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Distribution of freshwater shrimps, a prawn and a crayfish,
and life history of Neocaridina denticulata denticulata in the system
of Manose Rivers in Kagoshima Prefecture, southern Japan

Masanori Sato, Keiko Arai, and Yukari Ohara

Abstract

The distribution of four freshwater decapods, Macrobrachium formosense
(Palaemonidae), Caridina leucosticta and Neocaridina denticulata denticulata
(Atyidae), and Procambarus clarkii (Astacidae) inhabiting the system of Manose riv-
ers in Kagoshima, southern Japan was examined in the autumn of 1986 and 1987. V.
denticulata denticulata occurred exclusively in a limited area of the upper course of
the river system. The other three species occurred in the middle and lower courses.
To understand the life history traits of the land-locked N. denticulata denticulata, size
distribution, population density, sex ratio and ovigerous ratio of this species were ex-
amined monthly for populations of a creek (main station) and a spring (temporary
station) from May 1986 to Jan. 1988. In the creek, life span was estimated to be
about one year. Females were significantly larger than males in later life. Ovigerous
females were found in the creek from Apr. to Oct., when the water temperature was
relatively high, but were absent in winter during periods of low temperature. In con-
trast, ovigerous females were present during the winter at the temporary station
where the water temperature was a constant 18C even in winter. Recruitment of ju-
veniles occurred mostly during summer in the creek, but seemed to last throughout
the year in the spring. These results suggest that the life history of local populations
of N. denticulata denticulata is strongly affected by local water temperatures. Thus,
even in the same river sfystem, different life history patterns coexist.

Key Words: Distribution, Freshwater decapods, Land-locked shrimp, Life history,
Neocaridina denticulata denticulata.
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i U & Ic

BIRBETIX, SNFCIL20BORKELCE (X~ URI0E, 7R 9T, 7AY A
WO L) OEBPHERSIN TS (8K - B, 1994), 25 0RADGAIZE LTI,
Suvzukt et al. (1993) |2 & 5 BAEOWFELH 0, F72, LH (1970) L BipT (1974) 12 & 5 —E&
HIEDFEFRDDH 5 2%, BEDKRIER L T CEHOGARAEREZ SIS R RIT 2 v,

T, KEERE LTOEEEY BEURKEZCENIBAI L TnEZ EFHEAZALIHMES
NTBY, ZOREERDO—2L LT, WIIITERCKEFGEZ EDONANZLENEHRIN TN
(KL - A4, 1960 ; #E S, 1968 ; &4 - KL, 1970 ; =4 - &%, 1988 ; #k, 1990 ; &L,
1991 ; &5, 1991), #Z-H b, 1986ELIEDEIREEANDOAIIORAEIZBNT, ANEBHLIL
BEHE L VIEBELEOHTHEHR BMEH 2N L)IITIE, BARENL (RN TS BRI
FBEEETOMINIERT, A5 CEOAEBRFEEIMEVE VW IEREEBTEBY, /4, A
LB CEEARETE Lo 2HIBT, POTREBDOICEIARL Tz ) #ER
DIEERBETVDE (RKEE),

CD L) RRRDOR2T, BEDFN O CEHOGAIRI Z 55/ 12508k L, SEOERBENTY
HEHOLPICILTBL ILIEEETH D, AIFFETIE, BELETRARDMEL b DHZHEIIK
RIIBWT, RKEZCEODM ZFHFMICANE L D12, RKROBRLNHFTICHE L3
+ 3 X< LY Neocaridina denticulata denticulata KB DOWT, FOEFEEZHSMIIT S
72D DRERITo 72,

IFIXVIE (XVZER) FRKB T2 T ITRIETH ), FHARZSHICHALT
w3 (EH, 1957, 1970 ; #k, 1990), AREMOSABERIIERBEALHTHY, BTE - B
ABLUEOBHEEEIZIZSMA LTy (RH, 1970 ; Suzuki et al., 1993), &, FEKEE,
HED> O IHEEIRE SN TS (B, 1990), I F3IX~vTEid, X~ IZEF (Atyidae)
DRI HART, KO (REBIPOERE : K 1mm) 2% (40-200) E &) EIREEE
bb (LH, 1957, 1970 ; &3, 1972 ; AL - &4, 1960 ; s6=H, 1981 ; #rH, 1972 ; /NS,
1987), ZOHAEIIALERD S 22 HIRAEFICIZWY, FEAERZ b /2% (Mizue &
Iwamoto, 1961), ARFEMEEHEOEF/COEFETIE, LER (F11 - EE, 1990), LEE (NI
5, 1987), REARE (At - i, 1987) THNRLNTWBAS, ZOEFERIZ, ABHOTRES
HIZLoTHhRYVELR-TVE, PHAERICHT-IBEREBETH - 2MAZEMT S &I, B
HEOHMIBFE L L) LCHEBT LI LICEMTE 57259,

