity (Osawa 1995).
Given its broad geographic distribution, zoeae of P.
japonicus may disperse widely in coastal or offshore
waters, whereas megalopae may return to intertidal
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parental habitats and molt into first crabs (i.e., export
strategy: Strathmann 1982; Anger 2001). Intertidal
habitats often experience fluctuating and reduced
salinity conditions, whereas coastal and offshore
environments generally exhibit more stable and
higher salinity. Based on this environmental contrast,
megalopae and first crabs of P. japonicus are
hypothesized to be more euryhaline and to possess
stronger low-salinity tolerance than zoeae, as reported
in decapod crustaceans with a larval export strategy
(Charmantier et al. 2002; Anger et al. 2008).
Information on salinity adaptation in P. japonicus,
however, remains limited. The present study aimed to
infer the larval dispersal strategy of P. japonicus by
determining and comparing low-salinity tolerance
limits among zoeae, megalopae, and first crabs.

Materials and Methods

Collection and maintenance of crabs
Ovigerous females of P. japonicus were collected by
hand from the intertidal cobble and boulder zone
(34°58'N, 139°46'E) of the Boso Peninsula, Japan, at
low tide in May and June 2022 and 2023. Females
were transferred to the laboratory at the Tokyo
University of Marine Science and Technology
(Tokyo, Japan) and maintained individually in 500-
mL plastic beakers containing artificial seawater (34
ppt salinity) (Sealife; Nihonkaisui, Tokyo, Japan).
Laboratory temperature was maintained at 24 °C
under natural photoperiod conditions (~14 h light),
which is within the summer temperature range in their
natural habitats (Hamasaki et al. 2020). Crabs were
fed Artemia nauplii at a density of 2 individuals/mL,
and culture water was replaced every 3 days by
carefully transferring crabs to newly prepared beakers

until larval hatching occurred.

Salinity tolerance experiments

Salinity tolerance experiments were conducted three
times using larvae originating from different broods:
brood 1 in June 2022, brood 2 in June 2023, and brood

3 in July 2023. Newly hatched larvae (first zoeae)
from each brood were stocked and cultured in five 5-
L plastic beakers (~150 larvae per beaker) containing
artificial seawater (34 ppt salinity) at 24 °C. Culture
water was aerated through a Pasteur pipette. Larvae
were fed Artemia nauplii at 2 individuals/mL, and
30 % of the culture water in each beaker was renewed
every 3 days. Five oyster shell fragments (~2 x 2 cm)
were provided in each beaker as settlement substrate
for megalopae.

Salinity levels used to determine low-salinity
tolerance limits were as follows: brood 1, 5-30 ppt at
5-ppt intervals; broods 2 and 3, 4-34 ppt at 4-ppt
intervals. Test seawater was prepared by adding
artificial seawater salts to distilled water. Zoeae,
megalopae, and first crabs were subjected to
experiments during the afternoon of the first day of
each stage. At the start of each experiment, test
animals were collected from the culture beakers and
thoroughly rinsed with seawater adjusted to the
designated salinity. Individuals were subsequently
stocked separately in six-well cell culture plates
containing 8 mL of test seawater per well without
food. Twelve individuals were tested at each salinity
level for most developmental stages; however, for
brood 1 first crabs, this was reduced to 10 per level
due to limited availability. Culture plates were
wrapped with cellophane and maintained at 24 °C for
24 h. Test animals were subsequently examined

microscopically, and dead individuals were counted.

Statistical analysis

All statistical analyses were performed in R version
4.5.2 (R Core Team 2025), with significance set at o
= 0.05. To evaluate low-salinity tolerance limits for
each early life history stage, median lethal salinity
(MLS) was estimated as the salinity at which 50 % of
test individuals died. MLS values were estimated
using bias-reduced binomial generalized linear
models (GLMs; logistic regression), with survival
status (1 = alive, 0 = dead) as the response variable
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Fig. 1. Survival rates after 24 h of exposure to
different salinity conditions in first zoeae (Z1),
second zoeae (Z2), megalopae (MG), and first crabs
(C1) from three different broods (A, brood 1; B,
brood 2; C, brood 3) of Petrolisthes japonicus.
Symbols indicate observed survival rates; horizontal
jitter was applied for clarity. Dashed curves represent
logistic equations shown in Table 1.

and salinity as a continuous explanatory variable.
Binomial GLMs were fitted using the glm function
with the brglmFit method implemented in the
package brglm2 (Kosmidis and Firth 2021). MLS
estimates and associated 95 % confidence intervals
were derived using the invest function in the investr
package (Greenwell and Kabban 2014).

MLS estimates were compared among stages using
linear mixed-effects models (LMMs), in which MLS
was specified as the response variable and stage was

treated as a categorical fixed effect. Sequential brood
number was included as a random intercept to account
for among-brood variability. LMMs were fitted using
the Imer function in the Ime4 package (Bates et al.
2015). Statistical significance of fixed effects was
assessed using Type Il Wald F-tests with Kenward—
Roger degrees of freedom implemented via the Anova
function in the car package (Fox and Weisberg 2019).
Pairwise comparisons of estimated marginal means of
MLS among stages were conducted using the
emmeans function with Tukey-adjusted multiple
comparisons in the emmeans package (Lenth and
Piaskowski 2026).

