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Summary

Ecological study on three Macrobrachium species in the Shimanto River, Japan

Hiroyuki Hiraga

Macrobrachium formosense (hereinafter Mfo) and M. japonicum (hereinafter Mja) are distributed
from the Kanto to the Okinawa region, and M. nipponense (hereinafter Mni) is distributed from the
Tohoku to the Kyushu region; all three coexist in the Shimanto River. They are important species for
inland waters fisheries in Japan. The catch of Macrobrachium prawns in Japan has decreased,
especially in the Shimanto River, where it has decreased significantly. It is important to understand
the life history of Macrobrachium prawns to better implement the recovery and management measures
of these resources. However, little research has been conducted on the life history of the three species
of Macrobrachium prawn in the Shimanto River. Furthermore, there are also no reports on their
ecology in rivers where they coexist. To clarify the relationship between life history and resource
fluctuations in Macrobrachium prawns, the life histories of the three species found in the Shimanto

River were investigated and compared in this study.

1. Fishing condition

Catch data of Macrobrachium prawns from 1996 to 2018 were obtained from the markets of the
middle and lower reaches of the Shimanto River. In addition, I examined the species composition
and size of the prawns caught using funnel traps in the downstream freshwater bodies from July to
October 2015.

The catches in each year were higher in the lower reaches than in the middle reaches and declined
almost consistently in both since 2009. In 2018, the catches in the middle and lower reaches were
2% and 16% of those in 2009, respectively. The monthly mean catches in the middle and lower
reaches were highest in June—July and July, respectively.

Mfo, Mja, and Mni accounted for 80.5%, 19.4%, and 0.1%, respectively, of the total number of
prawns caught using funnel traps. This result indicates that Macrobrachium prawn resources fluctuated

by the amount of Mfo. Most individuals of Mfo and Mja are 8§ mm or more in carapace length (CL).



The proportions of males in both species were more than 75%.

2. Benthic period

The distribution, growth, and incubation conditions were investigated by monthly skin-diving
observations and collections for one year at a total of 11 stations.

The upper limits of distribution for Mja, Mfo, and Mni were 83, 54, and 28 km from the river mouth,
respectively. It was suggested that these limits were determined by the substratum, reach type, and
gradient. Mja mainly inhabited riffles, and the other two species inhabited pools. The interspecific
differences in habitat seemed to be affected by the morphological differences. The mean annual density
of Macrobrachium prawns was 1.77 indi./m?, of which Mfo accounted for 63%, Mja for 31%, and Mni
for 6%. The densities of Mfo and Mja increased from June to October and June to December,
respectively, and then decreased toward May. The density of Mni was relatively high in June, July, and
October, while there was no clear trend in the monthly change in density.

The ratios of males were 51%, 37%, and 53% for Mfo, Mja, and Mni, respectively. These ratios
differed from those of the catch, in which males accounted for more than 75%. The ratios of males of
the three species were higher at larger sizes. However, the size at which the ratios of males began to
increase was larger in Mja than in the other species. The recruitment size of juvenile prawns began at
around 6 mm CL in the late summer, and hardly changed until the next spring. One month later, just
before the incubation period, the size of juvenile prawns increased to approximately 10—-14 mm CL.
At this time, the proportion of individuals larger than a grown juvenile prawn was higher in Mja than
in the other two species. The proportions of larger individuals of Mfo and Mja were higher in the
upstream, but that of Mni was higher in the downstream.

The main incubation periods of the three species were approximately between June and September,
while the proportion of ovigerous females in May was higher in Mja than in the other two species.
Females with eggs close to hatching occurred almost throughout the distribution area for Mfo and Mja.
However, ovigerous females of Mni occurred only in brackish waters and few were found with eggs
close to hatching. In the incubation periods, Mfo females were distributed in lower reaches at a higher
density only in July after flooding. This result suggest that females moved downstream from June to
July, and then moved upstream. The proportion of ovigerous females with CLs of less than 16 mm

was higher in Mfo (90%) and Mni (96%) than in Mja (62%).



3. Planktonic period

To examine the larval downstream migration, I carried out regular sampling at one station in
freshwaters from June to September and 24 h continuous sampling at three stations in fresh and
brackish waters in August. The larval distribution in brackish waters was examined at five stations at
flood and ebb tides in August by horizontal discrete sampling and vertical observations of flow
direction and velocity, water temperature, and salinity.

All larvae collected by regular sampling were at the first zoeal stage. The estimated mean number
of larvae drifting downstream at 15 km from the river mouth during the regular sampling period was
1,355 indi./sec, of which Mfo accounted for 29%, Mja for 70%, and Mni for 1%. Almost all larvae
obtained during the 24 h sampling were at the first zoeal stage. The mean densities of larvae in
freshwaters during the 24 h sampling were 1.03 indi./m® at 34 km from the river mouth and 5.23
indi./m? at 15 km from the river mouth. Mja accounted for more than 90% of larvae collected in
freshwaters, while Mni was not observed. The mean density in the brackish waters was 2.83 indi./m?,
of which Mfo, Mja, and Mni accounted for 54%, 36%, and 10%, respectively. These facts suggest
that a large number of Mfo larvae hatched within 15 km of the river mouth. Mfo and Mja larvae were
collected almost all day at 15 km from the river mouth, and their densities were higher at night. The
yolk droplets, a source of nutrients, decreased during drifting in both species. However, larvae that
absorbed it almost completely did not appear. Therefore, mortality by starvation was considered to
have hardly occurred. In contrast, at 34 km, Mja occurred almost all day, while Mfo hardly occurred.
Although this fact suggests that Mja drifted downstream for a longer time than did Mfo, Mja had
relatively more yolk droplets left, even at 15 km. Mja was thought to be able to drift longer distances
and for a longer time by delaying the absorption rate of yolk droplets.

In the survey of the distribution of larvae in brackish waters, upstream and downstream flows were
observed on flood and ebb tides, respectively. The flow velocities were 0.09-0.85 kt. The water
temperatures and salinities ranged from 26.0—31.2°C and 3.1-33.0 psu, respectively, and moderately
mixed conditions were observed. The mean density of larvae was 3.8 indi./m?, of which Mfo, Mja, and
Mni accounted for 60%, 34%, and 6%, respectively. These ratios almost matched the species
composition of the density in the benthic period. The densities of the three species were higher inside
of the river mouth than outside of it. These results suggest that the larvae stayed inside of the river

mouth. The density inside of the river mouth was higher at the surface layer than at the bottom layer,



but there were few differences in the densities at each layer outside of the river mouth. Most of the
collected larvae were at the first zoeal stage; larvae in the second zoeal stage occurred sporadically at
low densities, but rarely appeared at or after the third zoeal stage. These results suggest that the third
zoeal stage (and after) of larvae settled on the riverbed inside of the river mouth and lived epibenthic
lives. However, the seventh and eighth zoeal stages of Mni occurred very rarely outside of the river

mouth. Therefore, a proportion of the larvae is thought to grow at sea.

4. General discussion

While similarities among the life histories of the three Macrobrachium species were found, there
were also differences in the distributions and habitats, etc., at the benthic period. Such differences lead
to the divisional use of habitat and prey resources. They are considered to be functioning effectively
when closely related species with similar niches coexist.

It was suggested that the catch and estuarine environmental change may affect the life history and
resource fluctuations of Macrobrachium prawns in the Shimanto River. Regarding the catch, the sex
ratio of the prawns caught was biased toward males. This therefore suggests that males may have been
selectively caught as a result. Selective catches on males may lead to a decreased reproductive success
rate, caused by effects such as sperm restriction, and cause decreases in resources. To ensure
reproduction by large males, it is desirable to include at least the period of rapid growth and the early
breeding season, April-June, in the closed season. Regarding estuarine environmental change,
increased salinity because of the disappearance of the river mouth sandbar and oligotrophication
because of decreased nutrient concentrations have been reported. These estuarine environmental
changes may also affect the larvae of Macrobrachium prawns, but the presence/absence and extent of
the impact are unknown. In the future, to examine the relationship between such environmental
changes and the early life history of Macrobrachium, it is important to reveal the settlement place of

third (and after) zoeal stage larvae and the environmental factors that determine those habitats.
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30 f
40 t
50 L

2 6 10 14 18 22 26 30 34
Carapace length (mm)

Fig. 6. Size distribution of M. formosense and M. japonicum

S2 (n=221)

Frequency (%)

caught using funnel traps at the two stations in the
downstream freshwaters of the Shimanto River from July to
October 2015. Each top and bottom indicate female and male,

respectively.
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3 BE

% COAGRIL, 2002 F£2> 5 2006 FITRD L7k, 2009 FEISHT TIEIEAMER 27~ L
7z. L2L, 2010 DI 0—@4il v, TETIE, O TRUVWKEIZETEDIAAL
TW% (Fig.3). Afif&id, 7T T EBOEREICL > TEITLLEEALN, KEDE
BKELE L AR L TWDHEEMENEW. —F, Filkick T 2 &M TIE, 257317
FHEENERANHES Lz (Fig.5). ZOZEnE, WHHINCB TS T F T BoE
PEE, AHOZNIZ L > TEE L TR, IEFEO AW &OBA I IATEE P OWD 2 Sk L
TWA EHEI SN D, EFICBT 527 Ao BOGREEICIE, I FI 77Tzl
LT DRBOAETELSLCM T HIOREZ(EENEEL TNDEEZHND. ZORIZON
TUE, WEARB IO FEHOMRZEE X, IVREELETHRHNTS.

—J7, RFITFHEBLOE I T T FHETIE, EIC 8 mm CL LI EDE KNS
STV (Fig.6). MFEOEEY A ZIZET DMOFEHRITRNb DD, TFHTEIZHON
TIE, Byl CHERIC & s SV XGRS STV D (M - AR, 1950) .
FERIT, MERZ RN TIRICREL, TNCHELET T2l 5ifkikToHY, I
THINTIEEET ST 5. WME - AR (1950) 3R L7IcT FH = BOH A I L 5
&, 7-10 HIZIXAR 9-78 mm OFEEZ BB SN TEBY, ZON, 1548 mm 23 82%%
TV, Zhzuf R & AEROBRA GBI, 1986) OB RICITE S5 &, 4.4-154
mm CL &72%. Ziulkk~2&, WHHIT=EFHcLiEsniIFIrr izt
E 777D A XL, R 8mmCL L L& KM Th -7, £z, RE (1 EAH)
TIX, 7-10 A 8 mm CL UL FOEKE R ZHMER ST D. ZhbDZ b, 8mmCL
LT O/NERDZ < 1%, =ERAD BRFMOME 24T THEV RSN TND LA LI
% . NUEROGHEL, EFREEO 3 FEHOOESTHY (IE,2000), = ERBIZHITS
INRUEROE Y 5% LIS, BEAEICFG L TVWDEBERALND.

MHEHIZOWTE, ST IT7 T VB I T Tl b, HOLENREL, FH
TENEI 84% & 75%% 7= (Fig. 6). ZHUIxt L, ¥ EMTEONIAERDHRED
X, BREBRNEN (K& - H4K,1999) OIFIT7FHTET51%, MWHHIOARFR X
We 77T FTHTET, TN 51%B LV37% L8 (1 JEAMSR) . PO RE~OR
DI, —EROEEBRMELEZ TCREZEI THD. —F, EriliTlE, i L@ BEROME
WIZT T HZER@EETERL, EIINIRIT 200 OMHITHECRS (K, 2011).
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ZOBERE LT, KEHENBIAD T2 DM RFE L, /NUREAZPEBR LT D ATREMEAVRIR S
TWo. £z, FEOT FH T OME L Il 2 @& E TFHET 5 &, FNEPIC L 5%t
MRET D DD, BIEDPELLICBE MRV IX o722 ERHRE SN TS (BK,
2009). ZAHDOMAEZMET DL, TERMNIZEW TS, ERMOFEFCRS 2L T
LAREMEIEE VS DD, ZHIT K o> THEDBHEIRES S 1EB <. LT, =B
T, FICHESHESIESNTNDEEZXDRETHSH. AR TREE LIZEHOIEE A
EiE, BHEHNCE LN TR, YHNIIRCEOMEAN IS5 (I EABZR). —F, gl
HOA &= B3 EGECH IS (RIEDH,2011), / aX U HH I oIt A L1
EEL 72wy (IR 5,1991). T b O H I & [FERIC, ABEORINME S 1E e A CEEE L
RN ETHIUE, EY OISR S Z 12D, ZORIZONT, A%, IO
ARRL L BTSN D ZENREEND.
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I EAH

AR, WHHINCRBT DT T Ao ROEREL, I T I7 7V e0ZIck - T
EEILTWD EEZ B, 2010 FENOED LT TS Z EamLlc. 20X D RERE
2L, T ROAERBBES BB L TV D EHERI S, BIROETECE BT T,
KIBOAETELIZET 2RV EEL 22D,

INETIE, MHITHELNA TS T T At BOEAMOLEREELMET L, 757
T BV AL S B 16 km AITICAT T, X7 I 7T H = BV AR 6 B 50-70
km FHTIZNT T, BT 77 F AT B0 O L 8-100 km fHricZznEnofi+ s 2 &
MEIHITND (KBS, 1977; WA « 25, 1977). £iz, IFIT7 T eBLOT A
T DRI, BRI CTHLRTHIBEBT 260D, AIEIFXFICHEIEICART LD L
(L, 1961), #FITHIE - JeEICER L (KRB 5, 1977), AERIGFT OB IR 7208 7
BILD. ZNBIZKH LT, E 77T A EITMEEOBIEICAR L (B, 1961; K¥F5,1977),
2 FOABGHT & TWBICR RS, Zhbof, IFITF VB LRe I 7T H=
EOFINMEE, FIE S HIFKICHA B i, 6-8 AIZITAEE 30 mm 2L EOHED KEHLIFS 5
ZEENRMBNTWD CFE - 11,2005). UL, 2D OEHIE, FFEORY £ 7213
RTHLNTEY, HMOFEHZE, MARY &R, RIMEOBEIRER ST 6hicEnT
W RETIE, WHH)INCBT 27 g 3 o EAROAERZFEICHET 572
W, FFICDRZDH - FHRTPKE - VKR CTORKBIER L REICL Y, /i, E, fdpk
WaFH, T b 2 flH THE - et L7

