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Distribution of Fish in Paddy Fields and the Effectiveness of Fishways as an Ecological
Corridor between Paddy Fields and Streams. Kim, Jae-Ok, Hyun Sang Shin, Ji Hyun Yoo,
Seung Heon Lee, Kyu Sang Jang and Bomchul Kim'* (Rural Research Institute, Korea Rural
Community Corporation, Ansan 426-908, Korea; ‘Department of Environmental Science,
Kangwon National University, Chuncheon 200-701, Korea)

Agriculture modern environments can vary due to factors such as land consolidation
and ditch enhancement projects. But, these improvements projects can include cover-
ing-up of irrigation ditches with concrete, increasing the drop between paddy field
and drainage ditches, which might decrease the abundance and diversity of fish fauna
around paddy fields. In this study, for the management of agrobiodiversity on fish in
paddy fields, we installed a small-scale fishways between paddy fields and drainage
ditches, and evaluated the effects on the eco-connection of the paddy fields, ditches
and stream. Five fish species were recovered at the drainage ditches. The species
exhibited characteristics spawning and growth based on the paddy field. The results
indicate that the five fish species could ascend the paddy fields through the small-
scale fishways. There are no difference of species numbers at ditches of environment-
friendly agriculture paddy fields (A) and good agricultural practices (B) region, but
individual numbers were higher at the B region. This result could be interpreted as
indicating that ditch diversity was affected by positional properties rather than
farming practices because the water flow and connection to adjacent stream of B
region were better than A region. After ascertaining the fish species capable of
ascending in a pre-survey of the drainage ditches, we set up small-scale fishways at
the drop between paddy fields and drainage ditches. Three species of fish (Aphyocypris
chinensis, Misgurnus anguillicaudatus, M. mizolepis) arrived at the paddy fields via
small-scale fishways. The main movement time was from 18:00~ 24:00 and 00:00 ~ 06:00,
indicating a preference for the night time period rather than the day period for
migration. Concentrating the operation time from night to dawn seems prudent for
effective management of small-scale fishways.

Key words : paddy field, fishway, ecological corridor, irrigation and drainage ditch,
streams
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Fig. 1. The study area of Daeho reclaimed land paddy fields.
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Fig. 2. Diagram of the sampling sites at an environment-friendly agriculture paddy field (A) and geod agricultural

practices paddy field (B).
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Fig. 3. Scheme of two of the small-scale fishways. A wooden
fishway is shown on the left and a PR fishway is

R3] o HARE AT (Fig. 2). FAHE A3 = shown on the right.
Table 1. Installation conditions of the paddy field fishways.
Installation Fishway dimension Water level drop of paddy
paddy fields Material Length (m) Width (m) Slope ) field and canal (m)
Al Wooden fishway 4.0 0.3 12° 0.8
PE fishway 4.0 0.3 7° 0.5
B1 Wooden fishway 3.6 0.3 10° 0.6
PE fishway 3.6 0.3 8° 0.5
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Fig. 4. Iltustration of a trap used to catch ascending fish.
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Table 2. The length (mm) of the fish collected at the irrigation and drainage canals in regions A, B, and C region. Data in
the parentheses are the number of fish.

