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Abstract

Twenty—four wetlands including crater lakes of Jeju Island were surveyed
from 2004-2008 to understand the distribution patterns of indigenous aquatic
insects, examine the dynamics of species diversity along the altitudinal gradient
and test the Rapoport’ rule on the aquatic insects community. The conclusions

of this study are as below.

1. Overall, 3327 individuals comprising seven orders, 31 families, 68 genera, and
92 species were identified in the 24 surveyed sites. The site with the most
varied number of species(n=50) was Dongbaeckdongsanmot. Saraak displayed the
most abundant number of individuals(n=534). Generally, the lowlands and
midlands contained many species, with few in the highlands.

2. One species of the genus Ephemeloptera, 23 of the Odonata, one of the
Plecoptera, 21 of the Hemiptera, 41 of the Coleoptera, three of the Trichoptera,
and two of the Diptera were identified in this study.

3. Lyriothemis pachygastra was found in 19 sites, and the most widely
distributed species in 24 sites, followed by Ischnura asiatica, and Sigara
substriata(n=18 sites for both), and Anax parthenope, Orthetrum albistylum and
Anisops  ogasawarensis(n=17  sites for both) and Plea (Paraplea)
indistinguenda(n=16 sites). In the 7 orders identified, the aquatic insects in the
orders Hemiptera and Odonata were most widely distributed, perhaps reflecting their
capability of flight and superior adaptation behaviors.

4. Eighteen species including Gynacantha japonica were found only in one site, 14
species including Platycnemis phillopoda were resent in two sites, and five species
mcluding Epophthalmia elegans were detected in three sites.

5. Lethocerus deyrollei, the largest aquatic insect inland and an endangered

species, was found in 16 lowlands, indicating that Jeju Island wetlands remain a

_iv_



suitable habitat for aquatic insects, highlighting the importance of preserving
such habitats from destruction and pollution-related degradation.

6. Order Coleoptera family Hydrochidae, Hydrochus japonicus Sharp, and the
sole species of the order Hemiptera, family Omaniidae, genus Corallocoris,
which have not been hitherto reported in Korea were detected in one site.

7. Within 92 species, 71(77.2%) were carnivore, 14(15.296) were herbivore, 5
(5.4%) were omnivore, and 2(2.296) were detritivore.

8. The mean value of the dominance index(DI) was 0.245; the highest value
was acquired from Muljangol with 0.772. In general, the DI was high in
wetlands located in highlands. The mean value of the diversity index(Il’) was
3647, with Dongbaeckdongsanmot showing the highest value(4.971). Generally, H’
of wetlands located in lowlands and midland were high, but those of highlands
was relatively low. The mean value of the R’ was 5094, and
Dongbaekdongsanmot showed the highest value(9.156). Like the H’, the richness
index(R’) of the lowlands and midland were relatively high, compared with those
of the highlands.

9. The mean value of the relative density(RD) was 0.673, with the highest value
in Mulyeongari(0.906). Generally, the RD values from the midland wetlands were
relatively high. The mean value of the evenness index(EI) was 1.165, with the
highest value displayed by Suworimot(1.364).

10. Relative abundance(RA) analysis revealed abundant species twice in six sites
including Dongbaekdongsanmot, and once in nine sites including Fouksaemimot.
Rare species were found 15 times in Muljangol, seven times in Eoseungsaengak,
four times in Baengnokdam, three times in Dongsuak, and one in Saraak. Rare
species were found only in the sites at higher altitude than the Dongsuak.

11. Abundant species were found four times in Guignotus japonicus, three times
in 3 three including Gerris (Gerris) latiabdominis, once in six species including
Cloeon dipterum. Rare species were detected twice in six species including

Ischnura asiatica and one in 20 species including Ceragrion melanurum.



12. Analysis of Similarity Index(SI) within 24 sites revealed that Saraak and
Baengnokdam were similar with a values of 0.19. Within the value 1, 12 major
communities were distinguished, and communities of a similar altitude closely
grouped together. In contrast, five sites including Geolworimot revealed values
that were distant from other sites, showing unique and independent characteristics
of aquatic insect community.

13. Species richness of aquatic insects monotonically decreased with
increasing altitude showing a significant inverse correlation(r=-0.64). However,
the pattern of species richness with altitude showed a hump-shaped
relationship, with a peak in species richness at intermediate elevations when
the effects of area were removed.

14. Altitudinal range of species tended to increase with increasing altitude.
There was a positive correlation between the altitudinal range size and the
midpoint of the range size(Median) except of Hemiptera.

15. The extent of average altitudinal range of high—altitude species was
904.3m, and it was significantly wider than a 469.5m of low-altitude species.
Consequently, the species richness of aquatic insects in wetlands along the

altitudinal gradient strongly supports the Rapoport’ rule.
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Table 1. Topographical characteristics of the wetlands

