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Introduction

Sympatric species had demonstrated over the lond Kause's
main work in English, in 1934, many scientists wdoeking at
animals with the exclusion principle in mind. Theplications of
the principal became particularly -interspecies whiale called
sympatric (literally "same country"), because susecies might
be expected to have similar niches and, therefbee,in danger
of competing (Paul, 1973). Sympatric speciation uogc when
reproductive isolation occurs within the rage of apuyation and
before any' differentiation. of the two species cae betected.
Sympatic speciation -may be rare in nature: (Krel&94)l Because
such species might be expected to have similaresictimerefore,
be in dangerous of competing. It is evident thataay level in
the structure of the biological community there @ set of
complicated relations between species, which pirgbabnd to

become less important as the species become lesglclallied.



These relations are of the kind which insure nickeparation
(Hutchinson, 1964).

Many species live in a ecosystem with competitionveise
species are coexisting in the Il-Kwang rocky intet area. Many
species in Il-Kwang intertidal area do not excepir fthe
competition. Sympatric twospeciesigmigrapsus penicillatusand
H. sanguineus should compete for food, habitat and so many
kind of natural source which they need inevitabfccording to
"Competition exclusive principal (Hardine 1960)"esult of the
competition is domination of one species in theiaegbased on
the differentiation of their realized niche (Harelin1960; Begon
et al.,, 1996). Interspecific competition. among thesanpetitions
is extremely violent in the same genus (Darwin, 3838 our
target species, Hemigrapsus penicillatus andH. sanguineus,
belong to the same genudemigrapsus So, these two grapsids
are quite similar ecologically: foraging zones ankrtical

distributions of habitat, and bothH. penicillatus and H.



sanguineus are considered opportunistic omnivores, consuming
various plant and animal matter (Okamoto and Kuahal989;
DeGraaf and Tyrrell, 2004). Thus, their competitioa more
serious. Thus, according to Hardine's principalkvlang intertidal
area is one species win the competition and domhah this
place. However, two close ecological relationshipecggs of
intertidal grapsid crabsH( penicillatus and H. sanguineus coexist

in our study site of II-Kwang rocky intertidal aredn this fact,
we should have some question, How they coexist areth what
mechanisms do it possible? Because the existence oé pu
populations " of either species, and of rocky intedtiarea where
both species have coexisted for extended periodssashpling
time in the same area, suggests that neither lugtoreasons nor
competitive exclusion provide a good explanationr ftocal
distribution patterns which is vertical distributio

Hutchinson (1961) in his discussion of the ‘paradamf

plankton’ pointed out that “"competition exclusive ringipal



(Hardine, 1960)" is not suitable all kind of ecogyst According
to "competition exclusive principal (Hardine, 1960)it is
impossible that many species of phytoplankton iexn same
oceanic area, only one plankton species dominaite dhea, but
Hutchinson (1961) found that species of phytoplanktwere
coexisted by difference in the nutrient absorbingora

Actually, many kind of species are lived togetherall kind of
ecosystem, ‘and they have variety kind of followingexistence
mechanisms. For example, teleost fish are coexibiedlifference
in habitat and prey (Platell and Potter, 1999). 8onudibranchs
are coexisted by difference in feeding behaviorsd amicro
habitats (Lambert, 1991). Anemonefish species arexisted by
difference in host and habitat "utilization, sizedamecruitment
(Elliot and Maricsal, 2001).

Therefore, the purpose of the present study is thedamine
many kind of factors influencing the coexistencetwb sympatric

crabs H .penicillatus and H. sanguineus in a rocky intertidal



area in ll-Kkwang and we should find the mechanismplyafo
sympatric species in ecosystem.

We study for coexistence mechanisms of two sympajrepsid
species Klemigrapsus penicillatusand H. sanguineus with basis
on previous facts. First of all, we found three diyyeses: (1)
Difference in main habitat; vertical distributionnda various
change type (2) Difference in life history; recm@nt and
ovigerous season (3) Difference in feeding habitet Dtype and
available maximum food size. Second, we used faoligwmethod
for proof for these hypotheses. (1) We find howfedldnt vertical
distribution “(high, mid, “low) in rocky intertidal rea, each two
species. (2) We suppose the difference_.in- life onystbetween
two species relates to their life cycle. We use tmethods for
study different life history. First, we should graphe carapace
width and find appearance month of the smallest viddals.
Because we supposed that appearance of the smaltbgiduals

appearance is same the recruitment. Second, weldstimg the



ovigerous individuals in each species because waek thhhat they
could coexist difference in reproduction period) (8 is difficult
that find food items of the crab using the SCA (&ch
Contents Analysis). Because the crabs rend food whidir chela
and 3rd maxilliped as they eat. Therefore, we fthe difference
in predatism using follow two methods. First, we qame the
chela gap size. The reasons of measure this. parthwisi chela
gap size speaks the maximum available size of fd@inada and
Boulding, 1 1998). So we measure this part and coetpar
morphometric charaters of each species and sexon8ewe draw
morphological characters. of chela. Because chelaain feeding
organ thus, it speaks.  that two species: are whiclonbe to
generalist or specialist (Yamada and Boulding, 19%ed and

Hughes, 1995).



