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Abstract

The exotic Asian shore crablemigrapsus sanguineusas recently introduced to the northeastern coast of North
America and during the 1990’s breeding populations were established throughout southern New England. In
1997-1998, ecological studies of several co-occurring brachyuran crabs were conducted and in native (Tanabe
Bay, Japan) and invaded (Long Island Sound, USA) habitatd. fanguineus Standardized comparisons of

H. sanguineusvere made between the 2 habitats using data on crab sizes, utilization of space, and food habits.
Results revealed that (1) the resource uskE.aganguineusvas quite different from that of other resident species

in its invaded habitat, and (2) there were no substantial changes in resource utilizatiorsbgguineusfter

it became established in the invaded habitat (relative to native Tanabe Bay). Differing patterns of resource use
by H. sanguineusand other crabs in the invaded habitat, the lack of restriction in resource udedaynguineus
following its introduction, and the climatological and physical similarities between native and invaded regions likely
contributed to the successful invasiontbfsanguineunto rocky intertidal habitats in southern New England.

Abbreviations:LIS — Long Island Sound, USA (in the invaded range-bfsanguineus TB — Tanabe Bay, Japan
(inthe native range dfl. sanguineus NH, MS, BP, PJ —the 4 invaded study sites referring to New Haven, Millstone,
and Bluff Point, CT, and Point Judith, RI; CW — carapace width (size of crab)

Introduction level of disturbance) affect its ability to resist invasion
by exotic species (e.g., Hobbs 1989; Case 1990; Tilman
A major research priority is to understand factors influ- 1997; Stachowicz et al. 1999). Results from theoretical
encing invasion success by exotic species. Severalstudies and correlative data from terrestrial systems
investigators have attempted to identify species traits provide most of the information used by invasion ecolo-
(i.e., life-history strategies, trophic positions) which gists (Carlton 1995; reviews by Elton 1958; Hengefeld
are correlated with invasion success (O’Connor 1986; 1989; Drake et al. 1989; Williamson 1996). Since no
Ehrlich 1986, 1989; Rejanek and Richardson 1996; compelling patterns have emerged to inspire consensus
Williamson and Fitter 1996). Others have suggested (Wiser et al. 1998), careful examination of invasions
that attributes of a community (i.e., species diversity, on a case-by-case basis may ultimately prove more
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useful than the broad correlative approaches attemptedH. sanguineusapparently survives well in intertidal
previously. areas during cold winters and hot summers in its native
Successful invasion by a particular species is likely range; minimum intertidal temperatures are well below
contingent upon multiple complementary factors, one freezing in the north (e.g., Takahashi et al. 1985) and
of which is the availability of essential resources in maximum temperatures are -80C in the southern
the invaded habitat. Resource availability may differ part of its Asian range (e.g., Pillay and Ono 1978).
greatly between native and invaded habitats becauseWithin a given areak. sanguineusan tolerate a wide
of resource supply discrepancies and/or because pat+ange of physical conditions (e.g., Depledge 1984) and
terns of resource utilization by other species differ it has thrived in climatologically dynamic portions of
between regions. Depending on the types of speciesNew England (McDermott 1998b; AM Lohrer, per-
in each region, interactions with other species may sonal observations). The similarity in regimes of phys-
differ in intensity or outcome after an alien arrives ical stress in native and invaded habitats (i.e., ‘donor’
in a new habitat. Therefore, the ecological milieu and ‘recipient’ regions — Carlton 1996; Williamson
in invaded and native habitats likely dictates whether 1996) may be an important reason for the successful
(a) the resource use patterns of an alien species remairestablishment ofl. sanguineugn North America.
essentially unchanged after it invades a new habitat or ~ Several observations suggest that biological factors
(b) whether resource use is expanded or contracted rel-may also have affected the succesdHofsanguineus
ative to the native habitat. To differentiate among these in invaded habitats. For example, populations of
invasion scenarios, resource use must be comparedH. sanguineudn its native habitat are often heav-
systematically in native and invaded habitats. While ily infested by a rhizocephalan barnacle species
this approach shows promise, published accounts of that inhibits growth and reproduction, whereas crabs
native-invaded comparisons (e.g., Suarez et al. 1999)are apparently free from this damaging parasite in

are extremely rare, especially in the marine biological
literature (JT Carlton, personal communication).
Hemigrapsus sanguineusa grapsid shore crab

the invaded range ofi. sanguineugTakahashi and
Matsuura 1994, litzen and Takahashi 1997; Takahashi
et al. 1997; Kuris, pers. comm.). Furthermore,

indigenous to Japan and other western Pacific regions,H. sanguineugomes from a region of extremely high

was recently introduced to the Atlantic coast of North
America (McDermott 1991). First reported in south-
ern New Jersey in 1988 (Williams and McDermott
1990), the crab now ranges from North Carolina to
New Hampshire (McDermott 1998b; AH Hines and
MC Tyrrell, personal communicationg). sanguineus

is frequently the most abundant crab in a variety of
rocky intertidal habitats in southern New England
(Lohrer and Whitlatch 1997). Rigorous comparisons
of H. sanguineusn native and invaded habitats have

crab diversity (Sakai 1976; Fukui and Wada 1983) rela-
tive to the eastern coastline of the US (Williams 1984)
and, therefore, interference from other crabs may be
less important for populations &f. sanguineusn its
invaded range.

