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BB YR KB AR A o3 2 W RIS R A o B KRB (Macrobrachium
japonicum, de Haan, 1849) F 2 WP 2 i85 241 - eRPIfEAT) mifoies
AHFFERL 2007 4F 4 H 2 2009 47 7 BAEFH LS - A RARVERER S - TREE
TBIRANEE - TReT E R H 2 BRI o JRERYE 10 fEE R 653 E{E#E (H AR
BE By 586 € ) » 4 HIl B KRB (M. japonicum) ~ FE 88 (M. austral) ~ &858
i (M. formosense) ~ EE EM (M. lepidactyloides) ~ B\ 7B (M. placidulum) ~ &
BB (M. lar) ~ FEFSIEME (M. latidactylus) ~ B A3 (M. nipponense) ~ F4531
(M. jaroense) R FaM M (M. latimanus) © 45580 > JEMRADES i S lEess B By
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EAR (19:40-23:40) > HARy N 441K (23:40-03:40) > H K 2 {7 % 07:40-11:40 K
11:40-15:40 {EA (& 8 EWHERS - (A [FP0fE EH 03 R R S - RERT 73R
3fEMEA B AR HIARNARATF2FEEH  F2AsE0RE > B
SR - BEEE - BV - Be0i - IR - BHGRKERDEE
53 T RECRA > BFETEIER K H A - AWt 2 9 BRI A B R A %
fEAE 2 T - TEAE A1 AR R RS R -

RS « WIHPHE B - FW - BEER 68

Abstract

Freshwater prawns in Taiwan are mostly amphidromous. A preliminary upstream
migration study on Macrobrachium japonicum (de Haan, 1849) was published, but the
remaining species are still to be discussed. In this study, improved sampling equipment
was used to collect Macrobrachium juveniles in the Hsiukuluan River from April 2007
to July 2009 to investigate their all-day upstream migration characteristics. A total of
653 individuals, including 576 juveniles, of 10 Macrobrachium species were collected,
specifically M. japonicum, M. austral, M. formosense, M. lepidactyloides, M. placidu-
lum, M. lar, M. latidactylus, M. nipponense, M. jaroense, and M. latimanus. The results
showed that the peak period of juveniles migrating upstream occurred in the early night
(19:40-23:40), followed by the second half of the night (23:40-03:40). There were fewer
than 10 upward tracking individuals in the two periods of 07:40-11:40 and 11:40-15:40
in the day. Three types can be roughly categorized according to the different months of
upstream migration and water temperature. First is the annual type, that is, M. japoni-
cum occurred almost all year round; the second is the high temperature type, including
M. austral, M. formosense, M. placidulum, M. lar, M. latidactylus, M. jaroense, and

M. latimanus; the third is the low-temperature type, including M. lepidactyloides and
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M. nipponense. The results of this research will be helpful for future studies of various

Macrobrachium species, especially the migration characteristics of most of the Macro-

brachium species that have yet to be clarified in Taiwan.

Keywords: Amphidromous, Macrobrachium, upstream migration, Hsiukuluan River,

Taiwan
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Fig. 1. Map of the Hsiukuluan River, located in eastern Taiwan. The solid circle indicates the position of

fishway trap (Chen et al. 2021)
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2. PREERHLE ¢ (A) N TIEHERLT 20m ~ 5 1.5m ~ %8 25cm Z K530 > FEBHEISCEIERZ 2 430
AMESERZ 7 Sm s (B) ATk E i - s E ROEER S =5y - (O E[E S
B o SIEE KR IT A (B 2021)

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 (Chen et al. 2021).
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3. PRERE < P E IR (BREE 2021) -
Fig. 3. A picture of fishway trap (Chen et al. 2021).
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1 FAEEREFTER 10 AR K A BRI RTE /3L (2007 5 4 HE 2009 7 H ; B&&H
7 A IFEZ 15:40 Z FFTERIEA(E G L 22 & > HrpEEig R = Tmm BI4086H 10 & > lifeH
12 &)

Table 1. The percentages and frequency distributions of 10 Macrobrachium spp. collected from the
Hsiukuluan River in different months, April 2007 to July 2009. (A total of 22 individuals were
collected before 15:40 in the A period of each month, including 10 juveniles with a carapace
length = 7mm and 12 adults.)