studied in Jeju Island

Site Altitude  Area Depth Orient- Coordinates
Name . .
No. (m) (m)  (m) ations atitade longitude
1 Honingi 36 1,500 0.7 SE 33°24"53”"N 126" 53" 39" E
2 Suworimot 63 3,500 08 SW 33 15°30”"N  126° 16" 43" E
3 Dongbackdongsanmot 95 500 0.7 NE 33°31706"N 126" 42'55"E
4 Eouksaemimot 99 100 05 NW 337 27741"N 126" 227 22"E
5  Darinonmul 102 900 03 SW 33° 16 "46”"N  126° 17" 13" E
6  Mosanimul 125 2,500 06 NE 33307 17"N  126° 46" 19" E
7 Sanmultongmot 140 330 04 SE 3321 710"N 126" 48" 25" E
8 Gangjeongmot 142 550 06 NW 33°20°01"N  126° 16 " 36" E
9 Seonggumot 201 1,000 04 SW 33° 16 "33"N  126° 21 50" E
10 Dadorimot 209 600 05 SE 33°23740"N 126" 46 59" E
11 Geolwallimot 255 800 05 NW 33° 227 48"N  126° 18" 38"E
12 Goedreumot 300 100 04 NE 33° 28" 28"N  126° 39 32"E
13 Myeongdoammot 310 450 05 NE 33° 27'59"N  126° 36" 29" E
14 Jeongmul 357 250 05 NW 33° 20 31"N  126° 19" 40" E
15 Wonmul 362 600 04 SW 33°19°09”"N  126° 20" 47" E
16  Mulyeongari 464 2500 04 SE 33° 22 656"N 126" 41 " 42" E
17 Dongsuak 679 3,675 02 SE 33°21722"N 126" 37 42" E
18 Mulchatoreum 695 5,000 08 NE 33°31711"N  126° 40" 13"E
19  Muljangol 890 12,270 075 NE 33° 24 47"N  126° 36" 47" E
20 Sumeunmulbaengdi 996 4,000 03 NW 33°21°54"N  126° 27" 03" E
21 1100wetland 1,094 18786 03 NW 33" 21 "28"N 126" 27" 46" E
22 Eoseungsaengak 1,130 2,419 04 NW 33°23749"N  126° 29" 16" E
23 Saraak 1,306 10,690 02 SE 33°22°17"N  126° 34" 12"E
24 Baengnokdam 1,846 11,637 0.65 3 33 21729"N  126° 31 "53"E

1)Orientations are basis of Baengnokdam(site 24)

NW: North-West, NE: North-East, SW: South-West, SE: South-East
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Table 2. Dates of field survey in the study sites

Site No. Name 1st Z2nd 3rd
1 Honingi Aug. 24, 2004 Apr. 28, 2005 Jun. 25, 2007
2 Suworimot Aug. 31. 2004 Jun. 6, 2005 Jun. 12, 2007
3 Dongbaekdongsanmot Aug. 1, 2004 Apr. 9, 2005 May 11, 2008
4 Eouksaemimot Aug. 10, 2004 Jul. 31, 2005 May 13, 2007
5 Darinonmul Aug. 31, 2004 Jun. 13, 2005 Jul. 21, 2008
6 Mosanimul Sep. 17, 2004 May 23, 2005 Jun. 17, 2005
7 Sanmultongmot Mar. 6, 2004 Sep. 17, 2004 May 12, 2005
8 Gangjeongmot Aug. 23, 2004 May 19, 2005 Jul. 31, 2005
9 Seonggumot Jun. 1, 2005 May 2, 2007 May 12, 2007
10 Dadorimot Mar. 6, 2004 Sep. 7, 2004 May 12, 2005
11 Geolworimot May 22, 2004 Oct. 24, 2004 Aug. 27, 2005
127 Goedeurmot Sep. 1, 2004 May 21, 2005 Jul. 31, 2005
13 Myeongdoammot Apr. 24, 2004 Aug. 22, 2005 May 28, 2007
14 Jeongmul Aug. 20, 2004 Apr. 5, 2005 Aug. 6, 2006
15 Wonnul Aug. 29, 2004 Jun. 6, 2005 Aug. 23, 2007
16 Mulyeongari Aug. 7, 2004 Oct. 1, 2007 Jul. 13, 2008
17 Dongsuak Aug. 17, 2007 Jul. 15, 2008 Sep. 24, 2008
18 Mulchatoreum Aug. 17, 2007 May 8, 2007 Jul. 9, 2008
19 Muljangol Sep. 11, 2006 May 8, 2007 Jun. 15, 2008
20 Sumeunmulbaengdi Jul. 10, 2007 Jul. 19, 2007 Jul. 9, 2008
21 1100wetland Jul. 19, 2006 May 1, 2007 Jul. 19, 2007
22 Eoseungsaengak May 8, 2007 Sep. 13, 2007 Jul. 8, 2008
23 Saraak May 15, 2007 May. 17, 2007 Aug. 17, 2008
24 Baengnokdam Jul. 13, 2007 Jul. 31, 2007 Jul. 31, 2008
-7 -
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AT W FA4 5 AN 24379 FA= fPaikss HA 6mTH Hi
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AFtHTable 1). o]& FAE EFsle] v 2887542 &5 (PaPeEm) 7}
A4 5 8F, dFAFE(HuPo)el FEolx T 11%, AHIAHZEEA
(PaSeHe)7} &F< & 43 ™