BRERFZKEFHOGAEERIIGAER2ERYRME L TWALE, 7T EEHEF
ELTWiini, BRERFHEEREYFRZOMHE, HAAE, KEE— REFTF, /h
NEFDOLZEKIIIBNFALREE FEo T2, Wayne State University @ P. Fone KiZ 1
KXERBE LTV, TS FAIZK#T S,

REH ETHE

AT & RERHA

AR (BRAEER : £33 kn) (IERBROBELEDIZITHRIZMEL, €OH
FHUER Y FBIZEWTHW T2 (Fig. 1), HZEIIARGIE, %0 kit TS micmso
THRNATWSDY, WA 515 kD ILEH (JIZETHEH) TZ2om& 2blmAEICKE <
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Fig. 1. Map showing location of the system of Manose rivers in southwest Japan. An arrow indicates
the mouth of the river system.

Erb, TDk, ¥3kmllb/zbkER (By) 2&T, IIIMEHFHICES, ZOBREDOF
FER—H X E A, Bl L FHEN TV 5 (Fig. 2), LREOEDIZILKTH Y, RTHR
RO O E I I THE AL A S o ZNLUAOHRFTHED S FHRICHITTORERIE, F& LTKH
L E L7-BIERETCTH S,

IVCEOAMHEED D2, FZEIAKE 3 o035 (inttkEIl, 2, BEI) 3L 072
DOFEKMIZAELE (1986F10A »H128 122 TOFE) F7:1322 (19874108 22511 12H
TTORZE) oS EERE Lz (Table 1; Figs. 2, 3),

IFIXTIEOAEFEEICBE L TiE, 19864E 5 A22519884E 1 B i2h 3T, MHED 5422 kn
FROTZENERDOEEFEIANET H/NITELRRAEEZT-o 72, ZD/NIE, 1806-1.0mT,
KEZAEL-30emTH b, HH72W AL, BREFICHKT2HAE2HBEVT, RILEERLHT
HbD, MEOKBIIIHEIIEZL TW5E, MG, ANITHZESHIImoOEL2HETL, ES
#9920 mOEERERE L FROZEEIT L7225, BZBEIIARTICES, g, 2o L FROEHSTIT-
720 RBRLTIZIZ Z 2 FFAH L5,

FREHOBEHN 1 knD & 2 A12H 5KTHMICIE, EAMAHY, 2200bEHAKIEH
K& Z B> THZBINARFINIENT WS, ZOEAMTIE, LA (19864E11H 22519874 2
BZMFT), 3FIXYIEDEFERICET AFAELITo7,

IEEOA%H

REICIE, ARYEH (BI40X25 em, EE20 cm, EOKEXZ 2 X 2m) ZHW/A, =¥
BHOFREZEERILT 2720, 1EHOAMBTTHHMAZIFOELLDOTIZHR->THImEL,
L#RIZDOWT3EELEAMEL, 1E®H7:) OFHREMELE KDz, BRE S NMEEIE, 80
%L )= VTRELIZEEL, BE (1972) 1o T, BOEEZITo 72,
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Table 1. Density of four freshwater decapods at each sampling station in the system of Manose rivers

Names of Distance from Date of Average numbers of inds. / netting
rivers and river-mouth sampling M. C. N. ..

. . . P. clarkii
stations (km) formosense leucosticta denticulata

The Manose river

oz (DY 3.7 Nov. 18, 1987 2.3 0 0 0
T 2 G (2) 6.2 Nov. 9, 1987 1.8 65.3 0 0
S EHTHI (3) 8.7 Nov. 9, 1987 0.4 5.0 0 0
ZHDE (4) 9.8 Nov. 9, 1987 0 12.0 0 0
#E (5) 13.5 Dec. 23, 1986 0 0 0 0
B T1E (6) 15.8 Nov. 9, 1987 0 0 0 0.2
JL RS (7 17.7 Dec . 23, 1986 0 0 0.2 0
TG (8) 18.6 Nov. 9, 1987 0 0 0 0
B HAE (9) 20.4 Oct . 13, 1986 0 0 1.0 0
Nov. 24, 1987 0 0 2.5 0
BEKIE 21.3 Oct . 13, 1986 0 0 16.7 0
& 2{LErY (10) 21.6 Oct . 13, 1986 0 0 20.8 0
Nov. 24, 1987 0 0 12.9 0
Bl L (11) 21.8 Oct . 13, 1986 0 0 58.2 0
Nov. 24, 1987 0 0 16.0 0
R TT ALY (12) 22.0 Oct . 31, 1986 0 0 3.3 0
e i (13) 23.9 Dec. 23, 1986 0 0 3.6 0
Nov. 24, 1987 0 0 4.3 0
FE (14) 21.7 Nov. 25, 1986 0 0 0 0
Nov. 24, 1987 0 0 0 0
E—WE LR (15) 28.2 Nov. 25, 1986 0 0 0 0
Nov. 24, 1987 0 0 0 0
KR B (16) 30.3 Nov. 25, 1986 0 0 0 0
Nov. 24, 1987 0 0 0 0
s B amn 31.6 Oct . 31, 1986 0 0 0 0
The Kaseda river
NG (18) 8.1 Nov. 9, 1987 2.3 73.3 0 0
The Kodon river
1 HAG 23.5 Nov. 25, 1986 0 0 0 0
The Fumoto river
yabi i (19) 17.5 Nov. 18, 1987 0 0 0 0
NEERE (20) 19.6 Nov. 18, 1987 0 0 0.1 0
TERREY (21) 20.2 Nov. 18, 1987 0 0 1.3 0
bt (22) 20.6 Nov. 18, 1987 0 0 0 0
MR (23) 26.4 Nov. 18, 1987 0 0 0 0
The Nozaki river
JIEsAE 24) 19.4 Oct . 13, 1986 0 0 0.3 0
Nov. 24, 1987 0 0 0 0
RRYAE (25) 19.9 Nov. 24, 1987 0 0 0 0
g (26) 22.9 Oct . 13, 1986 0 0 2.0 0
Nov. 9, 1987 0 0 0.2 0
J\HE R (27) 25.0 Nov. 9, 1987 0 0 0 0
NERDE  (28) 25.5 Nov. 9, 1987 0 0 0 0

