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Aspects of all-day upstream migration of juvenile
Macrobrachium japonicum in the Hsiukuluan River,

eastern Taiwan
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M FF B 5 T IR 205 1=(03:40-07:40) » HRXEFRITE T E K (15:40-19:40) - [5?19:40-
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Abstract

Most Macrobrachium spp. are amphidromous in Taiwan. After larval development, the
newly-metamorphosed individual must find a river mouth and migrate back up to the adult
habitat. The Macrobrachium japonicum de Haan, 1849 is a widely distributional, amphidromous,
and abundant specie in Taiwan. This study clarifies the upstream migration patterns of M.
Japonicum using a modified fish-trap for sampling juvenile in the Hsiukuluan River of eastern
Taiwan from 14 June to 15 June 2005. The interval of collecting time were divided into six
periods in a day—A:15:40-19:40, B:19:40-23:40, C:23:40-03:40, D:03:40-07:40, E:07:40-
11:40, and F:11:40-15:40. There are two distinct upstream migratory periods. The highest peak is
near dawn from 03:40 to 07:40 and the second peak is near dusk from 15:40 to 19:40. The 94% of
total collected individuals were juvenile, so the modified fishway trap is suitable equipment for
conducting experiments on upstream migration of freshwater prawns. The results of this study

will be helpful for understanding the upstream migration of Macrobrachium spp. in Taiwan.
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et al. 2009; Bauer 2011) » T] B 5 | 44 BF ¥
JES 9 B ( Kikkert er al. 2009) » 3Ry =R
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R o BEREEN R EIRIE L8 2
P - GiERE - N B BE
AL BRI E e o A o B Ik
TS B AMNE 22 HHER]

54N S > 1% B &S (post  larvae) &
LM Guvenile) ST 8 5+ 43 Rk -+ 38
BBy EERREABABRAEE M
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Fig. 1. Map of the Hsiukuluan River, located

in eastern Taiwan. The solid circle

indicates the position of fishway trap.
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Fig. 2. The fishway for collecting Macrobrachium spp. (A) The location of the fishway trap and

an artificial water channel of about 20 m long, 1.5 m wide and 25 cm deep on the beach of

the inner curvature; (B) The arrangement of elements for consisting fishway trap; (C) The

detail structure of the main part of trap. Arrows indicate the direction of water flow.
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Fig.3. Apicture of fishway trap.
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HE2020a ~ 2020b) R HE AN S Z 73 BHAK
% -
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(Exopalaemon modestus and Palaemon
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1. 32& 81 41#528S rDNA Y 22 H 45 577 (F5
. DT= ZHFA & %dorsal teeth;
DTBO=HR & 2 %8 4 &5 tédorsal teeth
beyond orbital; VT=%475 | E§ventral
teeth)

Table 1. The rostral formula and numbers of
32 juvenile individuals for 28S
rDNA extraction (abbreviations are
used: DT= dorsal teeth;
DTBO=dorsal teeth beyond orbital;
VT=ventral teeth)

Number for DNA Rostral Fomula
extraction DT DTBO VT
0740061506 10 2 2
0740061559 10 3 2
1140061503 11 2 1
0340061503 11 2 2
0740061518 11 2 2
0740061557 11 2 2
0740061507 11 3 2
0740061514 11 3 2
0740061552 11 3 2
1540061403 12 2 2
1940061405 12 2 2
0340061502 12 2 2
0740061525 12 2 2
0740061537 12 2 2
0740061546 12 2 2
1140061504 12 2 2
1940061401 12 2 3
1540061502 12 3 1
1940061408 12 3 2
0740061502 12 3 2
0740061510 12 3 2
1940061402 12 3 3
0740061530 12 3 3
1140061502 12 4 3

Number for DNA Rostral Fomula
extraction DT DTBO VT
0740061547 13 2 1
0740061539 13 2 2
0740061543 13 2 2
1540061404 13 2 2
0740061519 13 3 2
0740061512 13 3 3
0740061511 13 4 2
1540061409 18 3 4

