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Effects of a Grapsid Crab Hemigrapsus penicillatus on

Colonizations of Small Animals in a Boulder Habitat
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Abstract

To clarify the roles of a grapsid crab Hemigrapsus penicillatus in the organization of
macrobenthic communities of boulder habitats in a brackish Gamo Lagoon, we examined colonizations
by small animals of two experimental boulder habitats with and witout Hemigrapsus in a selected
season (from Nov. 1993 to Dec. 1993). The results revealed that the presence of the crab increased
the relative abundance of a free-living amphipod Melita setiflagella and decreased the species richness
of small animals. Both the abundance of Melita and the total abundance of small animals did not
significantly differ for the two habitats, although the presence of Hemigrapsus tended to increase the
Melita abundance and to decrease the total abundance. On the other hand, the abundance of four
tube-dwelling species (Corophium uenoi, Grandidierella japonica, Neanthes japonica, and Pseudopoly-
dora kempi japonica) and two free-living species (Jesogammarus hinumensis and Gnoriposphaeroma
rayi) were lower in the presence of Hemigrapsus than in its absence. In particular, the remarkable
decreases of two abundant species, Corophium and Grandidierella, reflected the increase of the
relative abundance of Melita in the presence of Hemigrapsus. The crab also influenced the
accumulation of sediment into the experimental habitats : the sediment was more abundant in the
absence of Hemigrapsus than in its presence. Five rare species (Dimorphostylis sp,, Pseudopolydora
kempi japonica, Prionospio japonicus, Heteromastus filiformis, and Nuttallia olivacea) appeared only in
the habitat without the crabs. The high species richness in the ahsence of Hemigrapsus was mainly due
to the appearances of these species requiring sediment for their living site. These results and the
previous laboratory study, in which susceptibilities of some small crustaceans to Hemigrapsus
predation were investigated, indicated that the crab affected the community structure of the boulder
habitat by reducing sediment and/or consuming such sluggish species as Grandidierella and
Corophium,

Introduction

The ecological community, the assemblage of interacting species, is structured by the various
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interrelationships linking the individual species. The relationships multiply with the increase in
species richness of a community, and many of the linkages are subtle or ephemeral (Putman,
1994). Therefore, the community structure is an extremely complex entity. However, community
ecologists have occasionally found out that a single species population determines and changes the
whole community structure by such processes as predation (e.g., Paine, 1966; Menge dd.,1994),
bioturbation (e.g.,, Rhoads & Young, 1970; Wilson, 1981; Tamaki, 1984 ; Kikuchi & Mukai, 1994),
and habitat creation (e.g., Mukai, 1990; Nishihira, 1992a; Matsumasa & Nishihira, 1994). It is
important, therefore, to clarify if the community includes a species which has a community-wide
influence and, if so, what process the species is involved in.

The aims of this study are to evaluate the importance and to clarify the role of a grapsid crab
W@Bm‘ﬁlﬁﬁn the organization of the community developing on the boulder habitat in
the brackish Gamo Lagoon in Sendai, Japan. The crab is a ‘true estuarine species’ widely
distributed in estuaries in Japan (Ono, 1959; Goshima ¢E|.,1978 ; Ogura & Kishi, 1985 ; Fukui &
Wada, 1986 ; Matsumasa & Kikuchi, 1993a), and is a relatively large-sized and abundant component
of boulder habitats (Okamoto & Kurihara, 1989 ; Matsumasa & Shiraishi, 1993). The community of
the boulder habitat in the Gamo Lagoon is characterized by its low species richness reflecting the
general trend of esturine ecosystems (e.g., McLusky, 1989). The life cycle and population
structure of Fm-ga:ﬁ.ﬁin this area was described by Okamoto & Kurihara (1987). In addition,
the settlement seasons were also reported for some of the community’s components such as an
oyster Gm@and barnacles Bﬂlﬂlﬁspp. (Okamoto & Kurihara, 1989; Matsumasa,
1994). Therefore, experimental investigations can be easily designed. In the present study, the
effect of the adult Fm‘b&ﬂson the colonizations of boulder habitats by small animals was
examined using an experimental habitat (the basket containing stones) in a selected season (from
Nov., 1993 to Dec., 1993). The effects of the additional settlement of Fm'-gaﬂ.sand of such
sessile species as barnacles and oysters which change the habitat structure were separated from

the intended effects in this study conducted in the selected season.
M aterials and Methods