1) Number of the sampling station as in Fig. 2.
2) Around the mouth of a small creek flowing in the Manose river.
3) Spring near the river.
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Kaseda-shi
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O Il Neocaridina denticulata

O o x B3 Caridina leucosticta

100 50 102> 0 Macrobrachium formosense
1 Procambarus clarkii

Fig. 2. Distributions of Neocaridina denticulata denticulata, Caridina leucosticta, Macrobrachium
formosense, and Procambarus clarkii in the system of Manose rivers in Oct. -Dec. 1986 (upper),
and in Oct. -Nov. 1987 (lower). Numbers of sampling stations as in Table 1. Size of each circle
represents density (No. of individuals / netting). Arrows indicate the main station for life his-
tory study of Neocaridina denticulata denticulata. Asterisks mean spring. A dotted area indicates
the ravine between the Kawanabe Basin and the Kaseda Plain. A: Manose River, B: Nozaki
River, C: Fumoto River.
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Neocaridina denticulata

Caridina leucosticta * m&o -300
*g A
%* u—u—@
C
Macrobrachium formosense 1200
E
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Fig. 3. A diagram showing the profile of the system of three rivers and distributions of three species.
In representation of the distributions, lines with asterisks mean the Manose River, and the
other lines mean its tributary streams. Closed circles mean sampling stations. An arrow indi-
cates the main station where life history of Neocaridina denticulata denticulata was examined.
A: Manose River, B: Nozaki River, C. Fumoto River.

IFIXTIEDEFES

IFIXTIVEOEFEBRRZESLPICT A0, THE TOTRTOFEIL, FHNTESHEDOME
R ERRICRE - BEL, FREZBETLLEV) FEZHRALTYS (UNMIS, 1987 ; itk -
dly, 1987 ; FEI - #REF, 1990), AR TIE, FAEICHE) ANBWREE L TEX 57217875 7%
B, TRTOBIEIE, EXAKTHVTHE T, #AERTE, 2BFEZRESGICEL,

PEH—HFICHHTAIEENIFIXTILE IS THALZ L ETFHAEB LU LZOS
RE CHERR L 72,

FRIE LCEA LH, ARYEEZHAVWTIERRE L7, RERICIE, BIREEFHILST
RKBAKEBEE L, HBROSHFRAELFEEIC, LEDOAMETT D #EIZ, NEOELLOT
#MEFK 1mé L, FAIE LCI00EAEUERESN L T TAMERVELZ, 1EHOAWEDLD
DFHREBEE L KO, FNEERBBEL L2, RELEKZL, T IC1EKT MDY
SNVEIZAR, JFRAEHACWT, AR (BEEEP,rOBREREE TORE) ZFHUL, —#K&IZ
IVEOKRIZ, BRORIZEDLWVT, RERBEIOREHRKmME CORILERINTVS
(EH, 1970 ; 73399 - =8, 1990), LA L, BB TEEOKELY IEHICEHITA720121, BF
DEEEEOLFVBBES 20T, RFETIIERDOL ) IKEE2ER L, =%/ —IVEE
AL (HE29MEK, ME23MEMR) ZHWVT, RROERS2EDRWEERE (La) L ZNE2 &80 54K
(Lb) OBREMRET LA, MHBOBIZIZECHBE RO 51 (La=—0.56+098Lb, r=
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0.998), MBABDMBEDEIX, I FEAEDBEETImLTTHo72,

ERBEMBET CHEROE | ERLBEL, AEOBEICKEN L) b LIROAK (Mzue &
Iwamoro, 1961 ; LM, 1970 ; #EEF, 1972) OFEIZEL D, HEHE L2, HIZDOWTIE, AP
DEEDLAN,