Materials and Methods

1. Study site

lI-Kkwang intertidal area is located Gi-jang II-Kwgn Busan
(35°15'N, 129°14'E). There is famous sand beach aft-smath
seashore. There is 1km sand beach and the annué&r wa
temperature ‘averaged 13- Maximum tidal range is 5m, and the

total intertidal area length is 470cm, except saedch (Fig. 1).



(b) (c)

Fig. 1. Study site: (a) Map represents the location of II-Kwang, and red circle represents the study site.
(b) Landscape of the present study site during the low tide. (¢) The intertidal area composed of

a number of several sized boulders and rocks.



2. Materials

Hemigrapsus penicillatusand H. sanguineus (Fig. 2, 3),
belonging the same genus, coexist in the interspEcdoulders
or under the rock sympatrically.

H. sanguineusis frequently the most abundant crab of rocky
intertidal areas where substrates range from largelders to
small rocks, cobble and broken shell (Celestino &tales, 1998;
Lohrer and Whitlatch, 1997; Ahl.and Moss, 1999; Geret al.,
1999). They are opportunistic omnivore, it feeds orvaaiety of
resident organisms, including macroalgae, salt magcasses and
small invertebrates such as amophipods, gastropodslvés,
barnacles and “polychaetes ' (Lohrer ~and - Whitlatch, 9719
McDermott, 1998c; Brousseau et al, 2000a, b).

H. penicillatus is also to collect and can be found by looking
under stones in sandy or muddy places at low titlee male
chelipeds have a charactertistic patch of fur onir thener and
outer surfaces neat the base of the fingers, theripatch being

larger than outer (N@ et al., 1997). Moreover, they also



belonging opportunistic omnivore (Okamoto and Kard) 1989).

Fig. 2. Male specimens. (a) Hemigrapsus penicillatus (b) .

sanguineus

Fig. 3. Female specimens. (a) Hemigrapsus penicillatus (b) H.

sanguineus

_'IO_



3. Sampling

We divided the intertidal zone vertically into 3 riga (High,
Mid, Low level) between high water line and low wemtline of
intertidal area with 1m interval (Fig. 4). Duringw tides at the
spring tides the rocky shore of the tidal creeksl ghe main
channel are exposed. The 0.25°cquadrate (Fig. 5) which is
made by stainless still was used for monthly. samgplépecimens
along the rocky intertidal-area from November 20@5 October
2006. We sampled each level of intertidal area paing tide and
replicate three times, respectively.

Crabs were collected by hand from beneath ofteinguishing
of boulders and rocks in the quadrate.

We moved these samples to laboratory for examinatdter

fixation of the specimens with ca. 5 % neutral falim solution.

_‘I‘I_



Fig. 4. Vertical division of study area which divide into 3parts
(High, Mid, Low)between high and low water line of the

intertidal level area with 1 m interval.

Fig. 5. Quadrate 50X50 cm. Which used for field

sampling of the crab specimens in the

present study.

_12_



4. Analysis methods

Length was measured by vernier calipers, but snsile
individuals which were not able to measured by \errialipers
were measured with ocular micrometer attached tostereo

microscope.

(1) Main habitat

We had to count the number of crab specimen in dacbls
for find the main habitat in each species and sexxt nve
should transform these data for easy comparing &f imain
habitat between.each species and sex.”When wecteallethe
samples, we used 'the quadrate which is 50x50 cm and
replicated 3 times due to total dimension is 75 °crie
transformed these data to a square meter for grémph
distribution. We graphed the distribution using tegma plot

2001 to find how different their main habitat,

_13_



(2) Life history

We analysis for life history (recruitment and reguotive
periods) used two methods as follows.

First, we graphed the carapace width (fig. 6, aghemonth
for finding the recruitment period. We graphed tkarapace
width size frequency and next find the smallest aappt
months. Because we regard to these monthes raralyf-inve
compared ‘the month of recruitment between two sgeand
how different they are.

Second, we pointed out of the appering ovigerowtviduals
months for compare the reproduction period in esplcies. We
find the answer ‘that how different their reprodotiperiod, we
graphed the distribution  of “ovigerous individualadafind the

apparent months of ovigerous individuals.

_14_



Carapace width

o

Fig. 6. Three measuring parts of morphometric characters: (a) Carapace width is used for
finding recruit month. (b) Chela size and Chela gap are used for finding maximum food

deb ejayn

azis e|ayn

(b)

size.
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(3) Feeding habit

In case of most species, the best way finding thmd faems
is SCA (Stomach Contents Analysis). The crabs, howenend
food with their chela and'3 maxilliped as they eat. Thus, SCA
is not useful method in the crab species. So, wed usllowing
method for find and compare food items.