The field experiment was carried out in the channel of the brackish Gamo Lagoon in Sendai,
Japan (38° 15" N i 141° 01’ E). The environmental characteristics have been previously described
(Matsumasa & Kurihara, 1988). Two horizontal wooden frames were placed in the channel on 2
Nov. 1993. Four spherical plastic containers containing four stones (8 to 10 cm in diameter) were
fastened to each frame. Each container consisted of two hemispherical mesh baskets (mesh size,
0.8 cm) joined together by screws and wing nuts as in Fig.l. Into four of the eight containers, four
adult Fm'-gaﬂ.ﬁ( 2 males and 2 females; mean carapace widths + 1SE, 1.9 = 0.35 cm for males
and 2.1 (t0.0G cm for females) were enclosed, while the crabs were excluded from the other
containers. We also placed another set of experimental habitats in which the containers had a 3.0
cm gap for allowing the crabs to go in and out freely, but these were accidentally lost. On 16 Dec.
1993 (44 days after being set out), the two type of experimental habitats (with and without the

crabs) were carefully pulled up from the water, and the colonized small animals and the
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Fig. 1 The eerrimentaI habitat. The sdpherical containers consisting of two hemispherical
mesh baskets were tightly fastened to the wooden frames by nylon fishing line.

accumulated sediment were washed off in a bucket containing water. The small animals were
collected onto a 0.5 mm mesh sieve, and fixed with 10% buffered formalin. The animals were sorted,
identified, and counted in the laboratory. The sediment in the water passing through the 0.5 mm
mesh sieve was also collected using a 0.063 mm mesh sieve and then weighed after drying at 40°C
for 72 h.

Okamoto & Kurihara (1987) found that the Fmbﬁrﬂﬁpopulation has a two-year life span
and consists of two size (age) classes. The crabs used in this study were from the larger size class.
The density (4 crabs per one container = 955 crabs/m3 was lower than that observed in Okamoto
& Kurihara’s stone-filled trap which allowed the crabs to go in and out freely (c.a. 2500 — 5500
crabs/m3 =10 — 23 crabs per one container; calculated based on the studies by Okamoto &
Kurihara, 1987 ; 1989). Since the settlement of Fm'-ga.‘ﬂ.sreaches a maximum density from Sep.
to Oct. (Okamoto & Kurihara, 1987), and that of barnacles and oysters which change the habitat
structure reach their maximum density from Aug. to Sep. (Matsumasa, 1994), these effects of the
additional settlements of crabs, barnacles, and oysters were excluded in this experiment from Nov.
to Dec.

The Kolmogorov-Smirnov one-sample test was used for examining the normalities of the
distributions of data and of some transformed data (square root, logarithmic, and/or arcsine
square root transformations). However, in some sets of data, none of the transformations
produced normal distributions required for parametric methods. Therefore, the effects of the
presence/absence of Fm'-ga:ﬂ.son the colonizations of small animals and on the sedimentation
was examined by a non-parametric method, the Mann-W hitney Utest, using SYSTAT (Wilkinson,
1992).

Results

In three of the four experimental habitats with meone crab disappeared from each

(i.e., the number of crabs enclosed decreased from four to three). All crabs disappearing were
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female (mean carapace width + 1SE, 2.0 £ 0.10cm).

The manipulation of Fm’g&ﬂﬁaffected the accumulation of sediment into the experimental
habitat: the sediment was significantly more abundant in the absence of the crab than in its presence
(p<0.05; Fig.2, left fig.). The surfaces of stones in the presence of the crabs were covered with

sediment; however, those in their absence were clear.
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Fig.2  The amount of sediment accumulated (mean + 1SE; left fig.) and the relative abundances of small
animals (right flg.% in the experimental habitats with vs. without Hemigrapsus, The relative
abundances of all ‘the small animals except Melita, Corophium, and Grandidiérefla (the three most
abundant species) were subsumed under ‘others’.

