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Abstract

BACKGROUND: Ecological functions of irrigation ponds
were well known fact that important for biodiversity
conservation in agricultural ecosystems. However, many
irrigation ponds were destructed with changes of
agricultural environment. The objective of this study is to
appreciate the importance of ecological functions of
irrigation pond. Furthermore, it presented to useful
information for restorations of irrigation pond from
analyses of correlations between benthic macroinvertebrate
communities and locational factors of irrigation ponds.

METHODS AND RESULTS: Benthic macroinvertebrate
sampling was conducted from 2010 to 2012 at 15 study
ponds. Comparisons of benthic macroinvertebrates
diversity approached species richness and density, and
statistical analyses were performed using independent
t-test. A total of 131 species / 137,118 individuals of benthic
macroinvertebrates were recorded during study period.
Dominant taxa of benthic macroinvertebrates included
Coleoptera, Hemiptera, and Odonata. Generally, benthic
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macroinvertebrate diversity in mountain region and
existing ponds were showed higher than open field and
created ponds, respectively. DCA ordination showed that
benthic macroinvertebrate community was most correlated
with locational characteristics of irrigation pond, and it
correlated with bank type and age of pond.
CONCLUSION(S): In conclusions, in order to restore
ecological irrigation pond, it is necessary to consider
environmental factors such as locational characteristics and
bank types.

Key words: Agricultural  biodiversity, Benthic
macroinvertebrates, Irrigation pond, Paddy field ecosystem
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o] IdA s sto], ety B SHXE T
758 SHKim et al, 2011).
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AN G F- 2T TAEAY e A 7R
7 de] AT AE PR oF, oFE A veksh
AoflA wolgo® Fast AEHH AHE AU Utk
(Pennak, 1989; Yoon, 1995). AA4 t@F-2F55 4
& F7 355 (Annelida), S1A%EE(Mollusca), 24|
FE(Arthropoda) 0.2 AW, HAFE 7led 53
a4kl H(Ephemeroptera), A% (Odonata), =HA
H(Hemiptera), =¥ (Coleoptera), I2]¥(Diptera)
o FAEE T giES AHshe AoE deA 9l
THMcCafferty, 1983). A4/ EFHF5=2 SALEA
YoM E F23 A5 AU 5102 A4 thHan ef
al, 2007). Han 5(2007) w188 X335 1= iAol A2
ke FANFH TR tist AE Fetel, = A
oF 22258 FAFHFFES 7158 Bt vk Sl AAA
QEZ 555l st A7+ -2 ARE THCE oF

il

ojglon, FAC AxY dFFAFsE Tl tigt A4+
=l Hdl FAJ s Hs AT FE A 5
2o thet Agt o] Fo| Xt Bae et al, 2004; Lee ef al,
2009; Jeong et al, 2010; Lee et al, 2011). 3 W& 5
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et al, 2012; Son et al, 2012).
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Fig. 1. Descriptions of the study area and survey ponds in paddy fields (GHS, GyeongGi-Hwaseong; CYS,
ChungNam-Yesan; CHS, ChungNam-Hongseong; GUJ, GyeongNam-Uljin; JDY, JeonNam-Damyang; GAS,
GyeongGi-Anseong; GSW, GyeongGi-Suwon; JGS, JeonNam-Gokseong; ¢, created pond; e, existing pond; £, flooded