B Total
Species Irrigation  Drainage  Irrigation  Drainagel Irrigation Drainage
canal canal canal canal canal canal
Carassius quratus 5-¢) 81(1) 63+£14.5(5) 66:+14.9(6)
Pseudorasbora parva 7-3-0} 53+8.8(26) 53+8.8(26)
Aphyocypris chinensis 9 &7} 45+3.5(12) 42+5.5(83) 42+5.3(95)
517  Hemiculter eigenmanni 2] N.S 42+6.3(7) 42+6.3(T)
Misgurnus anguillicaudatus ») 3 N.S 101+27.3(18) 101+£27.3(18)
Misgurnus mizolepis 1|32} 82(1) 104+25.5(22) 103+£25.4(23)
Macropodus ocellatus ¥ S-5-o] 49+7.0(49) 49+7.0(49)
Carassius auratus 5-¢ 94(1) 90+19.5(4) 91+£17.0(5)
Pseudorasbora parva 3%-o] 53+6.2(4) 60+£7.7(18) 53+6.2(4) 60+7.7(18)
Aphyocypris chinensis 9} 27} 43+0.7(2) 47+£3.8(13) 46+3.8(84) 44+53(31) 461+3.8(86) 45+5.1(44)
64 Hemiculter eigenmanni X 71(1) 60(1) 57+£1.4(2) 60(1) 62:+8.1(3)
) Misgurnus anguillicaudatus v)%2]  86:+20.3(5) 83+19.3(14) 844+19.0(19)
Misgurnus mizolepis n)3e}z] 64+5.7(2) 61£19.8(2) 64£5.7(2) 61:+19.8(2)
Tridentiger nudicervicus %45 70(1) 70(1)
Macropodus ocellatus ¥E-5-0] 49+5.4(11) 49+5.4(11)
Carassius auratus 5o 29+5.1(16) 29+5.1(16)
Aphyocypris chinensis ¢ 27} 53+3.1(3) 50x4.5(15) 47+4.7(19) 49+3.3(10) 48+5.0(22) 50+4.0(25)
6.17  Misgurnus anguillicaudatus 1) 72 83(1) 70+7.6(3) 91+19.7(3) 70£7.6(3) 89+16.6(4)
Misgurnus mizolepis u]3te}=] 112(1) 77+12.3(5) 77+12.3(5) 112(1)
Maceropodus ocellatus ¥ S-30] 69(1) 69(1)
Cyprinus carpio @)+ 26(1) 26(1)
6.30 Aphyocypris chinensis $)-&7} 48+11.5(6) 47+10.0(8) 47+10.2(14)
’ Misgurnus anguillicaudatus v Dry Dry 80+5.6(5) 80+5.6(5)
Misgurnus mizolepis v]%e}=| 86-+28.5(3) 70(1) 82:4+24.7(4)
Carassius auratus 5-o 47+4.9(2) 38+7.1(2) 32+8.3(4)
Aphyocypris chinensis 927} 33+9.1(8) 41+8.8(9) 37+9.7(17)
7.14  Misgurnus anguillicaudatus 9|38} Dry 49(1) Dry 49(1)
Misgurnus mizolepis v| 322} 102(1) 102(1)
Maeropodus ocellatus ¥ 53501 63+0.7(2) 63+£0.7(2)
Carassius auratus £} 37+3.2(26) 38%+12.0(2) 38(1) 37+3.2(26) 38+8.5(3)
Pseudorasbora parva 350 43+10.6(3) 54(1) 43+:10.6(3) 54(1)
8.12  Aphyocypris chinensis $}27} 36+5.8(37) 31+4.1(28) N.D 44+4.2(14) 36+58(37) 36:+7.4(42)
Misgurnus anguillicoudatus 172 57+10.6(2) 57410.6(2)
Oryzias sinensis o %42} 29(1) 29(1)
Carassius auratus 5o} 33+4.2(23) 33+4.2(23)
Pseudorasbora parva 335} 53+3.5(2) 53+3.5(2)
9.97 Aphyocypris chinensis €} &7 Dr 33+3.71(7) Dr 38.5+5.6(67) 34+5.5(74)
“* Oryzias sinensis ) 44}z Y ) 31(1) 31(1)
Rhinogobius giurinus 25945 47(1) 47(1)
Macropodus ocellatus v S-3-¢} 32+2.6(6) 31+4.9(6) 31+3.8(12)
Aphyocypris chinensis ¢ 27} 34+2.7Q17) 37+£1.2(36)
10.11 Misgurnus anguillicaudatus w)3e) Dry 26(1) Dry 37+0.7(2) 33+6.1(3)
T Misgurnus mizolepis v)%-ekA) 31D 311
Macropodus ocellatus W&3-o] 30+2.1(2) 30+2.1(2)
Total number of species 5 gk 4 8k 6 11%
Total individuals 83 133 128 489 210 569