This investigation primarily focuses on biologi-
callecological factors that may have influenced this
invasion, specifically, patterns of resource use and par-
titioning by the guild of crabs in the invaded habi-
tat of H. sanguineugelative to patterns of resource

not been possible because basic ecological parametersise and partitioning in the native habitat of this alien.
are still largely undescribed in both geographical loca- H. sanguineuswas ideal for use in this exercise

tions (Kikuchi et al. 1981; but see Fukui 1988; Lohrer
and Whitlatch 1997; McDermott 1998a,b; Lohrer et al.
2000; Gerard et al. 1999).

Many of the same physical and climatological con-

because: (1) the appearanceHofsanguineusn Long
Island Sound (LIS) (USA) was noted only 6 or 7 years
ago (Carlton 1993), (2H. sanguineuss a common
and conspicuous member of rocky intertidal commu-

ditions that occur along Japan’s eastern coastline nities in both regions, and (3). sanguineusisually
also occur along the United States’ eastern coastline co-occurs with other brachyuran crab species in these

(McDermott 1998b). The current latitudinal range of
H. sanguineusn North America (36N to 42° N)

is well within its observed latitudinal range in Asia
(roughly 20 N to 50° N) (Sakai 1976; Takahashi et al.
1985; McDermott 1998b). While the exact location
of the source population from Asia is not known,

habitats (i.e., patterns of resource overlap among the
guild of crabs in each habitat can be quantified). While
native-invaded comparisons across a broad range of lat-
itude in each geographic region are ultimately desired,
this study was conducted as a preliminary step toward
that goal.
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Methods 2 goals: (1) to gain insight into howd. sanguineus
successfully invaded rocky intertidal habitats in eastern
At sites within the native and invaded ranges of North America, and (2)to provide basic ecological data
H. sanguineusdata were collected on (1) population from which the future impacts and invasion potential
size-structure of co-occurring crabs, (2) the use of of this species can be predicted.
space by crabs at 2 different spatial scales, and (3) the
patterns of food utilization by crabs. These 3 dimen- Study areas
sions of the niche were likely important to the fithess
of H. sanguineusn both habitats and data collection Comparable and representative sites within the native
was standardized to make proper comparisons betweerand invaded ranges dfl. sanguineusvere selected
regions. While crab size is not a resoumer se it and standardized sampling methods were used in both
potentially affects shelter requirements (e.g., Eggleston regions. Sampling in the invaded range was con-
et al. 1990; Beck 1995, Lohrer et al. 2000) as well as ducted at 4 locations in eastern LIS, USA {4,
agonistic and predator—prey interactions of the crabs 73—7T W; Figure 1). Spanning an east—west distance
(e.g., Elner and Hughes 1978; Eggleston 1990; Lee of approximately 160 km, these sites varied in sub-
and Seed 1992; Fernandez et al. 1993, Moksnes et al.strate composition, exposure level, tidal amplitude,
1998; see also Hutchinson 1957). The principal param- and dominant macro-flora/fauna (Lohrer and Whitlatch
eters examined in this study were chosen to satisfy 1997). Sampling in the native rangeldf sanguineus
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Figure 1. Map of habitat use survey sites in the invaded rand#.sanguineusinset shows the location of Bluff Point (BP) and 3 quantitatively
sampled sites in eastern Long Island Sound, USA: NHNew Haven, MS= Millstone, and PJ= Point Judith. Relative abundance of

H. sanguineuss denoted with black dots of various size. For definition of dot size see lower left of figure and explanation in text. Information
about each numbered site contained in Appendix 1.
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Figure 2. Map of habitat use survey sites within the native rangld afanguineusSakata, Nijusan, and Torinosu were the 3 collection sites for
crab diet studies, and Torinosu was used to assess crab species vertical distributions. Methods of data collection in TB were the same as in LIS.
See previous figure for map legend.

