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Salinity tolerance of larvae in the Penicillate crab
Hemigrapsus takanoi (DECAPODA: BRACHYURA: GRAPSIDAE)

Winda Mercedes MINGKID*,**, Masashi YokoTA* and Seiichi WATANABE*

Abstract : The penicillate crab, Hemigrapsus takanot was established recently in Japan. Larval
tolerance of this species to salinity is unknown. In laboratory experiments, we examined the
salinity tolerance of larvae from hatching to the first juvenile stage. Successful development
through metamorphosis occurred only in salinity of 25, 30 and 35 and average water tempera-
ture of 23.83 = 0.91°C. Larvae in 10, 15 and 20 %o could not pass the megalopal stage, while in
salinity 5 only 4 larvae successfully metamorphosed to the second zoeal stage but deceased two
days later. Results of the salinity tolerance suggest that the zoea and megalopa of H. takanoi
develop in higher salinity conditions and recruit to the wider salinity range when they reached

juvenile and adult stage.
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1. Introduction

Genus of Hemigrapsus presently consists of 9
species, with five of them inhabiting Japanese
waters: Hemigrapsus sanguineus de Haan 1835,
H. penicillatus de Haan 1835, H. longitarsis
Miers 1879 (Dar and Yang, 1991), H. sinensis
Rathbun 1929 (Sakar, 1976) and H. takanoi
(AsaxUrA and WATANABE, 2005). Hemigrapsus
species occur from the high to low intertidal
zones of bays and estuaries (OKAMOTO and
KURIHARA, 1987). Hemigrapsus penicillatus and
H. takanol occur where salinity ranges from o
to > 35 %o (pers.obs.). Hemigrapsus takanoi is
found under a variety of substrates, such as
oyster shells and stones and sometimes co-
locates with its sibling species H. penicillatus
(pers.obs).

Estuarine environments are characterized by
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abrupt and pronounced salinity fluctuations
(ATTRILL, 2002). Therefore, organisms surviv-
ing in this demanding condition have evolved
adaptations to cope with such extreme variabil-
ity (JonEs, 1981). The ability to withstand
wide salinity fluctuations may be conditioned
by other environmental factors such as tem-
perature, oxygen level, nutrient availability,
pollutant, light, presence of predators and sub-
strate mobility (CAMERON and MANGUM, 1983;
ELLIsON, 1994). According to TAYLOR and
SENEVIRATNA (2005) animals may survive sa-
linity variations by: 1) avoidance behavior; 2)
tolerance of internal change; or 3) physiologi-
cal cooperation. Although some species are spe-
cifically adapted to live in estuarine conditions,
others show evidence of not favouring this en-
vironment while still being able to cope within
it.

Hemigrapsus penicillatus (the sibling species
of H. takanoi) is recognized for its wide toler-
ance and adaptability to rapid environmental
changing conditions (GoLLascH, 1999;;
NWLAND, 2003), however information on larval
tolerance of H. takanot is not available. An un-
derstanding of the effects of salinity on the
survival and development of early life stage of
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H. takanot is essential for interpreting the in-
fluence of this environmental factor on the set-
tlement and distribution pattern of this
species. This study addressed this need by con-
ducting laboratory experiments with the objec-
tive of examining the range of tolerance of
larva of H. takanoi to salinity from zoeal to
first crab stage.

2. Materials and Methods
Collection and maintenance of adult crabs
Adult females of H. takanoi were collected
from Kasai Rinkai Park, Tokyo Bay, Japan in
September 2004. They were then brought to the
laboratory in Banda Marine Field Station of
Tokyo University of Marine Science and Tech-
nology and kept in plastic tanks with a salinity
of 10. Shelters were placed, mussels
(Xenostrobus secures) and green algae (Ulva
sp.) was provided as food for the adult females.
These conditions were similar to the natural
environment from which the crabs were col-
lected.

Rearing condition and observation

Freshly hatched larvae were transferred
from 1.5-litre Pyrex glass containers to the
test conditions (5, 10, 15, 20, 25, 30 and 35
salinities; 75 individuals per treatment). The
desired salinities were obtained by diluting
natural seawater with filtered tap water. Salin-
ity measurements were done using Atago hand
refractometer (%o). The salinity tolerance used
in this study was survival rate and the dura-
tion of development of individual
postembryonic stage (ANGER, 1996). First lar-
val metamorphosis to the next stage was
counted as the first day of developments in the
stage.