1 MEERE
1. AEBHEMS
FRATIE, 2016 26 H2v5 2017 4F 5 HO HHIZAH 1 BOF 12 [8], 50K 1
HaS (S1) B X OWEKIEE 10 #isL (S2-S11) DFF 11 #uS TIT -7 (Fig. 1). #/KIE D% Hi s
TIE, 1 AHOWE & P CIAEZ 05 L7z, S1 OWRMENE, iR E I8z ERE L, &K

MO NFEROEEN HAE L T2, S2-S4 B L UNS5-S11 OWETIX, TNENFE RS AFAK
BIOANERLL FOBERFEELE 220, PTIT/INRROE Y E2RRREEHE L 7o TNV
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2. Ak

KHIRGEE A ) — 7 VA 35E U CIEKBIZE 21T, RERESCEERICHBL LT S =
CIEOREAZFINIEHE L, BN X 2BEmMAE & bIZiEsk Lz, 2120, BREAEL S
HIFITFHFAEC LT T EICHOWTE, KPP TCOREEROFEBINKNEETH > 7729,
Wik Z GO RRARER L, BROWRETHONTREDOL THEI L. B51%, FHllS
EBEBOEHTTITY, T OBEOBEERIT, 7 H T EBOLIIER LT 1-20m? OFEF
T L. BonBERKEEEN O, AREE (B/m?) ZHML, WK T, ¥
EOFENEESHAOAERBEL Lz, 7V CREPBIZ IR T, Blgics %
TV TKFIREEE A ) — V& 3ER L CTHBAKL, ¥EM (H£25 cm, #@E 2 mm) %MWV
TABZBE L. SIERICIE, AHUS TIRERE (¥ =4, TT-508N) % M CKIR 2 JIlE S
B e L bIT, ST TIHHEERARIE Y5 (YSI, Model 30) (2 &V EE KK 1m) O % RIE
Liz. BoniT A eEBER 10% 5L~V U CTEELTRELIRD, Tnbofits
I LTz, TR EEIT 27 T = B LI F I 7T T B oA, & = MHEE o
K (Suzuki and Kusamura, 1997) (2 &0, PEHBIEE EBABROHEMEZREOAIEIZ LY £
NENAT o 7. BEMZEE A RS S o/ MER X 0 /NI DEIRIZ DWW TR, [RIZEE R ks
DY A RN L TORWATREMEDR & 2728, MR & Uic. flids L OMERERIC, IRE# %
PR IE R R AN £ CERBMF R (CL) & LT, 0.1mm BALCEHAIL7Z. HEIZ-DOWT
%, fAINOA AT L1, fAINEN SIFO—H 2R U CRAERMEZ B2 L, Milleret
al. (2004) 5 X0 Bauer and Delahoussaye (2008) (27t~ T, SMUELRTE Z LIS D BRIy
JTRE L. ERoEr, BEEREE Y =7V A 8 ORKET — 2 N— 2R,
http://www1.river.go.jp/) £V, E[FZH Z@HFT (S2:863) (23817 5 B X &4 B - H e

L.
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2 #H8

1. AEFKOKE - BHF

FAEREFOKIRIX, 4.5-31.8°COFFHICH Y, Zh b DHBPEEKIRIE, 6 AD 22.3°Cinb
8 HD30.6°CETER L%, 1 HIZMFT6TCETIRTL, 5 AT TEHRER LT
21.3°C & 7e o7z (Fig. 7). HSBIOFEIKIE, S1 D 19.3°CTHR b A<, S2-S6 TiE 18°CHI
#%, S7-S8 TIE 17.5°C, S9-S11 TiT 17°CHif: Z 7~ L, Mida Tt slE EmV iR ICH - 7.
S1ZIIT DR (T#lATR) DJEE OKEEF 1m) TOMHESrIE, 0.8-14.3 psu (- 8.2 psu)
OFIFHCTEE L7 (Table 1).

FHAE B O BRI, 28.92-85.91 m¥s () 46.99 ms) OFHICH Y, Zh iR
KPR & BAKTERIZHY U7z, SRABIH T o B ER5RIE, 23.44-3816.32 m/s (GF1y
103.69 m/s) OFPHCTEBL, 6 A TAIND 7 A _EAINCITH 1,000 m/s O HK A Wiz a 281
W& 721Fhy, 9 H AN &2 0F) 3,800 m¥/s BB <7 (Fig. 7).

10000 r
o
7
= 1000
g
5
£p :
E 100 o
)
.4
A
10 1 1 1 1 1 1 1 1 1 1 1 J
June July Aug Sep Oct Nov Dec Jan Feb Mar Apr May
2016 2017
Month

Fig. 7. Monthly changes of water temperature measured during survey (solid
line) and daily mean discharge (m?/s) at gauging station of the Shimanto River
(dotted line). Horizontal and vertical bars of water temperature indicate mean
and range, respectively. The discharge data were cited from the website of

Ministry of Land, Infrastructure and Transport, Japan.
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2. B

ﬁj\

SFIFFHTEIESI-S8 (AN D 5-54 km,

S10 (AT E A5 11-83 km,
13m) OFPHICENZHBL
v, T A EDIEIC LR Th

W= 5-109m), T H T S1-S4 (AT A2 6 5-28 km,

mE140m), BT 7T AT B S2-
R 1
7= (Fig.8). WAifRix, e 777+, I FI7F+H=

D, TNENK 30km DENALNTIED), €T T T T H=T

BRI O STIZITZHEBL L 2o 7.

120 !
——— M. japonicum
100 1 :
M. farmosense—>:
=080 b, ; :
g E(-M:mpponensei: E
g 60 b ¢ 5 5
= P | :
= - : i
< 40 o :
Upper limit of the E
70 | brackish waterarea |
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10
0 20 40 60 80 100
Distance (km) from the river mouth
Fig. 8. Occurrence area of three Macrobrachium species in the

Shimanto River.

WA, W& ISR T 2 ER YA BB E O R ARSI Fig. 9 IR Lz, S 73774~

EOEE (B/m?) 1X, W 0.11

XHIZ, ET7 77T HED

b}

m@<, 83%& Lo, ), TTH TR TORMBEL, WEIZITom L ThRhroT.

DXz, FL1LT,
FHTEBIOT T H =i

< < S
1T

| = av v a a s A (el
72, 3737
HTEBLOT T TR, £
VNV EITHELE & WHJEEIZ H B
L7, T A= enndils
IFITF Y

&7
=

LT,

W T,
IIHPPRJERIZ & 704 LT,

WZHEARTHD 211 TEL, &R0 95%% 5. T i
WERICB T DEEIL, 090 BXKTN0.19 LHIET

-
—

D=0.11 D (Density: n-mr?) = 2.11
M. formosense
D =0.90 D =0.19
M. japonicum
D=0.22
0 20 40 60 80 100

Ratio (%)
ORiffle ®Pool
Fig. 9.  Ratio of annual mean density in riffle and pool for three

Macrobrachium species in the Shimanto River. Pool include S1.
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ATl U 72 & B0 2B E O EEE, I -7 M. nipponense
HTETII, 777 FH=ETO055 TFHA=ET
0.11 THY, At (LT ITED LFIEL, ThEh 63%,
31%, 6% Th-ol-. T b DR, MR (Fig. 5) M. japonicum
ICHRB L, SFIFTFHTETIHEL, e FFFF A
TETIHEVATHELRZ. 22T, i lcBT 54 Wik Jfoiasiste
[ P S\ AT - %52 (1977) 12 & % 7K i i i %
BICHRC, AERMAHER LIZNARZ Fig. 10 IR LT. pig 10, Species composition of the

kB E, SFITFHIEET0%, e 7T TN estimated population of
Macrobrachium prawns in the

T B 25%, T AT 5%% 5, Bl L7ziasEd
B (Fig. 5) (ZUEfEl L7ofEns o,

A BSR4 B B2 FERNC Fig. 11 IR L7z, Ziuc ks &, I FI7 - =BT,
S1-S7 TIXIXIFZF4F, S8 TIEL 10 AICOA B L. REDOEEIEX, 0-9.93 JB/m* OHiPH T
BEHL, SHAICRT DEVHEEL, S2 0 3.52 B/m? T, s i 111 B/m? LT
LIRS, 3 EDERH L. S2ICB T ABEOFHILIEHDH L, 6-8 AIZiX1.07 &
/m? LLUFCHERS L=, 9 HIZiX 441 B/m?, 10 AT P &R & 725 9.93 B/m? £ TL
AU, ZThUBOEEE, 3 A0 2.79 B/m?> £ TREIZIKT L, 4 Al21£032 B/m?, 5 A

Shimanto River.

121X 0.70 B/m? L /e o7z,

77T AT COAEREEL, 0-5.54 B/m? O#FICH Y, FHSIZET B ETEREE
X, S2» 218 B/m* THi<, 0.67 JB/m? LA F Th oo & o7&, 3500 RIZE L.

BT DEEEZAMCADE, 6-10 AL 134 Bm? T EEREE CTh-7-b 0D, 11

AIZiE 2,60 B/m? i EF-L, 12 HIZI3E R O &EHE 5.54 B/m? 2R Lic. EOH%ROEEDL
3 HET3.68 B/m? Ll EOKHEWEZ R L%, 4 1213086 Zm? £ TR FL, S A
1.18 B/m* DARAE CHERE L 7=

THATENE, S1 TRIZFEFBEINTD, A TCOHBUIERH ThH 7=, Kfl
DERBEEE, 0-2.90 B/m® OFFATEE L, S1 D 6-+7+10 HTiE 1.30 B/m? 2L k& g
BIENnoTeb DD, ZAHUSNTIL0.57 B/m? LT &# U TR, b Ok H Z{IZ IR
REEA DR Do T,
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100 r

X X x X x x X X X x X X Sl
g0 | X X X X X X X X X X X X S10
L x X x X x X X X X x X X 89
60 L M. formosense
X X X X o X X X X X X X S8
- o o O o) O @) o) @) o e) O O s7
40 F O o O o O o o @) o} O s6
0 @] S5
I O O 84
200 O o) x x O (Os
8 8 Q99 8 8¢
S1
0
= 100 .
8 X x x x x x x x X X X x Sl1
2 L
5 80 L X o O (@) O o o (@) X o e} o SI10
E L o o o) o o) X o X X X o X 89
,f::') 60 - OM.japonicum - o 5
+ O (@) (@) O S8
g r O 8 8 8 O o) o o x O 8 o 7
g 94t O O O O O O o O O O Qss
0 O O @ 8 S5
g " O 8 8 o O 8 8 sS4
< 200 O O O o O O O o O s
2 0o O O O O O O O O Ow
c X X X X X X X X X S1
S 0
2100
A X X X X X X X X X X X X Si1
g0 | X X x X x x X X X x X X S10
L x X x X x x X X X x X X S9
60 |t M. nipponense
X X x X X x X X X X X X S8
X X X X X x X X X X X x S7
40 b X% X x X X x X X X X X X S6
X X x X X x X X X x X x S5
X X x O O o} X o X o X O s4
20 F x X X X e} 0 o) X X X o X S3
L X X (@) O X X X X X X S2
O O o X é o O o x o O Q sl
0

June July Aug Sep Oct Nov Dec Jan Feb Mar Apr May

2016 2017
Month

Density (n*m) Q 10 (O100.1

Fig. 11. Comparison between three Macrobrachium species of seasonal changes of horizontal
distribution along river reach in the Shimanto River. Density is mean value of that in riffle

and pool. Crosses indicate not observed.
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3. ¥4 X

HEF3I86 RO I F I T T H = (19283 mm CL), 2,429 RO I 77 FH Tt (3.2-

329mmCL) BLXR274 BOTF A= (43-225mm CL) ZH4E L7~ (Table 1). fEMEZE

EEETAENA XL, I FI7FH=ET3.0mmCL, £ 55757 FH=ET3.7mmCL,

TFHTZET 46 mm CL THo7=.

CL),

INHEW/IOIFITFTFIIE 42 (1.9-2.9 mm

L7777 32-36mmCL), 7FHTE 12 (43 mm CL) ZMERHIAH

EL7zZ ENLEBRSBERICEDDHEOEIAX, I FIT7FHZETSI%, 777 =
BT 37%, 7T HTETS3%% R L, HEN67-91% (CF¥ 80%) % Hbi- ittt (Fig. 6)

EIXAHE L.

YA ZRNHED R % T2 D
& (Fig.12), XI5+ =v
TIE, 14.0mm CL & T4 50%
b R it
A TIFREIZHm < 2D, 20.1
mm CL PL ETiX 90%Lh FIZiE

A% T - 7273,

Lic. 7977 T EDRED
e#1%, 240 mm CL % T
h
£ 0 KALDEAR TIX 70%LL B
ER L 5, TF AT

%, 10.1-12.0 mm CL %1712,

40%HIE TH T b DD,

16.0 mm CL X 9 KELOfEELT
%, MEOREERIZE S, BEOH
FREVMERPNICH o 7.
I, 3 ML, Ik v oK
AN AR T 5 i CHim L7278,
TR L > THED R &L 72
HY AL, €777
2 fth 2 FEC/NELTH o 7.

ZDO X

Composition (%)

Fig.

M. formosense N =3186

100

(o .
oS O
T T

NC

NS
oS O

=)

M. japonicum N =2429

—

N A Y 0 O
o O o o o o
r T T

100 « M. nipponense N =274

80
60 r
40 r
20 r

NC

0 2 4 6 8 101214 16 18 20 22 24 26 28 30 32 34
Carapace length (mm)
.Female |:|Unknown |:|Male

12.

sexual composition change with growth in the Shimanto River.

Comparison between three Macrobrachium species in

NC indicates not collected.



PEBRIE R 2 B < 2EEARD YA ZFA % Fig. 13 (2R LTz, MO A ZfpkE 25 &,
10.0 mm CL LA FO/MUEROEIGIE, S FIT7FHTETT1%, & 77T FH =BT 34%,
TFHEZET 4% & ZNEiLhE®, IFI7 v efh 2 HMOMBIOE 777 =
LT AT OB THEENED b (Kolmogorov—Smirnov ME p<0.05). )7,

(Y

EAHDHE, IFITFTHTETE, 10.0 mm CL LA T O/NUHERN 2RO 65%% 5672
ZHRD L, eI 77 Ao BIOTF A IR 5 10.0mm CL LLF OEEOE &
1%, 2%A1t% EARVFHEICH 0, HEOH A AL & L L - FERZER A bz, & 612, 16.1
mm CL YL EOKAEEROEFEIX, I FITFTFHEBLOT T T EDZENEIN 5%B L
O 1%IZER, E 777 T2 ETIE260% L m<, EI7 77T Ho e &fth 2 oW A X
A ITAEZEDN SN (Kolmogorov—Smirnov #2E p <0.01).

