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Ab唱tract:On巴 speciesand its subspecies of the genus Limnoperna are known from Japan: L. 

fort聞 eifortunei(Dunker， 1856)組 dL. fortunei kikuchii Habe， 1981. The former was reported 

first in the 1990's in Japanese freshwaters， whi1e the 1atter was described by Habe (1981) as au 

endemic subspecies of the species found in brackish waters. According to morpho1ogica1 and 

isozymatic studies done by Kimura (1994a) and Kimura and Tabe (1997)， specimens which 

have been identified so far in Japan as L. fortunei kikuchii are clear1y distinguishab1e from L. 

fortunei fortunei. Deducing from白紙 L.fortunei kikuchii shares characteristics in its anatomy 

and shell morpho1ogy with the Xenostrobus sp巴cies，and is probab1y identica1 to X. securis 

(Lamarck， 1819)， a species that is巴ndemicto th巴 brackishwaters of Australia and N巴W

Zealand. In order to confirm L. fortunei k伽 chiiis a synonym of X. securis， we examined char-

act巴risticsof shell morpho1ogy， anatomy and isozymes of specimens collected from Japan and 

W巴sternAustralia. Specim巴nsfrom白巴 abov巴 two10calities sh紅巳dcharacteristics re1ating to 

shell morpho1ogy and anatomy， whi1e they show巴dg巴neticvariations for 10 10ci (in 8 enzymes 

examined) without allelic substitution between th巴S創np1esfrom the two 10ca1ities. The present 

study indicates that L. fortunei kikuchii shou1d be a junior synonym of X. securis and must have 

b巴巴nintroduced from Austra1ia and/or New Z巴aland.

Keywords: Myti1idae， Limnoperna， Xenostrobus， mo中ho1ogy，auatomy， isozyme， introduced 

sp巴C1es

Introduction 

Limnopernafortunei kikuchii was described by Habe (1981) from Japan as a subspecies of L. 

fortunei fortunei (Dunker， 1856). Presently， L. fortunei kikuchii which is the predominant myti1id in 

intertidal macrobenthic communities in most areas of Japan， has not b巴巴nreported from areas out-

side Japan， where it is found in巴mbayment紅巳as，巴stuariesand brackish wat巴rs，e.g.， Tokyo Bay 

to Urado Bay (Kochi Pref.) a10ng th巴Pacificcoast， Seto Inland Sea， and from Dokai Bay (Fukuoka 

Pref.) to Shi吋iLake (Shimane Pref.) along th巴 JapanSea coast based on Kimura (1994a) compil-

ing updated distributional data in Japan. Limnoperna fortunei戸rtuneihas been reported from 

mainland China， Taiwan， Korea and Thai1and based on Kimura (1994b) compi1ing distributional 

data in the world， and is known to have been introduced to Hong Kong in 1960's (Morton， 1975)， 

Argentina in 1991 (Darrigran and Pastorino， 1995) and to Japan in 1990's (Kimura， 1994b). In 

J apan， the species has been report巴dfrom Biwa Lake， and a1so from th巴lowerreaches and tidal 

areas of Kiso Rivers (Kiso， Ibi， Nagara) (Kimura， 1994b) and Yodo River (Nakai， 1995). 

Hab巴(1981)separated L. fortunei kikuchii from L. fortunei fortunei based on shell morpholo-

gy. Some民間archershave insisted that this subspecies is clearly distinguishable from L. fortunei 

fortunei by morphologica1， physiologica1 and genetic charact巴ristics(Kimura， 1994a; Kimura et al.， 

1995; Ieyama， 1996; Kimura and Tabe， 1997). Furthermore， though L. fortunei戸rtuneimainly 
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inhabits freshwater紅 eas拍 dL， fortunei kikuchii mainly inhabits brackish wat巴rareas， these two 

mytilids were found to occur together in a tidal part of th巴NagaraRiver， c巴ntralJapan (Kimura and 

Tabe， 1997)， Thus， the validity of its subspecific status has b巴巴nquestioned， Fukuda (1994) el巴vat

巴dL， fortunei kikuchii to Limnoperna kikuchii in species rank， whil巴Asakura(1992) considered L， 

fortunei kikuchii to be a synonym of L， fortunei fortunei， We wonder if L，戸rtuneikikuchii may be 

id巳nticalwith Xenostrobus securis， because L， fortunei kikuchii has the recurrent loop of the mid-

intestine on the right side of the stomach and ext巴nsiblein-and excu汀巴ntsiphons which ar巴diag-

noses of the genus Xenostrobus (Kimura and Shikano， 1996)， Furthermore， L， fortunei kikuchii 

shar巴ssev巴ralmorphological characteristics with X. securis (as 児 島 町edin Kimura and Shikano， 1996). 

The pr巴S巴ntpaper indicat回 thatL， fortunei kikuchii should b巴 asynonym of X. securis 

(Lamarck， 1819) and must hav巴 beenintroduc巴din Japan from Australia and/or New Zealand， 

bas巴don shell morphology， anatomy and isozymatic analysis of specimens of L，戸rtuneifortunei 

from Japan and Taiwan， L， fortunei kikuchii from Japan， Xenostrobus specimens from sev巴ralcoun】

tries including Westem Australia. 