According to-Smith and Palmer (1994), the chela cWwhis
major feeding organ that evolute to form of easy | de#h
their food. Thus, they have probability of diffetefood items,
Hemigrapsus penicillatusand H. sanguineushave a difference
in morphological characters of the chela. We drdwe tthela
and compared these morphological characters. Weandfoliow
different their morphaological- characters. The ddfece in
morphological characters speak they are generalisspecialist.
The specialist has a strong and large dental, wakerthe
generalist has a weak and small dental (Yamada EBoulding,
1998).

Perhaps they are same diet type, they find othey w@

_16_



reduce the interspecific competition of food. Ththen way is
difference in maximum food size (Tracy et al., 200Bhus, we
measured the chela’s gap size (fig. 8, b) becausénofving
difference in maximum food size (Yamada and Boudin998).
We measured three parts for find the differenceCinela gap
size during they grown: carapace width, width anap gsize.
And next, we should do statistical analydisese data using
MINITAB V. 14.

First of all, we should do the correlation analybistween the
carapace width and chela width. The reason is fite t
relationship between crab size and chela size. paaea width
and chela width are significantly eurelated (r=0.98<0.01).
Thus, chela width speaks to crab size. So, we treedind the
difference in maximum food size using the relattopsbetween

chela width and chela gap size.

_17_



Results

1. Main habitat

Although Hemigrapsus penicillatusand H. sanguineuslived
in same intertidal area, distribution is differe¢ leach species
and sex when the intertidal area divided into 3elev
H. penicillatus distributed 82-100% individuals on the mid and
low intertidal area during sampling period (Fig. Table 1) and
it was changed by season. In May—July, they maudfibtributed
on mid ‘intertidal area, whereas in October—April, inhya
distributed on low_intertidal = area. It -had a littldifferent
between the sex - (Fig: 8, 9). In May-September, %17
individuals distributed high intertidal area (Tabld). The
distribution the most part was occupied with malalividuals
(Fig. 8). On the other hand, female particularly igevous
specimens distribute in all the intertidal area Jane, but any
ovigerous individuals did not distribute in all thetertidal area

in July. In August, the ovigerous individuals apmeh again and

_18_



mainly distributed in low level of intertidal areaand next

month, in September, ovigerous individuals shargécreased on
low intertidal area, and mainly distributed on niitertidal area
(Fig. 9).

H. sanguineusmainly distributed on high and mid intertidal
area (Fig. 10). Except January (the most part dfividuals

distribute on low intertidal area: 73.33%), 56-100%dividuals

distributed on high and low intertidal area (Taldle Moreover,

it was changed by season, too. In November - Juhey

mainly distributed on mid intertidal area. Whereas, July —

October, mainly distributed on high intertidal arddowever, the

highest temperature inAugust, they distributed ird nmtertidal

area. This distribution.was a little difference iexs(Fig. 11,

12). August and September were -brooding period. (Ri®). In

August, Female individuals mainly distributed ondmintertidal

area, whereas ovigerous individuals distributed lomtertidal

area. In September, Female individuals mainly ithgted on

high intertidal area, whereas ovigerous individudistributed in

mid intertidal area. Time goes by, ovigerous indinal$ moved

_19_



from low to mid intertidal area.

Two sympatric species had two common features. Frahat
size increased with decreasing of the vertical llewe the
intertidal area while the size dfi. penicillatusin the low level
of the rocky intertidal area showed smaller sizantimid level
(Table 2). Specimens dfl. penicillatus along the rocky intertidal
area were larger tham. sanguineus(mean carapace width of
18.23+6.1 mm, n=104, versus 10.6£3.6. mm, n=262,

respectively), but less numerous.

_20_



Table 1. The percentage of distribution individual numbers in each vertical area.

Nov. Dec.

Jan.

Feb.

Mar.  Apr.

May

June  July

Aug.

Sep.

Oct.

High 0.00 0.00
H. penicillatus Mid 8.33 0.00
Low 91.67 0.00

0.00
20.00
80.00

0.00
10.00

0.00 0.00
0.00 22.22

90.00 100.00 77.78

16.67
50.00
33.33

14.29 7.69
85.71 76.92
0.00 15.38

11.11
22.22
66.67

17.65
35.29
47.06

0.00
27.27
72.73

High 12.50 0.00
Mid 50.00 85.71

H. sanguineus

Low 37.50 14.29

0.00
26.67
73.33

0.00
56.25
43.75

27788 2060
38.89 80.00
33.33 0.00

28.95
60.53
10.53

44.44 53.33
55.56 26.67
0.00 20.00

33.33
44 44
22 22

48.48
39.39
12.12

65.38
21.15
13.46

_21_
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n=16 n=16
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M
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e
v L
e
I H Mar. Sep.
n=4 n=22.67
L
H Oct.
n=14.67
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L

15 10 5 0 5 10 15 15 10 5 O 5 10 15
Individual numbers (ind./m")

Fig. 7. The distribution of Hemigrapsus penicillatus during sampling
months. H, M, L represent the vertical level in the
intertidal area.