Species Months Total Ratio
P Jan | Feb | Mar | Apr | May | Jun | Jul |Aug| Sep | Oct | Nov | Dec | number (%)
M. japonicum 6 3 5 9 57 19 | 41 12 | 185 6 7 4 354 54.21
M. australe 2 2 9 24 | 30 | 47 39 1 2 156 23.89
M. formosense 11 3 13 2 32 3 64 9.80
M. lepidactyloides 1 4 6 3 4 2 9 29 4.44
M. placidulum 1 2 10 1 4 18 2.76
M. lar 9 9 1.38
M. latidactylus 5 2 1 8 1.23
M. nipponense 1 1 1 1 1 1 1 7 1.07
M. jaroense 3 1 4 0.61
M. latimanus 4 4 0.61
Total number 9 5 9 25 | 112 | 57 | 105 ] 14 | 278 | 10 10 19 653 100
300
250 +
(_g 200
E i
=
o
=
“5 150 ~
&
0]
.g —_—
S 100 ~
=
50 A
ol m s IR e [
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

[ 4. 5 H o Esk bR S 8y H ISR -

Fig. 4. Frequency distributions of total individual of Macrobrachium spp. collected from different months.
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2. F5 Ak IR T ER 10 M H IR ARG HH R 2 oy bR RO A3 AT [2007 A 4 H E 2009 7 H AR
PH M R 5T E LR 1240 > 43 Bl A 1-2 (CL = 2.0mm) ~ 2-3 (2.0mm<CL = 3.0mm)
3-4 3.0mm<CL = 4.0mm) * 4-5 (4.0mm<CL = 5.0mm) * 5-6 (5.0mm<CL = 6.0mm) * 6-7

(6.0mm<CL = 7.0mm) ~ 7-8 (7.0mm<CL = 8.0mm) * 8-10 (8.0mm<CL = 10.0mm) ~ 10-15
(10.0mm<CL = 15.0mm) ~ 15-20 (15.0mm<CL = 20.0mm) ~ 20-25 (20.0mm<CL = 25.0mm)
25-30 (25.0mm<CL = 30.0mm)] °

Table 2. Frequency distributions and percentages of carapace lengths for 10 Macrobrachium spp. collected
from the Hsiukuluan River, April 2007 to July 2009 [The individuals were separated into 12 size
groups depending on the carapace lengths as follows: 1-2 (CL = 2.0mm), 2-3 (2.0mm<CL = 3.0mm),
3-4 (3.0mm<CL = 4.0mm), 4-5 (4.0mm<CL = 5.0mm), 5-6 (5.0mm<CL = 6.0mm), 6-7
(6.0mm<CL = 7.0mm), 7-8 (7.0mm<CL = 8.0mm), 8-10 (8.0mm<CL = 10.0mm), 10-15
(10.0mm<CL = 15.0mm), 15-20 (15.0mm<CL = 20.0mm), 20-25 (20.0mm<CL = 25.0mm), and
25-30 (25.0mm<CL = 30.0mm).]

