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Regional and Temporal Characteristics of Aquatic Organism
Communities in Rice Paddy Fields, using Submerged Funnel Trap

Sung-Soo Yoon, Myung-Hyun Kim*, Jinu Eo, Soon-Ik Kwon, Hyung-Kyu Nam and Young-Ju Song

National Institute of Agricultural Sciences, RDA, Wanju 55365, Republic of Korea

Abstract - Extensive monitoring of aquatic organisms in rice paddy fields has been difficult due
to laborious sampling methods such as quadrat sampling using a hand net. This study aimed
to analyze temporal and regional community compositions of aquatic organisms collected with
a less time-consuming sampling method. This method involved using submerged funnel traps
in rice paddy fields. Submerged funnel traps were useful for capturing taxa containing species
that are indicative of environmental changes and highly mobile species that feed on waterbirds.
Fifteen taxa including Ampullariidae, Cobitidae, Chironomidae, Hydrophilidae and Dytiscidae
determined the community compositions. Among the major taxa, only Chironomidae resistant to
environmental disturbances represented temporal variations of aquatic organism communities in
rice paddy fields. Ampullariidae, Dytiscidae, and Hydrophilidae, which are prone to be affected
by anthropogenic activities, differed among regions.
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= w2 o] AREE Q1) (Son et al. 2012; Han et al. 2013;
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8}m (Kang and Chung 2010), EXHE AHEE ¢ =1 2ol
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Fig. 1. Map of study sites. Each point is the center of a circle with
a | km. Longitude and latitude (Cheorwon: N 38°12'11"
and E 127°14'58", Dangjin: N 37°1'58" and E 126°30'17",
Buan: N 35°46'40” and E 126°40'5" Haenam: N 34°31'37"
and E 126°33'33").
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Fig. 2. Lateral view of the submerged funnel trap for sampling
aquatic organisms in rice paddy fields (Modified from Yoon
etal.2017).
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S AR W FUZAL FAs] skl A
7|49k &8 24 (Distance-based redundancy analysis; dbRDA)
< Y513t dbRDAE AA| A 48 245 & &t
Gttt &R Th(Legendre 1999). dbRDAS] AE] 78k
modified-Gower B]-3-AHd & = (Anderson et al. 2006)E A}
|33, SEHSE A9 A7) Month)E AR 33T
23 AL Ao PIF DAY MeHo] AEYL, ¥
4§92 Monte Carlo 8@ 02 &gt E3H
Qs Afole] Aweln AEeS FAs] Astel W
E3F (Variation partitioning)& AAISFATEH A G} A
710l whet SARE LR g Zol7t Al el
37] g8 E-sEE5Es<E 4 (MRPP; Multi-response
permutation procedure)S AT £ 2 FJgt
P F= BFIe AAF7] Yl modified-Gower B]-G
NHHEE ST WATIGIUHEYS 53} 2 £7
T MAIG=2] Pearson FHEA S AASHAT FHEAH 23
(p<0.05, " >025% WFsle LF2 A7, x9E
A 4=2] Aol 5 2elstr] Y8l Kruskall-Wallis 778 2}
Nemenyi ThaH| &A1& AAISHH & §4 242 R
E4 T2 0] &3}t (R Development Core Team
2017). dbRDA, HF &34 1231 MRPPE= vegan If
7] A] (Oksanen et al. 2017)E ©]-&3 1, Kruskal-Wallis2}
Nemenyi tH5H| 2242 PMCMR 7] A (Pohlert 2017)&
2833t

orn 4

>~—_ll-

20 A
15
S
[0}
(8]
c
2 104
£
[}
a
5_
13 15 1.7
.| I I

o
Zn Y o

$A4E 24 54

FTEFOE HA AT B BE Ao A
FABES F 77 145 343} 2060770 A F ok 2AF A =
oA THE SAAPE F ZuLT} (Chironomidae), EE
o] ¥} (Lymnaeidae), =9 9 o]} (Hydrophilidae), AFH9-7 0]
I} (Ampullariidae), &3 3 2} (Corixidae), Eo2] EE o]}
(Planorbidae), &7} (Dytiscidae), =703 %, 299
o|% -3, wlH 2} (Cobitidae)oll &3 FE°] 7HE @el A
A= A9 107] BEFFo| ek (Fig. 3). & Ao JH=
T8 ERTE T ESHRE AYsH EH—‘?’—HO] E&0A o]
FHol 2 ERTEC Y ERT F ES5F. T
2o a3 St &3 T2 °i-r°ﬂ el
EgYolaht S8 ate] 43 F52 FAE Fjujgto] Eo

5= Ao ZE &HA Qlth(Yoon et al. 2017).