2. T#;HGenBank28S rDNAF%] » £
&1 SHE & 08 5 2R TEE i S SR Y 28
YifE(Exopalaemon modestus and
Palaemon elegans)

Table 2. The sources of 28S rDNA sequences of
freshwater prawns (Macrobrachium)
and outgroup (Exopalaemon modestus
and Palaemon elegans) used in this

study
: NCBI
Species lsoir:g:)l;lsg Accession
number
M. asperulum Taiwan EU008724
M. australe Taiwan EU008719
M. esculentum Taiwan EU008722
M. equidens Taiwan EU008717
M. formosense Taiwan EU008723
M. gracilirostre Taiwan EU008728
M. japonicum Taiwan EU008721
M. jaroense Taiwan EU008730
M. latimanus Taiwan EU008729
M. latidactylus Taiwan EU008727
M. lar Taiwan EU008720
M. lepidactyloides Taiwan EU493118
M. mammillodactylus ~ Taiwan EU008732
M. nipponense Taiwan EU008731
M. placidulum Taiwan EU008726
Exopalaemon modestus Taiwan EU008718
Palaemon elegans America DQO079807
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& > IO A2pl proteinase K - B 2R &
5] > BRSS CH3hrE R o F#2a &1 A 1000l
protein precipitation solution > 58 JJE %
20sec » EA/K S min > LL13000~16000rpmf
03 min > {HEHEIUR o B EEH EER
FELSmlIfEHELE T - J1A300ul 100%;7
¥ > B LL13000~16000 rpmi (2 min o HEl
BEIFLEE - I1A300ul 100% Isopropanol
MERELE HFZ2H9EREG - #ED
13000~16000rpmBf.»5 min » {55
Isopropanol » PL65°CLEZ15~20 min » fjIA
50ul DNA hydration solution » B *55°C 1 hr o
BB PRI -20°COKFEH -

HENE28S rDNAKLA FEEY) Fprimer
Cl (5'-ACCCGCTGAATTTAAGCAT-3") 2
D2 (5'-TGGTCCGTGTTTCAAGAC-3")
(Chen et al. 2009a)#E7TPCRIMIE - FEHEZR
HEH 7 JE(PCR; polymerase chain reaction)
LIGeneAmp 9700 PCR system#E{T (Applied
Biosystems, Foster City, CA, USA)&—4H 44
2 B50ulfy K EE RS - A& ulitemplate
DNA (50-100ng extracted genomic DNA) ~
1ulfY10mME K /i Hyprimers ~ 2.5 ulfy10
x PCR buffer ~ 1 plfy10mM dNTPs - 2.5
ulffy25mM MgCI2F11UfYTaq polymerase °
PCRIMIE K7 E(% {2 B © initial denaturation
step/£594°C 5 min > FI{&35 cycles/594°C
Imin ~ annealing at 58°C 1 min Flextension at
72°C lmin » ;% {Ffinal extension step /572"
C 7min - PCR EYIH 1% agarose gel &5k B
ethidium bromideZt = fmHl » {§i FIMicro-
Elute DNA Clean/ Extraction Kit

(GeneMark, Taiwan)¥&PCREY) 4L AR
10 pl ddH20 - 4fi{E&AIPCRE Y FHABI
Model 3100 DNA sequencer (Applied
Biosystem, USA) DL BigDye terminator
cycle sequencing reagent (Applied
Biosystem, USA)#E{TDNAJE ¥ °
2.28S tDNAEH 5347

DNAFE%]fiBioEdit ver. 7.0.5.3 (Hall
1999) k51 8L 47 #8 - A B 72 3k 52 54 9 5k
28SFF3I - BLFE32E A LA - 15/ B &R
EER 2+ E HEYI(Exopalaemon
modestus, Palaemon elegans)FyNEf(A13=
2) - ARSI LA Clustal X v. 1.83 #7751
HAAHEFE(Thompson et al. 1997) » i FEhfe
1E ° FAMEGA ver. 10.1.7 #E{TZ B Fr 51 47851
43 #7(Tamura et al. 2007) °
3G

AHFZE [ FIMEGA ver. 10.1. 75K E R #
Gt > SR B SR (neighbor-
joining, NJ) -~ f AKfH4) A (maximum
parsimony, MP) - fz/NE{E)E(minimum
evolution, ME)Ff1# K {PLAZ A (maxmum
likelihood, ML)E4fE A E#I & 55 17 7502
Ry Ko Gt 210 > FIFIMEGA X(Kumar
et al. 20182 A 1GF i EMAA 28 - 1F R
GREEBERRTSE - EOM28SHEIE
Bk BB ERR BTNI3 TG+ BIC
scores (Bayesian Information Criterion)/fy
13655.090 - AICc value (Akaike
Information Criterion, corrected)f
12793.091 ~ Maximum Likelihood value
(InL) % -6294.243 ~ Gamma distribution
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(+G)#51.28 ~ evolutionarily invariable
(+1)/50.43 ~ transition/transversion bias
(R)550.95 ~ freqA = 0.213, freqC = 0.220,
freqG =0.347, freqT =0.221 -