Species Carapace length (mm) Total
1-2 | 2-3 34 | 45 | 56 | 67 | 7-8 | 810 |10-15|15-20|20-25| 25-30 | number
M. japonicum 20 55 140 | 103 7 2 1 4 9 12 1 - 354
M. australe 1 6 18 60 41 17 3 6 4 - - - 156
M. formosense - 3 4 15 21 7 5 2 3 4 - - 64
M. lepidactyloides - 7 13 7 1 - - 1 - - - - 29
M. placidulum 1 6 4 1 - - 1 1 2 2 - - 18
M. lar - 4 1 - 3 - - - - - 1 9
M. latidactylus - - - 6 1 1 - - - - 8
M. nipponense - - - - 1 2 2 - 2 - - - 7
M. jaroense - - 4 - - - - - - - - - 4
M. latimanus - 4 - - - - - - - - - - 4
Total number 22 85 184 | 192 75 28 12 15 20 18 1 1 653
Ratio (%) 3.37 | 13.0228.18 {2940 11.49 | 429 | 1.84 | 2.30 | 3.06 | 2.76 | 0.15 | 0.15 100

12
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3. FHALEIRTER 10 UGERAE 6 (HF FERFE 2 H oL AR AR (A BB ¢ 15:40-19:40 ~ B FFES
19:40-23:40 ~ C B E% © 23:40-03:40 ~ D HF B © 03:40-07:40 ~ E B E& © 07:40-11:40 ~ F HF & ¢
11:40-15:40 ; REEEHG A B 15:40 Z HiFT &R (ERS I 22 &)

Table 3. Frequency distributions and percentages of six different intervals of time for collecting
individuals of Macrobrachium. (The intervals 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; excluding the total of 22 individuals collected before 15:40 from the A period of each

month.)
Species The intervals of time for collecting individuals | Total
A B C D E F number
M. japonicum 45 136 71 88 3 5 348
M. australe 38 61 37 12 1 - 149
M. formosense 16 27 11 6 1 1 62
M. lepidactyloides 8 8 6 4 - - 26
M. placidulum - 11 1 3 - - 16
M. lar 1 4 3 1 - - 9
M. latidactylus 1 3 3 - 1 - 8
M. nipponense 1 1 2 - 1 - 5
M. jaroense - 3 - 1 - - 4
M. latimanus - 3 - - - 1 4
Total number 110 257 134 115 8 7 631
Ratio (%) 17.43 | 40.73 | 21.24 | 18.22 1.27 1.11 100

2 4.2007 - 4 H 2 2009 £ 7 H B H IS (REE S H 17 A FRE 15:40 ZFIFTER
ER41EE 10 &)

Table 4. Frequency distributions of Macrobrachium spp. juvenile in different months from April to
December of 2007, January to December of 2008, and January to July of 2009. (Ten larvae
collected before 15:40 in the A period of each month were not included.)

Years Months Total
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | number
2007 - - - 3 18 14 26 - 273 4 1 0 339
2008 1 0 1 0 12 2 13 13 - 4 8 14 68
2009 5 3 4 7 63 36 51 - - - - - 169
Total number| 6 3 5 10 93 52 90 13 ] 273 8 9 14 576
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Fig. 5. Frequency distributions of individuals of different Macrobrachium spp.
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2 5.2007 ~ 2008 fz 2009 SAEFTER 10 FOARAHEHIH SRR
Table 5. The total numbers of different juvenile species in 2007, 2008, and 2009.
The numbers in parentheses indicate total sampling frequency in each year.

Species Years | Total
2007 2008 2009 | number
M. japonicum 234 40 52 326
M. australe 52 3 84 139
M. formosense 30 4 15 49
M. lepidactyloides 5 14 6 25
M. placidulum 4 3 5 12
M. lar 8 - - 8
M. latidactylus 1 1 5 7
M. jaroense | 3 - 4
M. latimanus 4 - 4
M. nipponense - - 2 2
Total number 339(8) | 68(11) | 169(7) 576
Spp. number 9 7 7 -

7 6.2007 £ 4 H 2 2009 £ 7 H ATk 10 HABERANEGHY H HISHE

Table 6. Frequency distributions of Macrobrachium spp. juvenile in different months from April 2007 to