30 1

M. formosense
20
10 r n=155
0 F————+—+— + —_———+—
10 F n=1624
20
30 -
—~ —
é 20 M. japonicum
3\‘ 10 + ’—I_’_\_'—'_\_\_\—\_’ = 1524
g 0 |
?f‘ 10 F n =898
)
o 20 b
30 1 M. nipponense
20
10y n=129
0 : —t =
10 F _\_I_'_, n=144
20
30 I_ I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I J
0 4 8 12 16 20 24 28 32 36

Carapace length (mm)

Fig. 13. Comparison of size distribution by sex between three
Macrobrachium species in the Shimanto River. Each top and

bottom indicate female and male, respectively.
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WIZ, I FIT7TFHHeDY A XHE HRIMERERNCZ 25 & (Fig. 14), faIPEiE3E1 6-
9 HicAabi, ZoOHBOW, HEREE b, 67 AOMBICERE 22137 <, HTiE 12 mm
CL itk % fFchifif & 3 2 IR O 2 Rk L7z, R ORETIE, 6.1-18.0 mm CL O {A&73
K% 56, M CTIXHBL L7220y o72 22,1 mm CL PA EOfEE S T h R b A biviz. —H,
MEREE b, 8 HITiE 4.0 mm CL LU T OMEEDSHHUTIIA Lidsd 721%, 9 AICITRBIED 4.1-
6.0 mm CL IZBAT L7=. i H OMECA 547 4 mm CL Ai#$ KO8 12 mm CL Aii# % Hbs &
T 52 8L, ENENROFEMBEL B 2 HivTo. Uk UCRETIE, EEEEZ BRI X5
TE ol b0o, #4121 mm CL LI EOEEL, FHRIMAFELY @il B2 o607
Z Dk, 10 B2, S $ 6 mm CL Aif: & KMl & 2 BB oM 2~ 3 & & I,
22.1mm DL EOFEEKITHB L 2 < oofe. ZTHEFELU LIEMEIT 4 A ETH LN, IR
WA RN PER 72 5 HITIE, MERE S b HAEIE 12mm CL A IR L7z, 2 OB, HETIX

16.1-28.0 mm DEKR S HOFT 03723 BB L=, METITHIR Lo 7=,
60 40 40

50 | 30 | 30

40 20 ¢ Oct22-23 20 Feb 18-19

30 10 - n=154 10 r n=121
20 L 0 — 1y by =] + 1 0

10 +

0
10

June 18-19, 2016 T o A
n=53 10 n=183 10
20 20
30 30
20 - -

40 ) 40
30 30
20 + 20 Nov 12-13 20
10 | 10-r n=176 7o

Mar 11-12

July 18-19
Y n=121

n=90

(=]
T

~ 0 10 b n=189 0
S 10t 20 | 10 +
e 20 30 L 20
2 30 30 F
g 30 40 r 40 L
g 20 Aug 2021 gg i 0 ¢
o 10 n=117 Dec 11-12 40
0 18 - n=147 30
10 F 20
Apr22-23
20 10 10 r P~
30 20 0
40 30 - 10k
40 40 r 20
30 30 30 L
20 Sep 10-11 20 Jan14-15,2017 30
10 n=112 10 | n=136 20 May 20-21
0 0 =—+—+—t+—+++++ 10 - n=182
10 t 10 | n=126 0
20 20 10
30 | 30 - 20
40 L 40 “ 30 -
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Carapace length (mm)
Fig. 14. Monthly changes of size distribution by sex of M. formosense in the Shimanto River. Each top
and bottom indicate female and male, respectively, shaded bars non-ovigerous female.
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v I 7T A OBV A XFRE D & (Fig. 15), 69 A1, DL < MBIl ¢
BV, b OMAIZIE, B4 14 mm CL Fif% & 22 mm CL Fif: & T.0 &35 2 BENHER S
iz, R OBEDOREIS b EEHER A DN b DD, £ AT DR A Xicd@m L
T2 o7, — 05, FBUMARETIER T2 &, 8 HIZ 4.0mm CL LA T DA HF 5
IR OB LTtk MRS b, 6.1-8.0mm CL OEEDOBEEEN B L, 12 AICIThAEE & 7
LI, 3 HETOY A XHAICERE 228 ki3 72 <, 12.1-14.0 mm CL A%z i
ET L —REDIZAY, 20.1-22.0mm CL iR 2 Pl & T2 —FEHHUL S 11, 21 561%, 6mmCL
A% 2 0 & T 2 FBUINARE L U milis OFRRAE & B 2 bz, JIR I ERTO 4 BT 5 &,

STz,

AR, WEREE B 14.1-16.0 mm CL IZ¥E R L7-. [AIFRIC,

mm CL L EDOEEE, o Tix 6%,
L. 2 RKAMEROEIE L,

FCHEWEHRICH - 7.
20 June 18-19, 2016
10 r n="70
0
10 |

20

30 -
10

0

Frequency (%)

0

10

20 -
20

10 r

0

10
20 -

Fig. 15.

10
20

30 -
30 1

20
10

July 18-19

n=96

Aug 20-21
n=173

20

KAMEROEIS S EH- L, 201

HETIX 30% %2 2N Eiv e, 5 AICHEALL L 7=k 23 7
RFITHTERLOERT AT oI, K

Oct 22-23
n=108

n=73

L Nov 12-13
n=129
L n=78

Dec 11-12
n=96

Jan 14-15, 2017

n=132

Feb 18-19
n=115

Mar 11-12
n=143

Apr 22-23
n=131

r n=109

May 20-21
n=229

0 4 8 12 16 20 24 28 32 36

same as in Fig. 14.

0 4 8 1216 20 24 28 32 36
Carapace length (mm)
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Monthly changes of size distribution by sex of M. japonicum in the Shimanto River. Otherwise



T AT DOV A I E A5 & (Fig. 16), foJiEix 6-8 AICHBLL, SMEIL, MEkE
bR 12mm CL Btk d B CT—F L7z, 72721, METIE 7-8 ADEAKE N V2L, &K
B 8.1-10.0 mm CL (2 & > 7217, METITMEIZ A, KIEUEERDOEIE MK <, 18.1 mm CL
U EOMREITIEE A EHBL L0 -T2, ZO%, 9 AI2iE, MEEE b 141 mm CL LI EOfA
ERH BN 72 o72—75T, 8.0mm CL LA O/NRUEERDFFNMAIZ ES T, FefElE 8
mm CL R ICBAT L7z, ZALDARE, MEREE &, 4 A ¥ T4 8 mm CL Rtk OfE KA 1k &
THMEE R L. LanL, fINERTD 5 B2/ 5 &, 8.0mmCL LA FOERD B 3K
T5L &b, 81mmCL UL EOMERZ TR L T DMk E e o7o. T OB, HETIE, #Hi
IIAEEL 0 @il & b d 141 mm CL LA EOEAER A LRIZOIZR L, MTIEZNHOK
TUERIZ B L 22 o 72

60 r 80
40 r June 18-19, 2016 60 F
L _ 40 F
28 n=20 20 L Oct22-23 - Feb 18-19  Not collected
n=
20 + — i
40 * n=34
.
60 r 60
40 40
M Mar 11-12
20 ¢ Nov 12-13. 7 28 1 | |||||||1;1|:|2|||
O n= T 1 - T
~ 2 | _‘"““:::'“:ZOzL Q n=1
S JJ_ nml0 s b
> 100
2 100 [ |—| 60 L
3 80 I ~J Aug20-21 80 r 80
g 20F | n=1 gg I 60 t
~ 0 i 40
Dec 11-12 Apr22-23
20 f UL a-a 20 =2 20 | P
40 0 0
60 20 L =~ n=s 20
60 L] 40
80 80 60 L
60 | 100 |:
40 f sor O 60 r
20 L Sep 10-11 40 Jan 14-15, 2017 40 + May 20-21
0 n=10 9 n=3 20
L 0
20 20
| 40
60 -

0 4 8 12 16 20 24 28 32 36 0 4 8 12 16 20 24 28 32 36 0 4 8 12 16 20 24 28 32 36
Carapace length (mm)
Fig. 16.  Monthly changes of size distribution by sex of M. nipponense in the Shimanto River. Otherwise

same as in Fig. 14.

Wz, HERNZ 3FEOY A ik E#5 & (Fig. 17), X FIT7 T V= olTix, &
filllx, S1+82 T4.1-6.0mmCL, S3 T6.1-8.0mmCL, S4 - S5 T 8.1-10.0 mm CL, S6-S8
T 10 mm CL fif&IZ A B, BT o Bl TR E e 2 EmicdH 72, 7272
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L, &His &b 16.0mm CL L FOEKRD 97%LL B S, Zh kv KEIOFEKITIEE A
EHBL L2 o7, s, HEO&MMIE, S1, S4, BLVS5 T6.1-8.0mmCL, S2 - S3
T4.1-6.0mm CL, S6-S8 T 10 mm CL Hiif2(Z& 0, FEEIZIR - 7B 137 B 7e s
ST, L LS, 161 mmCL ML EDOEIEIE, S1-S4 T 11%LLF, S5 T15%, S6 T
23%, S7-S8 T37% % ZN L die, EiHimIEEmWEmicd o7z,

L 7T T AT DY A XMl E D &, MRS b, HRRIZ I 2 Rl o 288 12 B
RERNE o7, LavL, MEZEIT S 18.1 mm CL BLEOEEKOEHEIGIE, S2 8L WNS3 T
T 2% T L&D b DD, S4 THE 14%, S5 Tt 31%, S6 TiX 23%, S7-S10 TIE 52%
&, BT TR A L7z, BB 2REIEE, S2 TlX 2% Tho7zdicxtL, 3T
IZ 16%, S4 TIE23%, S5 T 32%, S6 TI&45%, S7-S10 TIiX 62% % Th 2 bo, i
ERIEEmVENIZ S o 7.

5, 7FHEe T, BEHEIE, MRS H S2 T4.1-6.0mmCL, S3 -S4 T 8mmCL Hif
B THoTeDIZH~, S1 TIH 12mm CL AR & K TH-7-. F£72, 141 mm CL LL EOfH
1%, S2-S4 TIZHBL Lo 7=DIzRkt L, S1 TiX 20%Ai1#% OEIA THEI L, KAEFEKRD
HEN T TEVET, FE 2 iTfro7.

40 M. formosense M. japonicum M. nipponense
20 S7 S8 _ S7-S10

0 | Not collected
20 n=141
40

40
20 n=150 n=340

0 | Not collected
20 n=191 n=201
40
20 n=216 n= 196

0 | Not collected
20 F n=216 [ n= 132

4 L
S 60 f [
S 0 ¥
520 f n=304 [ n=221
g ol «o—o—«:ﬁzo/:&f—»‘—o—o—o—
&0 | n=315 | =100
o 40 t t

o 10F 0

28 83 n=147 EE’ é n=103 | Il -
20 n=218 +t n=72 —
40 | -

60 L .

O s [ 0O

20 ¢ n=39 E::l_— n=420 T T] n=
0| | P_*_*_,_,_,_,_,_,_,_,_,_,_,_,_,_,_.
2 | n=416 | n=252 ? i n=1

40 L , 100

40 81 0 4 8 12 16 20 24 28 32 36

20 l_ﬂ__H n=253 oo
0 + + + —t + + i Not collected

20 f L — n=179 ot

0 4 8 12 16 20 24 28 32 36 Carapace length (mm) 0 4 8 12 16 20 24 28 32 36
Fig. 17. Horizontal changes of size distribution by sex of three Macrobrachium species in the Shimanto

River. Otherwise same as in Fig. 13.
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4. 120Nt HIRK R

FIRED A XL, 77mmCL O I F I 7 e 1 BERITIE, 7XCT81mmCL UL E
Toholz. Zhb 8.1 mm CL UL EDOMEZ 56 DI OEIG 2k L L, =%l
ZFERNC Table2 (TR LT, 27 I T A EORIIRIT, 6-7 HIC 82%R11%, 8-9 H1IZ 71%
A%z R L2, 10 A2l 2%, 11 HIZZ 1%E TR T L. 977 TlE, 6-8
AT 84%A#2, 9 HIZIX 2% DN TN E bl L Tz, £ o1k, faiifix, 3 AE T
FEAEHEBLET, DINICHEBLILE 10 AB LV 12 AIZBT 2108 1% Th o723,
4 AT 2% ER L. )7, T H e ofiiRL, 6 1T 50%, 7 HIZ 75%, 8 AIZ
1T 100%% 7~ L, fth A ISP IR Lisdho 7. 2720, 8- 9 AT D7 EfE A1,
%1 RBEDLTHTHY, WMHAOHIIRIZONTIE, BERERCL MBS EL Ebi
5. ZOEIIZ, FAINEREOESWHIMIE, 3fEE b 69 A TKET S —HT, ©TITTF
AT TR 2 FEIZH, 5 H OfIRgEAE <, FRENZIF LD SR Icd - 7.
Table 2. Monthly changes of rate of ovigerous females of
three Macrobrachium species excluding individuals

smaller than 8 mm CL that were almost not ovigerous in
the Shimanto River

M. formosense M. japonicum M. nipponense
Rate (%) N Rate (%) N Rate (%) N
June 2016 82.7 52 85.5 69 50.0 20

Month

July 81.3 75 84.2 66 75.0 28
Aug 69.2 66 83.5 91 100.0 1
Sep 72.5 35 62.2 67 0.0 1
Oct 2.3 32 1.1 25 0.0 10
Nov 1.0 31 0.0 29 0.0 0
Dec 0.0 46 1.3 26 0.0 1
Jan 2017 0.0 63 0.0 15 0.0 3
Feb 0.0 43 0.0 47 NC NC
Mar 0.0 45 0.0 55 0.0

Apr 0.0 50 0.0 44 0.0 5
May 0.0 53 41.5 56 0.0 7

N, number of specimens; NC, not collected

FROA, IO EN-T-WIH, T72bb, IFIT7 v BI R e 777 =
Tl 69 A, 7T =TI 6-8 AICBITHIIPFELZ LN L, Fig. 18 [T L7z,
T ITFHETIE, AIIMEE S1-ST ICHEBELL, SAHA TORIFRIZ, S1-S6 D 60-90%
(2, ST TR 29% &Ko7z, F7z, SMUERTOINZFOMEE, S1-S6 Tid 3-26% (*F
%) 16%) OFETHEH LA, ST TIIHBE LR o7z, 77 7 W= oL, K
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FED A MRS SN T- AR CHEL L2, ARSI 201X 60%LL EZ2 R L, il
5DON, SEERTOIIZFFOMEL 14-39% (V15 27%) &Sz, i, 77 T=Ee T,
FOYIMENT S1 12D 7 65%DENIE THE L, SMUERTOIFZFFSMEDOEIS 1T 2% & K- 72,
IRHEDZEMNS, SFITTHIERBLOL TT7 T FHTENL, S04 IR CBH
L, 22 THOEEBETHOICH L, 7TV EREERAKRTOREI L TWDH EEZD
.