n = number of crabs
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Fig. 8. The distribution of /. penicillatus male during sampling

H, M, L represent the vertical level in the
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Dec. June
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Jan. July
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Mar. Sep.
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' n=6.67 n=6.67
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Individual numbers (ind./m") Ovigerous

The distribution of H. peniciliatus female during sampling

months. H, M, L represent the vertical level in the

intertidal area.

n = number of crabs
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Fig. 10. The distribution of Hemigrapsus sanguineus during

sampling months. H, M, L represent the vertical level In

the intertidal area.

n = number of crabs
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n = number of crabs

_26_



H Nov.
n=10.67
M .
L
H Dec. June
n=4 n=10.67
M
V L |
e
r H Jan. July
t n=12 n=13.33
|
c M
a L
|
H Feb. Agu.
n=14.67 n=18.67
| M
e
\
e
| H Mar. Sep.
n=10.67 n=25.33
M .
L
H Apr. Oct.
n=17.33 n=34.67
y ’
L
20 10 0 10 20

20 10 0 10 20

Individual numbers (ind./m") Ovigerous

Fig. 12. The distribution of H. sanguineus female during sampling
months. H, M, L represent the vertical level in the
intertidal area.
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Table 2. Density and size of the two species at the study site during the sampling period

Crab species Abundance Size of C.L.
Meantl S.D. Significance = Meanzl S.D. (Max) Significance
(Crab ni) (CW mm)

Hemigrapsus _ _
High 0.89+1.32 P<0.0001 High 22.08+4.44 (25.9P<0.0001

penicillatus
Mid 4.33+4.10 Mid 28.1+6.25 (28.39)
Low 7.3314.84 Low 17.47+6.03 (28.02)
Hemigrapsus _ :
_ High 10.53+12.83 High 9.9+3 (20.96)
snaguineus
Mid 13.11+7.47 Mid 11.04+3.4 (20.03)
Low 6.11+4.35 Low 11.72+4.5 (23.88)

_28_



2. Life history

We should CW size frequency for find the life higtdn each
species. We tried to explain two ways of the lifesstdry. The
one is recruitment period and the other is broodpegiod. We
compared these characters between two species.upfosed the
recruit period is that appear the smallest indigidu This period
differ between two speciesH. penicillatus in.January, April,
and October, the smallest individuals appeared hogs site. They
recruited three times a year (Fig. 15). We couldd firesults as
following  in Fig. 15. 2 age class populations ceéxin the
same season and that the species life span is 5.y@m the
other hand, H. sanguineus in' March and May, the smallest
individuals appeared. They recruited twice a ydag.(16). It is
also 2 age class populations coexist in the samsoseand that
the species life span is 2 years.

We Female specimens oH. penicillatus were ovigerous
primarily during summer from June to September pkcéuly,

in June, August and September 100, 75, and 67%hefnature
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females were ovigerous, respectably (Fig.11). Ttleerohand,H.
sanguineuswere ovigerous primarily during late summer August
and September. In August and September 7 and 11%hef
mature females were ovigerous, respectably (Fig. 14

We should compare with the minimum and maximum Cié s
of ovigeous female (Table 3H. penicillatus CW size 13.68 -
24.08 mm of female specimens are ovigeroHs. sanguineus
CW size 15.67 — 19.12 mm of female specimens afigeows.
According 'to these facts spoke to us two thingse Tdvigerus
times are longerH. penicillatus than H. sanguineus and the
CW size interval of ovigerous possibility also sklealvthe same

pattern.
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Table 3

The size of ovigerous individuals and numbers lwdt tin each species and month. Tihdial
in the double parentheses speaks to the vertieed ar rocky intertidal area. The sizange
of ovigerous individual wideH. penicillatus

June July Aug. Sep.
Min size 21.25 (M) 13.68 (L) 16.29 (M)
*
) 2(H), 3(M),
Individual numbers 4 1(M), 2(L)
1(L)
Min size 15.67
* * 17.64 (L)
H. sanguineus Max size 19.12
Individual numbers 1 (L) 2(M)
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3. Feeding habit

We tried to find the difference in food items usingo
methods. The one is maximum food size and anothefieeding
habit.

First of all, we measured the chela gap (cG) smefind the
maximum food size. cG -wasdifferent with speciesd asex.
According to -Fig. 17, H. penicillatus is “bigger than H.
sanguineus' As compared in each species, in' case of male
specimens had similar steep, bidt penicillatus is even bigger
than H. sanguineusas same chela width (cW). The other hand,
female specimens had. different steéf. penicilatusy = 0.863
+ 1.29x andH.“sanguineusy = 0.664- + 1.36x. Using this
expression, calculated-the crossing point. The simgs point is
cW=1.7 and cG=2.976. when specimens about <1.7mm HW
penicillatus is bigger than H. sanguineus Whereas about
>1.7mm cW, H. sanguineuss bigger thanH. penicillatus