July 2009.
. Months Total
Species
Jan | Feb | Mar | Apr [May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | number
M. japonicum 5 3 1 4 50 | 16 | 36 11 | 184 | 6 7 3 326
M. australe - - 2 3 20 | 28 | 46 - 39 - - 1 139
M. formosense - - - - 6 3 6 2 30 - - 2 49
M. lepidactyloides - - 1 3 6 - - - 3 2 2 8 25
M. placidulum - - - - 8 - 1 - 3 - - - 12
M. lar - - - - - - - - 8 - - - 8
M. latidactylus - - - - - 5 1 - 1 - - - 7
M. jaroense - - - - 3 - - - 1 - - - 4
M. latimanus - - - - - - - - 4 - - - 4
M. nipponense 1 - 1 - - - - - - - - - 2
Total number 6 3 5 10 | 93 | 52 | 90 13 | 273 8 9 14 576
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% 7. HIRANEGAE 6 (8 [FHF B 2 BRI AT (408G - BRI RN 7 A B A IR ¢ 15:40-
19:40 ~ B HF E% @ 19:40-23:40 ~ C B E% @ 23:40-03:40 ~ D FF E% © 03:40-07:40 ~ E BFE% © 07:40-
11:40 ~ F BFES © 11:40-15:40)

Table 7. Frequency distributions of upstream juvenile of Macrobrachium spp. in six time intervals.
(Juvenile: carapace length = 7mm; the intervals of collecting time could be divided in 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; the numbers in parentheses indicate total species in each time periods.)

Species Time intervals for collecting individuals | Total L
A B C D E F number

M. japonicum 41 126 70 86 1 2 326
M. australe 37 57 33 11 1 - 139
M. formosense 16 23 7 3 - - 49
M. lepidactyloides 7 8 6 4 - - 25
M. placidulum - 8 1 3 - - 12
M. lar 1 4 2 1 - - 8
M. latidactylus 1 3 3 - - - 7
M. jaroense - 3 - 1 - - 4
M. latimanus - 3 - - - 1 4
M. nipponense 1 - 1 - - - 2
Total number 104(7) | 235(9) | 123(8) | 109(7) | 2(2) 3(2) 576
Ratio (%) 18.06 | 40.80 | 21.35 | 18.92 0.35 0.52 100

& 8. AEIFHM & I HIRANAGTE 6 B By LR A R b EE (40 IR =T AFE A
HHES 1 15:40-19:40 ~ B HFES © 19:40-23:40 ~ CHEES £ 23:40-03:40 ~ DHEES £ 03:40-07:40 ~ EHEES ¢
07:40-11:40 ~ F B#ES © 11:40-15:40)

Table 8. Frequency distributions of carapace lengths of uptream juvenile in six intervals of time. (Juvenile:
carapace length = 7mm; the intervals of collecting time could be divided 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)

Carapace Intervals of time Total Ratio [
length(mm) A B C D E F number %

1-2 - 2 20 - - - 22 3.82

2-3 13 40 14 14 1 2 84 14.58

3-4 24 75 34 49 - 1 183 31.77

4-5 35 85 36 34 - - 190 32.99

5-6 27 27 13 7 - - 74 12.85

6-7 5 6 6 5 1 - 23 3.99

Total number 104 235 123 109 2 3 576 100
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Fig. 6. The percentages of total juveniles (Juvenile: carapace length < 7mm) at 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)

m1-2 w23 m34 w45 w56 67

7. A [EIERY R 2T H s AG E B E o LEIRISHE] (2h8e © B R/NGY T Q) -

Fig. 7. The percentages of carapace length of total juveniles (Juvenile: carapace length < 7mm).
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Fig. 8. The Daily Mean Discharge of the Jui-Sui bridge station detecting the discharge of the Hsiukuluan
River from 2007 to 2009.
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Fig. 9. The mean water temperatures of each collecting month from April 2007 to July 2009.
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Fig. 10. The bars of high water temperature (WT, black bars) duration from May to September and low
water temperature (gray bars) duration from October to April at 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) on April 2007 to
July 2009.
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