The containers were placed in a temperature-
controlled shallow baths without control of il-
lumination and aeration. Water temperature
was recorded every day during the experiment.
Food was supplied every morning after the
transference of the zoeas to the new containers
with a cylindrical pipette. Larvae from the first
to the third zoeal stage were fed with fresh ro-
tifers reared on Chlorella and progressively
larger sizes of Chlorella-fed Artemia and roti-
fers from fourth to megalopal stage. The

number of survivors and developmental
durations were recorded everyday. Dead larvae
were preserved in 5 % formalin for later re-
identification of stages (ISLAM et al., 2003).
Different stages of zoea were easily distin-
guished by their body size and characteristics
such as the increment of setae in telson, the
growth of pleopod cover and the appearance of
periopod.

Statistical analyses

Survival analyses (SwINScOW and CAMPBELL,
1997) were applied to detect the effect of salin-
ity on the survival of larva. The log rank test
(VENABLES and RIPLEY, 1999) was employed
using individual development days in all
salinities.

3. Results

Survival days among seven salinity condi-
tions were significantly different (P=0). The
highest survival rate (5.3 %) was observed in
water salinity at 25 %o. During the experiment,
the average of water temperature was 23.83 *=
0.91 °C.

Changes in the number of surviving larvae
with days after hatching are shown in Fig. 1.
Larval survival gradually decreased during
zoeal stage and abruptly when reached
megalopal stage. The mortality of the larvae
was increased rapidly at 5 %o of salinity. Only
four larvae successfully metamorphosed to the
second zoeal stage but they only survived for
two days. All larvae in salinity 5 died after six
days from hatching.

Above 50 % survival of larvae reared at 20
%0, 30 % at 15 % and 1.4 % at 10 %o reached
megalopal stage. However, none of this larva
had successfully metamorphosis to the juvenile
stage. Six individuals in salinity of 25 (n=3),
30 (n=2) and 35 (n=1) %o had completed to the
first juvenile stage.

The first megalopa metamorphosis to juve-
nile stage was observed on the 25" day after
hatched at 25-35 salinities. The larval stages
were completed only by larvae reared in 25-35
%o on the 29" day with the highest SR (4 %)
found at 25 %o.

Development period to each larval stage are
summarized in Table 1. Larva completed each
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Fig. 1. The survival of larvae at varying salinities.
Table 1. Development period (days) from hatching to reach first juvenile stage of
Hemigrapsus takanol reared at seven salinities.
Salinity Days to each stage
G Z1 N 72 N 73 N 74 N 75 N M N
10 3(116) 29 4(299 32 314D 11 4019 1 4029 1 - 0
15 3 (0.36) 9 4233 25 3Q8 21 3(5.03) 29 6(456) 18 - 0
20 3 (0.16) 4 6 (0.96) 8 6 (3) 15 40659 26 4368 12 - 0
25 4 (0.32) 6 60533 40 4(0.56) 3 4140 6 2@ 14 4064 2
30 4080 15 6 (1.73) 13 3(2.08) 12 3363 17 4 W 15 40032 1
35 3068 17 3(0.8 10 3@0H 17 376 11 4235 11 7245 8

a) Only four larvae survived to the second zoeal stage (Z2) at 5 %o, but all died after 2 days.

b) Mean (coefficient of variation). N denotes the number of larvae, which successfully molted from previous

stage.

zoeal stage (Z2-Z5) at around 3-6 days and 4-7
days for megalopal stage.

4. Discussion

As is true of temperature, young organisms
in general have a narrow range of salinity tol-
erance than adults (MOORE, 1958; LUPPI et al.,
2003). Salinity also affects the growth rates,
survival and development of marine inverte-
brates (CADMAN and WEINSTEIN, 1988; Younc
and HazLeTT IIT, 1978). Changes in the salinity
of seawater may affect the organisms in the
water through the specific gravity in the con-
trol and variations in osmotic pressure (GILLES
and PEQUEUX, 1983).

Even though adult of estuarine crabs were
thought to have a wide range of salinity adap-
tation (N1jLaND, 2000; 2003), larval stages
commonly have a narrow tolerance to salinity
and temperature ranges (CHARMANTIER, 1998;
SASTRY, 1983). In this study, seven different
salinities were used to investigate salinity tol-
erance of H. takanoi larva showing that the
penicillate larva (H. takanoi) could only sur-
vive to the juvenile stage at 25 to 35 %o.