We tried to find the difference in feeding habit ings

compare the morphological characteristics of chiblat is main
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feeding organ. The morphological characteristics cbkla differ
with sex rather than species. Male chela has lamgy@ powerful
dentals. Whereas, female chela has small and €lantals.
Moreover female chela size is also smaller thanensgecimens

(Fig. 18).
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Fig. 15. The morphological characteristics of the chela.: (a) Hemigrapsus penicillatus male (b) H.

sanguineus male (c) H. penicilla female (d) /. sanguineus female
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Discussion

Sympatric two species Hemigrapsus penicillatus and H.
sanguineuscoexist in ll-Kwang rocky intertidal area and there
belong to the same genusieémigrapsus’ Thus their competition
is more serious than other species (Darwine, 18B8).time goes
by, they try to develop coexistent mechanisms findg same
area and using limitary resource. The purpose a$ study is
that we find these mechanisms.don’t detective so afad adjust
other kind sympatric ‘species in general ecosystem.

We could find three kind of coexistence mechanisims this

study.
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1. Difference in main habitat

"Habitat" and "Environment" are related but not @yymous
terms. The habitat is the place where an organismymous
terms. The habitat is the place where and organiema group
of organisms, lives and is described by its gedgmpphysical,
chemical, and biotic characteristics.

The degree of habitat complexity may influence kmmlity of
suitable shelter, affecting.-the survival and/omédgs" of intertidal
organisms ' in several ways. First, shelter mat redydhysical
stress (e.g., heat, desiccation, freezing, osmfdtictuations, etc.;
reviewed by Newell, 1970; Conell, 1972; Peterso891). Second,
animals without appropriate shelter are probablyrenaulnerable
to terrestrial and avian-predators during low tigled to fish and
invertebrate marine predators during high tide ({iixBreteler,
1976; Peterson, 1991; Moksnes et al., 1998). Thihighly
complex habitats may enable some mobile speciesfotage
independently of predators, whereas organisms Viitited shelter

may face risks of predation that force them to alrttheir
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foraging activities (Sih, 1987; Holbrook and Schmit998).

Often one wished to summarize the basic features aof
macrohabitat without detailing any specific habitabmponent.
Certain basic information should be recorded in ahgbitat
analysis — the type of habitat, and the observémse, location,
and general weather conditions. A general habitalyais should
also include a brief description of the dominantygbal and
chemical components of the environment.

We divided three parts of intertidal area and fitlte main
habitat of each species. Two species distribute @dirt of
intertidal area. However, they are difference in irméanabitat.
Hemigrapsus penicillatusdistributed 82-100% individuals on the
mid and low intertidal -area. Whereds. sanguineusdistributed
56-100% individuals on the high and mid intertidalea, except
January (mainly low intertidal area: 73.33%). Thikstribution
was changed by season and sex.

The modeling of habitat in marine ecosystem is tkmods of
things which are tolerance model (Connell and ®lay1977) and

inhibition model (Egler, 1954). First of all, acdarg to tolerance
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model, high intertidal area is physical variety mgore serious
than other intertidal area. So, Organisms whiche liin high
intertidal area have large endurance from physicaliety. As a
result (Table 1), H. sanguineus distributed high and middle
intertidal area. Whereadil. penicillatus distributed mid and low
intertidal area. ThusH. sanguineusis more enduring physical
stress thanH. penicillatus-—Second, -inhibition model is difficult
to adjust this situation. This theory interacts hwiuccession but,
our study is not a little relative Succession.

The districution of H. penicillatus relate with the special
feeding habit "Cannibalism”. That IS a special fooh predation
in which the predator and the prey are members haf $ame
species and more serious when molting.  Adults fed the
internal organs of smallconspecifics after remgvitme carapace.
This phenomenal regulates not only the populatiarmiver but
also distribution of small individuals (Okamoto akdirihara,1989;
Yasushi et al., 1989). Crabs with carapace widtitW)C<5mm
were frequently upon by larger individuals; preyesiappeared to

be relatived or the maximum gape of predator chi@arihara
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and Okamoto, 1987). So the <56mm CW individuals seslelter
too small to through the >5mm CW individuals with assential
condition. Sand was the dominant substrate typeeditin stones
along the upper transect, stones were found pite@ aach other,
and burial of stones was minimal. The solid roclbsttate in the
lower intertidal had numerous small holes and @& and no
sand or mud was present.- The mid intertidal arem tha biggest
rocks among the Ill-Kwang rocky intertidal area (€alb). The
mean size ‘of mid intertidal area is 30.61lcm. Othszwhigh
intertidal area is 3.55cm and low intertidal area31cm. So, mid
intertidal area has many spare which size is bigugh the
>5mm CW ‘individuals catch the small individuals ghuhis area
discomfort the smallH. -penicillatus individuals- (<5mm) to live.
And high intertidal area has benthic-substancec(@)5too small
to hide the <6mm CW individuals. Thus, this plase also bad
for live <bmm CW individuals. Whereas, low intedldarea is
suitable for the <5mm CW individuals live. Low iniidal area is
bigger than high and smaller than mid intertida¢aar These rocks

(Table 4) make the suitable spare for hide the <5maw
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individuals from the >5mm CW individuals. The awdility of
shelter such as narrow gaps between boulders amkesstlimited
cannibalism. Avoidance of large individuals by simahes, and
visual approach of large individuals to small onas, well as the
presence of suitable shelter for small in maintagnithe stability
of the H. penicillatus population (Kurihara and Okamoto, 1987).