* and ** are significant p<0.01 and p<0.001, respectively by T-test
NS is not surveyed, Dry is temporary dry period.
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Fig. 5. The number of individuals and species of collected fish at the irrigation and drainage canals in A and B regions.
Region A is a paddy field that practices environment-friendly agriculture and region B is a paddy field conducting

good agricultural practices.
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Fig. 6. The number of individuals and species of collected fishes at paddy fields in regions A, B, and C. The upper, middle,
and bottom panels depict the environment-friendly, good agricultural practice, and conventional agriculture paddy
fields, respectively. ( ) denotes species number.
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t}(Lee et al., 1995). whebA], ) B Au)L poke] £ 7} 3led, F2 ofETldle B8 AE5He= 1?1 Ll



210

URS - Mps -

g

I

ek

colad - &

A Zyy

Table 3. The length (mm) of collected fish at the paddy fields in regions A, B, and C. Data in the parentheses are the

number of fish.

C
Date Species Al A2 B1 B2
T.L (mm) T.L (mm) T.L (mm) T.L (mm) T.L ()
Pseudorasbora parva 88(1)
5.17 Aphyocypris chinensis 47+5.9(4)
’ Misgurnus anguillicaudatus 92+13.1(33) 88+21.2(38) 85+32.9(7)
Misgurnus mizolepis 95+£14.7(79) 98+17.0(56) 87+30.6(6) 105+25.9(12)
5.95 Aphyocypris chinensis 50(1) 46+2.1(6)
’ Misgurnus mizolepis 76(1)
Pseudorasbora parva 70(1)
6.17 Aphyocypris chinensis 46+3.6(3)
Misgurnus mizolepis 54+20.7(19) 92+4.4(3) 55(1)
Carassius auratus 32(1)
6.30 Aphyocypris chinensis 21(1) 26(1) 51+2.7(5)
) Misgurnus anguillicaudatus 70+3.0(3) 77(1)
Misgurnus mizolepis 100(1)
715 Aphyocypris chinensis 33+4.2(12) 36+2.1(2) 50(1)
) Misgurnus mizolepis 651+28.9(4) 67+23.0(12) 47(1) 83(1)
Aphyocypris chinensis 36(1) 35+3.2(12) 39+4.0(6) 41+2.8(2)
8.12 Misgurnus anguillicaudatus 42(1) 58+17.0(2) 67+12.8(6)
: Misgurnus mizolepis 58+1.4(2) 72+0(2) 98+21.2(2) 98+21.2(2)
Macropodus ocellatus 56(1)
Total species 4 4 3 4 1
Total individuals 157 134 37 26 2
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Fig. 7. Seasonal variation of the body length (mm) of Aphyocypris chinensis and Misgurnus sp.
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ollAl AR o f7e] WAL FPER f-o=el 2o
= ¥slEH(Table 3). A7 =2 =M 714 @& o F7}
AL A71E 59 17deldem wpaE)el wpelx|s}
F2 A= 59 AN v e] AL A%
7 549A Y A= 88+21.2mm~98+17.0mme] &
EZE HYon, FAE 54X Y B)AE 85+32.9