Materials and Methods 

For descriptions of shell morphology and anatomy， we exarnined the type specimens of five 

sp巴C1巴s(L， fortunei kikuchii， X. securis， X. hepaticus (Gould， 1850)， X. mangle Ockelmann， 1983 

and X. balani Ockelmann， 1983) and specimens of X. inconstans (Dunker， 1856) and X. pulex 

(Lamarck， 1819) (Tabl巴 1).Specimens of L， fortunei kikuchii coll巴ctedfrom the intertidal zon巴sat 

five sitω in J apan and those of L 戸rtunei戸rtuneiat three sites from f1・巴shwaterareas in Japan and 

northern Taiwan wer巴 examined(Fig. 1; Table 1). Furthermore， specimens of X. securis collected 

at two sites， i.e.， at ups悦 amand downstream sites in an estuarine area of the Swan River， W巴stem

Australia (Fig. 1; Table 1)， and thos巴 ofX.αtratus (Lischke， 1871)組 dXenostrobus sp. collected 

from Ko吋iroBay in Kanagawa Pr巴fecture，J apan， and F討iIsland were巴xamined(Table 1). The 

above samp1es ar巴driedspecim巴nsor are fixed in 70% alcohol. 

For巴xaminationof allom巴tricdifferences in shell morphology among th巴出r巴巴 speci巴s(L， for-

tunei kikuchii， L， fortunei fortunei and X. securis)， we measured shelllength， shell height and shell 

width to th巳nearest0.1 mm. Rates of correct discrimination were calculated by canonical discrim回

inant analysis， and Scheffl白巴's，Krus汰kal

t凶r悶an回IS吋sforωrmτ宜1TI巴吋ddata. 

For isozymatic analysis， live specimens of X. securis were collected at the two sit回 (the

ups佐eamand downstr巴amsit巴s)in出巴 SwanRiv巴rin July 1996， and those of L， fortunei kikuchii 

were coll巴ctedat one sit巴inbrackish water in Hamana Lake in August 1996 (Fig. 1). All specimens 

were transported to the 1aboratory and stor巴dat -20 "C or -80 "C until el巴ctrophoreticanalysis 

was don巴.Mantle tissue extracts of 50 specimens collected at each site wer巴 us巴dfor巴lec-

佐ophoreticanalysis using horizontal starch-gel electrophoresis. Proc巴dur巴sof starch-g巴l巴lec目

佐ophoresiswer巴basicallyaccording to May et al. (1979) and May (1992)， while thos巴ofst倒mng

were according to Harris and Hopkinson (1976) and May (1992). The examined enzymes， their loci 

叩 dbuff，巴rsystems us巴din electrophor巳sisare shown in Table 2. Identifications of loci， alleles， 

genet1c nom巴nclatureand inscriptions follow F吋io(1984) and Sh誌leeet al. (1990). Alleles w巴re

scor巴das the standard “* 100" all巴1巴byarbi仕arilydesignating the most common all巴leat each 

locus. Th巴otheralleles were assigned as numericals on the basis of the mobility of their products 

relative to that of the standard allele. 



Table 1. Reference specimens.参照標本.NMHN=Museum National d'Histoire Natur巴lIe，Paris; TMNH=Toyohashi Museum of Natural History; NSMT=National 

Science Mus巴umTokyo; USNM=United States National Museum， Washington D.C.; WAM=Western Australian Museum， Perth; ZMC=Zoological Museum， 

University of Cop四 hag巴n.*=holotype， **=paralectotyp巴
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Fig. 1. Location of sampling sites of Limnoperna fortunei kikuchii， L. fortunei fortunei and Xenostrobus 
securis.コウロエンカワヒバリガイ，カワヒバリガイと Xenostrobussecurisの採集地点.
1: Tokyo Bay; 2: Hamana Lake; 3・Lowersite of Nagara River; 4: Upper site of Nag創・aRiver; 5・

Biwa Lake; 6: Fukuda River; 7: Hashimoto River; 8: Jyr-Tan; 9: Upper site of Swan River; 10: 
Lower site of Swan River. 

Results 

1. Shell mo叩hologyof Limnoperna fortunei kikuchii 

Differences in charact巴risticsof shell mo叩hologyw巴r巴notdetectable among specimens of L. 

fortunei kikuchii which w巴r巴collectedat白巴 fivesites from Japan. L. fortunei kikuchii has a shell 

thickness almost白巴 sameas in L. fortunei fortunei， the shell being rounded-triangular in a lateral 

view， and height near 2/3 of total shelllength (P1. 1， figs. 1， 2). The anterior margin of th巴 shellis 

narrowly rounded， the antero】 dorsalmargin being straight or gently curved， and the v巴ntralmargin 

being straight but often arcuate in larger sp巴cim巴ns.The umbones， being clos巴tot巴rminalin posi-

tion， are prominent and ar巴moderat巴lyelevated. The extemal surfac巴ofth巴shellis smooth in juve-

niles， while in adults it has usually slight but well-defin巴dcommarginal sculpture. Th巴 P巴rios-