We should find this mean CW size is the mosgda in all
vertical intertidal area but, the biggest CW sizalividuals exist
in low intertidal area (Table 2). The reason ofstifiact, the small
individuals ' distribute .more low intertidal area mhanid intertidal
area.

In other case ofH. sanguineuspositive relationship between
cover of stone andH. sanguineusdensity were -evident along
both transects. Additionally, positive relationshyetween cover of
stones and H. sanguineus density were evident along both
transect (Andrew et al., 2000).

Mid intertidal area have so many rocks on the loitgso, most
H. sanguineusexist in mid intertidal area.
This distribution was varied by sex and seasHn. penicillatus

mainly distributed mid intertidal area May to Julgnd Ilow
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intertidal area August to April. Wherea$]. sanguineusmainly
distributed high intertidal area from July to Oatoband mid
intertidal area from November to June. This vaoiatis relatived
around the air temperature (Fig. 16). In caseHof penicillatus
they distributed mid intertidal area from April rfasphere
temperature begin to warmer) to July (atmosphemmpézature
does not take over 20). They distributed low intertidal area
during August and September which months are veriteh than
other months take over~2ZD and they distribute low intertidal
area from January to March (the temperature is lothan other
months.). The reason of this distribution is thiae low intertidal
area is a little more effect atmosphere than otinéertidal area.
H. penicillatus has lower endurance of physical variation thdn
sanguineus (Takahashi et-al, 1985)Thus, they distribute low
intertidal area during extreme atmosphere temperatmonths.
Whereas H. sanguineus is a highly mobile grapsid crab
(Takahashi et al, 1985; Diane et al., 2002) sois itvery hard to
find the trend of their distribution. But, McDermo{1998a, b)

spoke that in warmer months they were generallytuzagd in the
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high to mid intertidal area, which had a heavy dgtovwof the
brown algae,Fucus vesiculasyslarge numbers of acorn barnacles,
Semibalacles balanoidesand some blue mussel$jytilus edulis
We got the similar results at the II-Kwang intealidarea. Thus
we caughtH. sanguineus high and mid intertidal area during
warm month.

This distribution is varied by sex. Two importatitings are
in this phenomenon. First, during the ovigerous iqokr their
distribution ‘is same _H. penicillatus June, August, and
September;H. sanguineus August and September) in each sex. In
case of H. sanguineus they are little difference in distribution
usually but,  we could find the same distributionridg ovigerous
period. The reason of this phenomenon; they shoddd the
fertilization. In other case oH. penicillatus We could find the
similar distribution usually but, different in MafFig. 16). Males
went to the mid intertidal area and staid in thelNext month
the female species went to the mid intertidal aasa ovigerous.
These results speak to us, male ahead prepareettikzdtion.

Second, Each species are overlapping the ovigenpesod
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during August and September so, they would unddhgo spatial
competition. They are difference in space and redtlee spatial
competition in this periodH. penicillatus distributes low intertidal
area during this period, wheredd. sanguineusdistributes mid
intertidal area in August and high intertidal arga September.
They need many energy during ovigerous period thhsy are
difference in distribution for reduce -the competiti of food and
space.

Other special character-of distribution is that thean CW size
of H. penicillatus is bigger thanH. sanguineuswvhereas individual
numberis H. sanguineusbigger thanH. penicillatus (Table 2).

Symptric two species ‘develop different adjustmengéch@anisms
and are separated their ecological niche.«Thesés fae helped

two sympatric species possible coexist in this tsde.
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Table 4

Description statistics of stone size groupings tla experimental site. Stonwere
categorized before measurement (n=25 per categang, circumference wameasurel
(along longest axis) to the nearest centimeter. Noterlap between the maximuend
minimum sizes in some successive categories (Andeewl., 2000).

Stone size category Mean =1 S.E. Minimum Maximum
Rocks 17.3+0.8 11 25
Small cobbles 42.3+2.3 20 63
Large cobbles 100.6+2.6 83 124
Boulders 156.0+2.7 126 172
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Table 5

Description statistics of stone size at the expental site. We measure the stoeach
vertical area circumference was measured (alongelsin axis) to the nearesentimeter
Stone were measurement n=20 per each vertical area.