1986410 B 13 H (25 Z BRI AU THRE L 72339BE 2D Tid, 80% =% — )V CTHEEL, %k
BATEDHFLWHERORAELTo%. TOHBEITIE, XX ECE—ROUOHFIEETHLE
2 JERE IR o TR =R o A 8 (Mizue & Iwamoro, 1961 ; EHH, 1970 ; #k, 1990) 122\ T LA,

5 R

BZBEINKRICEIZIEEOAT

KR CHREINRAKELCEIL, 7780 I+ 3554 ¥ Macrobrachium
formosense, X< T YRDI VL X<IY Caridina leucosticta & I F I X < ¥ Neocaridina
denticulata denticulata, BEL T A ) A ) TR 7 21 HH) &= Procambarus clarkii
DEEHAETH S,

NBEHAFLHERICL T, KROLRHE TRHE TR CHEOAHICKELREVDRD S
N7z (Figs. 2,8), FHETIE, IFIFFHAIEEIVILXIIERAERLTEY, B2y
LARIEDNSGolz, 2025, IOREIE TIIH5M L T2y, ZR L) Bzl
HWBR L edo7z, —F, ERETIE, JNIEEHO EZFER GO5518-24km) (ZBR-T, I+ 3
XL 1TEPHIR Lz, 7AY A A=, JIBEHFREET 1 EAEDOARESI NI,

FZ BN OFIH 54922 km B (JIBEEK, 60 m, Fig. 4) fHETIE, $IZIF
IARIEDEEDNE P07z, £ TRNNOKFEZT T% L, BEBEDO/NIRKEZ E (KT
HOBEKIEEL) ICDIFIXTIEPSHAELL Tz, 2RO (BFIE)IE &) © 3 #
REMENOBEKMTOVEDIFIXTIENRESIN, TOPS OB 24 kmE Bz 5
& ERETE, NOERESIKE (LD (Fig. 3), i, Xite bICTCHIIRESI N, o7,

IFIXRTIEDEFEREN
(1) Mk

BN TOAEEEHWBETR, AR mULOBEEIZOWTHOH BN TEETH - 72, &
Ao, REBREILRVEZEZBRWT, 12121 : 1 Tho7z (Table 2), THHET
2 EMIChIzo THE L COREULI4TEMAE T, HET22ME A&, METOOMMA& (M : M=1 :
1.05) THo720

EEEAZ HWHERENTORETIX, AE TmU EOBEICOVWTHEEZHFITE 22, 1986
FI0F13HICERE L72MAE T E OB EBEARIZVELR (Z D) HIS1EAKDEEIXT-14 mm)
W, HEZITRMEM, MEIZ161MEMEK (M : ME=1 :0.9) THo7,
(2) fERBEB)AE

B CTRE S N R/ MEEOEREIX30m (198749 B 7 H, EFEHTIRE), BHAEAKOE
R, HETIZ290mm (1986457 H 9 H, EHREH CTRE), HTi1Z27.1mm (19874 5 A25H, *
RAEHTRE) THotz, T2, BENOKMEF CTHEE LI (1K) 2oLl LY
(6 fEfKR) DFEFEIX35-3.Tm (FH3.6mm) THo7z (SbR248R LIAIZEHED),

FRAH & kT EKR OB OREHBEE A 7T A% ERERICR L7 (Figs. 5,6), &
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Fig. 4. A photograph of the Manose River at Kiyomizu in Kawanabe-cho (about 22 km upstream from
the river-mouth). Many individuals of Neocaridina denticulata denticulata were collected under
a growth of weeds along the shores.

DB, BB THEZHETE 2D o AEI4AmUTFTOBEBEICOVWTIE, BEE 1 0 1 EBEL
(AR DB ORAEERICED ), MHERETOIICHE L7,

FREHOL A NI LT, RUEICEINLEZONLEN (FRERER) HEIERIC
HW—MZEL, OEICEINLLEZONLIERELIZIZEALER L 20 o7z, 19864121
THIHIZ, 19874212 6 A29HICZNZFNMD T, ZOEIZETINIFHBRBEIEDOIMADIED &
N7z, 1986 A L2 EFOEEIZRED 6 AURICEEIIKETL, 9B E TR, 20£H
DITL A EDEEAIEER L (Fig. 7)o A£EEOKY (MARED 7 B LK) 121X, HHA»E
L MR > T\ 72 (Table 2),

19874 7T B, AERICX A2 KWTHIP»HEAKL, KEO—H2ME L, TOEZRDHAETIE, £
DEZEFN-FHRMALERDHNEEFTNOER S KITFEENE L {Eh o7, LLEDREL
A ROEN, FHMALBOREIBRIZEEML 72,