AT GOt HY R AR AT /B AR 10002 EE A2 U
Ei 1% Hl/5bootstrap consensus tree > F&HH
PR RA(EA50% bootstrap replicatesfy 4y
o> 27X ENEFRTRALIOOOX
bootstraptest NIV 4 EE o HffMinimum
Evolution method (Rzhetsky and Nei
1992)f s E fEffi(evolutionary distance)i®
fiitMaximum Composite Likelihood method
(Tamura et al. 2004)EHE > Gamma
distributionRI| & i i EB X et H 2 E
1.288 A » ¥]Bi4n Z ¥ &6t A HNeighbor-
joining algorithm » B &H]IClose-
Neighbor-Interchange (CNI) algorithm (Nei
and Kumar 2000)H{{5 - Neighbor-Joining
method (Saitou and Nei 1987)y 5 & FE 8kt

EfiMaximum Composite Likelihood
method/EEL » Gamma distribution[5] 1 &%
HEBEAFTETE 2 E1.282 A - Maximum
Parsimony method LR A5 75k
(random addition of sequences; 10
replicates) U3 ¥ B 46 & A5 - 1% G A1 DA
Subtree-Pruning-Regrafting (SPR)
algorithm (Nei and Kumar 2000)H7 15 -

&R MR

— ~ JBIR4ASHE E 228S IDNAZT#f
BT LR B9 SE R KR EFS - H
1€ B b5 1 Bl (Atyidae; De Haan, 1849) >
94 B B JE(Macrobrachium; Spence
Bate, 1868) 58 K4 #a%E T 2L sk By
HEE DU E - HILHIPR IS EAMEERIE S 1 &
RLFE IR R Z [ AS - BR8OEMFE R AT 270
M #S - kL8 9 (il #S i iy HH R (Carapace

R3. F5 UL R AT PR H IR BRI R (mm)SHE 53 AR

Table 3. Frequency distributions of carapace lengths for four species of Macrobrachium

collected from the Hsiukuluan River

Carapace length (mm) Total
Species
2-3 3-4 4-5 5-6 6-7 7-8 8-10 10-15 number
M. japonicum 14 55 10 - - 1 1 2 83
M. placidulum 2 1 - - - - - - 3
M. lepidactyloides - - - 1 - - - 1 2
M. latidactylus - - 1 - - - - - 1

Total number 16 56 11 1 - 1 1 3 89
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Fig. 4.

Consensus phylogenectic trees reconstructed from the 28S rDNA sequences for 32

collected juveniles, 15 species of Taiwanese Macrobrachium prawns with Exopalaemon

modestus and Palaemon elegans as the outgroup, using minmum evolution (A: ME) and

maximum likelihood (B: ML) (numbers near lines, bootstrap values) methods (the nodes

of solid circles, square, triangle, and diamond with above 95% consensus indicate the

identification of M. joponicum, M. latidactylus, M. lepidactyloides, and M. placidulum,

respectively).
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Fig. 5. Consensus phylogenectic trees reconstructed from the 28S rDNA sequences for 32

collected juveniles, 15 species of Taiwanese Macrobrachium prawns with Exopalaemon

modestus and Palaemon elegans as the outgroup, using neighbor-joining (A: NJ) and

maximum parsimony (B: MP) (numbers near lines, bootstrap values) methods (the nodes

of solid circles, square, triangle, and diamond with above 95% consensus indicate the

identification of M. joponicum, M. latidactylus, M. lepidactyloides, and M. placidulum,

respectively).
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5. 24/ NRg FETIAS [F] B P B £ 2 T SR 40 e {18 B2
Table 5. Numbers of juvenile individuals collected from seven different times over 24 hours, 14-
15 June 2005

Collecting times

Species Total
15:40(6/14) 19:40 23:40 03:40(6/15) 07:40 11:40 15:40
M. japonicum 7 11 - 3 53 3 2 79
M. placidulum - 1 - - 1 1 - 3
M. lepidactyloides - - - - 1 - - 1
M. latidactylus 1 - - - - - - 1
Total 8 12 - 3 55 4 2 84

6. R R IE NG FH R (mm ) 57 A1 (FEHG R AR TmmBL N 7 R 41 8%)

Table 6. Frequency distributions of carapace length Of the most amount specie of
Macrobrachium japonicum collected for 24 hours

14-15 June 2005. (The interval of collecting time could be divided into six time

periods—A:15:40-19:40, B:19:40-23:40, C:23:40-03:40, D:03:40-07:40, E:07:40-11:40,

F:11:40-15:40; Juvenile: carapace length<<7mm.)