Z e tH(Table 3). 24 579 7] WEdo] 53CTHY A4+% 5 3
3ol 162C7HA & €& AolE HY:, 19 F FFHEFL FYoFE 5 52
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Ay 29 vhe A S Y X EdAE AL TFANESTA
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(Table 3, Appendix 1, 2). o] & W= £ <k 9o 1779 T3 A
Mo A9 dAXoz FiEe Avtk #FAE FA4Ho| JfEEo JoH
A ek dokoltt. HA Eo] wal thekek g4le] FAIHa e, F8
8 5ol (Rhabdophis tigrinus), WA T-2l(Rana dybowskii), 7172 (Rana
nigromaculata)©)™ 2] £l 9ol (Pomacea canaliculata)?t HSAA5H
(Trachemys scripta elegans)®] U5 A 2183l Qo) Z7Fi= W Z(Egretta

garzetta garzetta), N7V¥l(Ardea cinerea rectirostris)’} <1 % At}
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Table 3. Types of the wetlands selected for the study

Site No. Name Code No. Super type System Sub system Class
1 Honingi PaPeEm Inland wetland Palustrine(Pa) Perennial(Pe) Emergent(Em)
2 Suworimot HuPo Artifical wetland Human made(Hu) Pond(Po) -

3 Dongbackdongsanmot PaPeEm Inland wetland Palustrine(Pa) Perennial(Pe) Emergent(Em)
4 Fouksaemimot HuPo Artifical wetland Human made(Hu) Pond(Po) -

5 Darinonmul HuPo Artifical wetland Human made(Hu) Pond(Po) -

6 Mosanimul HuPo Artifical wetland Human made(Hu) Pond(Po) -

7 Sanmultongmot HuPo Artifical wetland Human made(Hu) Pond(Po) -

8 Gangjeongmot HuPo Artifical wetland Human made(Hu) Pond(Po) -

9 Seonggumot HuPo Artifical wetland Human made(Hu) Pond(Po) -

10 Dadorimot HuPo Artifical wetland Human made(Hu) Pond(Po) -

11 Geoworimot PaPeEm Inland wetland Palustrine(Pa) Perennial(Pe) Emergent(Em)
12 Goedeurmot HuPo Artifical wetland Human made(Hu) Pond(Po) -

13 Myeongdoammot HuPo Artifical wetland Human made(Hu) Pond(Po) -

14 Jeongmul PaPeEm Inland wetland Palustrine(Pa) Perennial(Pe) Emergent(Em)
15 Wonmul HuPo Artifical wetland Human made(Hu) Pond(Po) -

16 Mulyeongari PaPeEm Inland wetland Palustrine(Pa) Perennial(Pe) Emergent(Em)
17 Dongsuak PaSeHe Inland wetland Palustrine(Pa) Seasonal(Se) Herb(He)

18 Mulchatoreum PaPeOw Inland wetland Palustrine(Pa) Perennial(Pe) Openwater(Ow)
19 Muljangol PaPeEm Inland wetland Palustrine(Pa) Perennial(Pe) Emergent(Em)
20 Sumeunmulbaengdi PaPeEm Inland wetland Palustrine(Pa) Perennial(Pe) Emergent(Em)
21 1100wetland PaPeEm Inland wetland Palustrine(Pa) Perennial(Pe) Emergent(Em)
22 Eoseungsaengak PaSeHe Inland wetland Palustrine(Pa) Seasonal(Se) Herb(He)

23 Saraak PaSelle Inland wetland Palustrine(Pa) Seasonal(Se) Herb(He)

24 Baengnokdam PaSeHe Inland wetland Palustrine(Pa) Seasonal(Se) Herb(He)

@ jeju
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Table 4. List and individual of aquatic insects observed in the 24 surveyed sites

Site No."

Total

Order Family Species . Remarks
A2 6 7 8 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 site
o e oy (Hime) 1 2 12 3. 7 3 7 H
o 3 2 2 13 1 2 2 1 1 2 U c
Coomronitne i ) 13 11 8 7 6 32 2 8 3 1 c
A 7)) fﬂe;af}]g% Za]f{é‘]an[[cum Fraeser 1 9 5 6 C
Ischnura asiatica (Brauer)
e 4 2 c i 3 4 7 6 5 7 3 2 9 2 18 C
%&gén%e}rﬁg{iae g{a%ﬂénélz]i ]phl]]apada Djakonov 9 3 2 C
st Omuma 1 1 9 3 1 1 1 1 11 C
S oo A ' & g 1l 2 3 4 3 3 4 2 7 117 C
sy panenet 2 1 C
e s semig (R i | 4 4 4 4 1 2 2 2 3 6 C
IR T
e pachgasiiggeys) A% 2 1 3 4 1 3 1 1 2 1 16 6 1 19 C
e albistam (Sekvs) 2 3 ey 1 Jo 3 4 3 3 17 C
Libellulidae g'{'ﬁij;;ﬁ] el Seks 2 3 3 L L 2 5 9 C
2 zglagi}ax}fﬁvescens (Fabricius) 3 9 3 5 C
f;gaéfz::fa]mnam (Burmeister) 9 1 1 1 1 3 1 ] C
:’g‘gf;{gl croceolum (Selys) 2 3 2 C
Sympetium depressiusculum (Selys) 9 - 1 B 3 -y 2 1 ) 13 C
Sympetrum eroticum (Selys) 1 1 4 9 1 1 1 1 11 C

Aol £44)