fellow paddy field).
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Table 1. List of environmental characteristics and locational characteristics in survey irrigation ponds
Environmental characteristics Locational characteristics
Study site  Bank Pond shape Area  Depth Altitude MDF Forest .Paddy Upland  Urban
type (m’) (m) (m) (m) (%) field (%) (%) land (%)
GHSel soil rectangle 744 0.72 128 17 83.58 13.00 1.78 0.20
GHSe2 soil circle 21.2 0.83 118 18 83.58 13.00 1.78 0.20
CYSe soil triangle 10.0 0.46 67 51 46.15 38.58 4.04 8.92
CYSc soil rectangle 30.0 0.27 67 50 46.15 38.58 4.04 8.92
CHSe soil triangle 33.2 0.48 93 2 58.32 18.41 16.75 6.53
CHSc rock rectangle 221.0 0.47 49 34 42.82 28.37 17.35 7.75
CHSf soil rectangle 901.0 0.35 107 32 68.78 13.60 13.79 3.25
GUJel soil rectangle 70.0 0.49 147 4 66.08 15.12 11.17 5.35
GUJe2 soil rectangle 37.8 0.31 143 7 66.08 15.12 11.17 5.35
JDYe rock rectangle 207.5 1.20 52 264 13.17 65.92 1141 348
JDYc rock rectangle  1127.7 0.28 173 54 31.92 4422 14.99 5.35
GASf soil triangle 187.0 0.18 110 1 84.68 14.82 0.00 0.00
GSWcl soil triangle 36.0 0.12 28 254 4.55 21.53 10.48 46.96
GSWc2 soil rectangle 15.0 0.17 27 324 4.55 21.53 10.48 46.96
JGSe soil triangle 95.4 0.50 147 6 35.83 17.00 37.00 5.27
Mean 204.48 045 97.07 74.53 49.08 25.25 11.08 10.30
S.D. 338.93 0.29 46.57 109.14 27.36 15.29 9.11 15.16
*c, new created pond; e, existing pond (old created pond); f, flooded fellow rice field
*MDF, Minimum Distance from Forest
a2 AR F CHSfSF GASE= +=2] 71 o o v 48705 e B A9 SHelM i At
RS SR 8 Row I fARE 715 S ) i olFolFl o, Wl et SHleld R VIEE AlstH
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Z|(Shredders), T™+=2|(Gathering-collectors), Z2&™
8] (Filtering-collectors), 2% =72 (Plant-piercers),
ol =H2]|(Predators) 2 T3l tHMerritt ef al, 2008).
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gk #4121, 1 £ Y7 E(Minimum Distance
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w9 A EA W gz i AAMA tiFEE
=2 724 5492 DCA (Detrended Correspondence
Analysis) AFHORE BAgleom, F 59 oS
MRPP (Multiple Responses Permutation Procedure) 7|
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o 4 9 fARE 242 PC-ORD program ver. 6
(McCune and Grace, 2002)& ©]£-3}3it]
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AE 7} 255 1t independent t-testE ©]-8-3F3ith A
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Table 2. Comparison of density (Mean+S.E.) in fish and amphibian according to Locational type and age of irrigation
ponds

Mountain Open field €Ys CHS IDY
Taxon region region Existing ~ Created  Existing  Created  Existing  Created
pond pond pond pond pond pond
Fish 4.60 21.83 32.83 90.00 0.00 0.00 52.00 11.17
+1.77 +7.40 +20.52 +49.68 +0.00 +0.00 +15.54 +11.17
p-value p<0.05 N.S. N.S. p<0.001
Amphibian 157.40 27.50 68.50 75.33 320.40 14.20 417 16.50
+60.51 +8.24 +43.12 +47.36 +210.93 +14.20 +3.97 +12.30
p-value p<0.05 N.S. N.S. N.S.

*Bold letters: significant difference by independent t-test between mountain region and open field region, existing pond
and created pond, respectively. N.S. means that not significant difference by independent t-test
*CYS, ChungNam-Yesan; CHS, ChungNam-Hongseong; JDY, JeonNam-Damyang

A. Species richness

Coleoptera
29.01%

Trichoptera
0.76%

_/_Platyhelminthes
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Ephemeroptera

0.76%
B. Species density
Diptera
5.19%
Coleoptera
23.79% Trichoptera

0.00%

Platyhelminthes
0.02%

Plecoptera
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Fig. 2. A. Species richness and B. Species density compositions of benthic
macroinvertebrates in agricultural irrigation ponds.
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difference by independent t-test).
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Table 3. Comparison of diversity (MeantS.E.) of benthic macroinvertebrates according to different locational type of
irrigation ponds and benthic macroinvertebrate taxonomic groups