Interval of Carapace length (mm) Total number
collecting time  2-3 3-4 4-5 5-6 6-7 7-8 8-10 10-15 Juvenile Adult
A 1 9 1 - - - - - 11 -
B - - - - - - - - - -
C - 1 2 - - - - - 3 -
D 12 34 7 - - 1 1 2 53 4
E - 3 - - - - - - 3 -
F 1 1 - - - - - - 2 -

Total number 14 48 10 - 1 1 2 72 4




BB AEVERTZE(TW T. of Biodivers.) 23(1): 17-38, 2021 31

70
60
50
40
30

20

10 I!
0 201 00

A B C

Freaquencies of juvenile individual

Periods of collceting time

6. 6fF B EL B B> A BN &6 H 14H15:408T 80 2 (EAS © RERR © 28183 E
B OREFEIR ¢ 2728 KALEESIES - ARFES ¢ 15:40-19:40 ~ BEFES © 19:40-23:40 »
CHEF% © 23:40-03:40 ~ DEEES © 03:40-07:40 ~ EBEES © 07:40-11:40 ~ FEEL : 11:40-

15:40)

Fig. 6. The frequencies of the total 81 individuals (dark column) of Macrobrachium spp. and 72

juvenile individuals of M. japonicum (gray column) from different collecting time

periods (without including the individuals collected at 15:40 on 14 June; the interval of
collecting time could be divided into six time periods—A:15:40-19:40, B:19:40-23:40,
C:23:40-03:40,D:03:40-07:40, E:07:40-11:40, F:11:40-15:40).
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LI3-4mm{E G HIE &% » H56% - 2R
HE63% 3 HAB2-3mmA16E - 41k
18% 5 4-5SmmF11E » £J{512% - F£5 F£oR
24/ NBF 37 2R [B] B R B PR 2 0H i 4 AG
B D6HISHERT 40885 % - A3E
55  H 6 H14HMrR19:40 » FH2FE
126 5 {E6H 140 1 [E23: 40 PR F(E AE -
HF 24/ NI 3 O R B o3 M KRB i
Z FE P (6 K [E6) - LIDIE;EZ(03:40-
07:40)53& K% » &YH74%  HR B ARFEE
(15:40-19:40)115 > 49{515% ; {EBHFE¥
(19:40-23:40)ff -3 =~ & #8 - AIE 6FT &
o KRB AIRE EA2E R o e
BEAETHERERR  EREFROIES
ZYIR - HEKFE RL3-4mmig % &14h
67% ; 2-3mm&Y{5H19% 5 4-5mm&{514% °

= RIERAF

A AR R (A T3/FD; em/s) ~ FKZE(A TS
cm) ~ B E(pH) ~ BEEB(Z W/ AT
mg/l) ~ & (us/cm) ~ HENTU) ~ F IR
C) /KR (C)E ST IR B & LA [E7 ~ 8 ~ 9
10) o DL M e B dp W R ER B N+ B E B
giie B AHRBEME - BoRERE - Hf
DHFE#(03:40-07:40)5 2R HE 1978 cm/sfFE &
F1567.5 em/s > R ZRBHERGR AR 0 B b
R B 5 AH BB B2 (19:40-23:40)77 28
560 ecm/sta % 3470.5 cm/s » HHEH
18 T B0 e FU e b E S o ORI 2R A T AR
s LR E SN T o M. ohione {E#PY
LA (Bauer and Delahoussaye 2008) k7 &
ARG R R i (Bauer 201 D#FEAER
EOR BT B mE SRR K



Lk
/=

WS REVERZE(TW J. of Biodivers.) 23(1): 17-38, 2021

9.4
9.2
9.0
8.8
8.6
8.4
8.2
8.0

7.8

S

ﬁ—.—-—""‘"\.

15:40 19:40 23:40 3:40 7:40 11:40 15:40

Collecting time

—e—pH DO(mg/l)

[E8. % i [ (pH) 5 /5 E(DO; mg/DE AL -
Fig. 8. The curves of pH and dissolved O2 concentration (mg/1).