佐acumis smooth and reddish brown in adults， while in juv巴nilesit is smooth with reddish variega-

tions or black zig-zag patterns (P1. 1， fig. 13). The interior wall of the shell is pale blue-iridescent 

on the antero-ventral side and purple-iridesc巴nton the postero-dorsal side. The muscle scars叩 d

palliallin巴aredistinct in adults. Th巴post巴riorbyssal retractor scar is narrow， being not separat巴d

(Fig. 2). The ligament is half of the total shelllength.百1巴byssalhair is sometimes on th巴shell.The 

byssus threads ar巴num巴rous，very fine and silky with a pale brownish-yellow color 
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Table 2. Enzyme examined， their loci and buffer systems used in electrophor巴sis.

使用した酵素，遺伝子座，緩衝液.
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1
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2
2
2
2
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2
1
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Buffer: 1 = a Tris-boric acid-EDTA buffer (pH 8.5) described by Markert and Faulhazber (1965) 
Buffer: 2 =祖国nin(n-(3-arninopropy1)-morpholine) ci佐atebuffer (pH 6.5) described by C1ayton加 dTretiak (1972) 
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Fig. 2. Interior walls of 1巴ftshell valv巴sof Limnoperna fortunei kikuchii， L. fortunei fortunei and 

Xenostrobus species.コウロエンカワヒバリガイ，カワヒバリガイとクログチ力イ属各種の
左殻内側.
a.add.s.: anterior adductor scar前閉殻筋痕;lig.: ligament靭帯;p.add.s.: posterior adductor scar後
閉殻筋痕;p.bys.retr.s.: posterior byssal re住acωrsc紅後足糸牽引筋痕;p.l.: pallial line外套膜線，

u.: umbo殻頂.
1: L. fortunei kikuchii from Hamana Lake; 2: L. fortunei kikuchii (Holotyp巴)from Koro巴n;3: X. 
securis from Swan River， WA; 4: X. securis (Paralectotype) from Australia，; 5: Xenostrobus sp. from 
FりiIs.; 6: X. hepaticus (Holotype) from 町iIs.; 7: X. inconstans from Oyster Harbor， WA; 8: X. 
pulex from Woodman point， W A; 9: X. atratus from Ko司jiroBay; 10: X. balani (Holotype) from Ao 
Nam Bor， Phuk巴t;11: X. mangle (Holotype) 丘omJeram， W. coast of Malaysia; 12 ・L.j向bかか加的rバrtlτtl伽1日附聞m問1
tωune悶eifrom Na勾.ga紅raRiver. 

2. A110m巴triccomparisons of she11s of Limnoperna fortunei kikuchii， L. fortunei戸rtuneiand 

Xenostrobus securis 

Data for sh巴111巴ngth(SL)， she11 height (SH)， she11 width (SW) and ratios of each (SH/SL， 

SW/SL， SHlSW) are shown in Table 3 for L. fortunei kikuchii， L. fortunei fortunei and X. securis. 

Significant differ巴nceswere detected statistica11y for ratios of SHlSL， SW/SL and SHlSW among 

specimens of L. fortunei kikuchii co11ected at th巴 fivesites in Japan (Kruskal-Wallis test， H = 80.1 

-228.4， p < 0.01). The rate of correct discrimination using SL， SH and SW was 50.2 %. 

Significant differences were det<巴ctedfor the ratios of SW/SL and SH/SW among specimens of L. 



Table 3. Morphometric measurements (mean :t SD) of Limnoperna fortunei kikuchii， Xenostrobus securis and L. fortunei fortunei 

コウロエンカワヒバリガイ ，Xenostrobus securis，カワヒバリガイの形態平均値.
~ 

Sp. Sampling sit巴S No. SL SH SW SH/SL SW/SL SH/SW 

L. fortunei kikuchii Tokyo Bay 50 21.99 :t 3.54 1O.14:t 1.42 7.90:t 1.34 。目46:t 0.02 0.36 :t 0.02 1.29 :t 0.09 

Hamana Lak巴 115 18.67 :t 7.16 9.22:t 3.32 7.11 :t 2.72 0.74:t 0.07 0.63 :t 0.12 1.26士 0.59

Nagara River 40 21.08 :t 2.47 11.82 :t 1.59 9.46:t 1.05 0.56 :t 0.04 0.45 :t 0.03 1.25 :t 0.12 

Fukuda River 29 19目15:t 4.96 10.74 :t 2.43 8.45 :t 1.97 0.56土 0.04 0.44 :t 0.04 1.27 :t 0.08 

Hashimoto River 50 16.35 :t 2.26 8.35 :t 1.13 6.38 :t 0.94 0.51 :t 0.03 0.39 :t 0.02 1.32 :t 0.11 

X. securis Upper site， Swan R. 111 14.56:t 10.12 7.11 :t 4.64 5.30:t 3.66 0.51土 0.04 0.37 :t 0.03 1.40 :t 0.12 開z d E〈n 

Lower site， Swan R. 168 11.56土 5.07 5.89 :t 2.38 4.96 :t 2.26 0.52 :t 0.04 0.43 :t 0.06 1.24:t 0.25 
〈ロ