was conducted in Tanabe Bay (TB), Japan (3Bl5 surveys. Because of the more convoluted coastline and
135 W). While TB is significantly smaller and far-  greater diversity of habitats in TB, more sites were sam-
ther south than LIS, the area was chosen for a variety pled theref4 = 36) than were sampled at BR £ 17).
of reasons: First, TB, on the Pacific coast of central All sites around TB and BP were sampled using the
Japan, is near the middle of this species’ geographic same protocol. While standing at the upper tide mark
range, and habitats differing in substrate type, expo- of each site, a visual estimate of stone cover was made
sure regime, and species composition were available over a broad area (roughly 10 m5m). The predom-
for study (Ohgaki et al. 1997) (Figure 2). Second, inant sediment type of the habitat (e.g., mud, sand,
H. sanguineuss common in TB (Fukui and Wada gravel, or shellhash), and the level of stone burial in sed-
1983) and previous studies 6h sanguineusnd other iments (none, low, moderate, high) was qualitatively
co-occurring grapsid crabs have been conducted in thisassessed. The exposure level of the habitat was indexed
area (Fukui 1988). from low (e.g., protected embayments) to high (e.g.,
exposed headlands). Brackish conditions were noted
where appreciable inputs of freshwater occurred (e.g.,
Habitat use byH. sanguineus streams, storm drain run-off). After the site was char-
acterized, active searching felr sanguineug> 8 mm
In 1998, a systematic survey over a wide range of habi- carapace width) was undertaken for 5min. The rela-
tat types was conducted in TB and around Bluff Point tive abundance dfl. sanguineusvas described using
(BP), in eastern LIS (Figures 1 and 2). Roughly equal an index: absent, very rare (1 individual found), rare
amounts of shorelinex{5km) were covered in both  (2-5 individuals), common (10-20 crabs), abundant
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(~ 25-50 crabs), very abundant 60-100 crabs). The  were placed in a petri dish and food items were identi-
TB and BP surveys were carried out over 2—3 days, and fied. Visually, each item was ranked (by volume) rela-

were duplicated= 1 month later) at both locations. tive to the other food items found with it. The percent

contribution of each food item to the overall diet of a
Within-habitat spatial distributions species was calculated using gut fullness as a weighting
of rocky intertidal crab species factor (e.g., Hines 1982).

The diet of H. sanguineusn TB and LIS was
The vertical distributions of several co-occurring crab assessed at 3 locations in each region. In 1997, collec-
species were determined by sampling 5 randomly posi- tions were made adjacent to the NH, MS, and PJ sam-
tioned quadrats at each of 4 tidal heights within a pling sites in LIS (Figure 1) since crab densities, food
site (quadrat size= 1n?; nm = 20; see Lohrer  types present, and exposure levels of these sites were
and Whitlatch 1997). Two of the equally-spaced tidal well characterized. Collections were made from a com-
heights were below the mid-tide level and 2 were parable set of sites in TB in 1998 (Figure 2). Sakata,
above it. Three intertidal habitats were quantitatively Nijusan, and Torinosu (like the 3 LIS sites) were well-
sampled in LIS, each done during spring low tides in studied rocky intertidal habitats wheke sanguineus
both June and August, 1997. One comparable shore-was common. Sakata was chosen for its similarity to
line was sampled in TB (Torinosu, site 25, Figure 2) the NH site, and Torinosu—MS and Nijusan—PJ were
during a spring low tide in late March 1998. Sam- also comparable. Guts from 96 and M1sanguineus
pling spanned 200-300 m of similarly-sloped cobble were analyzed from LIS and TB, respectively.
shoreline at each site. Diet overlap analyses of co-occurring brachyuran
Prior to searching a quadrat for crabs, relative cover crabswere limited to numerically dominant species at 2
(% within 1 n?) of 4 stone size-categories (boulders, sites in LIS and 1 site in TBEurypanopeus depressus
large cobbles, small cobbles, and rocks) was estimated.a native xanthid, andi. sanguineuso-exist at NH
Additionally, sediment type beneath the stones was (Figure 3); Carcinus maengsa portunid introduced
noted, species lists of conspicuous organisms (e.g.,to New England almost 200 years ago (Say 1817,
barnacles, mussels, filamentous algae) were compiled,Cohen et al. 1995), anH. sanguineuso-occurred
and % coverage of canopy-forming macroalgal species at MS (Figure 3); Three specie&detice depressus
was estimated. These data were used to characteriz§Grapsidae], Leptodius exaratugXanthidae], and
shelter and food availability at the sites. Stones were H. sanguineupwere all collected from the Torinosu site
removed during quadrat sampling, and all brachyuran in TB. Dietary comparisons were made through anal-
crabs were identified, sexed, checked for general con-ysis of 20—30 non-empty guts from each co-occurring
dition (e.g., gravid, parasitized, missing chelae, post- species at each site.
molt), measured, and then released again. Handling
mortality was< 1%. Mean densitiesf{ 1 S.E.) of all Comparative analyses of resource use
common brachyuran species were calculated at each of
4 tidal heights within all sites on every sampling date. Anumber ofindices (i.e., niche metrics) are available to
quantify the breadth of resource utilization by a single
Diet studies species and the overlap in resource utilization for pairs
of species (e.g., Levins 1968; Colwell and Futuyma
Collections for gut content analysis of crabs were 1971; Schoener 1974; Hulbert 1978; Petraitis 1979).
done at or before dawn on ebbing tides since inter- These metrics were calculated in order to compare
tidal crabs generally forage during darkness while sub- resource use by crabs in native and invaded ranges of
merged (e.g., Lindberg 1980; Willason 1981; Batie H.sanguineusMostniche metrics examine the propor-
1983; Depledge 1984; Saigusa and Kawagoye 1997).tional utilization of available resources by species (the
Crabs were immediately placed on ice and frozen relative exclusivity or generality in use over a variety
within an hour in the laboratory. Crabs clearly in pre- of resource choices). Following Hines (1982), the 2
and post-molt condition (Vigh and Fingerman 1985) simplest indexes were used. The niche breaBjto{
were excluded from analysis. Following removal of the speciesi’ is given by
gastric mill under a dissecting microscope, the percent 5
fullness of the gut was estimated. Stomach contents Bi = 1/Zpij
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| - i ‘all others’) in order to compare. sanguineusverlap
1: e A | values in native and invaded habitats.
' M. sumpuimees It appeared likely,a priori, that H. sanguineus
had low overlap with other co-occurring crabs in
1 : the invaded habitat. To conservatively test this idea,
| . the analyses were constrained so that overlap values
TORINOSL would be maximized. Furthermore, resource availabil-
= = ity likely affects resource utilization and, therefore,
s W canguinens I B sampling protocol and data analyses were designed to
i) ; j ::::.I.'-::..x account for this to the greatest possible extent. For
’ T example, while there were differences in collection
dates between native and invaded sites (which could