27

26

25

24

23

22

21

S~—.

15:40 19:40 23:40 3:40 7:40 11:40 15:40

Collecting time

—o—Air Tem (C) Water Tem (C)

9. TR CRZEAL -

Fig. 9. The curve of air and water temperature.

33



34 F LSO E AN B (Macrobrachium japonicum) 4fifig T HFF R EE

180
160
140
120
100

80

60

40
15:40 19:40 23:40 3:40 7:40 11:40 15:40

Collecting time

Water depth (mm) —e=Flow rate (cm/s)

[E10. 7K Z(mm) f it 2 (cm/s)EEAE
Fig. 10. The curve of water depth (mm) and velocity (cm/s).

SO WIS RO BRI BN - Covich  ARFFEUE(T R « SET®Y LWMPE -
et al, (2003)Upadhyay er al. 2014yt & JCEE 6 B AH 3 70 U6 7 B 4 15 6 7 L
EROKEE 2R R RO A TEE K by R

T8 o REFFRERTHR24/NF ZBRITN T8

B BRGEE RN > KB EEHE 7] A X Rk
M -
. ZHE -~ BREL - oG - Rt E - FEH
&2 g ~ ZEHEZS - 2003 « G400 )1 £ REHH
oA B E R E IR E (R
Kﬁﬁ%iﬁﬁjﬁﬂ/ﬁﬁﬁ%é\ﬁigﬁz{i iﬂl@) ° Zﬁ@?ﬁ%ﬁ7ﬁ*”%7ﬁ*”fﬁ§”§ﬁ%ﬁ
R EY R B TR E K R i -
(03:40-07:40) » B BTHITESENR MRAOE ~ TEEK ~ FEEF o 1988 - EARE
(15:40-19:40) » [19:40-23:404} » &% EL fbzRmaEMacrobrachium
BT R FOE R o AT RS S asperulum (Von Martens,1868) 2 4j
ST HERLI94% o oy G B HELWIT - GEKESET52): 8-

RETH  REaWSiEd  BENRE 20



LB L WIS AEVERRZE(TW 1. of Biodivers.) 23(1): 17-38, 2021 35

PR - 2001 » FHah 2GR0 08 5 F =R [
WGERFENRENTIE - BTLEEE R Fan
FHEE ZaBH 5w 5L -

& ~ EREE 2 2017 - =AW Z R e
HiIEMacrobrachium spinipes%)) 555
MAEEE N HEGw T 2 2 Bt
7% o BILZARHOR R 2 BT 9: 34-
44.

i B~ R - 1998 o SR YE Y
fiE 5 22 F1(6) & B HY 3 /KU - BT
VY E R TR -

& ~ B0 M~ S 2 1990 < ENRE
(b2 6 BRI B BT - 628K
EEeTI17(1):21-34 -

0 - 1994 o 583k KM 7 0 -
LB B MER MR L
a3 ©

PBREESE = 2003 - &8 B E R R B it & 3k 0K
WERERHAE HAEEVMAERES
L2 FE BRI T ST RCR -

BRER SR - 2004 « 588 B ke e 0 3 1 3 0K
WERERHAE HAEVMMERE
o093 RS BRI ST AT R -

MIEE - mCE - BHn s hEW -
2000 © F5 45 &2 AR IT < 8
M W 7 O Sk 48 8 7 T R R T ) 1 2 K
EHGEGKEEHMN i HE345-
360 -

MEEE 22002 - &EH)IDN 4P E
M o BpERSERE 3520 -

AR 22000 - BB ERKIBEERZ 77
Mo o An Rahie B e () -
THRERBEEEE -

gty ~ JLEBE - WK - @EE - fH
°2020a ° Wi A EH 2 N T
BT - BEKEEE 1094 & 21y
mMXBREEGERG WOLmIT/
Paper ID:A-57.

Hialg  LEBE - BHE - ER - [TH
°2020b - 4HEH M 2 4w ¥ B i
It o BIEKE S G 1094 & B la im S 5%
KHEH B KRG i L4 Paper ID:A-
15.