し《

、?。

L. fortunei fortunei Nagara River 40 24.75 :t 2.76 10.92 :t 1.00 9.40:t 1.21 0.44:t 0.03 0.38 :t 0.03 1.17:t 0.11 ~ 
υJ 

Biwa Lak巴 104 19.45 :t 7.09 8.63 :t 2.93 7.90 :t 2.99 0.46 :t 0.05 0.40士 0.04 1.15 :t 0.20 
) -vXxD 。D 

Taiwan 56 27.68 :t 3.30 12.75 :t 1.44 10.52 :t 1.25 0.46:t 0.04 0.38 :t 0.03 1.22 :t 0.12 

SL = shelllength (mm)， SH = shell height (mm)， SWニ shellwidth (mm) 
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Fig. 3. Semi-diagrammatic 1atera1 view of soft body parts of Limnopernafortunei kikuchii. 
Th巴 sp巴Clmenswer巴 collect巴dfrom Aichi Prefecture. Ctenidium and mantle of由巳 1eftsid巴 are
removed. The post巴riorend is presented as sagittal s巴ctionto expose detai1s of th巴日仕uctureof the 
1曲 al巴ntand exha1ent siphons. Shell 1ength: 25.3 mm愛知県産コウロエンカワヒバリガイの軟
体部の半模式図(殻長 25.3mm).左側の鯨と外套膜は除いてある.後端は出入水管の構造
を明らかにするために断面図で示す.
a.add.: anterior adductor muscle前閉殻筋;a.re佐 anteriorretractor muscle前牽引筋;au.: auricle 
心房;ax.l.ct.: axis of 1eft ctenidia左鯉軸;br.sept・:branchia1 sep旬m(in s巴ction)鯨隔壁(断面); 
bys.: byssus足糸;d.m.sept.: dorsal mant1巴S巴ptum背側の外套膜隔壁;dig.g.: digestiv巴gland中腸
腺;ex.ap.: exha1ent aperture出水孔;ft.: foot足;inn.l.r.m.: inn巴rmantle 10be of right side右側外
套膜内摺;inn.r.asc.demib.: inner ascending demibranch of right ctenidium右側内鯨;k.: kidney腎
臓;l.lab.pa1p.: 1eft 1abia1 pa1p左側唇弁;l.p.ped.retr.: 1eft post巴riorpeda1 retractor muscle左側後収
足筋;1ig.: 1igament靭帯;m.c.・mant1ecavity外套腔;mes.: m巴sosoma中体部;out.lobe r.m目・ outer
10be of right mantle右側外套膜外摺;p.add・:posterior adductor muscle後閉殻筋;p.bys.retr.: pos-
terior byssa1附 ractormuscle後足糸牽引筋;pe.: p巴出制・dium心嚢;r.: rectum直腸;sh.: shell殻;
v.: ventricle心室

戸rtuneifortunei coll巴ctedat白εthr巴巴 sitesin Japan and Taiwan (Kruskal羽Tallistest， H = 8.7 -17.0， 

p < 0.05)， while the difti巴rencewas not significant for the ratio of SH/SL (Kruska1-Wallis test， 

H = 5.2， P = 0.07). The rate of co町 ectdiscrimination was 64.0 %， using data of SL， SH and SW. 

Significant differences were detected for出eratios of SW/SL姐 dSH/SW between specimens of X. 

securis coll巴ct巴dat th巴 twoSlt巴sin West巴m Australia (Mann-Whitney's U】t巴st，P < 0.01)， while 

the difference was not significant for the ratio of SH/SL (Mann-¥¥也itney'sU-test， p = 0.39). The 
rate of correct discrimination was 84.2 %， using data for SL， SH and SW. Significant differences 

were detected for the ratios of SH/SL， SW/SL and SH/SW between specim巴nsof L. fortunei 

kikuchii and L. fortunei fortunei (Scheffe's test， p < 0.01). The rat巴 ofco汀 ectdiscrimination 

betw巴巴nthe two sp巴ciesusing SL， SH and SW was 75.3 %. Significant diff，紅白lceswere det巴cted

for the ratios of SH/SL， SW/SL and SH/SW between sp巴clm巴nsof L. fortunei kikuchii and X. 

securis (Scheffe's t巴st，P < 0.01). Th巴 rat巴 ofcorrect discrimination betw巴巴nthe two sp巴Cl巴swas 

76.4 % using data of SL， SH and SW 

In short， a1though in凶 specificvariations in the abov巴 ratiosof L. fortunei kikuchii， L. fortunei 

fortunei and X. securis were recognized， statistically significant differences were detected in shell 

shape b 巴tweenL. fortunei kikuchii and X. secαωu仰町附a汀川rバ.ぜ仏i

t仰un削eifortunei. 