{ t% [ affect vertical distributions, size-structures, and diets of
| the co-occurring crabs), the bias was reduced by calcu-
[ o [ lating breadth and overlap values for cratithin sites

! andwithin dates. Presumably, crabs present at the same
25 . L site on the same date had the same types/amounts of
| resources available to them; this reduced the likelihood
it that resource availability alone explained the observed
patterns of resources use. When multiple sites and dates
]| z%‘ were used (i.e., in the invaded habitats), the metrics
5 % ‘ were averaged after being calculated separately (and,
i e 5 i thus, estimates of variance were also available in some
MH i |3 P cases).
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Figure 3. Overall densities (# crabs™@, mean+ 1 S.E.) of
H. sanguineugblack bars) and several other brachyuran species Results
inhabiting 4 rocky intertidal sites: A= Torinosu, March 1998; B=
NH, MS, and PJ, June 1997;€same invaded sites, August 1997. . . .
Crab species richness and taxonomic relatedness

where p;; is the proportion of individuals of species in native and invaded habitats

‘i’ associated with resource staje The niche overlap

(C) between specied and i’ is given by There were significant differences in species rich-

ness and taxonomic relatedness of crabs in the native

Cip=1— 1/22 |pij — puj and invaded ranges dfl. sanguineus Surveys in
intertidal cobble habitats of TB revealed 20crab
wherep;; is the same as above am; is the pro- species, mostly Grapsidae and Xanthidae (personal

portional use of resourcg’ ‘by species h'. Overlap observations; Fukui and Wada 1983), and 11 species
calculations are bounded by 0 (no overlap) and 1 (com- co-occurred withH. sanguineusat various densi-
plete overlap). The designation of various resource ties during this study (i.e., at least 1 individual
categories was standardized in both native and invadedper species was collected from a quadrat containing
habitats in order to reduce a number of potential biases H. sanguineuks In addition to the relatively high diver-
(Colwell and Futuyma 1971). To calculate crab size- sity of crabs, there were anumber of speciesinthe same
overlap, the valuep;; andp,; were taken as the pro-  subfamily asH. sanguineusind at least one congener
portion of crabs in different 5mm size-categories of (Hemigrapsus penicillatysin contrast, relatively few
carapace width (CW). For spatial niche breadth and crab species inhabited rocky intertidal habitats in LIS:
overlap, the proportion of crabs found at 4 intertidal H. sanguineus E. depressusand C. maenaswere
heights within sites was used fpy; andp,; values. the only crabs commonly found in this habitat type.
For food use, the proportional contributions of the food These three species, each from separate crab fami-
categories to crab diets yieldpd andp;; values. Crabs  lies (Grapsidae, Xanthidae, and Portunidae, respec-
were lumped into 2 groups (i.eH. sanguineusand tively), made up> 99% of the crabs found. Two species
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of cancrid crabs@ancer borealis Cancer irroratug sites €. depressugxhibited its highest densities at

occasionally co-occurred withH. sanguineusat NH, C. maenasat MS, andH. sanguineusat PJ).