Results

Survival rates tended to decrease with decreasing
salinity in each developmental stage from the three
broods (Fig. 1). Declines in survival began at higher
salinity levels in zoeae than in megalopae and first
crabs. Relationships between survival rate and
salinity were well described by logistic equations
(Table 1). MLS values were similar among broods,
ranging from 18.0 to 20.0 ppt for first zoeae, 16.7 to
17.8 ppt for second zoeae, 7.0 to 8.0 ppt for
megalopae, and 6.1 to 10.3 ppt for first crabs (Fig. 2).

MLS differed significantly among early life history
stages (F = 68.49, df = 3, 6, p < 0.0001). Estimated
marginal means of MLS differed significantly
between zoeal and settlement stages (megalopae and
first crabs) (p = 0.0001-0.0005), whereas no
significant differences were detected between first
and second zoeae (p = 0.2562) or between megalopae
and first crabs (p = 0.9659).

Discussion
Our experiments demonstrated that low-salinity
tolerance limits were significantly lower in settlement
stages than in zoeae of P. japonicus. These results
support the hypothesis that megalopae and first crabs
are more euryhaline and possess greater low-salinity

tolerance than zoeae, consistent with a larval export
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Table 1. Coefficient estimates and standard errors (SE) of the logistic equation, y = 1/(1 +
exp(—(a + bx))), used to evaluate survival responses (y) after 24 h of exposure to different
salinity conditions (x) in first zoeae (Z1), second zoeae (Z2), megalopae (MG), and first

crabs (C1) from three different broods of Petrolisthes japonicus.

Brood Stage N Coefficient Estimate SE z value p

1 Z1 72 a —6.5102  1.4917 —4.364 <0.0001
b 03252 0.0728 4.464 <0.0001

72 2 a —8.3811  2.1664 —-3.869 0.0001

b 0.5029  0.1274 3.946 0.0001

MG 72 a —2.2208  0.8966 —2.477 0.0133

b 0.2999  0.0864 3.469 0.0005

Cl 60 a -1.3956  0.6811 —2.049 0.0405

b 0.1354  0.0421 3.213 0.0013

2 71 72 a -4.3122  0.9861 -4.373 <0.0001
b 0.2153  0.0467 4.612 <0.0001

72 72 a —13.6697  4.4061 -3.102 0.0019

b 0.7663  0.2549 3.006 0.0026

MG 72 a -1.9509  0.7639 —2.554 0.0107

b 0.2439  0.0663 3.679 0.0002

Cl 72 a —0.9985  0.6380 —-1.565 0.1176

b 0.1639  0.0480 3.415 0.0006

3 7.1 72 a =5.1962  1.2290 —4.228 <0.0001
b 0.2888  0.0647 4.461 <0.0001

72 72 a —-11.0478  3.7307 -2.961 0.0031

b 0.6523  0.2231 2.924 0.0035

MG 72 a —7.4956  2.6804 —-2.796 0.0052

b 1.0706  0.3513 3.048 0.0023

Cl 72 a -1.8275  0.7639 =2.392 0.0167

b 0.2457  0.0687 3.578 0.0003

strategy in this intertidal anomuran crab.

In congeneric sesarmid crabs of the genus Armases
Abele, 1992, ontogenetic patterns of low-salinity
tolerance during the zoeal stages vary among species
according to the salinity conditions of the larval
hatching habitat (Anger 2001; Anger et al. 2008). For
example, in 4. roberti H. Milne Edwards, 1853, which
releases larvae into riverine waters, first zoeae are the
most euryhaline and exhibit the greatest tolerance to
low salinity among the four zoeal stages. In contrast,
A. ricordi H. Milne Edwards, 1853, which releases
larvae directly into coastal waters, exhibits little
ontogenetic tolerance

change in low-salinity

throughout the zoeal stages (Anger et al. 2008).

In P, japonicus, low-salinity tolerance limits did not
differ significantly between first and second zoeae.
This pattern suggests that larvae hatch in coastal
waters and are exported shortly after hatching to
coastal or offshore environments characterized by
relatively stable, high-salinity conditions. Megalopae
may subsequently recruit back to the parental intertidal
habitat, where they encounter highly variable and
often reduced salinity.

Larval transport is regulated by tidal and current
systems as well as behavioral adaptations, including
larval hatching rhythms and vertical positioning in the
water column (Forward 1987; Anger 2001; Queiroga
and Blanton 2005). Newly hatched larvae, for example,
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Fig. 2. Median lethal salinity, at which 50 % mortality occurred, after 24 h of exposure to different
salinity conditions in first zoeae (Z1), second zoeae (Z2), megalopae (MQG), and first crabs (C1) from
three different broods of Petrolisthes japonicus. Vertical lines indicate 95 % confidence intervals.

may efficiently leave parental habitats by hatching
during nocturnal ebb tides of greatest amplitude and
occupying seaward surface waters. Megalopae may
subsequently return to parental habitats by utilizing
landward bottom currents or spring flood tides while
swimming. Larval behavior and development are
influenced by various environmental factors such as
light conditions, temperature, salinity, and chemical
cues associated with adult habitats (e.g., conspecifics,
predators, and substrate characteristics) (Anger 2001;
Forward et al. 2001; Queiroga and Blanton 2005).
Future studies addressing these behavioral aspects will
further improve understanding of larval dispersal
strategy in P, japonicus. Laboratory studies examining
the effects of salinity on larval survival and
development would also help infer the spatial range of
suitable salinity conditions capable of sustaining the

meroplanktonic phase of P. japonicus.
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