ERERICB BREBEFEOER OB FEHEELZRD, ZoREEL#ET L7 (Fig. 8),
19864F 6 B LAREICINA L -3 ER (Fig. 8 o I) 1%, MEMEEL D2, ZOFEDIIAEE T
SRICHEL, FHEENS-20mIZE LS, Z0ORIE, KEOHEINISSIZLALEDON R Do
7oo BEBREENIRI H6-118 (EGELORH) TRIMEORRICEERERIROON o7
(ANOVA#ZE, p>0.05) 725, BEMIZLALKIETHI1ALME (EFLEO®RE) Tid, HITH
SN IEFICREVERLSDH Y (p<0.05), ZOMMENEEZIL, EFROKYE (MABRED 6
ALULRE) (28R I2E L o7z, 19874 6 ALAREICINA L7-4£H (Fig. 8 oit{1) TH, #ATI
EREBRIC, EEREHICEARZEENRD S5N2A, 11 ORE TOFEEEEKIZIS-16mTHY,
HRIDHFE LD /N EHh o7z,
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—7, KTHtEA#BTIE, AN SLALTREREBREZBNT 200 RETH - 72
(Fig. 6), ABDITONLDOE, £FE20-20 mD T OHBMEEDSHENE W E W) HiL,
FHREMTORKREELL T (812, 12A23H). Lo L, @K TIIAEEL omPLT 0 /B
B HBEE S EREM IR TE» - 72,

Table 2. Sex ratio of each generation of Neocaridina denticulata denticulata in the system of Manose
rivers. Sex ratio = No. of femlaes / No. of total specimens (females + males). Numbers in pa-
rentheses mean sample size. Generations were distinguished based on the histograms of size
distributions (Fig. 5)

Date of sampling Generation
I I m Total
1986
May 26 0.52 (99) 0.52 (99)
July 9 0.56 (57) 0.56 (57)
Aug. 30 0.88 (8) 0.53 (17)* 0.64 (25)
Sep. 30 1.00 (2) 0.71 (41)* 0.72 (43)
Oct. 31 0.57 (77)* 0.57 (77)
Nov. 25 0.49 (97)* 0.49 (97)
Dec. 23 0.52 (105)* 0.52 (105)
1987
Jan. 27 0.47 (99)* 0.47 (99)
Feb. 25 0.52 (115)* 0.52 (115)
Apr. 8 0.43 (74)* 0.43 (74)
Apr. 30 0.47 (107)* 047 (107)
May 25 0.51 (150) 0.51 (150)
June 29 0.55 (62) 0.55 (62)
July 29 0.88 (16) 1.00 (1)* 0.88 (17)
Sep. 7 1.00 (2) 0.38 (8)* 05 (10)
Oct. 2 0.63 (41)* 0.63 (41)
Oct. 28 0.56 (77)* 0.56 (77)
Nov. 24 0.42 (71)* 0.42 (71)
Dec. 21 0.43 (71)* 0.43 (71)
1988
Jan. 25 0.36 (81)* 0.36 (81)
Total 0.51 (1478)

*) Individuals smaller than 14mm in body length were not assessed.



fERRIES - FHTVT - KRHAER

254

‘(suoners

-U93) $1I0Y 0D JUIISJJIP UM} SILIBPUNO(Q PIJRUWIISI 1B SAUI| PAYSE(] "SO[BUIDJ SNOIIFIAO 9)eIIpUI SBAIR PI[OS .wwg ‘uef 0} 9861 ABIN WOIJ
‘IOATY 9SOUBIA 9U} UI UOI}B)}S UIRW 9} }e PIJI[[0d DIDINONUIP DIDINIYUIP DUIPLIDIOIN JO SI[BUWd] PUR SO[RW JO SUOIINLIISIP 9ZIS A[YIUOIN °G "SI
(ww) yibua) Apog

(ww) yibua £pog

(ww) yjbua) £pog

o 0z 0l o o€ 0z ot 0 ot 0z ol oc o0z o , 0 o ot 6 o€ 0z ot o
TP TR TF | W ¥ TEq f
1 U
o r.ﬁ Gz 'upf [0 Lot 6z aunr |, : Lot Lot
i " 2 O L + " " O -1 .
| 8861 | o b i €¢'%Q |
[ ot + + + 2 0 _l_l 0 tlt L rJl 1—-—L + .—-—.—Lf- Q .jn 4+ -t 0
] LA T T
Lot U7 1zroeq |, . L] sz Kow | 1 Lot | Lot
1 1] L | 0 - " . ., . 0
Lol 1 L0l Lot U|" Lot X.FEL L
ﬁ 92 "AON | | | o€ udy | L Lot 1€ 390 [o,
PE—— — R N 0 . . 0 — : s . 0 oo 0 rlm" + + e 0 - " A N tr 0
N A P
Lot 1 Lot w... Lot | Lot .m..w u ﬁo_ o€ 'dss. g,
. 8210 | % ﬁ | gudy | 2 eI T °
iy I _.E..I._.:r I F_. I Lo Lol
‘6n
Lol N L0l L0l -0l - A O»m .< 0
19 e
- - Lt . E || |
- m = . . , oz SZ'qd |, - mx—zﬁﬁ
H Lol Lot N N . N P 0 - . o 0 ) ) ) ) - M—
T ] | T
L des ot o ot Lot
+——ty- w v o 0 ot m o o 0 | LZ MMQ—.— | ﬁ U 9z >Uz
m ! ) p r 9861 -
n
Lol 6¢ Ainr Lot d|pwa4 21D a)pwa4 9D
?|pway 91D

sdwiiys jo ‘oN



TZBNKRZBIT BRKEL CHEOSA L EiEE 255

Male Female
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10 101
Dec. 23
5 51
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Fig. 6. Monthly size distributions of males and females of Neocaridina denticulata denticulata collected
at the spring of the Mizumoto Shrine, from Nov. 1986 to Feb. 1987. Solid areas indicate
ovigerous females.