PJ, andPanopeus herbsti{Xanthidae) occasionally = H. sanguineusvas distributed more evenly through-

co-occurred wittH. sanguineusit NH. out these 3 sites than the other species were, reflecting
relatively broad utilization of different intertidal cobble

Relative use of various habitat types by and boulder habitats. These results were consistent with

H. sanguineus previous studies (Lohrer and Whitlatch 1997).

At TB and BP, habitat utilization patterns by
H. sanguineusvere quite similarH. sanguineusvas
predominantly found on moderately-exposed shores in
both locations, and was rare or absent in protected sites
(Figures 1 and 2). Other factors apparently govern-

ing relative abundance patternstéfsanguineusvere more, it exhibited a more even distribution across the

also consistent between native and invaded sites. For, .. : L
4 tidal heights than any of the other species in either
example, the presence of loose stones atop the substrate

. : : region. The uppermost tidal height generally had the
appeared important, as this species was always foundfewestH sanguineusbut densities were roughly equal
beneath stones during daytime low tides in TB and '

LIS and was most abundant where cobble and boul-
der piles provided structure (see also Kikuchi et al.
1981; Fukui and Wada 1983; Takahashi et al. 1985;
Fukui 1988; Lohrer et al. 2000). During this investiga-
tion, H. sanguineusvas never observed among marsh
grasses in the absence of cobbles and boulders. How- = 4
ever, when cobbles and boulders were scattered among |
plant shoots, marsh areas were occasionally occupied
(e.g., BP sites 5 and 14, Appendix 1). Lower densi-
ties of H. sanguineusvere recorded in areas where
heavy sedimentary burial of loose stones occurred
(Appendix 1) andH. sanguineusvas never found in ‘

excavated burrows (personal observations). Protected wrvpanopens Carcinis
areas generally had more sedimentary burial, smaller
sedimentgrain size, and were often influenced by fresh-
water inputs (Appendix 1). Whilél. sanguineuhas
been reported to occasionally extend into shallow sub-
tidal habitats (Takahashi et al. 1985; M. Syslo, pers.
comm.; T. Furota, pers. comm.), no crabs were found
below the level of maximum low tide in either TB or
LIS during the study period.

Habitat use by co-occurring crabs within sites:
a finer spatial scale

H. sanguineuwvas found throughout the intertidal zone
in both native and invaded habitats (Figure 4). Further-
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In June and August 199'H. sanguineusvas com-

mon at all 3 LIS sites, comprising- 40% of the Figure 4. Vertical distributions of crabs at 1 native and 3 invaded

total crabs collected during 5 of the 6 sampling dates sites were charqcterized_ by est_imating mean densi_ties (#‘cra?osm

(Figure 3(B) and (C))C. maenasand E. depressus + 1S.E.) at 4 different tidal he|ghts per site. Thg tidal helghts 1-4
. : ... Span from the lower to upper intertidal zone (tidal heights 1 and

were Only common at one site each. Speues-specmcz were below the mid-tide level whereas 3 and 4 were above it).

differences in habitat utilization patterns were appar- panel A= Torinosu, March 1998; B= NH, June 1997; G= MS

ent, as each species had maximum densities at differentPoint, June 1997; B= PJ, June 1997.
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in the lower 3 heights; density differences among the the most informative comparisons wétemigrapsus
lower 3 tidal heights were significant on just one occa- Carcinusat MS andHemigrapsusEurypanopeusat
sion (Tukey HSD testsP < 0.05, 1 of 7 sampling NH because of low abundances of 1 or both of these
dates). Two small grapsid€yclograpsus intermedius  other species at certain sites. While maenascan
andAcmaeopleura parvulanhabited the upper inter-  reportedly reach 65-80 mm CW at its maximum adult
tidal in TB, but this zone was relatively underutilized size in New England (Ropes 1968; Grosholz and Ruiz
by other crabs in LIS. 1996), with few exceptions, only recruit and juvenile
green crabs were found in the intertidal study sites
(Figure 5; see also Elner 1981; Berrill 1982; Reise

Sizes oH. sanguineuand co-occurring crabs in
1985)

native and invaded regions

yw Food utilization ofH. sanguineus native and

H. sanguineusreportedly reaches maximum C . .
g P y invaded habitats

of roughly 40mm (Fukui 1988). In general,
H. sanguineuswas as large or larger than other
co-occurring crabs in both habitats (Figure 5). In
TB, whereH. sanguineugxhibited a relatively even

In both native and invaded habitatkl. sanguineus
consumed turf-forming red algae, green sheet-like

distribution among size-classes, other species Werealgae, mytilid bivalves, small herbivorous .snalls,
more restricted in size. For exampl&. depressus small crustaceans, and polych_aete worms (Figure 6).
and A. parvulawere always less than 25mm CW, Both male ar_'d femaldﬁ. sanguineugenerally con-
and L. exaratuswas generally grouped into larger sumed calcified prey items that were small in size

size classes (i.e., 15-40 mm CW). In invaded habitats, (e.g., snails<4mm shell height, mussels 10cm
( ) shell length). One notable difference in the diet of

H. sanguineuswas the consumption of barnacles
(Semibalanus balanoide# the invaded habitat only
(Figure 6). While barnaclesB@lanus albicostatys
Chthamalus challengériwere fairly common in TB,
they were never observed k. sanguineuguts col-
lected there.