100
39 27 M. formosense

(e}
=)}

100 M. japonicum
43 79 77
80 8 30 s9 2

9

60 r
40 r
20 r

80
60 |
40 t
20 |

Rate (%) of ovigerous females

49 M. nipponense

A A A X X X X X X X
1 1 1 1 ]

SI S2 S3 S4 S5 S6 S7 S8 S9 S10 S11
0 20 40 60 80 100

Distance (km) from river mouth

Fig. 18. Horizontal differentiations of ovigerous females rate of
three Macrobrachium species excluding individuals smaller
than 8 mm CL that were almost not ovigerous along river reach
in the Shimanto River. Data from June to September for M.
formosense and M. japonicum, from June to August for M.
nipponense. Solid bars, numerals, triangles and crosses indicate
with eggs just before hatching, sample size, no female and no

both sex, respectively.

W2, BHAROLFHHETEIL L CWAh EEZ NI T ITHF Ve RBINe IT7 75
AT EIZDOWT, 69 AOFEMAIZIIT HMEED £ BB A Fig. 19 [T Lz, i, MM
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OFEEIL, HABNEERE (Fig. 11) EMERELEZFE LU RO, Fig. 1912k b L, 3173
THATEOMEE, 6 AND 7 AIZTT, S6 THELLZRL 25 L bz, ABEET,

S4-S85 TIHMETF L7zdlzxfL, S1+-S2 Tl EH-L, ZDORITIZ 1,000m%/s Fiith D HiZk 23 3 [A]
BN (Fig. 7). TOHOEEL, 8 HiZlE, S3 b EfTEATSE L BIZ, SI-S2
TIHETL, 9 AIZBW TS, FRASDHEHERRY ZHLNRN-T. ZNbD I &b,
IFITF A EOMEIE, 6 HNS 7T HIIHT T, TRICBEILIZ%, 8 HIghiT Tl kL
TWe LHERI S H, FIRSOBENITHAKBZH L 2o TW RS B 2 biiz. 2
LT, HETAH &b SI-STICHBLL, oM BE R A LIT o7, £z, ©F
TTFATETIE, ML S, PR FIRA~OSMOR Y (TR S e h o7,

100 A1 formosense r M. japonicum

X X X X X X X X X X X X X X X X S11

X X X X X X X X X X OO@OOS]O

80

Ll x x X X X X X X L O x OX OO ><()S9

s8s EBBE:
G iviiny
$8 00 SO0

0 1 1 1 1 1
June July Aug Sep June July Aug Sep

Month

Density (n-m?) 0.1

Fig. 19. Monthly changes of horizontal distribution of two Macrobrachium

60

O
40 QO

Distance (km) from the river mouth

S3

S2
S1

species by sex excluding individuals smaller than 8 mm CL that were almost
not ovigerous along river reach in the Shimanto River from June to
September. Shaded and open circles indicate female and male densities,

respectively. Otherwise same as in Fig. 11.

30



—J7, WHH)NZET 2D 3 FOHIMED Y Hipkz 5 & (Fig. 20), HMMEIEX, I
7S AT ETIE10.1-12.0 mm CL, fll 2 FETIEL 12.1-140mm CL IZH VD, KERN ST
L2L, 16.0 mm CL ML FOEEOEIGIE, I FIT7FHovBIO T F Vv ozhZth
90%33 LN 96%IH, BT TTF AT ETIE 2% LK -7, &51Z, 120 mm CL LA
DEEDOEIEL, THHTEBLRE I T T AT EDOZNETIL 17%5 LY 26%I2 13,
IFITFHTETIE 2% L @M -o721E3D, 3FD YA ZHIZITWT I OMAG DEICE
WTHAEENRD b7 (Kolmogorov—Smirnov #iE p<0.01). Z DX 51z, faipiEo

A%, IFITFHE, TIATY, e IT T T AT EDIEI/NETH 7.

M. formosense n= 190

20 |

10

0 1 1 1 1 1 1 J
30 r

M. japonicum n = 429

20 |
10 |

0 L L L L L L L J
50

Frequency (%)

M. nipponense n= 32
40

30 |
20

10 |
0 L L L | |

6 8 10 12 14 16 18 20 22 24 26 28
Carapace length (mm)

Fig. 20. Comparison of size distribution of ovigerous
females between three Macrobrachium species excluding
individuals smaller than 8 mm CL that were almost not

ovigerous in the Shimanto River.
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3 BE

1. 2HDEMELETDER

WH+H)NCET 2 3FEONAMRIL, €777 F T2y, IFITF7F T, 75T
JIEIZ B ToH Y (Fig.8), Z DX 9 oA OFEFZEIE, 1970 ORI 5 FHE T H e
RENTVD (KB H,1977). fAKRZZD &, ANHFEETIE, FAR)IIAKRZRE 9KRT
DOFEFRER O = OGP FAUL SN TEY, 777 T El3HES 140 m LLF,
IFITFAIEEFA0m LT, T AT EE 20 m BLFICHMT 2 70— T
WD (FEESE - R, 2011). F7-, FIIRSHEEBRN RIIITOFEICLDLE, ETT
THFATEE EFREET, JFIT7F A IR E TOAM L, T AT Bl R KK
R OW AIRIZ SV & Shd (REF5,2000). 245 Ot LOARFEICKT 5 3
DOHAEINIE—F L TRV, TR HIITEOBERAEE L TS AFEMEINRB IS, K
YOG ET HNKRORERE L TKIRR ST 64, 75 T8 Perlidae (Fi,
1989) X~ k €/ 7 £ Hydropsychidae (Rossiter, 1989) D %h i, A 7 F Salvelinus leucomaenis
&Y~ A Oncorhynchus masou masou (K%, 1993) 72 X CHEINTWD. THHZEED
AR AR BEILR LT D & 4Ud, RAKIRISR T 21, ERETHmdoe77
TFATETEL, FRICOMAT LTI ETERWNTTTHD. L, KBToofl
RiX, e 777 T T2 eBIONIFI T T T2 TIETER, 7 VB TEHERREICHY
F8,2011), TFHZEREVITITHmT 5. 7z, EiRROITE)IGH ) (F
- FFEF, 2009), BREREZEORKFII GEEM,1979) Ok o2, IFITF AL
LI T T T EDHAARNPE =BT 2@®EGH Y, KEIZE->T 3 OSMRIRE -
TS LIFE R, 22C, ERGIOBMEICER T 5 L, 770 EI3IRIEDOREIH
ifFtel Siv (EH,1961), ABFETHREEROFEREZG DIz, —RIZ, WITIE FRIZE
AELITRE S, IKERRIT/ NS 220 (B, 2013), BIREIE Tk CRK SS9 v, 2o
72, WRIEICAERET A7 T W EDONAIE, EICTFIIRICRESND EEZONS. T,
I TN EEBLR e I T T A O ERERGANL, TNENMEBEOBETH
% (kH, 1961; K% 5, 1977; Saito et al, 2012). ZiLH OBEX, WO Ak & 0 Btz
bINFIPHIC A BN D Z &0 h, ARBGFTORGENDMIRICEEL TV LITBEZX 6L

Uy,
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[kt - A% (1977) BLOKES (1977) (XMW GHITOHARIE, I FI7FH=
E T 02> 5K 50-70 km, & 777 F A ECIEK 60-100 km O#FFHICH Y, T b
X, AR CHER SN MRb G END. [FHEFE TR IERBIZZE A A2 B, AN
#J20-50 km XD Bb H75, ) 50-100 km XA TIE Aa—Bb B & 72 5137, TR AELIZ
#91/1400 22559 1/500 &R & < 7222 (i, 1990). S 51T, AAH 70km £FiL L 100 km
FHEICIT R ERE L, ZIENAR T EDEGIERKAS X ~ FF 7 F O ENEFEMEA M D
W EZHATEY (FF,1990), 0 X5 Z2WJIITEREBO A AL, WD /740 R & Ak
T5. WAHINCRT DmFEOSAMRIE, X777 =TI Bb BID L5 Aa—Bb #Y
DFE, ©77 7T ATE T Aa-Bb RO FELHEICH Y, WJITEREX, WD
EHETLHEROOE DI TNDHEEZX LD, ok, AETEN LT T TR
(G HEEHEH) OLERBREIX, 1970 F4 (AR - 2552, 1977) OLITI, 2550 1 FREE L
K<, RFITFHIEBIOL 77 7T HEONMRIE, 20 km FHticZ{kL T
7o, eI T T AT ORI, W EMTEOARREICL > TEHTHEEZLN T
H1F0 (REFH,1977), 7205 AE, Ml L& (FEEE) R E LR ~IRN 2 A &
5 (FifG - 3,20060). 26D b, IFITFHTERLIOE 777054
BRIL, AR L7 CAIC R > CEB L, ZIUCITAERBOZENEETLLEEZBND.
—J5, 3HOBREBMNFHM L ERGFTOMRERDL L, © 77T T AT, TFHHTEL
e, 2 AR TAL T 272 L, kR CoEENCE L - TEREMASAE A L, BiE 2SO
BEIRIZ, BEDEIRHOWRIEICAERT 22 & LEET 5 (W, 1961). £72, IF7I7F
HTEB LT FH T EOREIIELT 5 b o0, BEHOFEHIT, RECERTD%EICH
BESIZAERT DA TR ELWRHEIZH Y (12, 1961; Suzuki and Kusamura, 1997), 2
RO B HELELHAK T THE LT WRIRE 2o T D, 20k 57 3 FoA BBEANC K
IS LT TBRERZER O, FKBRBE~OWINEL, 777 A=, IFI7F Az, 7
FTAHTEDNAICEmW EHE S, ZHUIHMIROMERZEIC LG LTS LEZIbND.

2. MABEEMABRORE

YA ZHKDOREHA ZALICEBNT, 3TEE b, JiBita» 5 34 7 A THHUNARES HIL L

7%, 8 mm CL itk ZMME & 35 —BEA2 Ak L7z (Figs. 14-16). Z L5 HEMARE
DEMEWRFT D &, T T T EOFRBESNET, Bl COREIING 4 » A2 5T THFE (BL)
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244 mm OHECEIZRETHZ ERMBN TS (A§, 1990). Ziz CL & BL ®BfR=
(B, 1986) 726 CLICHAR T2 L 74mm L7200, MABOY A XL1ZF—BT 5. Lz
Mo T, ARIZHOWTIE, 2016 FEFNOYUHENMAL T LS. )7, <
FTITFHZEBLOE 777 FHZE TR, HEZEORERIIAIARN S, SMEDHARAZ R
T NERDETIZETLZHEE, 1 » ARIETT T A= DX & RFER W GEEH, 1966;
ARFE - IR, 1971; 451, 1990; Shy etal., 1990). ZDZ LnG, BREICOWTS, MARELY
ke &CHIT L CRIEZR W S b s,

WO MABIEIESIL, 7 I7 Ve BLOe T T T H = TIE8 A (Figs. 14,
15), 7= TiZ9H (Fig.16) B2 b/, fuiiElE, 3f/E b 6 AIZITMB LS
DO, T F T TIEM 2 T AN TIABARE N> T2, ZORIZOWTHGTT 2 &, N

/]

AV A X, IFITFFHEEBIOE TTTFHTED 4 mm CLATHICHS, TF 4=
E'TIE 6 mm CL Fii#% & K Th o7z, [IARER)INZIBW TS, B LRMTTRoh
THET E DY A XL, I FITFHoeBLRe 77 7T AT ED 2.2 mm CL A&l
s, TF A= TIES9mmCL & K TH L (EFH,2005). RA T —"OH A XL,
THFATERBLOIFITF AT TENLN 14mm CL (Kwonand Uno, 1969) 35 KO8 1.2
mmCL (Shyetal.,1990) & KFERNWZ L 2B 2 AL &, 7 Tldfn 2 FITH~,
FIESGN FIZH 5D, &2 03 BEREEWAREER S H. 20w, 7 H AT
i, 2 F & 0 FAAFPH~OMABHLARFH 2N E S, A AR K TH S 72D Db HAR. 1272
L, 8 HBLW9 HlZBIF 2 AOBRERL, ThENSBRBIC 1T REDRL, L&
EREARIC I DBERT b B LE B s.

—77, 3FDOMADMREIHIZOWTIE, YA RO 2B L DR NE#ETH -
Tolzh, SMEUTESHAER, o e b/ Tl 42 F TICET 2B 5L FICHma Lz,
IFITFATETIE, EWRPLHEDSEETITN20 B GEEH, 1966), Afliis L UM
2HEDHENERR L THIKT HETIZ 1845 HAE T 517> (Kwonand Uno, 1969; & H,
1966, 1970; Shy et al., 1990; 5 - FiR, 1971), 4 =7 F H = E M. rosenbergii |35E% 14 A
Tl EZBRMAT 5 & 4 (Ling, 1969), ZHHDEFFHEILS52-79 HE 72 b, M HEE 5L
WEPHETE Lo TH ET 2 ETICHES MM E T2 L, 3HORMIKHITHL 8 H TH
225 9 H BA) (Figs. 14-16) 1Z5E L7=8hAE1E, 10+ 11 AEICHT B L /s> Tl E L T
EHEE S AL, BB RSMAITRT L TWeEB 2 65, IREREICIE, XI55 0=
EBLXOE I 7T A EOBEL, MMEboOREEERLTEY (Fig. 11), 2k, M
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AET & EBICTFEDAEREN L & RS TRBEIR AL TWZEBZbNS.