According to  Kinng, (1964, 1971);
ROSENBERG and CostLow (1979), acclimatiza-
tion on salinity during earlier stages should en-
hance the tolerance in the later stages, however
none of larva was survived at 10 %, which was
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the acclimatization salinity after hatching.
These studies showed that the acclimatization
of salinity after hatching would not completely
enhance their survival. Physical environmental
factors, such as, temperature, season, stage of
life cycle (BROWN et al., 1992) and essential die-
tary nutrients (Mc. CONAUGHA, 1985) may
have significant effects on the duration of lar-
val period, growth and development.
Furthermore, megalopa in this study had
failed to metamorphosis to juvenile stage in
salinities 10, 15 and 20 %o. First zoea metamor-
phosis to megalopa stage was found in salinity
of 10 %o. However, this individual died during
metamorphosis. Larva in 15 and 20 % also
metamorphosis at 19" and 23" days but all died
before completing metamorphosis. During ex-
periment water temperature was fairly stable
but fluctuated drastically within day 17" to
21, During this period, megalopa started to
metamorphose to the juvenile stage, which may
relate to the massive death of megalopa. Fur-
ther studies are required to investigate the re-
lationship between water temperature and
salinity to the survival of H. takanot larva.
This study revealed that one larva survived
to juvenile stage in seawater (35 %o). This find-
ing may support the assumption by GOLLASCH
(1999) that the invasion of Hemigrapsus
takanoi  (formerly  recognized as H.
penicillatus) to Western Europe was a result of
fouling of ships or ballast water. However, this
assumption still requires further investiga-
tions. A comprehensive study is planned with
H. takanot and H. pencillatus it’s sibling to elu-
cidate the biological attributes, life history,
and environmental tolerance of both species.

Acknowledgements

The authors are grateful to Dr. T. COYLE for
helpful comments and advice to improve the
English-language text. We are thankful to Dr.
Y. KoIKE for useful discussions and also in-
debted to M. MaSUKO, N. ISHIKAWA and T.
SADA for their help during experiments.
Thanks also to two anonymous referees for
their invaluable comments of the manuscript.

References
ANGER, K. (1996) : Salinity tolerance of the larvae

and first juveniles of Semiterresterial grapsid
crab, Armases miersii (Rathbun). J. Exp. Mar.
Biol. Ecol. 202, 205-223.

ASAKURA, A. and S. WaTaNABE (2005) : Hemigrapsus
takanoi, New Species, A Sibling Species of the
Common  Japanese Intertidal Crab H.
Penicillatus (Decapoda: Brachyura:
Grapsoidea). J. Crust. Biol. 25, 279-292.

ArTrRILL, M. J. (2002) : A testable liner model for di-
versity trends in estuaries. J. Animal Ecol. 71,
262-269.

Brown, S. D., T. M Bert, W. A. TWEEDALE, J. J.
JoNgs and W. J. LINBERG (1992) :  The effects of
temperature and salinity on survival and devel-
opment of early life stage Florida stone crabs
Menippe mercenaria (Say) J. Exp. Mar. Biol.
Ecol. 157, 115-136.

CapMaN, L. R. and P. WrinsTEIN (1988) : Effects of
temperature and salinity on the growth of labo-
ratory-reared juvenile blue crabs Callinectes
sapidus Rathbun. J. Exp. Mar. Biol. Ecol. 121,
193-207.

CAMERON, J.N. and C.P. MaNgum (1983) : Environ-
mental adaptations of the Respiratory system:
ventilation, circulation and Oxygen transport.
In The Biology of Crustacea. Vol. 8. Bliss, D. E.
(ed.), Academic Press, New York, p. 43-63.

CHARMANTIER, G.  (1998) Ontogeny  of
osmoregulation in crustaceans: a review. Inver-
tebrate Rept. Develop. 33, 177-190.

Dar1, A. and S. Yang (1991) : Crabs of the China Seas.
China Ocean Press, Beijing. 682pp.

Eruison, J. C. (1994) : Climate change and sea level
rise impacts on mangrove ecosystem. In Impacts
of climate change on ecosystem and species, ma-
rine and coastal ecosystem, Marine conservation
and development report, IUCN, in collaboration
with WWF, US-EPA, SIDA, and RIVM, Gland,
Switzerland, p. 11-30.

GiLLES, R. and A. Prqueux (1983) : Interactions of
chemical and osmotic regulation with the envi-
ronment. /n The Biology of Crustacea. Vol.8.
Bliss, D. E. (ed.), Academic Press, New York, p.
109-177.