Only an amphipod l\umhhowed a significant increase in its relative abundance in

the presence of Fmgaﬂ.ﬁthan in its absence (p<0.05; Fig.2. right fig.). The relative
abundance of two tube-building amphipods Q]Cp‘.mLEUand Gaﬁhdhmmwere

significantly lower in the presence of the crabs than in their absence (p<0.05).For the other small

animals, the relative abundance of a free-living amphipod \Bmmmma free-living
isopod G'[riwmm,and a tube-building annelid %Wa@[i_-ﬂﬂ'mwere
also lower in the presence of the crabs than in their absence (p<0.05).

The total abundance of small animals tended to be high in the absence of the crab, but the

difference was not significant between the treatments (p=0.77; Table 1).T he abundance of Nb—
BEid not differ significantly either (p—0.25), although it was high in the presence of H&Tga—

[BE5 on the other hand, four tube-building (OJqd’im Gf:ﬂi:hdb, m&and Psucb-
m@ and two free-living (‘Emma'l,sand m'mmm@species were significantly

more abundant in the absence of the crabs (p<0.05).Five species appeared only in the absence of
the crabs, and these species require the sediment for their living sites. Species richness (number
of species) was significantly higher in the absence of Fmgﬂ:ﬂ.sthan in its presence (p<0.05).

Discussion

The results of this study show the presence of Fm’g&ﬂ.ﬁincreases the relative abundance
of an amphipod mlﬁﬂwabut decreases those of such species as Gatthdh_ﬂﬂ'ta
and m’(]jllnLEU(Fig.Z). Since a set of experimental habitats of which the crabs had the run
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Table 1
Abundances and number of species (mean + 1SE / habitat) of small animals on the two types
of the experimental ‘habitats, Asterisks indicate S|6;n|f|cantly higher values
(Mann-Whitney U test; p<0.05).

Presence / absence of Hemigrapsus

Species
Presence Absence
Melita setiflagella 309.8 + 74.27 1920 + 58.98
Corophium  uenoi 340+ 7.76 893+ 22.21*
Grandidierellaﬁ'aponica. 6.5 &+ 240 783 £ 2423
Jesogammarus hinumensis 25t 156 233+ 472%
Gnorimosphaeroma rayi 150 + 163 253 £ 3.59%
Sinelobus (= Tanais) stanfordi 18+ 085 20+ 041
Dimorphostylis sp. 0 03+ 025
Hemigrapsus penicillatus 25+ 119 28+ 11
Neanthes japonica 03+ 025 68 + 155*
Pseudopolydora kempi japonica 0 23+ L11x
Prionospio japonicus 0 18+ 118
Heteromastus filiformis 0 03+ 025
unidentified nematode 03 £ 025 08+ 025
Nuttallia olivacea 0 03+ 02
Total abundance 3125 £ 7619 4250 £ 11397
Number of species 68 + 0.9 105+ 0.65*

was accidentally lost, we could not determine the roles of the crab in natural habitats; however,
Okamoto & Kurihara (1989) reported that l\u“aﬂlf@hwas the most abundant among the

top tree dominant small animals in their stone filled containers of which the crabs had the run
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Fig.3 The relative abundances of the tQiJ three dominant small animals in the three types of habitats.
C) Okamoto & Kurihara’s stone-filled basket trap in which Hemigrapsus could go'in and out freely
based on the data on Sep. 1984 ; Okamoto & Kurihara, 1989), ﬂP%t e experimental habitats with the
crabs in this study. (A) the experimental habitats without the crabs in this study.
1l0kamoto & Kurihara (1989) referred to this species as M. koreana.
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(Fig.3). Based on an analysis of the Fer-ga:ﬂ.spopulation structure in the Gamo Lagoon
(Okamoto & Kurihara, 1987), the density of the crabs used in this study was lower than that
observed for Okamoto & Kurihara’s stone-filled container (see also, Materials and M ethods).
Therefore, the presence of Fmbaﬂsappears to affect the relative abundance of small animals
in the habitats in which the crabs can go in and out freely.