A The first generation
® The second generation
© The third generation

No. of shrimps / netting
w
o
1

20+

10+
4
SOND|JFMAMUJJASONDI|J
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Month

Fig. 7. Monthly density of three generations of Neocaridina denticulata denticulata at the main station
in the Manose River, from Sep. 1986 to Jan. 1988.
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(3) ¥aun

RIFFE THRE SN/ OFSIMDOFEEX, FRAEHTIZ202m (19864 8 HIVHRE) TH
0, ARITHAEAMTIZ20.5mm (19864FE11H20HIRE) THo7z, L7 > T, HZEIIKRT
VEARE20.2 L EOMEE FIIR T e e ME L A e L, FOMEAEIR T HIF ol (LLT, fasi
LER) kKo (LT, i I 8) 258 L7z, Fig. 9 I[CE A ofaiix & faiit %
BExRT,

FREHTIE, BT 4 B2510B 20 THEL, 253 A LT RTREIEET IO
I8 LT 7 (Fig. 5), JailtEn BIREEAIL, KiEAT16CLL EDRE 2 FEICH 725 (Fig.
9o VDTS ANSTRIZHITOME KIRD LA CHIOBEENEro72, &
DR D3I 130.2-05TH o7z, T ALK, JaSm e KREMORA & & b2, RIIEORE
bW L72A, iRz orE (8-98) K&K (0.6-1.0) Lo/, RAEHMFPOBEMOK
EKIEIZ22.8C (19864 8 A1), HME/KIRIZ10.9C (198741 H) TH -7z,

108 LLREI2IE, Z0FEICEFNHAROF I, BINTEZEE20mL EOMATHIR L 72
(Fig.5), Z0 &) MDD b, FRICEBRIZHIIL 2 E 2 5N AEMEIE, 19874108 2 HIC
WEINZ 1F (KE21.3m) DATH 72,

KIEASI8C TlIT—F TH AKITCHILDE KM Ti, 19864E11H 2 519874 2 B2 THL
Bl D YRR R o> n/z (Figs. 6,9). ZDROIIIEIZ0.2-0.6TH > 72,

301
I
£ 20-
3
>
2 104
0 +—————————————————————
MJJASOND|IJFMAMJ JASOND]|J
1986 1987 1988

Month

Fig. 8. Monthly records of average body length of females () and males (@) of three generations
(I, T, 1) of Neocaridina denticulata denticulata collected at the main station in the Manose
River, from May 1986 to Jan. 1988. Each bar indicates SD. Asterisks indicate significant differ-
ences between females and males from results of one-way ANOVA (*: P<0.05, **: P<0.01,
*** P<0.001, ****: P<0.0001). When number of males or females was less than four, SD bar
was not shown and significancy of the difference was not tested.
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—&— Main station in the Manose River
—O— Spring at Mizumoto Shrine
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Fig. 9. Monthly records of density of ovigerous females and ovigerous ratio in Neocaridina denticulata
denticulata, and water temperature at the main station in the Manose River, from May 1986 to
Jan. 1988 (@), and at the spring in Mizumoto Shrine, from Nov. 1986 to Feb. 1987 (QO).

Ovigerous ratio

= No. of ovigerous females / No. of females larger than the minimum

ovigerous females (20.2 mm in body length). A datum on density of ovigerous females in Feb.
1987 in Mizumoto Shrine was lost because of our error.
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BRBIKRICBIZIEEDLH

IFIXVER, JIEEO L& (IO 518-24kn O#F) (ZOMREIL, 451220
BT ETERBENBV LD oz, TREHTIEIFIXYI VI AoNhT, IVL
XRIVERIFIFFHIUENERL T2, Suzuki et at. (1993) 1%, 1990-19914EnFHFEB L O
FICHZHBENIKRFRD 8 E CZ OGS E TRz 0S, oKL, THREICIZI VI XvIEE
IFIFFHFIEDSERL, EHEEIZIZIFIXTIUERITINEET S LV AT L RO
ENBEOSN TS, BT (1974) &, A28 0Bk TA Y LY Palaemon paucidens % R4
LTW5BHS, RIFFETIIA Y ZECIIRESIN Lo 72,