Vertical area Mean 1 S.E. Minimum Maximum
High 3.55+1.53 0.5 6.4
Mid 30.61+14.67 8 61
Low 13.31+14.39 3 25
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2. Difference in life history

Life history means the development period frommthbito die,
simple mean is whole life all organisms in ecologh. is
important recruitment and ovigerous period among life history
for maintain the species. This period individualBsed to so many
energy. Thus, if all species experience this peraidthe same
time, it is hard to maintenance the species ditsersBecause
interspecies .competition is- more :serious and sopexias win the
competition dominate in ecosystem. Therefore, mapgcies are
difference ' in recruitment and ovigerous period atmexist with
each other. Wherever a population is somewhat dakgrenon
meteorological conditions and is geared-in its tihatons to an
annual cycle by the life history "of the species, way expect
apparent opportunism, and apparent replacementnef apecies by
another, which in any year may indeed simulate citipn, even
if the species are not competitors and later maguiocogether in
abundance (Hutchinson, 1964).

We suppose thaH. penicillatus and H. sanguineusalso coexist
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using this mechanisms and tried to find the lifestdry each
species through the size frequency. The results gaph, we
could find the difference in life history. Okamot& Kurihara
(1987) investigated the life cycle and populatiopnaimics of H.
penicillatus and reported that 2 age class populations coerist i
the same season and that the species life span ig. 2ZThe
coexistence of 2 age classes -suggests the padysiboif
cannibalism, that is intraspecific predation, sinteis well know
that cannibalism is common in..a wide variety of naals.
Although cannibalism may be useful for regulatingpplation
density, a brake is necessary since excessive lmism would
be disadvantageous to the survival of a species.

First, we tried to find the difference in_recruitmeperiod. H.
penicillatus recruit three times a year, in January, April and
October. WhereasH. sanguineusrecruit twice a year in march
and May (Fig. 13). Two species are maximum agews tnd
each years classes coexist same space. In cast pEnicillatus
have the cannibalism. Cannibalism is a special fafmpredation,

in which the predator and the prey are the sameciepeH.
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penicillatus with carapace width (CW) <5mm were frequently
preyed upon larger individuals; prey size appearedbe related
to the maximum gape of predators chela (Okamoto ldadhara,
1987). Thus,H. penicillatus CW <5mm individuals are exposed
serious predative pressure. Thus, they need morzuitment
period and individuals for maintain the population.

Second, they are difference in ovigerous peribd. penicillatus
broods three times a vyear in July, October and eBepdr.
Whereas, H." sanguineusbroods "twice a year in_ August and
September. The major environmental factor which trade the
breeding in these crabs appears to be temperatilay( and
Ono, 1978). H. penicillatus has numerous brood time thaf.
sanguineus The range of CW size have brood capability isoals
different. The range ofH. penicillatus is CW 13.68-24.08mm
whereasH. sanguineusis CW 15.67-19.12mm individuals have a
brood capability (Table 3). These results speakHtopenicillatus
could brood longer and have more opportunity thah
sanguineusfor a whole life. Thus,H. penicillatus has a great

reproductive advantages. We should think relatikis tesult with
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also cannibalism. We previously talked abddit penicillatus has
the special feeding habit "cannibalism". Cannilmaliss gave more
predation pressure to <6mm CW individuals thds penicillatus
need advantage of reproduction system and more mule

recruitment individuals for maintain the species.
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3. Difference in feeding habit

In ecosystem, all kind of organisms need the enesgyrce to
live, essentially. The energy source is food as dhganisms. So,
it is important thing reduce the competition of dooThus, H.
penicillatus and H. sanguineusneed this mechanism reduce the
feeding competition for the coexistence. We use twethods for
find this mechanism. The one is difference in-maxmfood size
and the other is difference in feeding habit.

Most crabs selectively forage on small sized maobus prey
well below the critical size that can be openede(Sand Huges,
1995). Thus we compared the maximum chela gape (@®)
tried to find the preference food size. -~ The cG wasied by
sex and species. Generally, chela size and cG amealé is
smaller than male at the same CW (Paul and Nan@93;2Diane
et al.,, 2001; Yasushi and Kazutosh, 1989). Greaiee offered
and advantage in feeding to male crabs only, walgd males
consuming more prey (averaged over all food typgegnt small

males or either size of females. Both sex showeghifstant
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allometric growth of chela. The slope was signffita greater in
males than female, indicating that, with increasisge, males
develop disproportionately larger chelas than daondles. This
higher consumption rate of large males was assmtiatith an
expansion of diet breadth, leading to a significanteraction
between sex, size, and prey species (Tracy et 2003).
Moreover c¢cG was varied by species. Each male smgEmare
very similar but, H. penicillatus is a little “bigger thanH.
sanguineus Otherwise Female specimens show the differemnidtre
Though H. penicillatus is bigger thanH. sanguineusat about
<1.7mm cW but they show the opposite trend at abelifmm
cW. The size of about 1.7mm cW is the minimum swach H.
penicillatus female initially has the ovigerous capability. The
relationship is betweenthe carapace and chela hwidt H.
penicillatus female specimens which is y=0.0405+0.239x (Fig.
17). Thus 1.7mm cW equal to the about 7.28mm CWs Hize
is similar to minimum size of ovigerous individu@@mm) (Ncl
et al., 1997). It said thaH. penicillatus decrease the relative

growth of chela at start ovigerous size and they passible
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smaller prey thanH. sanguineus Thus they use this mechanism
reduce the feeding competition during the ovigersesison (Fig.
14).