mm~105+259mm¢} AR} BEE B} Kubota ef al.
(1965)2 w|FEx]|E Z7|H2 E5H3te] 15mm o] 3=
A}e], 15~50 mm= o], 50~80 mmE- #]Ale], 80mm ©]
AE Aoz ER3M o] 7|ES B 54| =ellA
AR o7 RRE A2 ST S ek 7 o
2]9] A7) 54+20.7mm~67+23.0 mmEA m|Alelz
ERT 4 YE WP Brshe dew vehid
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(Table 3, Fig. 7). 54 o]F oA AA" vjFeAe
3 el A A7)2A EoA ARt & AAs}
e Aoz B 4 9lvh(Naruse et al., 1996). =2 u] 3t}
Ao AR o] 45 Algh F X|Alol) A 2l W
AA22A W 2238 Ag-g 3} (Naruse and Oishi,
1996; Tanaka, 1999). 54 ZAMA] =3} vl2 8 QA5
l=x AXEe] glglert Bul7lE St = B& s
o] T A7l olxg B& FEX = 2tk weiA
oz npeArt 44T 4 9 A2 45422 5
A Bl ¥ W] =) B9 Fol] o] 9 F
oM YEL & Hez B 4 9lth(Tanaka, 1999).

59 o] F oM ARR 7] MASE= FHsA 3
23193, 8% F7 Hg o) Fol thi FHEHE A
Bolert 94,1049 At A =ellA A= A=
2 okt = Fo] 9t 77 Fotells ol fo) Aket .
e S8 22 AaolXul 7FE o)F =ollA] WEshe
2 FENA % oflE dolme A E o) F
e 2§ URS =B £E34F s
F2)7} 2 31v} (Suzuki et al., 2004). =3+ 7}s)ebA] &

FE2 3l = dREe] S U AL =9
ol Sl 7o Y45AHE AFF 4 9HOohiraet al.,
2005).
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DHE 550 o]FF YAez oz 2}ass
ek A3 A4S WH FAE 5% S (Bl
7zy 2= AR, o xg Ei) wipzdA] =og
2 o1FE A A4 v = w3
MBS A8 S8ty Fo1HQ) g5uFe A
Aol A} Qleh whelr, =3} w28 oEeh: of
FE dFAE 2Alslo 8% 5 7P ol% wlwrt
2 Al =g 29T S =T 5] Yt 244
7t AR AAEETE 2ARA S AESFA) A A B2
42 2 dE AZHE 7|Fo= 12:00~18:00, 18:00~
24:00, 00:00~06:00, 06:00~ 12:00=2 47)2] A7}z F
3o 20109 69 234 79 69 23l AA 2447
2R AAIsH )

FAME I A8 A G Q)M xS Ba) =oz
24 ol Fe vl njela] 280 ojxz As}
e, 3 3 00:00~06:004 7Feh o) 74AF e o} o}
Jl=F B8 olF3ldct(Fig 8). $AME 522 (B)
AXE QB nje, v Felx] 3% o]f7t o] mE o
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Fig. 8. The number of fish ascending through the paddy
field fishway during a 24-hr period in the environ-
ment-friendly (A) and good agricultural practice (B)
paddy field.

43h= Aoz vePdor 69 239 Al AE 00:00~
06:004| 7t o]l Z 2274A| 7} =8 B3 o= 2A)E
A 7H 6Y TAbA = 18:00~24:004] A|7kd|ol] 307))
A7t oz AEEn. ARE Ay = oxF
B3l 2B ofFe TR ofhE 0|43l ox
2 AR Wl=rt o B9keh(p<0.05). dubd o u|x
2|3 o Fe 2R/ F A A7 2A9F ] AL oz}
of 2 ol%3l Aoz deix 9lr}(Yanagishima and
Mori, 1951; Nakamura and Oda, 2005). 28 oA
A, A, A, A gl wel olgolut &k A
7} Aeldteta A HsA ot ool A3 Ao} e
3} ofie FEG ozl Al ojgulest ¥y
3 773}9i o} (Naruse and Qishi, 1996). t}g}r], = ojx &
FAE A2 SeF3FTFe] FHIA 42 oM olm
& AFHez dstaa gow FARGE ot A
HAIM & o] 83k Ho] o &g Ror wsln
B ATeA AxE B3 o 24T o1F F et
Al WA 7HA woker =og A offeo] He A
Ao o8 51+35mmyA o v]ReR]= 651+21.6
mmz AeHche ulde] A2 ojFil=st o A
et ol AlHE A 2 EY] BRele Ak
L a2y FRAE /HZ ] dEer dddlo
{Jeong, 2010).