WIS, MBI A X e R CBHT 2 &, T AL 7750 v ORMEIEIE
4 HET, ©I777FHETIE3 AE TR 6 mm CLAEIETRESE L LR >T2bD
D, TNEIRIMER O S A & 4 BT THEARL, 10-14 mm CL AifZIZHRE LT\
LEZ NS (Figs. 14-16). Z O X5 pmIPHIERTNZ BT 2 2RI, ErfioTr i~
ETHLHER SN TEY (WA - AR, 1950), 3FICHET HMERREEZZI)THD. —
05, fIRHIERTORETIE, 3 FE L b YAkt L D @l & HIlE S KREERR A BTz b D0,
ZOERIIE T T T I AN, 2 TR o 721E0, HECIEe 77T eIz o
HIRIUEER RO, ZDOZLE, IFIT T EBIOT ST HZETIE, e 7777
A eI, R Gl & 72 D F TAKT DEEDFEN D RN & 2R LTV D.
M, 3 FEOAERBRRHMERIIE S O NRER DB L TV D AREMRE L BND b Do,
ABIFFERE Fem B 134 L.

fthF, IFITFTHEBLIRe 777 A0V A X, B bl &ERE &7 5 H
MiZdH Y (Fig. 17), ALY ERIL, fEEEbIZHELL TS EEZ NS, Th
WZxtL, 7 AT, KEEEROEIGITRE TiRO S1 TaEmro721E2 (Fig.17), Tk
D B CORBOHBLUIHFEN ThH o722 &b (Fig. 11), KIS EJ 2 B AT
Bz ipnE Bbhd. 7k, YA X0 R TRE L R 5, €2 XA = Eriocheir
Jjaponica (/MR « ¥AJH, 1991) R°v~ 3 ¥/ 78 U Rhinogobius nagoyae (EH, 1986) THHS
NTEY, WEZREDOSE L TR 2EEEFEDOZL < ITHET /MO0 LS F R
5.

3. HIEDHRM, BAEIUYAX

PIIEOREm WL, T IT T HZEBLRe 77T A D 6-9 AIZHS, 755
TETIL6-8 ALY THo7z (Table2). LarL, 89 HiIZH b7 F = v Olfix4
1 B &Diaho721E7y (Table 2), WTEEDIIENITIX, AfE )77 0= B ORIIHIH
BROWIIRTIZE-ET L. o0l enb, MiHINcisdd 3 o E2mynHiH
X, 69 ATHBETHLATRNTHAD. £O—FHT, £ T77 77 H T2 fiZ
X, 5 HOMINENE <, RHNII LIGD D FH#ICH 72 (Table 2). 2D K 5 e fain]
B OFEMI AT, 2002-2003 AEO PG+ T HHERR STV D12 (P - [1H1,2005), 1-1E
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JNZBNTHEB L 7EHmICH Y, HwEENEZ D,

—RIZ, WBSHOEHEIZI3KR & B RASEENICEET S (Baver, 2004; KE 5, 2008;
Raviv et al., 2008) . FAAERFOKIEEZ A5 & (Fig. 7), ABPFEKERX, B 77 R
IR LERD 2 5 A1 21.3°C, i 2 M RIN LAseO 5 6 A1T1% 22.3°C, 8 AIT1E 30.6°CE T L
A L7tk 9 AT 25.1°C, fRIpfEHio 10 H12iX 204°CIIE F L7z, L7ehd-> T, 3 FER
PEIR % BlAR 9~ 2 KIRIE 21-22°CHI#E, #& T4 5/KMIE 20°CRIR L BEA BN, ©I7T7 7T H
T ECIIAM 2 FRICEE A, ARAKIE T TN LA 5 & F 2 5. —J7, /KIRIL, fadpifEow)I|
MZEZECSEL2ERICHRY, WHHITIEE NI, 49 HoKiEnE <, 3 fo
BIPROFmWHIFIN 12 » HROWZ ERHE SN TWD. B L7z 3 oM, 25
PSRV IR LEEINT 2 Z L A EGRE S TR Y GEEH, 1979; /NI, 1981), UG -HINZE
F2 1 R0 OEINEENE, IENDEIUITERTEZNEEZ LD,

BOHG OB ZICERT5 L, IF7I7 T8O 777 T, kO
JEVVEEPH CERE L, SAEZEH L TWDDIZH L, 7 HZ BIRKIK TORER L T 5
LEZ 5N (Fig 18). Zub 3FEDOAENL, MAKT CIIREET, o2 EE+52
ENEERBRICE WV RENTWSD (Ogasawaraeral., 1979; 65 H,1979). £7-, 3 FI7F
ATERBIOE Z7 7T HT T, 40mmCL UL FOMETEIX, S3 (A5 19km) H»
5T TOARHB L TEY (Fig. 17), SAEDBKEUITHE E > THRE L TV 5 AlREMEIHME<,
FUKIRE 71T CRE L T2 B2 b5, W HIOFKEE, W H2S 6-7km L
FOFFEICER SN TEY (F1,2018), I FIT7 T 2B R 777 F T EOHEN
FUKIRE TR F I 2 &7, TOHEETRRTENLN 34km & 76 km L7020, BET
140 km BV, WERRICLD L, IFIT7FHEOMAEE, BT TIITHND 1T #]

ICREFETERVDOIZX L, B 777 HTE T, 10-18%72% T HIZEIZET 5 (KB - Armada,
1999). ZDOZEND, 77T FHTEE, BREOW FICWAGIBEEHTLEEZ
bd.

—J7, flED YA X%, I FITFH Y, TFHTE, £ I T TS AT EDNEIC/ N
Tho7z (Fig.20). Zib 3FOINEIL, KEEKIZESL LS UNITE,1991; FE - i,
2005), X IT7FHETIHAR 65 mm TK 14,000 k2 (LM, 1961), 777 F AT
TIE 68 mm THJ 15,000 ki (L, 1961), 7 FH = Tl 65 mm THK 14,000 K2 (Mashiko,
1983 OXUT L VW HEE) ZHIT 5. ZHHIZFRERICIIT 2 N8I B e 2213 e
WZ LMD, BDd L7230IR A XOfMZEZZE 2 G5 &, WHH)INZET 5 3 oty
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I, I FIT7 e, THAUTE, 77T AT EDIRICA W EHERI SN D.
F72, W EAE)INCET D 3FOMIIY A RO S, © 77T FHZEBLOT
FH DRI A RS RN RV L, IFIFF AT, M
TR - PRITH L FAREMEN R I TS, W HINZEBWT, ARREN R - /NMUYE LT
WD ETIUE, ERUTHE D BEEIFE OB L o T, BAENPME T T2 ERERH 0 (F
g, 2016), AFEEIROWBW AN SND.
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IT1 FbeHA

R Tl EAMOEFRRZMN, I FIT TV, eI 7T T AT EBLIOT =
Eed, RIMEAICRRET 22 E2H LI L. 2O—FT, 1 HFU EAKRT A EK
DEIGIL, © 7T T F AT I, Ml 2 FTIERVED, AR AE BGITIC M2 7 5
iz, EHIT, IOV A X bREFZEN A i, PRI, I 7377028, 7
FAHTE, € 77T FTHTEDIRIZD RN EEZ BT, 208 ) RHUINRI ORI 71T,
YVEDAER « SATRBUCEE L TW D ATREMER SV, KFETIL, HEMICZH T 20T - 546
EREICHEH LTz,

FEMOARIZBE L TE, 3MOYEORE MR GEEM, 1970, £ - MR, 1971; Shy e
al., 1990) , Y3 MHPE COKREF « Armada, 1999; 4 5,2001) 23 EEFREBRIC L VRSN TN D,
Fro, R REE) R 4.5km) ORKE T TlE, X FI7 Mol te 777
FTAHT DT, A% 2 BRUNICETIIICSEL TR T T2 2 AW 6NcEnT
W5 (Ideguchieral,2007). L2xL7eh 6, WH)ITIE, SMEBERIOIIZFFO/ELX, I
ITTHAZETITTAND 40km, & 777 FHTETE80km IZHHABIL, ZiLH DG
TS LT EDR, BB & 72 D1 - IR CEET 2 OIXIZE AR E B 2 bh
5. =2, RO H)INCBWT, WO AEL, 2 2@ L CEHHIR T T2 500,
& ORISR TO R DEER & T, 1ZEACRESN T2 (REF 5, 2005).
ZOZEND, EEFS (2005) 1%, FRAITHE, WO AR £ & 3B
LTWDE LB, KRR A2 A3 20T T 5 ATt bR ~Tnd. Zh
(B LT, i RORE (iR 43.9km) OFTABTIE, 77T EHAENHK 40 B L D7
WRRH BEEINTND (5F5,2001). £z, FT7 7 U D7 A 27~ )I| (HREEA) 160
km) TIX, M. petersi DA DI L TV D AREMERRIZ S LTV AHIED (Read,
1985), vA T FTMOTF v 777X (A 270 km) O] 8 TIE M. ohione DEA7
ZHEE SN TS (Rome er al., 2009) .

ARETIE, WG+H)NO Ttk zZ s & U7 e - BARGEFTERAE IS L 0 SO TR
Ze, VUKICTORBEREIZ X0 G ED A 2 KT - ShIERICEN TR L, T 6645
AEDOERE A T L7z,
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| MM ETTE

1) EHRE

A2 B9 15 km (ZALE T KO 1 #iA (D2) 128\ T (Fig. 1), 201946 A 14 H
59 H 27 BIZANT T, M4 2 R T 9 BOFEEZIT o 72, ALY, I
THTERBLOE 777 F U EOLYENETINC ST D HEER 2 BRI (Ideguchi
etal.,2007) & U7-. BAEIL, TEAKE (BEAHL S5571-A) A LM T2 Foxy
F (A 30em, IR 80cm, HA 212pum) ZLFHENLET L, MOWLIZEEL TIT-
7o PRARHCIL, WERE (¥ =4, TT-508N) ([Z XV REOKIRZRE L. 5§ ohilehix
5%A L~ U o THEE L2, KL THRBIRY, fEL (2001) OGRS X D551k
IZft> CREARIE L, BEEFELEZ. fonRBEEARKE TR L CRESE (B/md)
ZEML, ZHhICHEROREZ R UEAHER FRE (B/AY) & Lz, saalmM
oo B E R AR Uz, R, & PO E80ET (REZ 8RET : o558 10
km) [ZBTDMEEZMEH Lz, 2720, YRHFOREEIIARIN TV R T272), Ll
TOREC L 0HEE Lz, B[RS _BRIPTICE T 5 2018 4 1-12 H @ H LKA & H YY)
it B BN BRI A KD, RFUTTAA R DKM I L OFTHAEWIM T o B B KA % A
AL, MEEZHE L. ZALMEOHEEICLEIR KN - JEEEE, ELREE Y =7 A
b OKSOKE T — % ~X—A, http://www].river.go.jp/) & 0 Huf5 L7z

2) BHGEMRIRSE
KSR 1 HiA (D) BLOWKEE 2 #is (D2,D3) 2B\ T (Fig. 1), THLh 2019 4F
8 A 30 H 20:20 38 KX T*19:30 7° 5 3 IFfHI[HIRE T 24 IefH], 519 BIOFRHEZIT o7z, AHAIZ
BIF2)IEIEL, D3 THT0m, D2 T 170m, D1 T340 m & FilE EIL<, FAKMrE
bREL 8D, BEL, AROWAGEZESE LT T2 Foxy FEHW, D1 Tk
HROBERRXIZEY, D2EBIUD3 TIHILTENO Ry hEET L, WOFOIZEE
THIEILEV T2, DI TORERHNCIE, A5 (YSI, Model 30) (2 & v EJE)
HIEEE COKRBEESE 05m EET, D2BLUD3 TIHRER (¥ =4, TT-508N) (Z
KO RBOKEBZZNENHE L. HFoEHE, 5% FL~ ) U CEE L%, Ka
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L TR BT > TR 5°COmMERT CRE L, 2 MRLINICHERNICER 25T 2 & L big, B
RN OINEERL CRETR) OIRFIREZBIEEL, 3 (), 2 (P, 1 (Dhewy),
0 (IFLALRV) D 4EBRE (Fig. 21) Ttk L7z, o7 BB a2 ek E TR L TERER
EEFEH LU, FEREICEEL X, B DHSETIE, fEb (2001) OERBIZED S
IEITHE, 55 T-IX W oS AT, 5 T o AR N0 3tk 1E7)>, Kwon and Uno (1969),
e (1970), #32-mIR (1971), Shyetal. (1987,1990) 35 & U Suzuki and Kusamura (1997)
WEH LA SBICHARE L. £, BEAT T A vEOoZh T2 AT
v RS ElL, Little (1969), Shokita (1977), Hanand Hong (1978), Yang (2009) MDFd#ii
Aox, METLHEARE LU 3 HEEEROEZRICI V@ Lz, £/, AiEs Rk
(2, AR OB FE BIFTICK T 2 AR EZHEE L72iE, W ANGH 3 km (TZE
T DRI DO AKABL AT (FLRFELIIET) (231 2 ERARA 2 [EH L@ E Y = 734 b (OK
OKET —H#~X—RA, http://wwwl.river.go.jp/) £V UG - B L=, 72, Aid L7z#lkElo
REFIFECLY, AFRIT 1 » ABIHEA LRV L2 FHANCHE L TR Y, ABFE CHEE
KIZBWT S, AFRROERIER S 2 FREANTRREERITED bnirroTe

1 0

Fig. 21. Yolk droplets index for the first zoeal larvae of three Macrobrachium species

2. BAKEIZEBITA9H

FAENE, VRAKIED 5 H#is (C1-C5) [ZBWT (Fig. 1), 201948 A3 HB L4 HOZh
Z RS LOTIIRRCAT o 7o BREIE, RGP — T R s LIEEE 7 T
7 hrxy b (Fig.22) MW ERHAEIC L 0 T- 72, REREIE, K%K 10m D Cl T
IR - EEEO3E, SmUEOMMATIER - TEBO2fEE L, EIFWRHIIZ TR
NS, TR BT, £henfllE LT s pRloR#EEITo72. KETOR
ML, oy MO EEICE 2 ER L TTY, BEK T LRI —7 Ty b &5 &
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B e REBICR T HBRETIE, MK TR, BEHICHEr—-TI2L Y FEIL
7ToRRETHIE B, Mg ORELOIRBAZPIIE LT, 2, SR OYBRRE L HET 2
7%, KN OEEE TOWEN - fi# %4 ADCP (RD Instruments, WHS212000-1-UG12) |2 X
D, Kil-¥53% CTD (T Ly 7 ®ET) ICkY, Zhzhnitill Lz, B ohizslehid, AiE
[2) BACHEMGERAE] L IRARICALBRE L, FERIFEE BRI AR L CofEELH L
fo. EREOED, FWEBORRE BIPTICRT 5 B ESiREE 1) EUERE] LRI
HET D L L bic, FRBLIFTCE T 5 EIER KA 2 B L7z,

Closing rope 1 m’/)I

Depth, recorder

Fig. 22. System of discrete depth horizontal tows by the plankton net (0.5 X 1 m aperture, 0.3 mm mesh)
attached a pair of sledges.
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2 #H8

1. RTRE

1) RTEHOFEEIL
TE AR O KIR T X OFHARIF o H R &4 Fig. 23 12 L7z, KR, 21.9-26.6°C
DOFPATET L, 6 AFANDG 7 H FAICHT TR EFR L2, 9 A FAICHT TIRT L
7o, AR O B PSRRI, 27-3,623 mY/s OFPHCTAB L, 500m’/s &8 2 5 HK A K
R B S iz

28
e
2%, 3
24% 50
910000 r = 2
g 1000 r 20
N
)
g 100 f
)
-4
Q 10 1 1 1 J
June July Aug Sep
Month

Fig. 23. Seasonal changes of water temperature measured during survey (open
circle) and daily mean discharge at gauging station of the Shimanto River
(solid line). Discharge was estimated by substituting the water level of 2019
into the relational expression between water level and discharge in 2018. The
water level and discharge data were cited from the website of Ministry of
Land, Infrastructure and Transport, Japan.