@ jeju
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Table 4. Continued

: 1
. . Site No. Total
Order Family Species . Remarks
I . 79 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 site
Svmpen um kunckeli (Selys)
Az Egate] 2 2 1 2 6 6 C
Odonata Libellulidae Sympetrum speciosum Oguma
412) 42) s ! ! L 2t 2 7 €
Sympetrum infuscatum (Selys)
2% 222 7 1 C
Plecoptera Nemouridae Nemoura Kub
) ) vl 7% @K ub 2 1 C
Hesperocorixa distanti (Kirkaldy)
S 1 14 15 8 5 17 3 9 4 9 C
Corixidae Sigara (Tropocorixa) substriata (Uhler)
suad S 10 6 4 14 1 1 1 6 2 10 5 19 7 4 12 1 5 18 H
Micronecta (Basilionecta) sedula
Horvath Zv}& g 1 1 1 1 3 4 7 C
N.otonecta (Paranecta) triguttata
Motschulsky 73319171 4 3 L 3 ! 4 3 ! 6 13 6 3 12 C
Notonectidae Anisops ogasawarensis Matsumura
PR e 1 1 2 10 4 7 5 4 1 4 5 4 8 71 8 17 C
Anisops kuroiwae Matsumura
S R 3 3 2 C
Pleidae Plea (Paraplea) indistinguenda
P Pl cvep. 2 1 23 18 09 10 1 2 16 7 7 3 6 1 16 C
Diplonychus esakii Miyamoto & Lee
Belostomatidae Zf A B 2p et L 8 13 2 L 6 8 C
Hemiptera A Lethocerus deyrollei (Vuillefroy)
el ° e ! 11 3 2 4 15 3 8 C
Laccotrephes japonensis Scott
Nepidae E bl 1 2 2 C
Zteln) Nepa hoffmanni Esaki
] B A Rs ) 17 6 3 2 2 2 3 3 8 C
Mesoveliidae Mesovelia oreinetalis Kirkaldy
) BedA 1 1 C
Hydrometridae Hydrometra okinawana Drake
Axao) AT A 9 2 7 L 3 €
Microvelia douglasi Scott
Veliidae 72 ) 3 1 C
Mg Aol Microvelia horvathi Lundbald
) Ry e L L 2 C
Aquaris paludum ludum(Fabricius)
Gorridac e 1 8 2 1 2 2 1 1212 7 2 2 313 C
2wl Aquaris elongatus (Uhler)
q : 3 1 C

FaaAol
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Table 4. Continued

: 1
Site No. Total Remarks
Order Family Species G 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 site
Gerris (Gerriselloides) gracilicornis 1 1 3 C
(Horvath) 5#7Hag Aol
Gerridae Gerris (Gerriselloides) nepalensis Distant 21 2 2 C
Hemiptera e AzTAY o)
= Gerris (Gerris) latiabdominis Miyamoto
o7 o] 1 5 11 2 6 9 1 4 7 24 23 37 4 15 C
Omaniidae Corallocoris sp. 1 1 C
Laccophilus difficilis Sharp C
Fcais 2 1 1 2 1 2 7 3 1 7 10
Laccophilus kobensis Sharp C
S5 ) 1 2 5 i 4
Laccophilus lewisius Sharp
[EREP F R 7 6 1 6 2 3 3 3 1 2 7 11 C
Hyphydrus j: icus Sh
CQ}TEIZHjﬂ]}M Japonicus Sharp 4 12 ) 1 3 3 4 7 C
Clypeodytes frontalis (Sharp) 2 C
EEEESY 2 9
Guignotus japonicus (Sharp) 4 29 4 13 81 367 79 7 C
e
Oreodytes kanoi Kamiya 1 1 C
=N
g}gjé‘”j[;ﬁg subtilis Sharp il 2 2 3 C
Coleoptera Dytiscidae Copelatus japonicus Sharp 5 4 16 1 1 5 C
@) ) ) AE5EEYN
Copelatus zimmermanni 2 2 C
(Gschwendtner) YA E=EU 3
GBS faponicus Sharp 5 %2 1 P 1 4 2 2 58 166 27 12 C
g EY
Agabus browni Kamiya 4 1 13 C
A 2 7 i e 1 o 1 1
Ilybius apicalis Sharp C
A 12 14 L1 31 1 5 10
Rhantus (Rhantus) pulverosus 9 1 5 C
(Stephens) °f 7] &7} 1 1
Rhantus (Rhantus) yessoensis Sharp 2 1 2 C
A 50l 7] 2187
Eretes sticticus (Linnaeus) 1 C
A=A
Hydaticus (Hydaticus) bowringi 4 1 1 4 C

Clark &4 2470

@ jeju
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Table 4. Continued

Order

Family

Site No."

Species

10

11

1213

14 16

16

17 18 19 20 21 22 23 24

Total
site

Remarks

Coleoptera
=g

Dytiscidae
N

Hydaticus (Hydaticus) grammicus
Germar Hv}EE17)

Hydaticus (Guignotites) pacificus Aube

SeeEUl

Graphoderus adamsii (Clark) 1

ohg B

Cybister (Meganectes) brevis
Aube ZAAEA

Cybister (Cybister) japonicus
Sharp  =%7)

=l = N W W

Noteridae
Az

Noterus japonicus Sharp
A2 5]

29

9 328 4 24 1

O | 100 || | DD

Canthydrus politus (Sharp) 1

egu] Bl

Gyrinidae
F0]

Gyrinus (Gyrinus) japonicus francki
Ochs =o]

Gyrinus (Gyrinus) gestroi Regimbart

FEo]

w

14

Haliplidae

BRE7]