212 UMS - M- FRIH -

o oFAE Al g FAlo=
A &3t AT R,

4oz 2AES, AR 944G A) 45204
T 5% 83704, sl 2ol A= 9% 13370471 AR = U
FAE $eRAE B)elME SRl 45 128704,
Wzl A 85 48970 A7 AAHUTE Ay 2 wipa
of A3 o AN, o2 aAbsle Algta} A
He ¥ Aoz AGEE 32 B, Bof, Fiol, v
e, v el § 55 *d%;‘il Aot = s 7R
315E W, & - wi2eA 28T T4 A7) gldle
Y A eE AR SRR BeIA | A4 el
Bt ol e AelRl: 2AXHY EAY AR
$ERAY B wWifzrl 32 B9 o) o gx
T st dAdel o 71 WEoz o).

ATE o2 Bl oz 2 oFE 1)
e, v, 27 35 o2 AT o1 F9 F2
ol T FrHChE ofzb)| F2 o]FE AL R
Aot meh = =g ‘n'zlﬂ‘ T UE LT HY] 2
A g oA B BES HR3lT o =F X3}
7] M e FrEee ofgka A A E o] g3k
Aol o gAY Aoz AddH.

F e A

A8 EE

Ho

Bank, J.W. 1969. A review of the literature on the upstream
migration of adult salmonids. J. Fish. Biol. 1: 85-136.
Collins, W.W. and C.0. Qualset. 1999. Biodiversity in agro-

ecosystems. CRC Press, Boca Raton. 344p.

Fusioka, M. and S.J. Lane. 1997. The impact of changing
irrigation practices in rice fields on frog populations of
the Kanto Plain, central Japan. Ecological Research 12:
101-108.

Han, M.S,, H.S. Bang, M.H. Kim, K.K. Kang, M.P. Jung and
D.B. Lee. 2010. Distribution characteristics of water
Scavenger Beetles (Hydropholidae) in Korea paddy field.
Korea J. Environ Agric. 29(4): 427-433.

Hata, K. 2002a. Field experiment on the migration of fishes
to a paddy field with a small fishway. Jap. Agricultural
Research Quarterly 36(4): 219-225.

Hata, K. 2002b. Perspectives for fish protection in Japanes
paddy field irrigation systems. Jap, Agricultural Research
Quarterly 36(4): 211-218.

Jeong, M.R. 2010. A study of habitat environmental charac-
teristics of mudfish inhabited in rice field, MS thesis,
Korea National University of Education, Cheongwon,

Korea.

Katano, 0. 1998. The community of fish in irrigatien and
drainage ditches. The book of Asakura, Tokyo. p. 67-79.

Katano, 0., K. Hosoya, K. Iguchi and M. Yamaguchi. 2003.
Species diversity and abundance of freshwater fishes in
irrigation ditches around rice fields. Env. Biol. Fish. 66:
107-121.

Kihira, H. 1983, Changes in fish fauna and environments-
fish in irrigation ditches. Freshwater Fish 9: 58-60.

Kim, I.S., Y. Choi, C.L. Lee, Y.J. Lee, B.J. Kim and J . H. Kim.
2005. Ilustrated book of Korean fishes. Kyo-Hak Sa.

KRC. 2010. The statistical data for agricultural environment.
Korea rural community corporation.

Kubota, Z., I. Matsui and T. Okahiro. 1965. Foundation stu-
dies in culturing of the Japanese loach. Reports of College
of Fisheries 14: 59-73.

Lane, 8.J. and M. Fyjioka. 1998. The impact of changes in
irrigation practices on the distribution of foraging egrests
and herons (Ardeidae) in the rice fields of central Japan.
Biol. Conservation 83: 221-230.