Locational type Platyhelminthes Mollusca Annelida Crustacea Aquatic insects
o Mountain region 0.00+0.00 4.00+0.29 0.65+0.14 0.19+0.06 22.19+0.78
Species richness - -
Open field region 0.02+0.02 3.96+0.29 0.50+0.11 0.21+0.07 16.77+0.73
p-value N.S. N.S. N.S. N.S. p<0.001
Densi Mountain region 0.00+0.00 417.53+37.42 5.86+2.41 28.37+10.71 1233.53+82.33
ensi
vy Open field region 0.56+0.56 282.65+26.52 12.92+4.15 32.00+11.49 915.13+60.99
p-value N.S. p<0.001 N.S. N.S. p<0.001

*Bold letters: significant difference by independent t-test between mountain region and open field region, N.S. means
that not significant difference by independent t-test
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10 4 T
0 T
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3000 ]
2500 ]
2000 ]
1500 -
1000 1 .

0 :
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o
3
3

Density (No. of individuals / CPUE)

Fig. 5. Comparison of benthic macroinvertebrates diversity (species richness and density) between existing
and created irrigation ponds. Error bars indicate standard error (*p < 0.05, **p < 0.01, **p < 0.001
significant difference; NS, Not significant difference by independent t-test).
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Fig. 6. Denterended Correspondence Analysis (DCA) ordination on benthic macroinvertebrate communities
in agricultural irrigation ponds. Individual numbered data are based on the spring season survey. Closed
and open circle indicate irrigation pond in mountain region and open field region, respectively.
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& Az ow A AAA e Tkt Fol A
O]WYoon et al, 1989 Merrit t et al, 2008). IAs =
& B ol vl - UER FHsGIE, o) 74
o] L o] H|wA L—_p_ wro] dAlsEe] AAske
2t AAA EAS Bol7] witelthMeyer and Whiles,
2008). L3l 3o =9 Ae BB F= A Ao} de=
¢ 2 Ao E Y=, o= A AAel g &
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AsIS7] wiirolth. Ajtehiatol= 84 wistel] thsh i
A g}l sEeo] Fob wek 4l RdE AAAHe| g WA
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Ad Zlow FAHEE, o Bl vlg) = e
A =1 HellA 2 HEE HRl ZA0® AdEtiLee et
al, 2012). 3FH 2 AFolx= dubaow FAEHANA =
& WEE Kol AA|Eo]f(Tubificidae spp.)9} 2T+
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of ost Avjz ey UnkA o ® Ax|PolFe} ZAutE
= 27 o] Bo wrg Adals Ao oA glon)
Aol EAE olgsto] FE Fxdel st A
Fsto] A Eéo]vﬂ- Z7E AR EA e e i
G¥thKang and Chung, 2010).
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785 &0l BYflol 527 wie] T2 Fofl 27 el
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Q—z}_l@r uil OO]:HE Eo] lr_O “]Ei /\1)\13].0% zlo}u%%_tfig]

10

o] Holxpgo] FH3L(Kim ef al, 2012), 5= A2l
vlal] wgdes, Aakes, Sd1AE F FobdeTert 9

n 5(2007)°] Hxs = =
Eia= ?Aﬂ%&%%% 222%2] 59%% AFA|git}. 3HA|WF Han
5(2007) =WEFe} AFTFE FAF AT =l 23819l
om, 10d It A=9 = £, 7 solM AR A3E
elatolet. Wi 2 At A= 39 2k 87l A9 FRvhe
, AR ZE = el A8k i A
A P FHFFE0] wHol AAE Aow FAdc) Bt
Bae 5(2004)3} Lee 5(2011)°] 73+ =l Hoj 52l
FEZNA 27 F 1355, 131%59] AAA d¥TFATFEE
o] Z¥st A vual & o, P v =& A 71

= AWtk & 5 glrk

Z/\].gOﬂOD

UXH |4 &
Clkd
S S ol Ashe A e
¥of & A A= o7 dHA UthWilliams ef
al,, 2003; Thiere et al, 2009; Hamasaki et al, 2009;
Ruhi et al, 2013). ¥ A% AREA ] 28 51
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Hamasaki et al, 2009; Ruhi et al, 2013). A% 54
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