IFIXTIECRRFAIBT—ELTTTRERNETH ) (Mizue & Iwamoro, 1961 ; A&, 1990),
MO TIX, HAZLBOMAI, W8, KHBEBOKEZ ETEBIZR SN, EEHRLAL
EbhhTwa (KL - BA, 1960 ; #k, 1990), Svzuki et al. (1993) DOERBEELHIZBIT ik
KREZCEOSARAEICLIUL, REFEOIBOTERENI LI FIXTIEPRESI NSO
X 7T ARRUM ST E RV,

FZBNKRIZBT B AREOL BBREOHEMIZ, JIOWID BN L 20k 2 L & BBICHE
VWORANLCFEZEL TNBEIEThHol, RABEZLELZNORDOINKRIZITKEDEED
WREL TV, 20X BT, EEREINTVE [3IFIXTIEICL o TOIFELRER
WAr) (LH, 1957, 1970 ; &3, 1972 ; /MIHEA, 1987 ; =& - {BEF, 1988) L X< A& T 5,

DL BRERGEWMITHITE, AZBNKROF —TREBIZESHFEL TV 2D
HoY, EBEDOIFIXIIEDOSMIIRCEFICES LTz, —RICTHEPZRER, Wi
LBKEFROFELZITRTVWETSbN TS (IR, 1970), MELCFEHINLEED S
HbAIFF R EOFR) VRBRBFINT S X B Y Paratya compressa improvisa Oz
i, BEICERTHTREBIEWZ EAEEH &N TS (Hatakeyama & Sucava, 1989), EHED
IFIXTIEOBDICELTYH, FOELERIBERIIHLTEEIERIN TS (KT -
=4, 1960 ; faE A, 1968 ; #4k, 1990), CORICBEL T, AZEBIIARDIFIXTIED
DABANEKIDOEETHL I ENEHEIND, 221, BIXHEERKIMUE SN -0IZBE
EDNBRRBREOFELZZITIZLVORS Ltkv, REOSMATRMAE (H5 54818
km) Z3FIZLT, £20LE TiE T, KEBRELROICLEESWHE BOD EIZH K
ERBONDHLIEFHONTVS (LTI s 0y EH, VYIS H, HlREOEGENS
WOIZXF LT, THREHTIRABEDOLAY) HENEZ) NFES, 1990),

—FH, IFITFHAIER IV XTI, SEMEE (F3EKE) TEI LRI
z#l E3 AmAIEEECH S (FEEH, 1979, 1981 ; =& - &E, 1988), L7z T, ThbH
DEDEFIZIZ, TZBINKREFHOKRTEFNZBAENEEINTVITEEND S, HZ
BT, MEETE L BEROBIZH HBE0INSG 2BO5MHE LRIZR o Tz, Dbk
BT, NRPHFIMIBALZERIIZoTEY, SHTHIREITETND, FIZ, REHR
o [ZH0@E] LENB5EFTRERA EFZBICIZHENRE2E (RKEZ :H5m) %5,
512, TOBANO EFRHA 2mDBIZIIL % ED 2OONTOENH L, £DH) H 1 DidK
NEBROBUKY LA THY, KMFAHERFIIZNOEZEINIMIIZ S, TNHLOBEKRDESLAL
DEH A EHEEOM LA FEL T H I LI T5ELOND, =& - EE (1988) &, I3
THFATECE IV XTI ECHAIREE T CEPATIHN R AL > THEZTONS
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ZEEHLMILTWS,

T A A A =AZ1930F AT A ) A S MBENNRICBA SN, £O%EEALEEII M %A
T THD (B, 1980), BIEBRICEA - & L-DIX1960FELEESbL TS (L -
HFHHO, 1992), BEDEZ A, AZBIKROT XY IF) o0k BEE MO CHEICIE
RTENEWZ S,

IFIXTIEDSEERSMN

FZBENOEFEERTIE, HIIMLSPIEEZROHEIECTITOH LW EREIOBEISRSA,
BAHOKEMBRE A N5 0B LREREBORELBITLIENTEL, 2O,
IFIXRIEDOEAEFRIPHBEIIRVEANTEE L TSI LEZRL TV,

EREMTIE, 4 ATEHH»S108 LA E THRIIEISRES Nz, OFAITD, REIX, &S
AR EPORKIIHITTIRIFL TS (EH, 1957, 1970 ; 483, 1972 ; /NIlZ A, 1987 ; &
J&, 1963 ; #rH, 1972) (Table 3),

—7, KTt oEATIE, &8 (112562 A) THHIMESERSh, ZOrOKEIZH
BCTIIZ—ETH o7z, M - H1l (1987) &, RERET ORI & EAME CREOEF L%
BEL, 1281213KIB12C oM TIZAAIEA R S e v as, KiR1T-18°C D@k # Tl g ik
PHEBETEZ L 2HEL TS (Table 3), REOFINUIIKIENKE L2 ELEE RIZL TV
EEZbN, ZOZLINHE (1972) ORBEERIZI > TOIEHINTWS, AHEIZL > TOH
SR RE 22 RARKIRIZ, L OHIBICBWTHISTHIRTH S LB &N D (Table 3),