Plant material (green, brown, and red algae; vascular
plant debris) made up the largest portion of the over-
all diet of H. sanguineusn both native and invaded
habitats (Figure 6). Also, most of the unidentified
items (‘detritus’) were probably of plant origin. It was
not possible to assess how much plant material was
attached and actively grazed Hy sanguineusat least
' v & ' some portion drifted into the intertidal zone where
& it was encountered byl. sanguineuge.g., Zostera
marina). While there was considerable variability in
diet at the 3 sites in each region, dietd-bfsanguineus
in native and introduced habitats were similar. Animal
food items made up roughly 40% of the overall diets
in TB and LIS, and in both regions, prey availabil-
ity and consumption appeared to be linked (Figure 6).
e For example, NH and Sakata both had elevated poly-

3 1F A B AR oM X chaete densities artdl sanguineugonsumed propor-
CARAPACE WIDTH (mwm) tionately more polychaetes at these sites. NH also had
. . o , the highest density barnacle population of the 3 invaded
Figure 5. Size frequency distributions ¢i. sanguineugnd other . . .
co-occurring brachyurans are overlayed at 1 native and 2 invaded sites, and barnacles were taken iy sanguineusn

sites. A= Torinosu, March 1998; B= NH, June 1997; G= MS, greater proportions at this site. No mytilid bivalves
June 1997. were observed at NH, and none were found in the guts

TH

FREFUENCY
NATIVE

- W

I H sempuinius
«, e
B E dprenmy

FREQUEMNCY
INYADED

I H. sunpasiness

i e

1% AELY - 5]

FREQUENCY



49

Arthirogod etritus

Bivalve
=
e |
5 |
- ; |I
=, s o s |
Polychaete Ag
.H-\-'—_ -
]
|y 'I__: P _'.I
Detriin= os Ll 1 _.-I--'l__l__. | e T
a A L e y- I —I' -+
H Dd !._. L ___.-' =
=) Arthropnd (%) i _i
.ﬂ: B3 4L~
| i
- 0z '=.|_.- |
. Cinstropoi | 0] L4
— i THH] ;f"" |+
AN a2 il
P flak i Hgatee gl s J'"-W
"~ - WSS e D,
=" [l ik Judi n

Figure 6. Overall food use oH. sanguineugpie diagrams) and food use at 3 sites in the native and invaded ranges of this species (bar charts).
The proportional use of only 7 broad food categories is depicted for clarity.

of H. sanguineus Arthropods (amphipods, isopods, in the lower intertidal zone. However, these two algal

insect larvae, ostracods, and harpacticoid copepods)species taken together made only a 20% proportional
were 3—4 times more abundant at Sakata relative to contribution to the diet o6. depressus

Nijusan or Torinosu; arthropods made up a significant  Crabs collected from LIS tended to have more ani-

proportion ofH. sanguineusliet at Sakata, but not at mal matter in their diets compared to crabs collected

the other TB sites mentioned. in TB (Figure 7). Green crabs, reported to be primarily
carnivorous (Ropes 1968, 1989; Elner 1981), read-

Comparisons of co-occurring crab diets in ily consumed molluscs, barnacles, and polychaetes

native and invaded sites (Figure 7). At NH, mud crab<q. depressysonsumed

polychaetes and barnacles, but plant material and detri-
Of the 3 brachyuran species collected from Torinosu, tus made up roughly 68% @&. depressusliet. As in

H. sanguineugonsumed the most animal matter and TB, a number of the same food items were consumed by
had the broadest diet (Figure 7). While all 3 crab H. sanguineusind other co-occurring species in LIS.
species consumed significant amounts of plant mat-

ter, the particular algal species eaten differed among Comparison of niche metrics (breadth and overlap)
them. For examplé{. sanguineuprimarily consumed in native and invaded regions