BRI 57 0 B AEOHEERR FRE (LTI FRE) % Fig.24 (2R L7z,
BEINTYEE, TRXTHEIHN =7 THY, IFI7H =, e 7977 e i L
OT FAHTED3FEOH/EN B Lz, SAEHFICR T 5 B850 FTREIE, I 7777~
BT 397 Bfsec, & TTTFHTET 946 Risec, TFTHTETI2 Rlsec THY, ThEh
BIRD 29%, 70%3 LN 1%% 7.

IFITFHEDOYAEE, 6 AFAND 8 A TRICHT THRES N, it FREIL 6
H AT 80 R/sec & 7edrolzbdd, 7 HHFANZHNNT TiL 300 B/sec AL THERE L, 7
HTFAIZIE 2,470 B/sec £THIINL7Z. ZHALIEOH FREIE, 8 H LANZIZ 0 B/sec £T
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B LT, 8 HHAD 330 B/sec IZT T EF L7zt oD, [ A FAICIL 30 R/sec £ Tk
YUl e 777 A O LHESIM A28 U CTHELL, 2o FREEIE, 20-2,200 B/sec D
HIPH CHARZ 4R D IR L H>HEBE L7z, i FREIE, 67 A FHD 2,100 RB/sec AR T <,
7 ATA, 8 A FHFBIUN9 APAICH 1,000 B/sec itk & HHRIIZ I DN AENFE T L7z,
ZNBUAO KR O FREEUL, 420 B/sec LLT &AL, FEZ, 9 H TRITOZIIZ
20 FB/sec EOT N Thole., M5, 7T EDOHNAEIE, 7HF - THIZIK FLIZHOD,
ZDOBEOYE TR 30-80 F/sec & 7ehnoT.

2500
—— M. formosense
% 000 | Y . M. japonicum
g aamr e MY M. nipponense
2
SO 1500
G
o ~~~~~
5 1000 - p
£ “
=AU S Y S N
Z, k
0 ...................... ~
June July Aug Sep
Month

Fig. 24. Comparison between three Macrobrachium species in
seasonal changes of estimated number of the first zoeal larvae
drifting downstream at Stn. D2 in the Shimanto River during

regular sampling period.

2) REFEODBREZEL

BRAEAHRAERE D D3 35 L OV D2 ICH T DK, EALE 22.9-23.6°CH5 L T 23.0-23.8°C
OFPHCTEE L, RAERLAO 30 B 19:30 225 H 7:30 120 TR T L2, 16:30 (12
TR LS U, 1930 1220 TIK R L7z, filtds, DI IZH T A KRB L OS24 % & (Fig.
25), TNZEHI 23.4-26.9°CH L1V 0.1-32.0 psu OFPHCTEE L, FEZE L, RENHEE
T T hREA L.

BEORR, IFI 7 H=, e 777 AT EBIOT F AT ED 3O ENHBL
L, Z0DFIRETRTEIHY =T Tholo. 727201, DILIZBWT, HIVHY =721
RRESNTZLOOHEENE L, MIIRE X eholz. iz, KMIZIFI 7= E
BIOTF O ER, ZNZ 3 2 (2.0-2.1mmCL) X010 /& (1.1-1.8 mm CL)
Bons.
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Water level (T.P.m)

Aug30 Aug3l Time
202 0 2 4 6 8 10 12 14 16 18 20

U0 L S e s S s B S S B

Water temperature (°C)

28 - U/ ;. ; ;.

08 [ Salmity (psu)

2.8 W

Fig. 25. Temporal changes in vertical profiles of water

temperature and salinity at Stn. D1 in the Shimanto River
during 24-hour sampling period. Water level data at
gauging station were cited from the website of Ministry of
Land, Infrastructure and Transport, Japan.

B HE BT DO EHEREZE T, D3 T 1.03 &/m?, D2 T523 &/m3, DI T2.83

B/m® CThH o7z (Fig.26). ZHLHON, DIBLOD2 TiEk 777 FH TN 90%LL L%

87223, DI Tix

FIFF AT 4%, ETFTTFHEEE36%, TFATER

10%Z ThZh b oz,
6 -
B M. formosense
O M. japonicum (]
—_
@ O M. nipponense
Eal ipp
g
=y
&
527
@)
0 | | L | | | H |
D1 D2 D3
0 5 10 15 20 25 30 35
Distance (km) from the river mouth
Fig. 26. Mean densities of the first zoeal larvae of three Macrobrachium

species at Stns. D1— D3 in the Shimanto River during 24-hour sampling

period.
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WE DORRAER B ORBSEE L 2RI Fig. 27 (R Lz, 2737 A EOEREIX
D3 TIX 0-0.25 B/m® (F#) 0.05 B/m?), D2 Tl 0-1.83 B/m® (F#) 0.53 &/m?), DI TIX
0-4.66 F&/m* (FF¥J 1.53 B/m’®) OFPATER L, FitlZ L@V EAICH 572, D3 TAHN
BEINT-OIE, 30 H22:30, 31 H1330BLX 1630 D3 EITHY, ZOFEOEEL, %
LEI 0.25 B/md, 0.06 B/m* B L0111 B/m® Tho7-. ZhizxiL, D2 B8 LU DI Ti,
AFEITIZITEE L CHBL L, AABRAREOZ I 0.32 B/m’ B L0 2.20 B/m’ 25, 3 I
MZICIE 1.83 B/m’ B LY 4.56 B/m’ (2 EA- L721%, BHOKATHTID 0.24 B/m’ B LT
0.19 B/m?® I3 F TR F L7z, Z OB OEEIL, HHIZIX0.74 JB/m’ LT & AREE THER L
A%t O D1 TiX, 4.66 J&/m> £ TEH L7223, D2 TiE0.45)2/m’ L{XETH-7-.

77T AT, KA TIRIEERICHE L. ZOBOBEX, D3 Tk 0-4.17
J/m? (K4 0.98 J&/m®), D2 TIE 0-12.02 B/m’ ((F¥) 4.70 B/m*), D1 TiX 0-6.46 B/m’ (-
$#51.02 B/m’) OFPHTEE L, DI BLODI 2k, D2 TEVMEAIZH 7=, D228
HAFEOHEE Y, FAABARFO 12.02 B/m® 2253 BRI RTO 1.45 FB/m® (22 TR
FRENZAR T L7z, 20%, B OEEIL0.76 B/m’ LT OMKECTHER L, BE#ZIZIZ 991 2
/m* |2 BES- L7z, fii), D3 B LU DLICET HEEL, RARRMREOZNEI 132 B/m’ B
FOV0.12 B/m® 05 3 WO 4.17 5 -

B/m® 35 L 106.46 B/mP 12T T L5 N B
Liste, MO CIRIEF LA, 19 - |
TOBROELE, B 0.37 B/m’ L o L . Ni Day
FOEMETHB L, BE%o DI T
1.01 B/m* ({2 ER L7zolzxf L, DI g 5+ \‘\\ ,,"I
Tt 027 Bim® &1EL A LE LA g N
0 1 I 1 = TR )

ot - 10 r —— M. formosense

FFHTEE, DI OHTHEL A %Nﬁ;mm
fo AREOBIL, WEEIALE30
H 20:20 » 1.59 B/m* 7»5 31 H 2:20 0

182022 0 2 4 6 8 10 12 14 16 18 20 22
D0 R IZHT TR T L. 20 Aug30  Aug3l Time

%, AFEIZE B 17:20 £ CEAE s n 7y Fig. 27, Comparison between three Macrobrachium species
temporal changes in density of the first zoeal larvae at

Stns. D1-D3 in the Shimanto River during 24-hour
0.14 B/m’ AR E /2 B HBL L=, sampling period.

MoT-bOOD, HEHD 20:20 121X
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WIZ, BREINTE 1THY =7 GEOIRERfE . (UL TH¥0) % Fig. 28 ISR Lz, $8¥K
X, 3FEL Y 1-3 OFPHICH Y, FIEPRIZIFIEWRIL L= 55 0 OEEIZHIR Lo 72,
FIT AT ERDLE, DI TIEIER 3 BREE ED, 851 XA b7eh o7z, D2 TD
543 OEIG X, PHEFLERFD 19:30 121 75% 2R Lz b O, 22:30 BELOE A 1:30 (21
ENEN 4% B LN T%ITIE T Lz, £01%, 430 06 16:30 ICHBL L 729 EOHERIT 1 £
7ol 2 2R L, HEZO 19:30 (IZIXFEE 3 23 40%% b7z, D1 TiE, SAERHBE L 8 [H
DM, 5EITHEE3 23 32%LL Ea Ho, i ORFRZ(LICHIR 2 H X e o 7.

777 AT ETIE, D3 ICBWTHRE 3 2 50, ZORIEE, 30 A 19:30 ©
100%2°> 53 H 10:30 D 60%F TIEEF B L TR T L7, 19:30 IZIEH N 100%% 7~ L7z,
D2 IZBIF 545k 3 OEIAIE, 30 H 19:30 8L 022:30 (21E, T 90%E L O 68%% /R~
L7, A 1:30 1213 23%, 4:30 B X0 7:30 1213 N%ITIE T Lz, 20, 10:30 > 5 16:30
I, FBE 3 I3 A 0T, R 2 REZ EO b O D, 19:30 ITIXFEH 3 73 87% % L T-.
iy, DI TiZ, 31 A 17:20 ZBRIHT, BEFANERE SN EDOKRNTHE 3 2R L.

THHEZED DB T DHEHEASE, 30 H 20220 (21, i 2 BLO3 BnEznTh
38%T D, FED D 23%AFEEL 1 A DIz, [FH 23:20 1I21F, B2 BL O3 23 50% T 0% 5
W, FH 20:20 ITIXHEH 3 OHE 1 BBRE ST

M. formosense M. japonicum M. nipponense
32 98 31 16 3 5 18

100 Droplet
index
80 01
60 2
K]

Not collected

Not collected

Composition (%)

821 0 3 .6 9 12151821 1821 0 3 6 9 1215 18 2118 21 0 3 6 9 12 15 18 21
Aug 30 Aug3l Time

Fig. 28. Temporal changes of composition of the droplet index in the first zoeal larvae of three
Macrobrachium species at Stns. DI-D3 in the Shimanto River during 24-hour sampling period.

Numerals and crosses indicate sample size and no sample, respectively.
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2. BKEIZE T HHEDKT - SREDH

D) BEHOWEES ="
B BT BT piE H o & 0
AOEEi L, 8 A3 HT38.10mYs, 4 H %05
*Gwﬁmﬁmf%ok.iﬁﬁw%mxw-%oo
HAMAERFOKIL, 3 HIZHE TP -0.87 m 5 03
(14:00) 775 0.11m (17:00) (Z E5-, 4 H B_l,o . . . . . .
(2130.63 m (10:00) 7>5-0.53 m (13:00) 2ug3 B Xug4 ° BB
CETL (Fig 29), WIABA I m DK Fig. 29. Temporal changes Fil;llrilvjlter level on the day of
NZEBYRZ DT, RERHZR T D3 - survey in the brackish waters of the Shimanto River.
VE, KR - HS DA Fig. 30 ISR L Solid and dotted lines indicate the water level during

. e survey and the other time, respectively. Water level
oo AR, BFERICIE BT, T data at gauging station were cited from the website

TR I TR T oA BN S 7. of Ministry of Land, Infrastructure and Transport,
FodE, EFEIEO 0.12-0.52 kt 12, fapan.