SFIXTIVDOR/NEAFKOEKEIZ, OB TIZIZEALDEE16-1Tm TS 5 H*
(Table 3), FZ#E)IIAZRDOEFHAH# TI1220.2 mm, FEKHLTIZ20.5mmTdH o720 EE20 mmFiiG D
BEHDTEI L 2\ D35 28RO BIBEAEOBETH 50 LRV,

FZENEFRAEHR T, FIIRHIIS-6HTH Y, 1L AEDFHRMAIEY (6-9A) I -
TWb, COFHMABIELSKICHTTERIIKEL, FOKFSTOMEMKIT, FAELEICIZ
FEOREY, BALTREENTLIINEEZONS, ZORRIEZ, HEBEOEHEIOMEEERELF
¥eTHAH (NIED, 1987),

HEROBIHICBNT, HOKRRIIHEL D OABIIKEVWI LDHEEID LN, FOEVIZHEH/AD
KENHFICHEE CTH o7 (Fig. 8), BMAKEICBII ARBLAMEZEIZII N T TICHOHIETD
HEEN T2 (Table 3), AL TIE, HE14 mAKiOBEADOMBELF]Z 4T > TVRARVO T,
WONLMHEENE ULV SEHEICTE 2272705, Mizue & Iwamoro (1961) & /I
A (1987) if, BELZEEDREICHHEEI-13mOEMEKIZB VT, §TIERED M)
HELBEHRELTEBY, BEORERFEICENHLILERKEL TS,

KENCHE L - FAEREHIIEEBENOE T TINRIETILALHEE L, BEITOLZA, K
BIEAA KB 2 B8 217 SEHUE 2 VWO T, ZOKREEEOHEEIFETICLEDDEEESN
720 L7235 T, BZEINARMINETIE, REOHEMIMWIELELONS, HAOFRICH
WAsiEIciRA Z & (Table 2) i, XMLV LEMTHLILEREBLTWVS,

—7, KT DEAITIZ, AIRMEILBICOHBET LI 20, FEMAIZEMEELT
BOBEINTWDEEFHEING, Mih - il (1987) 1, REREBEOEKH (KiRITEMEZEL T
18CUE) TIFIXVIVDEFHRZRAEL, BB I A THEM - AT HEVIF 12
VHEMZELTERVEEN TS EHRELTW5, ATHEEKTIE, EFEROFMZHS
MICTBZEDNTERDP LD, FTTOEFERIL, MIERERIREELR2LEEDNS,
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Table 3. Comparison of life history traits in various populations of Neocaridina denticulata denticulata

Body Body length
Spawnin length of of the largest
Locality pa g the smallest female (F) Life span Reference
period .
ovigerous  and male (M)
female (mm) (mm)
28.0 (F) KAMITA
West Japan May - Sep. 17.0 235 (M) 1 year (1957, 1970)
Hyogo Pref. May - Sep. ’
Chigusa River”  (15-29T)* 16.0 Taxepa (1972)
Hyogo Pref. May - Sep. 15.4 286 (F) 2 months NiwA & HAMANO
Sugow River (15-317C) : 24.1 (M) or 1 year (1990)
Shimane Pref. May - Sep.
Takatsu River” (19-277C) SHINOHARA (1963)
Hiroshima Pref. 29.9 (F) 11-14
Ashida River May - Sep. 16.6 24.3 (M) months Ocawa et al. (1987)
Nagasaki Pref.! May - Sep. 16.0 >2 years MIZUE & IWAMOTO
(1960)
Kumamoto Pref. Apr. - Nov. 16.0 30.0 (F) | vear FUNAKATA &
Kikuchi River? (15-23T) : 26.0 (M) y NAKAYAMA (1987)
Kumamoto Pref. ;{:;S%ghout 16.0 24.0 (F) 3 months FUNAKATA &
e 7 .
Ukishima (18-25°C) 19.0 (M) NAKAYAMA (1987)
Kumamoto Pref,  (TFONEROE 28,0 (F) FUNAKATA &
2) : :
Lake Ezu (17-23C) 23.0 (M) NAKAYAMA (1987)
Kagoshima Pref. Apr. - Oct. 29.0 (F)
Manose River (16~23C) 202 27.1 (M) 1 year Present study
. Throughout
Kagoshima Pref. 0 274 (F)
Mizumoto Shrine® 2’16581%) 205 23.7 (M) Present study

1) Shrimps collected here were cultured for life history study.

2) The study was carried out in the limited period from Apr. to Dec.
3) The study was carried out in the limited period from Oct. to Jan.
4) Water temperature in the period.

BB N T— & 2§ T3 AEEAEO LG RIIBHN 2 KEFGORELZ TR TV
EEZOND, MIERE FEAME TIX, 728 XEA—KROEE LB THo T, KiELkHD
RELSELD10D, TNENOHFH TR o ZEFENY - U HPRIUTLHEEZOND,
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