GorrascH, S. (1999) : The Asian decapod
Hemigrapsus penicillatus (de Haan, 1835)
(Grapsidae, Decapoda) introduced in European
Waters: status quo and future perspectives.
Helgoldnder Meeresunters, 52, 359-366.

Istam, M. S., M. A. RaHMaN and S. SHOKITA (2003) :
Effects of salinity and temperature on the larval
development of the semiterrestrial Sesarmid
Crab Neoepisesarma lafondi (Jaquinot and Lu-
cas, 1853) from a mangrove swamp in Okinawa
Island, Japan. Pakistan J. Biol. Sci. 6, 1317-1323.

Jongs, M. B. (1981) : Effect of temperature, season
and stage of life cycle on salinity tolerance of



Salinity tolerance of larvae of the Penicillate crab 21

estuarine crab Helice crassa Dana (Grapsidae).
J. Exp. Mar. Biol. Ecol. 52, 271-282.

Kinng, O. (1964) : Non-genetic adaptation to tem-
perature and salinity. Helgolander
Meeresunters, Vol. 9, pp. 433-458.

Kmng, O. (1971) : Marine Ecology. Vol. 1. Wiley,
London, pp. 683-1244.

Oxamoro, K. and Y. KuriHara (1987) : Seasonal
variation  of  population  structure  of
Hemigrapsus penicillatus (De Haan)
(Crustacea : Branchyura). Japan. J . Ecol. 37, 81
-89. (in Japanese with English abstract).

Lurpr, T. A, E. D. Spivak and C. C. Bas (2003) : The
effect of temperature and salinity on larval de-
velopment of Armases rubripes Rathbun, 1897
(Brachyura, Grapsoidea, Sesarmidae), and the
southern limit of its geographical distribution.
Estuar. Coast. Shelf Sci. 58, 575-585.

Mc.CoxaucHa, J. R. (1985) : Nutrition and larval
growth. In Crustacean Issues 2, F. R Schram
(General ed). A. M Wenner (Ed) A. A
Balkema, p. 127-154.

Moore, H.B. (1958) : Marine Ecology. Wiley, New

York, 493pp.
NuLanp, R. (2000 Huidige verspreiding
penseelkrab  (Hemigrapsus penicillatus) in

Nederland. Het Zeepaard 60, 316-318. (in Dutch)
Nijland, R. and J. Beekman (2000)
Hemigrapsus penicillatus De Haan 1835
waargenomen in Nederland. Het Zeepaard 60,
169-171. (in Dutch)

NijLanp, R. (2003) : Hemigrapsus penicillatus: Een
nieuwe krab in Nederland. Natura 100, 72-74. (in
Dutch)

ROSENBERG, R. and J. D. CostLow (1979 : Delayed
response to irreversible non-genetic adaptation
to salinity in early development of the
brachyuran crab Rhithropanopeus harrisii, and
some notes on adaptation to temperature.
Ophelia 18, 97-112.

Saxa1, T. (1976) : Crabs of Japan and Adjacent Seas.
Kodansha, Tokyo, 773pp.

SASTRY, A. (1983) : Ecological aspects of reproduc-
tion. In The Biology of Crustacea. Vol.8. Bliss,
D. E. (ed.), Academic Press, New York, p. 179~
2170.

Swinscow, T. D. V. and M. J. CampseLL (1997) : Sta-
tistics at square one. BMJ Books, Tavistock
Square, London, 158pp.

TavLor, H. H. and D. SeneviraT~a (2005)
Ontogeny of salinity tolerance and hyper-
osmoregulation by embryos of the intertidal
crab Hemigrapsus edwardsii and H. crenulatus
(Decapoda, Grapsidae) survival of acute
hyposaline exposure. Comp. Biochem. Physiol.
A: Physiol. 140, 495 505.

VENABLES, W. N. and B. D RipLEY (1999) : Modern
applied statistics with S-Plus, Third edition.
Spinger-Verlag, New York, 501pp.

Young, A. M. and T. L. Hazrert I1I (1978) : The ef-
fect of the salinity and temperature on the larval
development of Clibanarius vittatus (Bosc)
(Crustacea: Decapoda: Diogenidae). J. Exp. Mar.
Biol. Ecol. 34, 131-141.

Received April 25, 2006
Accepted May 23, 2006