Peltodytes sinensis (Hope) 1
FFBA=

Haliplus (Liaphlus) simplex Clark

deEIEY]

Haliplus (Liaphlus) eximius Clark

28R E7]

Hydrophilidae
o]

Laccobius (Laccobius) bedeli
Sharp H& 4= o]

Enochrus (Lumetus) uniformis
Sharp 3t 54 = "o

Hydrophilus accuminatus
Motschulsky =% @o]

Hydrochara affinis (Sharp)
AEaol

Sternolophus (Sternologphus)
rufipes Fabricius o} &4 o]

Amphiops mater Sharp 3
dEw el

=W | W | W

Berosus (Berosus) japonicus Sharp

A5 g o]

37

Regimbartia attenuata (Fabricius)
Fohu o)

TID D m D |mimm o000 |oo|iooolaoalo
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Table 4. Continued

. ib)
. . Site No. Total
Order Family Species . Remarks
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 site
Hydrochidae Hydrochus japonicus Sharp 3 1 H
Galerucella nipponensis
Coleoptera Chrysomelidae Laboissiere 22l 2 3 2 3 H
w g o1l 7]
gl 4 Galerucella sp. 1 1 H
Helodidae Helodes sp.
EESES FENE 5. 1 W 2 D
Limnephilidae Apatania KUb
SEGEY o -5 &= KUb 12 1 D
Trichoptera Phryganeidae Semblis phalaenoides (Linne)
i) g U 18 1 O
Leptoceridae Mystacides KUa
v Ao KUa 3 1 O
Tipulidae .
Diptera 2} Tipura sp- 2 1 H
i (élg(j?nomldae Chrinomus sp. 2 2 O

No. of species

22 50 41 21 32 25 29 24 18 41 32 37 28 25 32 15 10 23 14 25 12 3 11 Total

No. of individuals

41 211 164 102 87 55 70 67 57 129 91 148 78 73 174 135 70 425 94 162 175 534 137 3327

UThe wetland names corresponding to the site numbers were described in Table 1.

H: Hervivore, C: Carnivore, D: Detritivore, O: Omnivore.
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Table 5. Comparison of aquatic insect fauna observed at the present study with those of other hydric system

Area Fauna Reference

Oedo Stream, Jeju-Island 24 species, 22 genera, 17 families in 6 orders - 5, 1934
Gwangryeong Stream, Jeju-Island 20 species, 18 genera, 14 families in 6 orders - 5, 1934
Dalcheon River, Chungcheongbuk-do 60 species, 46 genera, 25 families, in 7 orders. - 5, 1935
Boseong River, Jeollanam-do 99 species, 54 genera, 22 families in 8 orders F &, 1989
Isa Stream, Jeollanam-do 62 species, 39 genera, 21 families in 8 orders & &, 1989
Upo Wetland 1site, Gyeongsangnam-do 36 species, 32 genera, 22 families in 7 orders - 5, 1939
Gapyeong Stream, Gyeonggi—-do 75 species, 52 genera, 31 families in 7 orders a5, 1990
Geum River, Jeollabuk-do 104 speices, 9 genera, 43 families, 10 orders A3t & 1992
Baenae Stream, Gyeongsangnam-—do 44 speices, 4 genera, 31 families, 6 orders Lok A, 1993
Byeonsan Peninsula water system, Jeollabuk—do 42 species, 34 genera, 22 famillies in 8 orders it} 5, 1994
Jojong Stream, Gyeonggi—do 152 species, 94 genera, 53 families, 9 orders F &, 1995
Tamjin River, Jeollanam-do 93 species 72 genera 37 families in 9 orders o 5, 1996
Tan stream, Seoul 31 species w5, 1997
Chiak Mountain water system, Gangwon-do 132 species, 44 families, 7 orders w5, 1998
Mulhan Valley, Chungcheongbuk-do 29 species, 17 families, 5 orders w, 2003

Upo Wetland 6site, Gyeongsangnam-do 103 species W 5, 2004
Geum River, Jeollabuk-do 130 species Y 5, 2006
Musim Stream, Chungcheongbuk-do Tlspecies, 36 families, 8 orders Al 5, 2008
24 sites, Jeju Island 92 species, 68 genera, 31 families, 7 orders This study
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Fig. 2. Comparative distributional diagram of species number of aquatic
insects in the sites according to altitudes.
The wetland names corresponding to the site numbers were described in

Table 1.
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Storn| 7] &3 =92 THydrochidae® Hydrochus japonicus Sharp(Asahino et
al, 1973)v= =<Golgodl A 132olA  SAHATH(Fig. 3, A). Hydrochidaew
Hydrochus LEACH & 1509, §5 FoAx FHtolof &# 7 o]t (Umit et
al., 2004, Short & Hebauer, 2006).

ole} A dam 7| E 2FQ = A ES Omaniidac¥ Corallocoriss: 9] 17
A 7F 110055 A A &2 = At (Fig. 3, B). Omaniidae= Z Al Aol 25 4F 0] A
I E A7) Imm AR AFFOR FHE PAE] AAl mAolY 1/3~1/49]
W OFE xR Ao A ZAA ZFolth T AT Azl ostd ZeEA,
A

#)9) 4% %Lt 4 5 (Lagoon), SAFAHN E Sttty whel
s}

o,
N
s
2
il
ol

At} AEo|= Corallocoris satoi Miyamoto 1&0] Q7| Aut 3H¢lo] & a1
A=t F2 v 7HgAL ® AU BE o] ye Aol H(Kawai, 2005).
slEYe WETdA & AR YEbEE FE A el Hd s
To® FHOI} 4A~45mmelH FHadMe SAFEHTE lth(Ueno et al, 1985;
Katsura, 2007).