Lee, S.R.,, Y.H. Kim and M.G. Lee. 1995. Information resour-
ces for the establishment of tolerances on pesticide resi-
dues in water quality. Korea J. Environ Agric. 14(3):
351-373.

Mayama, H. 1978. Ecological observation on the adult sal-
mon-11. diurnal variation of upstream migration of the
adult Chum Salmon the Chitose River. Salmon Research
Institute 32: 9-18.

Nakamura, T. and N. Oda. 2003. Seasonal changes in fishes
ascending a paddy field ditch in the Naka River system,
central Japan. Jap. J. Ichthyol. 50(1): 25-33.

Nakamura, T. and N. Oda. 2005. Daily rhythms and rela-
tionship with rainfall of ascending activity of fish in a
paddy field ditch. Aquaculture Science 53(4); 349-354.

Naruse, M. and T. Oishi. 1996. Annual and daily activity
rhythms of loaches in an irrigation creek and ditches
around paddy fields. Env. Biol. Fish. 47: 93-99.

QOohira, Y., Y. Nakano and K. Yuge. 2005. Environmental
restoration target of irrigation and drainage channels
based on the observation of the aquatic animals. Sci.
Bull. Fac. Agr., Kyushu Univ. 60(2): 233-251.

Park, Y.K., K.H. Park, J.B. Joo, K.S. Kyung, B.S. Kim, J.S.
Shin, G.H. Ryu, G.H. Bae and K.5. Lee. 2003. Toxico-
logical effects of pesticides on loach in rice paddy. The
Korea Journal of Pesticide Secience 7(2): 131-138.

RDA. 2002. The standard methods for registration of agri-
cultural pesticides. Notification No.2002-1 of the rural
development administration.

Saito, K., O. Katano and A. Koizumi. 1988. Movement and



= o=
spawning of several freshwater fishes in temporary
waters around paddy fields. Jpn. J. Ecol. 38: 35-47.

Sato, T., M. Sato, M. Inagaki, T. Sato, C. Anjitu, K. Tsuchida
and S. misawa. 2008. Ascending migration of loach Mis-
gurnus anguillicaudatus affected by water management
practices of paddy fields and installation conditions of
corrugated pipes as water fishways to paddy fields. Jap.
J. of Rural Planning Association 26(4): 434-440.

Shim, J.C. and L.S. Self. 1973. Toxicity of agricultural che-
micals to larvivorous fish in Korean rice fields. Tropical
Medicine 15(3): 123-130.

Shin, C.C., SK. Lee, Y.B. Kim, Y.H. Kim and J.K. Roh. 1987.
Changes in susceptibility of Killifish (Oryzias latipes) to
three pesticides with growth. The Korea Journal of Pes-
ticide Science 6(1): 50-60.

Suzuki, M., M. Mizutani and A. Goto. 2001. Trial manufac-

tures and experiments of small-scale fishways to ensure

|

ol

7} 213

oE!

o
=

both upward and downward migration of freshwater
fishes in the aquatic area with paddy fields. Ecol. Civil
Eng. 4(2): 163-177.

Suzuki, M., M. Mizutani and A. Goto. 2004. Effects of con-
nection of paddy fields, ditch and stream through small-
scale fishways on fish fauna. Irrigation, Drainage and
Rural engineering Journal 234: 59-69.

Tanaka, M. 1999. Influence of different aquatic habitats on
distribution and population density of Misgurnus anguil-
licaudatus in paddy fields. Jap. J. Ichthyol. 46(2): 75-81.

Yanagishima, S. and S. Mori. 1951. Relation between activity
and glycogen contents of the Japanese loach. Mem. Coll.
Sci. Univ. Kyoto, Ser. B. 20: 1-6.

(Manuscript received 20 May 2011,
Revision accepted 14 June 2011)