B~ BB ~ HERET - 1990 < SAER
B H AJEE (Macrobrachium
nipponense) HH L7 508 o BEK
EEET17(2):99-107 -

B4 - 2000 - K& BB A B -RIEZ
RIS S R MK R 2 A V5T -
Bl 17 5 & e R B R AR W) I 5 P B
L e

i 8% - 2018 - BEET & A [EE R AMIE
¥ (Macrobrachium japonicum De
Haan, 1849) (+2H @ REWEEHAIE
A RE - BN R IEIEL YA IE T
B Em S e

Albertoni, E. F., C. Palma-Silva and F. A.
Esteves. 1999. Larvae and Post-Larvae
of Penaecidae and Palaemonidae in
Coastal Lagoons of the north of Rio De
Janeiro (Macae, RJ) . Revista
Brasileira de Biologia 59(1): 109-117.

Atkinson, J. M. 1977. Larval development of
a freshwater prawn, Macrobrachium Lar
(Decapoda, Palaemonidae), reared in

the laboratory. Crustaceana 33(2):



36 F LSO E AN B (Macrobrachium japonicum) 4fifig T HFF R EE

119-132.

Bauer, R. T. and J. Delahoussaye. 2008. Life
history migrations of the amphidromous
river shrimp Macrobrachium ohione
from a continental large river system.
Journal of Crustacean Biology 28: 622-
632.

Bauer, R. T. 2011. Amphidromy and
migrations of freshwater shrimps. II.
Delivery of hatching larvae to the sea,
return juvenile upstream migration, and
human impacts. In C. Fransen & A.
Asakura (Eds.), New frontiers in
crustacean biology (pp. 157-168).
Leiden, the Netherlands: Koninklijke
Brill NV.

Bauer, R. T. 2013. Amphidromy in shrimps:
A life cycle between rivers and the sea.
Latin American Journal of Aquatic
Research 41: 633-650.

Benstead, J. P., J. G. March, C. M. Pringle
and F. N. Scatena, 1999. Effects of a
low-head dam and water abstraction on
migratory tropical stream biota.
Ecological Applications 9: 656-668.

Cai, Y. and S. Shokita. 2006. Report on a
collection of freshwater shrimps
(Crustacea: Decapoda: Caridea) from
the Philippines, with descriptions of
four new species. The Raffles Bulletin
of Zoology 54 (2): 245-270.

Cai, Y. and M. S. Jeng. 2001. On a new

species of Macrobrachium bate, 1868
(Decapoda, Palaemonidae ) from
northern Taiwan. Crustaceana 74(3):
275-283.

Chen, R. T., C. F. Tsai and W. N. Tzeng.

2009a. 16s and 28s rDNA sequences in
phylogenetic analyses of freshwater
prawns (Macrobrachium bate, 1868)
from Taiwan. Journal of Crustacean

Biology 29(3): 400-412.

Chen, R. T., C. F. Tsai, and W. N. Tzeng.

2009b. Freshwater prawns
(Macrobrachium Bate, 1868) of Taiwan
with special references to their
biogeographic origins. Journal of
Crustacean Biology 29(2): 232-244.

Chen, R. T., S. T. Chang, M. F. Yeh, H. P.

Chen, T. H. Chen, C. F. Tsai and W. N.
Tzeng. 2010. Distribution of the
freshwater prawns (Macrobrachium
Bate, 1868) in Taiwan in relation to
their biogeographic origins. Taiwan
Journal of Biodiversity 12(1): 83-95.

Covich, A. P., T. A. Crowl and F. N. Scatena.

2003. Effects of extreme low flows on
freshwater shrimps in a perennial
tropical stream. Freshwater Biology 48:
1199-1206

Crandall, K. A., D. J. Harris and J. W.

Fetzner, Jr. 2000. The monophyletic
origin of freshwater crayfish estimated

from nuclear and mitochondrial DNA



BB AEVERTZE(TW T. of Biodivers.) 23(1): 17-38, 2021 37

sequences. Proceedings of the Royal
Society of London. Series B. Biological
Sciences 267: 1679-1686.

Fetzner Jr, J. W. and K. A. Crandall. 2001.
Genetic Variation, pp. 291-326. In, D.
M. Holdich (ed.), Biology of
Freshwater Crayfish. Blackwell
Science, Oxford.

Hall, T. A. 1999. BioEdit: a user-friendly
biological sequence alignment editor
and analysis program for Windows
95/98/NT. Nucleic Acids Symposium
Series 41: 95-98.

Hamano, T. and K. I. Hayashi. 1992. Ecology
of an atyid shrimp Caridina japonica
(De Man, 1892) migrating to upstream
habitats in the Shiwagi Rivulet,
Tokushima prefecture. Researches on
Crustasea21: 1-13.