ERT T shFaelsE 1%, 4=ds 1F, dxd 5 3F, $g5 2502 nlud

_30_



Py CNCR T
g $18 T )3,
S, wh o~ F =
7 < Nlo oy W T
S L o T oMy
< =W o T oE
S 7 il TR ﬂA
) — -y pg
o~ = — %W
g I o O o
Mn\ A~ MT B ome o o]
m Mo 2 _m,ow
% TR owow )
m Bo z(,_m Eﬁ_ WITM B e
L0
S & fip i ol mww
3 ) - T o =
< W NG
s . L
m b xu, = o W Bo
S o ¢ iR - =
s ;& < . Moo
m #.\i m B < s :i JA.WO
T il o) T o B gy B
) oMo X W g W
ol 4 = P ox E
ay 70 T oW < K
—_ o
o e =3 " [l " = T B
3 ) MU ol o o

g e A
_31 -

15358 &=

-
1.

pelut.

Collection @ jeju

e A
&



50

50 -

Fig. 4. Comparison of food pattern of aquatic insects.
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No. of site

C: Carnivore, H:

Hervivore, O: Omnivore, D: Detritivore. The wetland names corresponding to

the site numbers were described in Table 1.
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Table 6. Dominance index(DI) of aquatic insects in the 24 surveyed sites

Site No. 1 2 3 4 5) 6 7 3 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

ni” 10 4 23 18 11 1 10 14 10 9 17 16 26 7 9 32 37 21 328 23 37 8 367 719

N7 48 41 211 164 102 8 55 70 67 57 129 91 148 78 73 174 135 70 425 94 162 175 B34 137

DI 0.208 0.098 0.109 0.110 0.108 0.126 0.182 0.200 0.149 0.158 0.132 0.176 0.176 0.090 0.123 0.184 0.274 0.300 0.772 0.245 0.228 0.463 0.687 0.577
Average 0.245

The wetland names corresponding to the site numbers were described in Table 1.

Yni: the number of species [ in each site, PN: the total numbers of individuals.

Table 7. Biodiversity index(H’) of aquatic insects in the Dongbackdongsanmot

S . Cercion Ceragrion schnura ndolestes Anax Anax Crocothemis Lyriothemis Orthetrum Orthetrum Pseudothemis Sympetrum Sympetrum Sympetrum Hesperocorixa Sigara Micronecta N.otonecta
pecies hieroglyphicum melanurum  asiatica  gracilis — njgrofasciatus parthenope Servilia pachygastra albistylum melania zonata depressiusculum eroticum kunckeli distanti substriata sedula triguttata
1
No. 3 13 4 1 1 2 1 1 2 2 2 2 1 2 14 6 1 4
-2)
pi 0.014 0.062 0.019 0.005 0.005 0009 0005 0005 0.009 0009 0.009 0.009 0.005  0.009 0.066 0028 0.005 0.019

-(pD(ogopi)  0.086 0249 0.109 0.038 0.038 0061 0038 0038 0061 0061 0.061 0.061 0.038 0.061 0259 0144 0.038 0.109

H’ 4971
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Table 7. Continued

Species  Lovemuenss hkinaenss oot e hotma oebovink Shl s T o S e s Sy W s S it
No." 2 23 3 3 17 2 3 1 2 7 4 2 5 2 12 1 4 3
pi” 0.009 0.109 0038 0014 0081 0009 0038 0005 0009 0033 0019 0009 0024 0009 0057 0005 0019 0.014

-(pD(logapl)  0.061 0.349 0180 0086 0294 0061 0180 0038 0061 0162 0109 0061 0129 0061 0236 0038  0.109 0.086
"

4971

Table 7. Continued

S - Hydaticus  Graphoderus Cybister  Cybister Canthydrus Gyrinus Peltodytes Haliplus Haliplus Laccobius  Hydrophilus Hydrochara Sternolophus Regimbartia
pecies pacificus adamsii brevis Jjaponicus politus gestroi sinensis simplex eximius bedeli accuminatus affinis rufipes attenuata
1
No. 2 1 1 1 1 14 1 1 1 5 5 5 3 2
-2)
pi 0.009 0.005 0005 0005 0005 0066 0005 0005 0005 0024 0024 0024 0014 0.009

-(pi)(logzpi)  0.061 0.038 0038 0038 00368 0259 0.038 0038 0038 0129 0129 0129 0.086 0.061

H’ 4971

UNo: the total of individuals, 2>pi . proportion of individual species I.

_36_
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Table 8. Biodiversity Index(H’) of aquatic insects in the 24 surveyed sites

Site No. 1 2 3 4 5) 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

H’ 4.093 4.216 4.971 4.662 2.396 4.636 4.221 4.188 4.127 3.870 4.829 4.444 4.380 4.471 4.378 4.224 3.099 2.596 1.614 3.284 3.911 2.020 0.914 1.992

Average 3.647

The wetland names corresponding to the site numbers were described in Table 1.