3. Anatomy of Limnoperna fortunei kikuchii 

No remarkab1e differences were d巴tectab1巴 amongspecimens of L.戸rtuneikikuchii coll巴ct巴dat 
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Fig. 4. Dorsal vi巴wsof musculatu印 audalimentary tract of Limnoperna fortunei kikuchii， L. fortunei for-
tunei and Xenostrobus species.コウロエンカワヒバリガイ，カワヒバリガイとクログチガイ
属各種の背仮ijから見た筋肉系と消化器系.
a.: ant巴rior前;a.retr.: auterior retracωr muscle前牽引筋;oes.: oesophagus食道;p.add.: posterior 
adductor muscle後閉殻筋;p.bys.retr.: posterior byssal retractor muscle後足糸牽引筋;r.: rectum 
直腸;r.sh.: right shell右殻;rec.loop int.: recurrent loop of th巴 intestine腸の旋回部;st.: stomach 
胃
1: L. fortunei kikuchii from Hamana Lake; 2: X. securis from Swan River， WA; 3: Xenostrobus sp 
from Fiji Is.; 4: X. inconstans from Oyster Harbor， W A; 5・χpulexfrom W oodman point， W A; 6・
X. atratus from Ko司iroBay; 7: X. balani from Ao Nam Bor， Phuket; 8: X. mangle from Jeram， W. 
coast of Malaysia; 9: L. fortunei fortunei from Nagara River. 

the fiv巴 sitesfrom Japan， for the following anatomical characteris1Ics:由巳recurr右ntloop of the mid-

intes1Ine lies on the right side of th巴 stomach;extensibl巴 incurrentand excurrent siphons are pre-

sent (Fig. 3，4); coloration of the soft parts is g巴nerallypal巴 y巴llowto dirty orange; two portions of 

the post巴rioradductor are markedly unequal in size (Fig. 3); th巴 post巴riorbyssus r巴tractorsplits 

into two main bundles (Fig. 5); the ant巴riorone with growth b巴comingincompl巴t巴lysubdivided 

into 2-3 portions attaching to a narrow， oblong scar of th巴 shell，each pair of the posterior p巴dal

retractors consists of a single bundle connecting with the shell side of the anterior r巳佐actor;th巴

gonad prevails within the pallium and th巴 mesosoma;th巴巴xhalentsiphon is well-developed with 

muscular walls; the inner mantle lobe is sheet-lik，巴 andruffled but do巴snot bear guard papilla巴 (Fig.

6). 

4. Isozymatic analysis sp巴cimensof Limnopema fortunei kikuchii and Xenostrobus securis 

Ten loci w巴r巴 presumedfor eight enzym巴S巴xamm巴din this study. Chi-square tests of allelic 

frequ巴nClesw巴reappli巴dto each locus to d巴t巴ctthe deviation from the Hardy-Weinberg equilibri-

um. There were no significant differ巴nc巴sb巴tweenthe巴xpect巴dand observed frequencies 

(x2 = 0.005 -1.556， 0.20 < P < 0.95). All巴lefr巴quenciesat the loci are shown in Table 4. A 

brief description of th巴巴ight巴nzym巴sis given as follows: 

A single locus was coded for AAT， G3PDH， GPI， PEPB， PGDH and SOD. Two loci were 



Kimura et al.: Limnopernafortunei kikuchii is a Synonym of Xenostrobus securis 109 

Table 4. Allele frequency at 10 loci for Limnopernafortunei kikuchii and Xenostrobus securis. 

コウロエンカワヒバリガイと XenostrobusseCIげかの遺伝子頻度.

Locus Lよkikuchii X. securis X. securis 

(Upper site) (Lower sit巴)

AAT* *35 0.000 0.010 0.000 

*90 0.060 0.000 0.000 

*100 0.940 0.990 0.980 

*125 0.000 0.000 0.020 

G3PDH* *70 0.010 0.000 。目000

*100 0.990 1.000 1.000 

GPl* *70 0.000 。目000 0.010 

*75 0.060 0.000 0.000 
キ85 0.000 0.100 0.060 

*100 0.910 0.880 0.920 

*120 0.000 0.020 0.010 

*125 0.030 0.000 0.000 

IDHP-1* *80 0.000 0.000 0.030 

*100 1.000 1.000 0.970 

IDHP-2* *100 1.000 0.980 0.980 

*135 0.000 0.020 0.020 

MDH-1* *90 0.000 0.010 0.000 

*100 1.000 0.990 1.000 

MDH-2* *100 1.000 1.000 1.000 

PEPB* *100 1.000 1.000 1.000 

PGDH々 *-35 0.120 0.220 0.300 

*100 0.750 0.750 0.680 

*155 0.020 0.020 0.010 

*185 0.040 0.010 0.010 

*210 0.070 0.000 0.000 

SOD* *100 1.000 0.990 1.000 

*135 0.000 0.010 0.000 

coded for IDHP and MDH. Three-band巴din heterozygotes w巴r巴 codedfor AAT， G3PDH， GPI， 

IDHP， MDH， PGDH and SOD， which were dimeric巴nzymes.One-banded were coded for PEPB. 