Caulacanthus okamur#80% of the diet), an abundant

turf-forming red alga found throughout the middle and H. sanguineusvas collected from (and therefore uti-
lower rocky intertidal zone. In contrask, exaratus lized) all portions of the intertidal zone (Figure 4)
consumedaulacanthug35%) and acrustoseredalga, and calculations depicting the breadth in use of
Lithophyllumsp. (37%), which grew on hard substrates this resource (i.e., space/shelter) were relatively
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Figure 7. Graphical comparison of food use amdrAgsanguineusand other co-occurring crabs in native and invaded habtats. The proportional
use of 7 broad food categories is presented (see legend on figure). DitdepressydH. sanguineusandL. exaratusvere compared at the
Torinosu site in TB. Diets o€. maenasandH. sanguineusvere compared at MS Point, CT. Diets Bf depressuandH. sanguineusvere
compared at NH, CT.

large compared to calculations for the other co- during high water and leave as the tide recedes (Elner
occurring species (Figure 8). Furthermore, for this 1981; Warman et al. 1993). While snorkeling surveys
resource dimension, breadth values were similar for and the deployment of crab traps at high water sug-
H. sanguineu native and invaded habitats (3.26 and gested that this was not widespread (Lohrer 2000),
3.16+ 0.30, respectively; meah1 S.E.). Moderately  the low tide sampling regime would not have effec-
high levels of overlap in the vertical distributions of tively sampled large crabs. Calculations describing
crabs were observed in both regions. In TB, the spatial the amount of overlap in size were only done for
overlap value betweeh. sanguineusand ‘all other’ crabs sampled at low tide (Figure 5) and the overlap
crabs was 0.63, and in LIS, the average spatial over- values were probably inflated because of this. This
lap value was 0.6%0.19 &1 S.E.). E. depressus  was satisfactory based on a desire to provide maxi-
mostly utilized the lower 2 tidal heights, and there- mum estimates of overlap (i.e., to be conservative):
fore, H. sanguineusverlapped more witlC. maenas H. sanguineu$ad substantial size-overlap with other
ininvaded sites. In the native habithit,sanguineubad dominant crabs in TB (0.86) whereas the size overlap
the most spatial overlap with. depressugollowed by betweerH. sanguineusind potential competitors was
L. exaratusandA. parvula lower in LIS (0.59+ 0.04, mean:1 S.E.).
Large crabs, particularly portunids 40 mm CW, H. sanguineustilized a wide variety of food typesin

have been reported to migrate into intertidal areas both habitats and diet breadth values were similarin TB
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Figure 8. Niche ovelap values betweéh sanguineuand ‘all other’ co-occurring crab species were compared along 3 dimensions of the niche
in both native and invaded habitats. Niche breadthd.afanguineusfilled bars) and ‘all others’ (empty bars) were drawn roughly to scale.

(6.85+0.77) and LIS (6.32 1.44) (meang- 1 S.E.). study was to compare habitat and food utilization by

Only C. maena$ad larger dietary breadth values than
H. sanguineusAs with the spatial niche dimension,
the amount of dietary overlap betwekEn sanguineus
and ‘all other’ crabs was similar in native and invaded
habitats (Figure 8).

Discussion

H. sanguineuwvas reportedly an ‘upper intertidal’, her-
bivorous crab species (Kikuchi et al. 1981; Fukui and
Wada 1983; Depledge 1984; Takada and Kikuchi1991;
Lafferty and Kuris 1996; McDermott 1992, 1998b).

H. sanguineusn native and invaded ranges, and data
analysis was framed to test how resource use by the
crabs varied among sites and between regions.

Resource overlap is low among
crabs inhabiting LIS

In LIS and throughout the invaded range of
H. sanguineus crab diversity is relatively low and
the resident crabs are distantly related to this alien
species. These facts suggested a limited potential for
niche overlap betweeH. sanguineusnd other crabs

in the region. Measurements of shared resource use by

Recent studies, however, have indicated that the crabcrabs in LIS supported this hypothesis. All 3 estimates
consumes a significant amount of animal matter and of overlap from the invaded habitat wexe0.7 (on a
thatH. sanguineuss predominantly found in middle  scale from 0 to 1; Figure 8). When all 3 dimensions of
and lower intertidal zones throughout LIS (Lohrer and the niche were considered simultaneously (i.e., when
Whitlatch 1997; Gerard et al. 1999; Lohrer 2000). a 3-dimensional volumetric niche space was created),
These contradicting descriptions of diet and vertical values of overlap in resource utilization fell between
distribution suggested a possible niche shiftupon estab-0.25 and 0.63. The 25% value was derived after
lishment in the invaded habitat. The main goal of this assuming that the 3 niche dimensions were completely
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independent from each other (and values obtained for weaker, in the invaded habitat (unpublished data on 5
each dimension were multiplied together). In con- native range and 4 invaded range species). Barnacles
trast, the 63% value was calculated after assuming thewere commonly consumed By. sanguineusn LIS,