Table 9. Richness index(R’) of aquatic insects in the 24 surveyed sites

Site No. 1 2 3 4 5) 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24

sP-1 22 21 49 4 20 31 24 28 23 17 40 31 36 2r 24 31 14 9 22 13 24 11 2 10

Ln(N)?  3.871 3.714 5352 5.100 4.625 4.466 4.007 4.248 4.205 4.043 4.860 4.511 4.997 4.357 4.290 5.159 4.905 4.248 6.052 4.543 5.088 5.165 6.280 4.920

R 0.683 5.600 9.156 7.843 4.108 6.941 5.989 6.591 5.470 4.205 8.231 6.872 7.204 6.197 5.594 6.010 2.854 2.118 3.470 2.861 4.717 2.130 0.318 2.033

Average 5.094

The wetland names corresponding to the site numbers were described in Table 1.

US: the total numbers of species, YLn: natural logarithm, N: total numbers.
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Table 10. Relative Density(RD) of aquatic insects in the 24 surveyed sites

Site No. 1 2 3 4 5) 6 7 3 9 10 11 12 13 14 1 16 17 18 19 20 21 22 23 24

AY 3 3 17 1 8 7 5) 9 7 8 1 & 23 6 Y29 29 19 24 16 24 58 166 27
B” oo 4 23 18 1 1 10 14 10 9 17 16 26 7 9 32 37 21 328 23 37 81 367 19
RD

0.300 0.750 0.739 0.833 0.727 0.636 0.500 0.643 0.700 0.889 0.882 0.500 0.885 0.857 0.778 0.906 0.784 0.905 0.073 0.696 0.649 0.716 0.452 0.342
Average 0.673

The wetland names corresponding to the sie numbers were described in Table 1.

YA: the number of subdominant species, “B: the number dominant species

Table 11. Evenness index(EI) of aquatic insects in the 24 surveyed sites

Site No. 1 2 3 4 5) 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

H™Y  4.093 4216 4971 4.662 2.396 4.636 4.221 4.188 4.127 3.870 4.829 4.444 4.380 4.471 4.378 4.224 3.099 2.596 1.614 3.284 3.911 2.020 0.914 1.992

LnS?  3.135 3.091 3.912 3.714 3.045 3.466 3.219 3.367 3.178 2.890 3.714 3.466 3.611 3.332 3.219 3.466 2.708 2.303 3.135 2.639 3.219 2.485 1.099 2.398
El 1.305 1.364 1.271 1.255 0.800 1.338 1.311 1.244 1.299 1.339 1.300 1.282 1.213 1.342 1.360 1.219 1.144 1.127 0.522 1.244 1.215 0.813 0.832 0.831
Average 1.165

The wetland names corresponding to the site numbers were described in Table 1.

YH': hiodiversity index, “Ln: natural logarithm, S: the total numbers of species
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Table 12. Relative abundance of the species by site

Site No. Total

Order Family Species .
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 site
Ephemeloptera Baetidae Cloeon dipterum (Linne) +
a5 2o] aebsbEare] Q1R ae] : ’ . ’ or ot !
Cercion hieroglyphicum (Brauer) N N N n b b b N N N N N p N 14
sEARA
Ceragrion melanurum (Selys) N N k. i N N N L + N N 1
Coenagrionidae Ay _
A7) Ceragrion auranticum Fraeser
Ae kel ' B ' ' ' 6
Ischnura asiatica (Brauer)
obAlobA A + + + 4+ + 4 + + + + + + + + + + + + 18
&
Platycnemididae Platycnemis phillopoda Djakonov
WA e i : ?
Lestidae Indolestes gracilis (Hagen)
B HeaAe) il 4 : i 4
Anax nigrofasciatus Oguma N 4 A p: N N " " A N N m
DL
Aeshnidae Anax parthenope Selys N e A . 4 N " N N N " " A N N N + 17
A Rl -
Gynacantha japonica Bartenef N 1
S b 2 R
CoNDuliidae Epophthalmia elegans (Brauer) N i " 3
Odonata A AR
E | Crocothemis servilia (Drury)
= + + + + + + + + + + + + + + + =+ 16
3R
Deielia phaon (Selys) . ¥ Lo+ o+ 5
A o]
Lyriothemis chygastra (Selys
Hf;zﬂff%z]ﬂa ygastra (Selys) + + + + + + + + + + + + + + + + + + + 19
&
Orthetrum albistylum (Selys)
o bl + + + + + + + + + + + + + + + + + 17
R
Orthetrum melania Selys N N " A gl N N N N 9
Libellulidae =
22} Pantala flavescens (Fabricius)
3732 Ny i i " °
Pseudothemis zonata (Burmeister)
2k 2 2 Ak + + + + + + + + 8
Sympetrum croceolum (Selys) 5
A % [
f)f;nﬂfﬁ;umjdepressiuscu]um (Selys) L " " A b Iy - i N N N 4 3
aFEHA
Sympetrum eroticum (Selys)
+ + + + + + + + + + + 11

Aol S
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Table 12. Continued

Site No. Total
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 site

Order Family Species

Sympetrum kunckeli (Selys)
RS + + + + + + 6

e

Sympetrum speciosum Oguma

szt + + o+ + o+ o+ 7
9\/171176[1 um Iinfuscatum (Selys) + 1
s A
Plecoptera Nemouridae Nemoura Kub 1
7= WA= W74 5= Y Kub N
Hesperocorixa distanti (Kirkaldy)
o + + + + o+ + + 9
=
Corixidae Sigara ( Tropocorixa) substriata . N + 2 e . . . " . . " i N N + + + 18
= (Uhler) WEHH -