There were genetic variations for 10 loci without allelic substitution among白巴出reesamples. Nei's 

(1972) g巴neticdistance (D) among the白reesamples was 0.003 -0.008. Genetic polymorphism 

(p < 0.95) was confin巴dto AAT*， GPl* and PGDHオ.The observed average heterozygosities (Ho) 

in specimens were 0.0140 -0.0148， differ巴nc巴samong th巴thr田 sampleswere not statistically sig-

nificant (Fri巴dmantest， p = 0.6873). 

Discussion 

Limnoperna fortunei kikuchii has been report巴das a subsp巴ciesof L. fortunei‘fortunei， based on 
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Fig. 5. Muscles supporting foot and byssus of Limnoperna fortunei kikuchii， L. fo山r加 7eωifi戸orバtu聞weiand 
Xenostrobus speci巴s.コウロエンカワヒバリガイ，カワヒバリガイとクログチガイ属の足と
足糸を支持する筋肉.
a.閃 tr.:anterior r巴tractormuscle前牽引筋;ft.: foot足;p.bys.r巴包:post巴riorbyssal r巴住actormuscle 
後足糸牽引筋;p・ped.r出.:posterior pedal retractor muscle後収足筋.
1: L. fortunei kikuchii from Hamana Lake; 2: X. securis from Swan River， WA; 3: Xenostrobus sp. 
from Fiji 1s.; 4: X. inconstans from Oyster Harbor， WA; 5: X. pulex from Woodman point， WA; 6: 
X. atratus from Ko勾iroBay; 7: X. balani from Ao Nam Bor， Phuket; 8: X. mangle from Jeram， W 
coast of Malaysia; 9: L. fort聞 eifortuneifrom Nagara River. 

its shell morphology (Habe， 1981). In Japan， though L. fortuneifortunei mainly inhabits freshwater 

areas and L. fortunei kikuchii mainly inhabits brackish water areas， these two mytilids wer巴found

to occur together in a tidal part of the Nagara River (Kimura and Tabe， 1997). Furthermor・巴， Kimura 

and Tab巴(1997)made clear that 13 of th巴 14loci were fixed at differ巴ntalleles betw巴enL. fortunei 

戸rtunei姐 dL. fortunei kikuchii， and出atno hybrid was observed betwe巴nthe two mytilids. In 

addition to the oth巴rphysiological and chromosomal characteristics (Kimur・aet al.， 1995; Iey加 la，

1996)， these data suggest that L. fortunei kikuchii b巴longsto a speci巴sdistinct from L. fortunei for-

tunel. 

According to the pres巴ntstudy， L. fortunei fortunei has sev巴ra1morphological and anatomical 

charact巴risticsdiffer巴ntfrom thos巴ofL戸rtuneikikuchii: the umbones of adult shell are with the 

anterior end in position， the shell color is oliv巴brownin adults， and the juv巴nileshell color is clear-

ly dark purple in白edorsal posterior part and yellow in the v巴ntralant巴riorpart. The posterior 

byssa1 retractor scar is divided into two p紅 ts(P1. 1， figs. 12， 15; Fig. 2). The recurr巴ntloop of出巴

mid-intestin巴 ofL. fortunei kikuchii lies on由巳 rightside of the stomach， whil巴 thatof L戸rtunei

戸rtunei日目 on出巴 l巴ftsid巴ofth巴stomach(Fig. 4). 

Th巴recu町巴ntloop of the mid-intestin巴ofL. fortunei kikuchii li巴son th巴rightside of th巴stom-

ach， this being with extensible in-and excu汀巴ntsiphons (Fig. 4). Thes巴charactβnstlcsar巴shared

only with the Xenostrobus species of Mytilidae. The genus Xenostrobus includes白巴 following

sev巴nliving species (Ock巴lmann，1983): X. inconstans， X. pulex， X. securis， X. hepaticus*， X. atra-

tus， X. mangle and X. balani. Of th巴日巴 sp巴cies，four sp巴cies(X. inconstans， X. pulex， X. securis and 

X. hepaticus) are report巴dfrom Australian and Fりiwaters， while the other thr巴巴 speciesare from 

*Modiolus hepaticus from Fiji 1sland was moved to the g巴nusXenostrobus by Ockelmann (1983). 
However， shell morphology of the type specim巴nof M. hepaticus， deposit巴din the Smithsonian 1nstitution， 
clearly indicates that the above typ巴sp巴cimenwould not belong to the genus Xenostrobus (Pl. 1， fig. 6; Fig 
6). Xenostrobωsp巴cimens(Figs. 4， 5， 6) collected around F討i1sland by Mr. E話iTsuchida (Oc巴anR巴search
1nstitut巴， University of Tokyo) were very similar anatomically and morphologically to X. securis. 
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Fig. 6. Exha1ent siphon and papillae surrounding the posterior region of inha1巴ntsiphon of Limnoperna for-
tunei kikuchii， L.戸rtuneifortunei and Xenostrobus species.コウロエンカワヒバリガイ，カワヒ
バリガイとクログチガイ属の出水管と入水管周辺の突起.
br.sept.: branchia1 s巴ptum(in section)鯨隔壁(断面) ;巴x.ap.:exha1ent ap出 U印出水孔;inn.1.r.m.: 
inner mant1e 10be of right side右側外套膜内摺;sh.: shell殻.
1目 L.fortunei kikuchii from Hamana Lake; 2・X.securis from Swan River， WA; 3: Xenostrobus sp. 
from Fiji Is.; 4: X. inconstans from Oyst巴rHarbor， WA; 5: X. pulex from Woodman point， WA; 6: 
X. atratus from Ko司jiroBay; 7: X. balani from Ao Nam Bor， Phuket; 8: X. mangle from Jeram， W. 
coast of Ma1aysia; 9・L.fortunei fortunei from Nagara River 