TR Tl 0.09-0.85kt & DT, BiF - FIFEREE b, EKE X RE TEFHN
EmCH o7z, KIEE, EFWIRET 26.0-31.2°C, Tl T 26.0-29.1°COFPHICH YV, #*
JENBJEBIZNT THERIR T L721Ehy, T TIRVMEAIC S o 7. H71E, 3.1-33.0 psu @
HPFEACTEBL, B FHERE DREOOIERBICT TERT DL LB, FIRTHEME
MCHoTc. ZOX DK DO G, KOEZEIIEEE L OTRIEERS, #

REOBRGIRENFED ST,

2) MEORTEE

FIRETT 2,598 B, FIFEIRETT 9,151 B, FF 1,1749 ROT T H =R DOYIENRERE S
n, THHED 99%ITSMEEF G RWE THOY =7 Thole. HBoNIIEDH, 6,876 2
LI FI 7T IS, 3,880 BITE 77 7T EIZ, 690 BILT T U= EIZENE ik
A&, F%0 0303 BIFHEENE L RETE R Tz,

B PRSI T DIEES L & Fig. 311 Lo, R SMEEE, RIFWREO
1.67 FB/m? (2, R CIL 5.93 JB/m® L &<, £ o OFIE3.80 2/m® Tho7-.
i Z A2D &, IFTITFHENE, BT THRIRFICEN LI 56%F KO 62%, T
60%% 7. My, e 77T AL, k- FFEEHCZNZN 34%38 L1 33%, F
)T 34% % HD 7y, T AT EIXZNEI 10%3B8 L 5%, FHT 6% & Erote. Z0
KO IRERE RTINS 5 3 ORI, EAMOAEREEICKIT R LITT—H L.
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Flood tide Ebb tide
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Fig. 30. Changes in horizontal and vertical profiles of water physical parameters during survey in flood

and ebb tides in the brackish waters of the Shimanto River.

D/U:’ ﬁ]ﬁi@7k¥ . fﬁ[ﬁ%ﬁ% Fig. B ). formosense
NITRLE. KPEICREE, I3 2. Japonicum
T A= E DAL, LR
%, RO C5 6 T CLIZHT T
KT 2EmMICH -T2, FFHERRC

W, WD ClIzkb~, FJINO C5-C2 ﬁ I
BT DEBENBEICEL, TLEN 0
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Flood tide Ebb tide Mean
N2 A 8RR 3 3> N
DFHEIELIL 0.08 e/ 35 £ U 4.55 Fig. 31. Mean density of Macrobarachium larvae in
m’ THY, K60 fFDENRH LI flood and ebb tides in the brackish waters of the
NG EHFEPLIESAIE, eI T T Shimanto River.

HZEWZbAHELN, EIFHEOSHEBEEX, C515 CLIZHTTIKTFL, FMEETI,
Cl ® 0.04 JB/m3 I, C5-C2 TIHEH) 246 B/m’ EBEEICE ) >T-. TF A= ETIL,
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i 2 FRIC LD &, I LV CORAMBE DT/ NS o2 b DD, FHHITEE D
T VR I NS 2 S 4, i 2 TR K45 Ofi ) & 8L L=,

REMINCH D &, I T I 7T e, EFEIREOWJIN C5-C2 (2B 5 FH T,
JERE D 0.14 B/m? 12k, FIETIE2.00 JB/m’ L& -7z LavL, #Ego Cl T, # -
FeJEREE D, 086 BmILIT LKL, KER -, FHFWRICZBW TS, WJINTOS)
R, OV 1.59 B/mP 12, RKIE TS 7.52 B/m’ L @ho7-oicxt L, ¥
WOKETOBEEL, 0.13 B/m* LLFTHY, KERhol., 7T T EhDE,
B RIS IS T SIS TOBEE, 0.10-0.42 B/m® Tho7=DIizkt L, KET
1% 1.25-4.50 B/m® L& <, B ZER A bR, UL, MROSEIZH T 25EE L,k
e TR S 028 BmP LA & KERL, IFITFT A LEM LM E R L
To. T AT EICBITL2BEOMEEMT, M2FHOZNLITHARD E/NEDnalzbDD,
FFWRHZIZR)IN O C4 1, THMIRFIZIE C4-C2 Tz, JEE X RETHW
IS o7z, ZHIUTK L, HHRTIE, B - TPk b, KBOEEICKET R -7,

Flood tide Ebb tide

0 r
?
. 1

0.5

M. /ormosense

2 1

EN

Depth (m)
[o)}

10 /M jgpanicum

0
0.5
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10 | M. ;?,l;)/ponense

_C5 ) C4 | C3 . C2 cTL , _GCs ) C4 | C3 .2 Cl |
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Distance (km) from the river mouth
Fig. 32. Changes in horizontal and vertical profiles of density of three Macrobrachium larvae in flood
and ebb tides in the brackish waters of the Shimanto River. Contours of densities are in number of

larvae per 1 m>.
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FHRNZ BT DA DM E 2 B ERMENIC A% & (Fig. 33), X7 I7 =t
DHETIHIE, EF - FIFWIEICZ 21 0.40-1.54 JB/m3 3 K T8 0.08-5.23 B/m3 D5 T4l
RIZBWTHE L, B IENE, 0.09 B/m’ LT SAREEZRN S, BT - FIFMke & &
VO CTHERR S22, 3B I HLEITHE Lo, e 7777028 TIE, H1
E, EFWIRECIE 0.12-1.39 B/m?, TR ICIX 0.04-3.14 J2/m? D% T B L
7= BB IHNE, FFMiRED C3 B L UNC2 T0.01 JB/m’ LA T ERBEERN D bR S L7-n,
B WILARRIXHEL Le o7z, )y, 7o 1T, B - FiF@ge s, 2
SICHBLL, BEIXZEEI 0.12-0.43 Z/m’ 38 KT 0.01-0.50 2/m® OFEFHICH 72, T4
HITHARD &, B UHOEEL0.01 B/m* T L&, ZolBlE, B - TH#ikEo c4
BLOEFEIRO C2 12RO, BFEMTH o7, 5 M-V #136 L OV IX B3R S iv/eh
S72b OO, H VI VITHNE, B - FHFEEO CLIZEHWT, 0.02 B/m’ LN & AREE e
OB L.

lood tide bb tide
O OO0, @Q O
11 O o
= M. formosense =
VIIF X X X x X } X X X X X
VII- X X X x x bt x X X X X
(&)
&0
21100 00000000
s o x X X X X F X X X
é = M. japonicum =
% VIIF X X X X X X X X X X
%VHI- X X X X x b X X X X X
S 00 000000000
Imr x O X O x t x O X X X
= M. nipponense =
VI X X X x O X X X x O
VII- X X X x O X X X x O
Ccs  C4, €3 . C2 . Cl, C5 C4, C3 ,C2, Cl,

5 4 3 2 1 0 1 5 4 3 2 1 0 1
Distance (km) from the river mouth

Density
(o)

Fig. 33. Horizontal distributions of three Macrobrachium larvae by developmental
stage in flood and ebb tides in the brackish waters of the Shimanto River.

Crosses indicate not collected.
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3 BE

1. HEORTERE

WK O D2 (W E5 15 km) THOLNZNAETIE, 77T FHEREL LD
%t U (Fig.24,26), RKICHI L72SAEO R EE, S 717 A= <Thv (Fig.26,31),
WA VT DR IIAE L. BERD B0, & T 7 7 T OMRIE, BRIy
HT20xL, IFITF A EOZTNLITAKBTIC LML (Fig.8), £ 2 THAEZE K
HMLTWD EZx bhvle (Fig. 18). Kk & VKU HEBL L 72 ShAE O D 2R 25 2
AL, FKEZSHROND 15 km O#PATIE, H4YOIFIT7F Tt
WSEL TS EHEIS LS.

BAGERGEREICB T 2 T =7 OB EIL, K <m<, B TR L TR - 72 (Fig.
27). T X7, KENCHR RSP T AL, ENEET EEOYE (March ef al., 1998;
Ramirez and Pringle, 2001; Ideguchi ez al.,2007) <°/KAEE H (Flecker, 1992; Ramirez and Pringle,
2001) THEILN, HRHAEFTICLIOWMELERT 272D LB LN TWD. —F, I
PG GAEFE 4.5 km) OB Ftuilc B 2 A L 5 & (Ideguchi er al.,2007),
SN IFITTHIEBLIVC L 77 7T H DA, T XTHIHY =T THY,
A% 2 BEELINIC 2RO 99%LL E3 I F LT\ A. ZHUC2 &, 105+ oKk
T, WFEEE, BED 7 REEEZICRE O TS RS E THRE S (Fig. 27), ERFRIT
TLTWAREICH 7. — IS, MAlENEE == F H Caridea DO 1 H]Y =7 1%, I
KEMTHY, REP PVERD) 2R TENS, 5 T H~OliF L OREERRBD 5] &
&L MR D DFET DAKIRICHE F T2 L E R & 5 (Bauer, 2013). L7223 T, MBI
W FRE OE WU +)1CIE, Wi FHOSAEDBHERICH 2 fERE D @V &S 2 5. AT
X, WAKIIZBNT, IFI 7B 777 EOINERLE, i FOBEET
WA Z 4L, WA LT e b DD, IR 2 1 ZIE 5T U 72 BRI IR S e o 7= (Fig
28). ZOZEnn, il b, D2 (AN 15km) i F9 5 ETIZ, Sk XK 55
HITAET TV RN EEZ NS,

fit sy, D3 IZHBIT 2 BKERERETIE, 77T TV D4R, HEELEFIZ)
JCGEBICHR L7=Dlicx L, ST I T T Ao e, 1ZEAEHR Lo 7z (Fig. 27).
ZOZEF, eI T TR, IFITF ALY BRIV T MELTEY, £
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M BITPUKIICEE T D £ TITHARICR DR Z 2S5 Z 2R L TWD. L Lan
5, D2ICBITAHETTTF A ORI OERIZHBNEL, S FIT T DZh
(AT RVMERNZ X 2o 72 (Fig. 28). ZAbDZ b, © 777 =i, I
PRI OWIOEEZ B HED Z LIk, R SRIEH O T2 AR LT 2 L HER
ED. ZOHERNE, FEIHY =7 OBKFCOEFARESMIL, I FIT A= TIES
HTHLDOIZWSR, ©I777FHZETIES HERWI & (KB - Armada, 1999) 225 6 3¢
Frahb.

2. BAKBIZITH29EDnMERE

WHHINOEAIBIZBNT, IFITF T, e 777 T T eEBI O T =D
AENHEBL, ZROOSMBEEL, Wik, WINEAKREO#EE cE < (Fig 32),
JINIZHRE L CW5D EB 2 bz, —J7, Sandifer (1973,1975) 2L 5 &, WOIKIZA B
2 HMFBSEIE, EOMAENN OEICERE T 50 (UL TR d L OISt L TERE
BITTABUTIIAT 20 (LATFHHERR) ISkl Dd. 20w, FREETIE, Lk
JIFAEEICE L, TMIRICIERIC M T 5 Z LI RY, R~k Eik+5 2 L
AE[RE & 72 (B, 1982; Anger, 2001), ZAuidiitifE & 13if o amkkE XD (Anger,
2001). ZAaveicxtL, PUGHIORJIANVFKIRICIT 27 F A= v)d 3 oA Ix
B TR E b, EKEICHASTERETE (Fig 38), AR LOWMHEFEOWT o
AR E b =B Loz, Fio, BT, @, T XTOREERED Mg HEBL
T 57 (Anger, 2001), UG+ ORI HEBL L7 3 FEOSAEDO KRS 1E, 51 #
ThY, BN HLURITERECH-7-Z &0 (Fig.32), EEFEOREICITZY L2V, L
UG, 5 OLHILAREE, WiV Thide A EHBIET, T =% VI ik
FOVIIHIA DT NICHB LI E 2o 72 (Fig.32). S 51, FREEA R Rk
(4 5,2001), ARG B)OW 03 X0 O FDHEHE (RE5,2005), 77U D7
A A71 < )1l (Read, 1985) 3B X QLA T FINT F v 7 7 7% )IIDOFI A (Rome et al., 2009)
IZBWTH, HETOARBAEDOKIZIE THTHY, F I HLERL, WIS KO
Bl b, 1ZTEALHRINTHRY. 20X 51T, RBESAEE, FIRNVUKEICHE L Tw
HEBZLNIEbDD, EDORAERNIT, FEEO—MRA R 0MEA L ITEEET,
DENEBEE L0 ol LTeid> T, KB, FrA Ok X > THPRK
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WICEE LT B2 bR,

KBHEZ, FTENE, WINEREICESEETHOML, LI & BEITREE L
R, EITHLEITIEE A LB L Ao T —F, fiElrk 5L, 37357742,
LT T ERBLOT T A EOE 1Y =7 OARMEIL, H0 14% T b EHIC
J Ot (KEF - Armada, 1999), 74 = E O IX MighE £ TOEKRRIL, oy 24% 01 Tht
HEVy (Ogasawaraetal., 1979). S 612, [ILIEREEH GKH) T, 73 V=940
AN, FERI - TR ORIED O & OIS 5130 (5H05,1994), =2
DT T M. lar DYEDIFEE T, BB THIT 10-15%0, & I HIT 15-30%, %V -
VILHIT25-30% &, FEHE L HIZLEAT L (Laleral,2012). ZHHDZ &1, SHEAIREE
SIABLD B DVUKILTIX, RBSAIL, BEI > TRESE &L, KEICBET 52 L
RGBS T, BREROEBMICERT S E, F 0 ICTRAGHAIEI L 25 & L HITH
1 -2 A EE L, 5 UL INCIZRE - B BEST 2130, 3 -5 BB RELKD D
(Kwon and Uno, 1969; #&&-[,1970; Shy etal.,1990). =7 U ¥ Haliotis discus hannai (B +
BB, 1981), k7 T & Metapenaeopsis acclivis (5 HRIEN, 1993) BE e T A Paralichthys
olivaceus (Fd, 1982) FFEDNAECIFRATIE, WREOZEIIT > TEBRK L EIT 52 L
MoNTEY, 7T HTEBOYNECENTHEU LA EC TV DL AREERS H. Z
Normed oL, LR EBE M HLBED 3O AEDE 1L, BEICEE L TRIEANM
AEIRITBATL, WHRPRKIEICERE LT g EHEflls s (Fig. 34). 72720, 7 F7=E
TIX, DT DRP DR TE VI & VI A B L7722 2025 (Fig. 33), $hAEO— I3
WTAEBL, TNODEL bRIEAEAIEEZ LS TWD E-Bbhs. —J7, D RE s R
H & ZDEIMEIZ R 5 EER & T, ABESHAEITIZEAERESN TR, (RS,
2005). ZAUE, SEBEE L L BICRIEAAIFICBIT L T eeda b iy, $hAhEo
RHIME D RIEAETFE~OBITIX, M peterusi THHEHI SN TEY, Thick-TF 707
b EFEICE DMENERE SN D RSB 2 BN TS (Read, 1985).