3 niche dimensions were completely correlated (and but did not contribute to the diet of this crab in TB.
the 3 values were averaged). The answer likely lies Modes of substrate attachment and shell profile differ
somewhere in between these extreme cases (perhap$or the dominant intertidal barnacle species in LIS and
closer to the lower value, since conservative calcu- TB, providing a possible mechanism for this finding.
lation methods definitely over-estimated the 3 com- For exampleS. balanoidesises a membranous attach-
ponent values). In summary, other co-occurring crab ment mechanism (Weiss 1995) and has a moderately
species did not appear to heavily utilize the resources angled profile (Anderson 1994). The dominant species
that H. sanguineusused in the invaded habitat, and in TB either has a calcareous basis @lbicostatuy
may not have offered much competitive interference or a flattened profileG. challengerj; both characters

or resistance to the establishment and maintenance ofmake it more difficult for crabs to pry barnacles from
H. sanguineupopulations along the northeastern coast the substrate (Anderson 1994). Furthermore, some of

of North America. the barnacles in Japan are significantly more robust

in appearance tha8. balanoidege.g., Balanusspp.,
Patterns of resource use were not shifted Tetraclitasp., AM Lohrer, pers. obs.) and their strong
following the invasion tests may make them difficult to open.

Collectively,H. sanguineusppeared ‘pre-adapted’
When native and introduced populations of forsuccessalongthe northeastcoastof North America.
H. sanguineus/ere compared, no demonstrable shiftin H. sanguineusised space and food resourcesin LIS in
the pattern of habitat use was detectddsanguineus = much same way it did in TB, and none of the ecolog-
was predominantly found in moderately exposed rocky ical parameters measured reflected a dramatic niche
intertidal areas in both locations (Figures 1 and 2). shift following its establishmentin LIS. The likelihood
Within such habitats, there was no appreciable changeof invasion success is probably greatest in situations
in the amount of spatial overlap (i.e., vertical parti- where an alien is not forced to substantially constrict
tioning) betweenH. sanguineusand other common its niche or deal with elevated physical/biological
crabs when comparing native and invaded sites, and stressesH. sanguineustransported from the north-
vertical distribution patterns off. sanguineuswvere western Pacific to the northwestern Atlantic, seems
similar in both regions (Figure 4). Variation in the ver- to follow this scenario. While there are likely several
tical zonation of this mobile species is probably mostly more contributing factors that were not addressed dur-
explained by seasonality (Lohrer and Whitlatch 1997; ing this investigation, this comparative approach pro-
Gerard et al. 1999) and by the distribution of available vided some ecologicalinsights that were not previously
shelter (Lohrer et al. 2000); it does not appear to be available.
a fundamental population-level difference in resource
utilization between native and invaded habitats. Concluding remarks

Food utilization by H. sanguineuswas simi-

lar in native and invaded sites. There were some Given the broad latitudinal range bf. sanguineusn
taxonomically-based differences in prey species the western Pacific Ocean, what can be learned by
between native and invaded regions. However, the examining one population ¢i. sanguineusn Japan?
number Qinvaded = 20, nnative = 17) and types (e.g.,  Firstly, in the native range df.. sanguineugthere was
amphipods, mytilid bivalves, gastropods) of food cat- very little ecological information available on its pat-
egories identified in the guts were consistent between terns of resource use and its interactions with other crab
native and invaded regions. Niche metrics revealed that species. For example, crab densities and vertical distri-
diet breadth was similar in both regions, and that the butions in the rocky intertidal zone were not well char-
amount of dietary overlap betweéh sanguineusind acterized for any of the Asian species discussed here.
other common crabs was comparable as well (Figure 8). Diets of wild-caught crabs had also not been described
Measurements of shell strength of several molluscan for any of the Asian species. The Asian literature that
prey in native and invaded habitats showed that small was available, however, was largely consistent with the
snails and mussels were similar in strength, or perhapsobservations made during this investigation (e.g., with
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respect to broad patterns of habitat use, size data, lifetractable. Furthermore, since invasions by individual
histories, reports of temperature and osmotic toler- species ultimately become the data points used to make
ances). Secondly, since data were collected in a similar broader generalizations, accuracy and predictability in
manner in the invaded range ldf sanguineuge.g., in the field of invasion ecology depends on sound con-
LIS, USA), comparisons could be made with firsthand clusions from individual case studies. Home and away
knowledge of 2 systems studied. comparisons (i.e., systematic comparisons of species
During this investigation, several types of resources in their native and invaded ranges) may be important
used byH. sanguineusvere identified and quantified. as tools for understanding how individual species suc-
Assuming that the TB population dfl. sanguineus  cessfully invade new habitats. Even in cases where this
was fairly representative of other populations in the approach fails, the data will be valuable for assess-
native range and assuming thidt sanguineushad ing ecological and economic impacts and may provide
reproductive success when associated with the resourcebaselines for future investigations.
states which were quantified in TB, hypotheses can be
made about the resource requirements of this species Acknowledgements
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