GG F (Coleoptera)= = TAYE ZHANA &2 F
ANE T A2 YHAW, Zolet HRYTE A
$3o] & 2ARAZFES AURE Bl A AA
9] 1% w|vtolglon Zuputel 42| o] T (Tubificidae)=
60% ©]4Fo] 31t} (Kang and Chung 2010; Han et al. 2013).
o & Aol ol Mgt | FE i} (Lee and
Cho 2004)9} AEAZZ AE-E+= ER70T (Burghelea
et al. 20119} Z& LAY FAREC] HLY 2 HE

21

171

Cob Dytlar Hyd.lar Oth

12.6
8.6
7.5
6'8 I I
Dyt Cor Amp

Taxa

Hyd Lym Chi

Fig. 3. Dominant taxa of aquatic organisms sampled with submerged funnel traps in rice paddy fields (Amp: Ampullariidae; Chi: Chironomi-
dae; Cob: Cobitidae; Cor: Corixidae; Dyt: Dytiscidae; Dyt.lar: Dyticidae (larvae); Hyd: Hydrophilidae; Hyd.lar: Hydrophilidae (larvae);

Lym: Lymnaeidae; Oth: Other taxa; Pla: Planorbidae).
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Fig. 4. Results of dbRDA and variation partitioning. (a) Triplots of dbRDA results showing community compositions that correspond to inde-
pendent variables (BU: Buan; CW; Cheorwon; DJ: Dangjin; HN: Haenam; Anu: Anura (tadpoles); Amp: Ampullariidae; Bit: Bithyni-
idae; Chi: Chironomidae; Cob: Cobitidae; Cor: Corixidae; Dyt: Dytiscidae; Dyt.lar: Dyticidae (larvae); Hir: Hirudinidae; Hyd: Hy-
drophilidae; Hyd.lar: Hydrophilidae (larvae); Lym: Lymnaeidae; Pla: Planorbidae; Vel: Veliidae Viv: Viviparidae). (b) Venn-diagram
illustrating variation partitioning of the aquatic organisms for the independent variables (¥*: p<0.01; ***: p<0.001).
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Table 1. Results of dbRDA models. Variations in community
composition of aquatic organisms collected in rice paddy
fields, explained by temporal (month) and spatial (region)

variables.
Variables df AIC F adj—R2 p-Value
Month 2 70.3 22 0.05 0.006
Region 3 66.1 37 0.23 0.001
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Ampullariidae Anura (tadpoles)* Bithyniidae* Chironomidae** Corig(idae
C
3 3 4
g T 2.0
3{ = T
3 15 2 2
oA 1.0{ == [ ’ 2 [ R
1 71 ! 1 A~ 1}}----
1 l 0.5 b [
o} 0.0 [ [ 0
June  July Aug June  July Aug June July  Aug June July  Aug June July  Aug
§ Cobitidae Dytiscidae Dytiscidae (larvae) Hirudinidae Hydrophilidae
g 2.5 . I 3 4 -
5 .0 3
i 14 | 1= T
8 15 | | A= | 1= | | 1! | | 1k
E | /= = 2] poomee
e o1 | | | 1 14 | | | F----c | ===
1) 1
| I = | L1
2 00 . 0 0 0 i
~ June July  Aug June July  Aug June July  Aug June July  Aug June July  Aug
Hydrophilidae (larvae) Lymnaeidae Planorbidae Veliidae Viviparidae
. 5 1.00 . 1.5
3 4 .
& 0.75
| | e .
1 051 ., —— }-----
“““ 1 - 1 ... 025
------- f-----] e,
0 0 0 0.00 [ 0.0
June July  Aug June July  Aug June July  Aug June July  Aug June July  Aug

Fig. S. Box-plots showing monthly variations in the log-transformed abundances of major taxa. Box plots represent medians (bold black
horizontal line), mean (black dashed lines) and 25% and 75% quartiles (box perimeters). The whiskers show 95% confidence interval,
the small circles are outliers. The results of Kruskal-Wallis test (*: p<0.05; **: p<0.01; ***: p<0.001). The small letters represent
results of Tukey’s test; for example, a and b are significantly different from each other (p <0.05) whereas neither a and ab nor b and bc

differ significantly (p >0.05).
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Fig. 6. Box-plots showing regional differences in the log-transformed abundances of major taxa (BU: Buan; CW: Cheorwon; DJ: Dangjin;
HN: Haenam). Box plots represent medians (bold black horizontal line), mean (black dashed lines) and 25% and 75% quartiles (box
perimeters). The whiskers show 95% confidence interval, the small circles are outliers. The results of Kruskal-Wallis test (*: p<0.05;
*#: p<0.01; **¥*: p<0.001). The small letters represent results of Tukey’s test; for example, a and b are significantly different from
each other (p <0.05) whereas neither a and ab nor b and ab differ significantly (p >0.05).
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