Ubnt, IFIT7H e, e 777 A eBIOT A= e, mfllEEECcH Y
RIRBG, TAOOHER, INNTUKEIZFRE L THRE LT\ D AfREME R S fufz. T
T Vg, mEREERE CH D 7 = OfFHEE R AR L, £ 2 CTO BRIl ECRH
BREDOLREREND, KERE L TOMOMOBEMENEH SN TS (&, 2005). 7
FHEZERONEIZEL > TH, WHH)IRTABIIEZELRREL Lo TWDH AR H D,
S OFA BRI KV, 5 I LA O BB 2 5 0 7o iRl I ARTE S O R IRANEEND.
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| Freshwaters | Brackish waters Sea

\V4

hatching

hatchin Drift d ¢ > Increasing risk
rift downstream |
M. formosense ¢ of motality
m — — 2nd zoea

M. japonicum Aﬁ\ ﬁ\ > Aﬁ\

hatchmgﬁﬁ\ —>2nd z0ea {——-------------o-oooe- ,

6th abdominal somite, telson and uropod separate
3rd and 5th pereiopods start to develop
Increasing of suitable salinity

v
l l 3rd-9th zoea,

megalopa
3rd-9th zoea, 3rd-9th zoea,
Juvenile+— megalopa Juvenile <+~ megalopa

| Bottom |

M. nipponense

Going upstream

Fig. 34. Conceptual diagram of the developmental change in behavior of three Macrobrachium larvae

in the Shimanto River.
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IV #BEaEE

| THATERIEBEOERHEEREZTDER

I CRE L2 B0, WE+)ITIE, 3 OGAITHICKS Z & 72 <VUKIE T T
LTS EBZ L, UKIRICBIT 22N 6 O5MICHERERIIBO NPT, —F,
EAMICBI IS I 7T BLOT S A 04GR ZEA BN T 5 & (Table
3), /A EFBRIZE T S4km B LN 28km T Lieh o7z, LinL, o 6EE,
bbb, HEBRGET (), EemRY GaImiEs), KUEEROES (K, fEiig (6-
9 H), FBUNAOLGE 8-9 H) BLUHH (10 ) HFF &L WEBIUPETT
THFHEZETHET S &, EREES EFHMADEEIZ—HL7zbo0, o 5HHE T
FELZ. 20X, IFI 7T Ao T A e oEERICITEMUT 2 813200l
XL, WMfi 777 FHEDOZENITL L OATHET S, i, 3 MOBREIZEL T,

IFITF AL T T H TR, FRRLERENEET 201 L (I 5,2000),
77T AT 2 FRETEiONEX - Rl (B, 1961; Jik - &8, 2007) F 3 -
4 MEEIM ORF AR GRA - &5, 2007) 72 &, fh2 FL OPRRERBBDOND. 20D
£ 9 72 3EOBMRIT D RMMHTIZ L > THRINTEY (Liveral,2007), RHFEAENE
RERYF L O RBRY R I Bk SNV & B 2 B b,

Table 3.  Comparison of the life history of three Macrobrachium species in the benthic period

. Upper limit of the . Main gowing Rate of large Incubation Recruitment period
Species . . Habitat . s .
distribution period individual period Start End
M. formosense 54 km Pocl(mainly . Just ?eforé Low June-Sep Aug-Sep Oct
gravel bottom) incubation peiod
M. japonicum 83 km Riffle Ditto High May-Sep  Ditto Dec

M. nipponense 28 km Pool(sand and Ditto Low June-Sep  Ditto Oct

mud bottom)

—J7, INZA RS 25l COATE R OERT, OB THLHE I TS, fi
ZIE, T OFBICARET D AT H=F Ocypodidae Ti, JEEIE DI ~EZLT DHITHE
VN, 7 U T r # = Cleistoma dilatatum, Y~ 7Y% 7 = Macrophthalmus japonicus, F =7 =

Ilyoplax pusilla + >4~ 3 Tubuca arcuata, /~7 2> 4~ 3R Austruca lactea, = A/
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77 = Scopimera globosa &, H£RBFENZENT D (UMK, 2000). KEERO~Z T H7ravE
Ephemerellidaec (F7#%, 1989) B L= 4 1 7 Bactidae (/\bE, 1989) « >~ hEZ T8
Hydropsyche (£H,1989) Tix, TPt X OWRERIZIE - 72 o MICHEF AR 5
NAHIED, €T HAIY N8 T Stenopsyche marmorata & 7774~ N ©Z Macrostemum
radiatum T, Wit FEPEI AT 2B ICKRZERAOND (HE,2003). 51T, MED =
>/ R U J& Rhinogobius 4 FEO ILAFITIX, RRIEH D DAWEHIZNT T, Z7vay /AR R
brunneus, >~ 3/ R Y R. nagoyae, &A=/ R U R fluviatilis, V'V 2/ R Y R. mizunoi
MZENENGAML, THIITHS - SHRRBERAEEL TWwWbH L ashd UK 5, 1979).
DK D IR OATE R ORI, 22 (Rossiter, 1989) CEHENR (iR, 2003; P -
S, 2006) DOSEFRIANC LY, EET L 0METOMAFEZFREICLTND LEZ LT
% (Saito et al., 2012). 7T H LRI FEIZBNTH, ZhoNFT 2 LT, oMA0ER
Gt D78 (Table 3) SAZNTHKREL TV D EBABND.

2 THATIERDAFL LEREE - OBRK

91 FE O LR (Fig.5), WHHINCB TS 7 P A v EOERER, I,
RTFTHTEDOZNIZL > TEB L TEY, TFEDANMEOBAIIATEE I ORD 2 [
LW EHEfllsnz. —F, KES (1977) 1%, 197447 H 16-17 H? 18:00-7:00 I,
AD 23km A1 JIE) 1I2BWT, EO%E LI RICKDT T EEoERILE 1
R TR TS, ZORERICL DL, IFTIT T T e 777 T T ENIRIEK
IR - T S, 2IFEREB LOERICB W THIEDNK 80%% 5D T, ik
AP T LT AR (Fig. 5) &I13E—%3 5. £/, 7 Vv 0L B50%, YK
DX D72 oic b Shd (KEFD, 1977). ZHHDZ Exn, WEHITHE, 30 4
PLERING I FI T A= enES L, AREOEREIL, 7T T EBRIEROZNITKE

HELTWZEEZILND.

EHEOM G HINCBT 27 F T EROEREMIZONT, G T 2 A &ORE
AL HHERT 2% & (Fig. 3), 2010 ELRRIEIE—E L TR L T2 afeetEn vy, —fi%
\Z, KREFROLENZEST L2ERE LT, R G- TH,1995), i@ ()15, 2008)
BEROWIHIEEE (B5)11,2007) e ERRENTEY, 7T T EBOAIERLERETICH
BT LAREMEN B D, 2D DON, ARFFENE L ORISR R & RO BT
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WTC, LUTICHE LT,

WIEORENORET 2 &, TERTIREINTT T T EBOMIT, TR D FIEIC
HY (Fig.6), ZiUE, fEFRE U THEASEIMICHEEL TW DA ZTREB L TV D. [
OB IRIBIENTON TN D X T 3H =R D /~F 32 4 = Paralithodes brevipes TiX,
TR 2 Lol & ORI Ko T, BIHRREIR DK T 2 & (T, 2002; 127, 2008),
W B> O — K & e B ATREMEM R S T D (1B, 2016) . S B2, NIORETIE, &2
R DI E > TEAERME T 22, KEOETITIFE A LR T LAV (Sato er al.,
2005). THHDZ ENG, FEFHIRICHOET, MOBIHAEN 2 T2l SE 57201
X, KL OEFERAT O RO EZ HORBRERTVLERH D EEZ LN TWD (I,
2008; 1M, 2016). 77 H T EBIZIHN TS, HENBIREICHEE SNIZHEITIE, BIRAH
\CHEDFEL KT T AR B X s, £, A X0/NURITELED JKEDO DN E S & X
A (RAE,2000), U5 CIGEBEOIIE) INCH~, 277 F T EOMERN R - /RO
HMCH L. 2Ok, B, KEOAETELL LOERAKET 5 R’ H v,
S, TOFEEREHOLNIT LI ENEEND. ZOLDITE, TFTHAZERBOED YA X
R R & BIERI L DBIROIE D, Ak 2 DFE 22 i S RE DR S LB & b
5.

WIS, HIIEFERIT, RIS K2 AU R DE)y (P, 1994), FH I L~ Dk O fk
TICEDHBELZITLEEZALNTND (F1H,1994). WHHIITIE, TFHTEeBEOIhE
&, FHAFEKIBICHRE LT b Z LR S (Fig. 32), & 2 COBREAIE, AEOD
WIMWIBRER IS 5 LB b5, IF, WH-HITIE, EARMNAEE L TR A E 2
FULEIZIER L, AT H 7 VAL T, Eoo EAPERSA TS (555, 2011)
ZOWENEERWIROE B LI2E D, AVT A Y OREREITHD L, a7 ~EHDOWNL
OMTHEK LIz LSS (BHA,2011). E72, TOWINOLFAEIZ L0, 7 0N TR A i
B, WIBYWED A7 HEOBIICHE S RBEEREDBER SN D & &SI, DM PERE O i)
SOEABGTHNTND Z ERRBEIN TS (KO 5,2009). W A#MIL, ZhETIC
bIHET D ENb-o72bo0, HYHHTH T L rSh TE 72 (4, 2011). LarL, 2009
10 AIZTHR L2 ML, BIEE THEICI TRy (VY E G #A ) A 1 EDE
F7,2016) . —J5, RILREREOREOEI 0 EREHZ L > TTE 2 ATVUKI (REH) <TIx
T3 AT EOERBITREEANTIIN L 721%, BABEMZRLTWD (585,1994). ZD4E
BEDOEIIE, AT O RCE N AFE 72 VUKBREE DILR DS, AT, R ic kK 2k

L
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B O/ NS Z N ENE LT TR R S TV 5. Bk L B0, WT+)ITI,
OMVE R OFNINNVE KL THE S EH L TEBY, ZhnT U= EEouEFERSE
AN ET AR H 2 b DD, ZOERITIAHATH SH. )7, WL+ VUK T,
KREEREDETL, BRBHELTWVD I EARBINTWD (F1,2018). &L, 1T
MIRIC BT DM E N IR T S8, 7T T B EZ G 0KREAMDER - BB & HilfR
TORREMENR D S, T LT, WA N EREBEXIRIC L 28R EI0IX, M7 Z
Y7 M UMD EEE RO RIE R 2TV LA EER RS TN 5

(Yamamoto, 2003). W5 +)INCE T HAYT A/ VT H A= EROIEEOHIICY,
HRBENEEL THDONBENA .

UED X9, Ml O RIROBREZE(IE, 7o ROAEFELICHEL, ERE
ICBGT DM REMSBE X b, BEORBICEE LT, mMRTIE, 2018 £X0, 7
FAHTECROEREEZ B E L,9 ANSEEI L TOBIELZ R L TW\W5.—F,
AR L7722 730 =R oFEFl 2 BET L, 7T eRICBW T, KEIREIZ X585 %
R#ET D ZEMLEE L. Lo, BUTOEEWIMON, 1 (5-9 ) T4 T 2013,
DI ADHTH L. 7T HEEEIE, RINHIERD 4-5 BIZEET 5729 (Figs. 14—
16), 9 A LIRS TI, A Lo KBUEC 5 D AREDOIRITG O . L7as- T,
KRB LD RROESR 2R L, BIHRIIEZmD 5 LW O BRI TR, A7e< &b,
I OERTN S0 (4-6 H) ZZEICE 05 X&ETHA .

IR O EREE L O, ] QRSN O I HOW T, EEB L ORIZ X 580 7 5E 5o
b &, WIMNORNZER - 28 LoD, BURMEREEICED L LS TWnbH A (MEHT
He i oy PR N ERE S5 T, 2016), BUE £ THOMIFE LS TV, BRE(LIZOWT
X, ZORIKITFFE LEN S DD, ATEHEACH R OHEECHER T AE O IEEHR A RO
BI5- L TCWDATREMZ Y H D (F1,2018), FHRAVICE RZLICEE L 2 L I13B 2. 4%,
MBI IO BRBEZAY & RSB ATE L O BIR A MRt 272, 3 MBS EDRE RS HT
HAREHET OREERNZMAT L2 EDNEEND.
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C3)

KRFRFET FH = Y I/ Macrobrachium 15 FEOWN, I FI 7= (LLFIFI) M
formosense 3 XU FFFF AT BAFEFF) M japonicum VXBIHA 5 WHEIZ AN T,
T (LLNTFH) M. nipponense [ZHALHILHNIZ 23T THrdn L, WKERFED A H]
FLigoCna. BPEICE T 2 ARBOWM R, WAOEEIZHY, R, W) TOMR
DRELL, REREMIZH S TZHEREIL, DO TRVWKEBIZETEDIAATWHS., 208
JRoBEE - ERICET TE, RBOAERORBENEE L 22570, WG H)IITOZENALIZH
THIA - HFZEIL, 1T AERIN TV, F7z, 3FENIFT LRI TENS DEREE
AT E TR <, AER S EIRAE) & ORRIZAE R L6l b 2. ABFgETIE, WA+
JINZIIT 5 3 FROATER 2 e - Bt L, EIRAE L ORREAONIT 22 L2 L L
7z.

1. BRERKR

He RO 2 HEFIZRIT D 19962018 ED AR, 3L TN 2015 £ 7-10 H O Ttk T
TEREICK Vg S N7 T = ROFEMR & A X eI

FEREAMEIX, FREY FRT—AHBLTEZ o7, mMmiGIcET 5 AMEE, #2002
R THIIN L 724%, 2006 4RIZ2°:F TR L7228, 2009 2230 TR, 2002 FEI20E0 VK
EETHEELLE. L2L, 2ORITZEF—ELTEA L, 2018 Fof - FitlkizisiF oA
TR, ZALEI 2009 4FD 2% B LN 16% & 7w o7c. ARSI AR &EIT, HilTix6-7 A,
T TIX7 ATRbE o7
THHEZEROBEELDON, T 1L80.5%, T 71X 194%% HH7=n, TFHHiEbd
7201% (HE1R) Thote. ZOZ b, KBOEREIX, IFTIDZNITE > TEH)
TLHLIENRBRENTZ., IFTILeTTOYA XTI, BFFE (CL) 8mm Ll EOH
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