Southeast Asia， the south coast of main1and China， and Japan. L. fortunei kikuchii shares s巴V巴ra1

characteristics (umbones position， she11 co1or， sheet 1ike mantle 10be and position of the posterior 

pedal r巴tractors)with X. securis (Pl. 1， figs. 3， 14， and Figs. 4， 5， 6) a sp巴Cl巴sthat is distinguished 

from the other Xenostrobus sp巴Cl巴sbased on these characteristics (Pl. 1 and Figs. 5， 6; Wilson， 

1967; Ocke1mann， 1983; Kimura， 1966). Deducing from Wilson (1968)， Kimura (1994c) and 

Kimura et al. (1995)， environmenta1 characteristics of the habitats of L. fortunei kikuchii inhabiting 

the brackish waters of Hamana Lake are similar to those of X. securis found in the tida1紅 eaof白e

Swan River: the range of water temperature and sa1inity are simi1ar in both habitats where sa1ini-

ties fluctuate drastica11y from < 3 to > 30 in a few days. 

In the present study， gen巴ticvariations for 10 10ci were observ巴dwithout a11巴licsubstitution 

between sp巴clm巴nsof L. fortunei kikuchii in Japan and X. securis in Westem Australia， and there-

fore these two popu1ations shou1d b巴10ngto the sam巴species.On th巴oth巴rhand， these two species 

were significantly differ巴ntin sh巴11a11ometry， remarkab1巴 intraspecificvariations that have been 

known to be influenced by various factors (age and density of muss巴ls，tidal1eve1 and habitat typ巴)

(see Seed， 1968). In short， in spite ofHabe (1981) describing L.fortunei kikuchii as a subsp巴Cl巴sof 

L. fortunei fortunei， it is concluded that L. fortunei kikuchii is a junior synonym of X. securis. A 

synonymic 1ist of X. securis is shown in Tab1e 5. 

Xenostrobus securis (excluding L. fortunei kikuchii) is distributed in the areas from th巴 Swan

出 tuaryin W巴st巴m Australia to Rockhampton in Qu巴ens1andof eastem Austra1ia and in N巴W

Zea1and. X. securis was introduced to the Adrian Sea in the 1990's (Sabe11i and Speranza， 1993; 

Lazzari and Rina1di， 1994). According to the pr巴sentstudy， X. securis (= L. fortunei kikuchii) in 

J apanese wat巴rsmust have been introduc巴dfrom Australia or New Zealand， 5000 km from Japan， 

in th巴 1970's.Kimura and Sekiguchi (1996) made clear in the 1aboratory that most p1anktonic 1紅-

va巴 ofX. securis sett1ed on the bottom 15 days after ferti1ization at 25 and 30 'C. Bas巴don白巴

above experimenta1 evidence叩 don the fact that commercia1 v巴ss巴lsusua11y take near1y 15 days 
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Table 5. A synonymic list of Xenostrobus securis. 

コウロエンカワヒノτリガイのシノニムリスト.

Xenostrobus securis (Lamarck， 1819) 
川Tilson，1967， p. 289 -292， pl. 37， fig. 5 -10.) 

Modiola securis Lamarc主， 1819， p. 113 

Modiolανexillum Reeve， 1857， pl. 8， fig. 40. 

Perna confuse Angus， 1871， p. 21， pl. 1， fig. 33. 

Modiola securis Hutton， 1873， p. 78 

Modiolafluviatilis Hutton， 1878， p. 53. 

Modiolus pulex Thi巴1e，1930， p. 589 

Limnopernafortunei kikuchii Habe， 1981， p. 47， pl. 2， fig. 2.; Matsukuma， 1986， p. 286， 287. Higo and 
Goto， 1993; Kimura and Sekiguchi， 1994; Kimura， 1994a; Kimura， 1994c; Kimura， Kakuta and 
Kurokura， 1995; Kimura and Sekiguchi， 1996; Ieyama， 1996; Kimura and Tabe， 1997. 

Limnopernafortunei (Dunker): Asakura， 1992， p. 3. 

Limnoperna kikuchii Hab巴， 1977: Fukuda， 1994， p. 11， fig. 9; Fukuda and Fukuda， 1995. 

仕omJapan to Australia (Carlton， 1985)， the 1arvae of the sp巴ciescou1d cross the distance from 

Japan to Australia or New Zealand. 