Hwang, J. J. and H. P. Yu. 1982. Studies on
the freshwater shrimps of the genus
Macrobrachium (Crustacea: Decapoda:
Palaemonidae) from Taiwan. Quarterly
Journal of the Taiwan Museum 25: 157-
180.

Ibrahim, K. H. 1962. Observations on the
fishery and biology of the freshwater
prawn Macrobrachium malcomsonii
Milne Edwards in River Godvari. Indian
Journal of Fisheries 9: 433-467.

Jalihal, D. R., K. N. Sankolli, and S. Shenoy.
1993. Evolution of larval

developmental patterns and the process
of freshwaterization in the prawn genus
Macrobrachium Bate, 1868
(Decapoda, Palaemonidae) .
Crustaceana 65(3): 358-364.

Kikkert, D. A., T. A. Crowl and A. P. Covich.
2009. Upstream migration of
amphidromous shrimp in the Luquillo
Experimental Forest, Puerto Rico:
temporal patterns and environmental
cues. Journal of the North American
Benthological Society 28: 233-246.

Kumar, S., G. Stecher, M. Li, C. Knyaz, and
K. Tamura. 2018. MEGA X: Molecular
Evolutionary Genetics Analysis across
computing platforms. Molecular
Biology and Evolution 35: 1547-1549.

Kwon, C. S. and U. Yutaka. 1969. The larval
development of Macrobrachium
nipponense (De Haan) reared in the
laboratory. Bulletin de la Societe
franco-japonaise doceanographie 7: 30-
46.

Nei, M. and S. Kumar. 2000. Molecular
Evolution and Phylogenetics. Oxford
University Press, New York.

Rzhetsky, A. and M. Nei. 1992. A simple
method for estimating and testing
minimum evolution trees. Molecular
Biology and Evolution 9: 945-967.

Saitou, N. and M. Nei. 1987. The neighbor-

joining method: A new method for



38

F U SR RRNL B (Macrobrachium japonicum) 41fg _FHRFEREE

reconstructing phylogenetic trees.
Molecular Biology and Evolution 4:
406-425.

Shull, H. C., M. Perez-Losada, D. Blair, K.

Shy,

Shy,

Sewell, E. A. Sinclair, S. Lawler, M.
Ponniah and K. A. Crandall. 2005.
Phylogeny and biogeography of the
freshwater crayfish Euastacus
(Decapoda: Parastacidac) based on
nuclear and mitochondrial DNA.
Molecular Phylogenetics and Evolution
37:249-263.

J. Y. and H. P. Yu. 1998. Freshwater
shrimps of Taiwan. National Museum of
Marine Biology and Aquarium,
Pingdong, Taiwan.

J.Y.,D. Wowor, and P. k. L. Ng. 2013. A
new record of the giant freshwater
prawn, Macrobrachium spinipes
(Schenkel, 1902) (Crustacea:
Decapoda: Palaemonidae) from Taiwan,
with notes on its taxonomy. Zootaxa
3734 (1): 045-055.

Tamura, K., M. Nei and S. Kumar. 2004.

Prospects for inferring very large
phylogenies by using the neighbor-
joining method. Proceedings of the
National Academy of Sciences (USA)
101: 11030-11035.

Tamura, K., J. Dudley, M. Nei and S. Kumar.

2007. MEGA4: Molecular Evolutionary
Genetics Analysis (MEGA) software

version 4.0. Molecular Biology and
Evolution 24: 1596-1599.

Thompson, J. D., T. J. Gibson, F. Plewniak,

F. Jeanmougin and D. G. Higgins. 1997.
The CLUSTALX window interface:
flexible strategies for multiple
sequence alignment aided by quality
analysis tools. Nucleic Acids Research
25:4876-4882.

Upadhyay, A. S., B. G. Kulkarni and A. K.

Pandey. 2014. Migration in prawns with
special reference to light and water
current as inducers in Macrobrachium
rosenbergii. Journal of Experimental

Zoology, India 17(1): 33-48.



	頁面 1
	頁面 2
	頁面 3
	頁面 4
	頁面 5
	頁面 6
	頁面 7
	頁面 8
	頁面 9
	頁面 10
	頁面 11
	頁面 12
	頁面 13
	頁面 14
	頁面 15
	頁面 16
	頁面 17
	頁面 18
	頁面 19
	頁面 20
	頁面 21
	頁面 22