The crab FﬂT-gaB.Bis an omnivore, and its carnivorous nature has been described
(Kurihara & Okamoto, 1987; Okamoto & Kurihara, 1989; Matsumasa & Shiraishi, 1993). In a
laboratory experiment, Matsumasa & Shiraishi (1993) showed that susceptibility of a free-living
amphipod mlﬂm the crab predation was strikingly lower than that of a sluggish tube-building
Ga‘mghln addition, it was observed that another tube-building amphipod m‘.mwas
more susceptible to Fmga:B.Spredatlon than Mj“a(pers obs.). Because the abundance of
miawas not affected by the presence/absence of the crabs, and that of Gaﬁ:hdhand
mmimwas decreased by the presence of the crabs (Table I), the relatively severe predation
of the crab on such vulnerable small animals as Ga‘mdhand mmilnprobably reflected
the highest relative abundance of mi'awhose susceptibility to the predation was low.

Another possible mechanism for the increase in the relative abundance of miﬁin the
presence of FE]i;]E}:BBis the reduction of sediment by the crab (Fig.2). Of the six species which
decreased in the presence of mefour were tube-builders which required the sediment
(Table 1). It seemed that the crabs reduced the sediment for the living sites of the tube-building
species, and then decreased their abundance. This may be related to the low species richness in the
presence of meS.AII five species which did not appear in the experimental habitat with
Fm'-qaﬂsalso require sediment for their living sites. The reduction of sediment by FHTWB
may be due to the crab’s feeding and/or moving. In the Gamo Lagoon, it is frequently observed that
the omnivorous crab feeds on attached materials on hard substrates. On the other hand, deposited
sediment may be resuspended by the movements of Fm'-gEm.EBecause both of these effect of the
crab on the sedimentation appear to be overestimated in our experimental habitat which enclosed
the crabs, the relationship between the accumulation of sediment and the crab’s activity requires
more detailed examinations.

The decrease in the species richness in the presence of I-ETi;]E}:BBis also one of our
interesting findings. The experiment was carried out in the selected season (from Nov. to Dec.
1993) after the summer settlement peaks of Fm'-gaﬂ.ﬁand such sessile species as an oyster
m@sand a barnacle Mﬂ]ﬂiﬁbwere over (Okamoto & Kurihara, 1987;
Matsumasa, 1994) . In fact, the settlements of sessile species did not occur, and those of
Fm'-galﬂ.swere quite few and did not differ in the presence or in the absence of the adult crabs
(Table 1). Therefore, the effect of the adult FﬂTb&HBwas clearly shown in this study, but the
effects of the juvenile crabs and the sessile species on the species richness of the small animals
remain unknown and are worth investingating. Since the number of newly settled I-ETiJE]:B.B
(carapace width<3.0 mm) from Sep. to early Oct. are expected to be over 70 individuals per our
experimental habitat (calculated based on Okamoto & Kurihara, 1987), biological interactions such
as competitions and predations between the juvenile Fmaﬂ.ﬁand the other small animals are

predicted. On the other hand, settlements of sessile species are important for small animals in the
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structural modifications of habitats. With the growth of sessile species, substrate surfaces and
micro habitats as living sites for small animals increase. This process was referred to as ‘habitat
provision’ in which the body of an inhabitant provides secondary space for colonizations by other
species (Nishihara, 1992a; 1993), and has been considered one of the mechanisms involved in the
promotion and maintenance of biodiversity (Mukai, 1978; 1990; Nishihara, 1992b ; Matsumasa &
Nishihara, 1994). The habitat structures provided by barnacles and oysters harbour a variety of
small animals (Tsuchiya & Hirano, 1985 ; Bros, 1987), especially that of the oyster GEEH]EBis
an important factor which directly determines the species composition of the small crustaceans in
the Gamo Lagoon (Matsumasa & Kikuch, 1993b; Matsumasa, 1994). In this lagoon, the surfaces of
hard substrates (including boulders) under Mean Low W ater are dominated by the oysters through
successive sequences of sessile species. The oyster bed is dominated by Maliﬁas well as the
boulder habitat, but has more small crevices and narrow spaces than the boulder habitat lacking
oysters. These micro-habitats created by the oysters would offer refuge from the larger
FHTW.S to small animals which are susceptible to the crab predation and, with the
accumulation of sediment in them, would provide living sites for infaunal species. In addition,
Matusmasa (1994) also reported that the oyster cover was high at sites where the sedimentation
rate was low, although the mechanism was unknown. Since this study showed that the amount of
sediment was reduced by the presence of W@Bthe relationships between the activities of
the crab, the sedimentation, and the colonizations of sessile species are worth investigating for

understanding mechanisms in controlling the community structure.
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