Carlton (1985) reviewed the introduction of many marine org佃 ismsover 10ng distance through 

the ballast waters. Examp1es of the introduction of marin巴 organismsfrom Japan or its n巴ighboring

areas to Australia and/or N巴wZea1and include (Midd1eton， 1982; Slack-Smith and Brear1y， 1987; 

Ward and Andr巴w，1995): Musculista senhousia， Theora lubricα(biva1ves); Acanthogobius flavi-

manus (Pisces); Asterias amurensis (巴chinod巴rms).On th巴otherhand， Ficopomatus enigmaticus， 

Hydroides elegans (po1ychaete) and X. securis w巴reintroduced from Australia and/or N巴wZea1and 

to Japan (Car1ton， 1987; present study). In佐oductionof X. securis to Japan may b巴 re1at巴dinti-

mate1y with drastic increases in trade between Japan and Australia and/or New Z巴alandsinc巴th巴

1970's (Kojima， 1981; Okada， 1988). 
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オーストラリア・ニュージーランドに生息する Xenostrobussecuris 

(コウロエンカワヒバリガイ Limnopernafortunei kikuchii) 

(二枚貝綱，イガイ科)の日本への移入

木村妙子(三重大学生物資源学部) ・田部雅昭(梅花中・高等学校)

鹿野康裕(株式会社環境生態研究所)

要 約

イガイ科カワヒバリガイ属は日本ではカワヒバリガイ Limnopernafortunei fortuneiとコウロエンカワ

ヒバリガイ L.fortunei kikuchiiの2種類が知られている。カワヒバリガイは 1990年代に日本の淡水域

に移入した。一方，コウロエンカワヒバリガイは波部 (1981) により記載された内湾汽水域に分布す

る亜種である。これらは形態やアイソザ、イムなどが明らかに異なり，両者を亜種として扱うのには問

題があるとされてきた。

今回，コウロエンカワヒバリカイの殻や内部形態の比較を行い，本穫がクログチガイ属 Xenostrobus

属の特徴である腸の右旋を持つことが明らかとなった。クログチガイ属は現在 7種が知られている。

現在日本に生息するクログチガイ属としてはクログチガイX.atratus 1種が知られている。これらの

外部内部形態を比較した結果，コウロエンカワヒバリガイはオーストラリアとニュージーランドに生

息する X.securisに特徴が一致した。

さらにコウロエンカワヒバリガイとX.securis聞で相対成長とアイソザイム分析の比較を行った。

その結果，相対成長はコウロエンカワヒバリガイと χ securzs聞で異なっていたが，それぞれの種内

の地点間においても統計的に有意な差異が認められた。アイソザイム分析は， 10遺伝子座が確認され，

対立遺伝子の置換は認められなかった。形態およびアイソザ、イムにおいて高い類似性を示すことから，

コウロエンカワヒバリガイに対して用いられてきた学名 L.fortunei kikuchiiはχ securzsの新参シノニ

ムであり，オーストラリアかニュージーランドから日本に移入したと考えられる。
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Plate 1. Shells of Limnoperna fortunei kikuchii， L fortunei fortunei and Xenostrobus species. (See Table 1 
for abbreviations of institutions) コウロエンカワヒバリガイ，カワヒバリガイとクログチガ
イ属各種.

1. L fortunei kikuchii (TMNH-MOOOI982) from Ona， Hamana Lake， Shizuoka Pref.， Japan. SL = 

26.5 mm 
2. L fortunei kikuchii (Holotype: NSMT Mo. 58959)仕omKoroen， Hyogo Pref.， Japan. SL = 20.7 mm 
3. X. secur・is(TMNH-M0002217) from Swan River， WA， Australia. SL = 28.9 mm 
4. X. securis (Paralectotypω: NMHN) from Australia. SL = 41.8 mm and 40.3 mm 
5. Xenostrobus sp. (TMNH-M0002496) from Suva Point， Fiji Is. SL = 17.7 mm 
6. X目 hepαticus(Holotype: USNM 18000) from Fiji Is. SL = 33.6 mm 
7. X. inconstans (W AM846)企omOyster Harbor， Lower King Riv巴r，W A， Australia. SL = 22.0 mm 
8. X. pulex (WAM2589) from Woodman point， WA， Aus位alia.SL = 22.5 mm 
9. X.αtratus (TMNH-M0002498) from Ko句iroBay， Kanagawa Pref.， Japan. SL = 12.1 mm 
10. X. mangle (Holotype: ZMC) from Jeram， W. coast of Malaysia. SL = 6.7 mm 
11. X. balani (Holotype: ZMC) from Ao Nam Bor， Phuket， Thailand. SL = 8.4 mm 
12. L戸rtuneifortunei (TMNH田M0002502)from Nagara River， Gifu Pref.， Japan. SL = 26.2 mm 
13. L fortunei kikuchii (Juveniles: TMNH-MOOOI983， 001984) from Hamana Lake， Shizuoka Pref.， 

Japan. SL = 8.0 mm and 6.5 mm 
14. X. secunsσuveni1es: Th制H-MO∞2218，佃12219)企omSwan River， W A， Aus凶 ia.SL = 8.7 mm and 6.8 

mm 
15. L fortunei fortunei (Juveniles: TMNH-M0002503， 002504) from Nagara River， Gifu Pref.， Japan 

SL = 7.8 mm and 5.9 mm 
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