Two functional groups of crabs emerged: generalistsd
specialists on hard shelled prey. The generalist & omnivorous
and possesses weak claws with small, fine denticksd
mechanical advantage (MA) of the claw's lever syst&0.3,
while the specialists, consume hard shelled. preyl gossess
large, powerful claws with™ broad, blunt molars aki>0.3. The
claws of the generalist exhibited a consistent gyefce for the
smallest size categories, while the three spetsalattacked all
size classes offered (Yamada and Boulding, 1998iferences in
morphological and mechanical features of .crab chelkflect the
observed difference in —prey handing techniques dodaging
behavior (Seed and Hughes, 1995). Thus, We triedcdmpare
the chela morphological characters in each specias drew the
chela. There has been considerable controversy vimlutgonary
biology about the timing of evolutionary changes rimg

speciation. On the one extreme, the gradualistsnkthihat
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evolution proceeds slowly and morphological changescur
because of natural selection operating graduallselfk, 1994). So,
we tried to find the difference in feeding habitings compared
the morphological characters between two specigg. (£5). These
characters were not differed by species but diffeby sex. Male
specimens have a strong and large dental on chdiareas
female specimens have -a weak -and small dental oela.ch
Yamada and Boulding (1998) spoke the difference dhela
morphology ‘is said how to differ their feeding Habin case of
the crab usually eats the gastropod, the speciabst large and
powerful dental on their chela, otherwise the galngr has small
and fine dental on their_chela. According to thessults, our
male specimens belong to the specialist: and fensglecimens
belong to the generalist. They don't have any iffee in
feeding habit between species. However, they are #ame
species, male and female specimens are differencefeéding
habit or preference food item. Why they have ddfer chela
morphological characteristics between each sex. stppose the

answer which is intraspecific competition. Femalees more
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energy during the ovigerous season. They shoulducesdthe

feeding competition and evolute different way.

Sympatric two species are coexisted by these thmeehanisms,
such as difference in main habitat, life historyd aieeding habit.
These mechanisms should be separated theirs nicioe tlaey

became coexistence in same area.
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Fig. 17. The relationship between carapace width (CW)

and chela width (¢W):. /L penicillatus (P<0.001,
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Summary

Two sympatric speciesHemigrapsus penicillatus and H.
sanguineusclearly coexist in ll-Kwang rocky intertidal aredwo
species are same genus. Thus they compete with @heln more
serious. Competitive interactions could also benifitant among
co-ocurring species, affecting their densities afigtribution. For
example, competitively inferior individuals may notecessarily
reside in their preferred habitats, but may be gatled to more
marginal habitats by _competitive . dominants, sincegucsurally
complex habitats are potentially important to f#ee certain
species may compete for them (Takahashi et al.,5)198he
strengths of biological procsses (e.g., larval |eetent,
competition, predation, distribution of food resces) and physical
factors (e.g., desication, freezing, salinity fltions) can be
correlated with tidal height and may contribution the vertical
zonation of many rock intertidal organisms (Andrew al, 2000).
We should find this mechanisms using three hypethes(1)
Difference in main habiat, (2) Difference in lifestory, and (3)
Difference in feeding habit.

First of all, they have different main habitatl. penicillatus
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mainly distributes mid and low intertidal area. VWées H.
sanguineusmainly distributes high and mid intertidal areaheT
reason of these distribution was interaction of |deu size and
cannibalism. These distribution is varied by seadmtause of
affect of surround temperature.

Second, they have different life history. We lodkst the
recruitment period,H. penicillatus occurs three times a year in
January, April and October. Wherea$. sanguineusoccur two
times a year .in March and May. Also difference imigerous
period. H. penicillatus oceurs three times a year in' June, August,
and September. Whered$. sanguineusoccurs two times a year
in August and SeptembeH. penicillatus has greater recruitment
however, H.. sanguineushas a greater tolerance physical factors.
Third, the diet interaction of the two speciessesi the question
of how coexistence is ‘maintained. They have differsmaximum
food size and feeding habit. Most crabs forage ctigkly on
small sized molluscan prey well below the criticgike that can
be opened. Males develop disproportionately lamgeglas than do
females. And then compared in each species, malesizé is
larger H. penicillatus than H. sanguineus Otherwise, female cG

size show the different pattern of mald. penicillatus specimens
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of chela size <1.7mm are larger thdt. sanguineusbut, H.
sanguineusspecimens of chela size >1.7mm are larger tlan
penicillatus About 1.7mm is the cross point and minimum size
of ovigerous inH. penicillatus So We can findH. penicillatus
decrease their relative growth rate of chela whdmyt can
ovigerous. Moreover, we compare diet type betwesn species
drawing the chela morphological characters. Theultesf male
species are specialist and female are generalidierdds, they

don't have a difference in diet type between twecss.

These mechanisms would make the niche separatetwebn

two species and can coexist in this area.
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