Micronecta (Basilionecta) sedula

Horvath Av}&H | " ] i * * * * 7
N.otonecta (Paranecta) triguttata
Motschulsky 783112171 " < + + + + + + + + + 4 12
Notonectidae Anisops ogasawarensis Matsumura
AR AT o) goga o1 A + + + + + + + + + + + + + + + + + 17
Anisops kuroiwae Matsumura
ol 533l G4 i N ?
Pleidae Plea (Paraplea) indistinguenda
TEEdd Matsumura APl 2237 + O i + + + + o+ o+ + + + N 16
Hemiptera Diplonychus esakii Miyamoto & Lee
=317 Belostomatidae ~ ZFA1 212k i i * * X X 5 - 8
B Lethocerus deyrollei (Vuillefroy)
Ep + + + + + 4+ + 8
Laccotrephes japonensis Scott
Nepidae Zelv] il * 2
Zeln) Nepa hoffmanni Esaki
o) 22 g of 1] ++ o+ + + + + + + 8
Mesoveliidae Mesovelia oreinetalis Kirkaldy
A 24 g 1
Hydrometridae Hydrometra okinawana Drake
Aol A 72 2 o] : : * 3
Microvelia douglasi Scott
Veliidae WA eF Aol 4 !
Mgy ol Microvelia horvathi Lundbald . + 9

5 2tE e AT Alo)
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Table 12. Continued

Site No.

Total

Order Family Species .
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 site
Aquaris paludum ludum(Fabricius) . - r a . + . . . . + . 13
2wAol + +
. Gerridae Aquaris elongatus (Uhler)
Hemiptera P Y azrao) + 1
Gerris (Gerriselloides) gracilicornis . . 3
(Horvath) 5*7H e Ao]
Gerris (Gerriselloides) nepalensis
) 2
Distant ATA0] " +
[ gfgg 7(\8(;717"15) latiabdominis Nliyamoto — N N 2 s . N it 4+ N 15
Omaniidae Corallocoris sp. + 1
Laccophilus difficilis Sharp
A - . * - 10
Laccophilus kobensis Sharp
27| M 1 e 4
Laccophilus lewisius Sharp
4 ) obE k) + + + + + + + + 11
Hyphydrus japonicus Sharp
or il + + + + + 7
Clypeodytes frontalis (Sharp) " 9
w2 H &
Guignotus japonicus (Sharp)
TrupE k) + ++ + + ++ 7
Coleoptera Dytiscidae Oreodytes kanoi Kamiya + 1
wgdd il &=L -
Hydrovatus subtilis Sharp
A e JL * :
Copelatus japonicus Sharp
=B 7P o+ + + 5
Copelatus zimmermanni (Gschwendtner) " " o
A5 E 2
Agabus japonicus Sharp - . I . + . . it . . 12
B3 EYN -
Agabus browni Kamiya
BT + + + + + + + + + + 13
Ilybius apicalis Sharp . . b A A + 10

LA S
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Table 12. Continued

Site No. Total
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 site

Order Family Species

Rhantus (Rhantus) pulverosus

< + + + +
(Stephens) °§7] &7} * °
Rhantus (Rhantus) yessoensis Sharp 0 + 5
A F=ef 7] & A -
Eretes sticticus (Linnaeus)
EEERE) ki !
Hydaticus (Hydaticus) bowringi
< iy ; + + + +
Clark Z%=E%7) :
Dytiscidae Hydaticus (Hydaticus) grammicus Germar N " 9
=74 vk E N
Hydaticus (Guignotites) pacificus Aube N 1
et
Graphoderus adamsii (Clark)
PO RESPRTRt + + + = + + + 7
Cybister (Meganectes) brevis N 4 - N . | N . 8
Aube HAEZW)
Cybister (Cybister) japonicus
Sharp =X ] : | . '
Noterus japonicus Sharp
Coleoptera Noteridae A A E ) 4 4+ o+ e 9
A7) 2} A0 B} ~ i ]
Rk A7) Canthydrus politus (Sharp)
+ 4+ + + + + + + = + + + 12

e =

Gyrinus (Gyrinus) japonicus francki

I+
I+
S}

Gyrinidae Ochs  E7o]
oo o ~ - : :
Zo] 23511‘1;12 (Gyrinus) gestroi Regimbart . L, 3 - % s N A . . . 1
FEe)
Peltodytes sinensis (Hope)
Z2RAC) + + + + + + + + + + + + + 13
Haliplidae Haliplus (Liaphlus) simplex Clark
=17 gt B =7 + % i e + + + + 3
Haliplus (Liaphlus) eximius Clark . . - 2 4

SENE7]

Laccobius (Laccobius) bedeli " + 2
Sharp &4 o]

Enochrus (Lumetus) uniformis

_ + 1
Q o] Ul ] IL
Hydrophilidae ;h;rp hj} A 5] A = “3 o]
Zajuo 'vdrophilus accuminatus
Motschulsky =% @o] : i Y . !
Hydrochara affinis (Sharp) 6
Aol + + + + + +
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Table 12. Continued

Site No. Total
Order Family Species .
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 site
Sternolophus (Sternologphus)
rufipes Fabricius of& 4 o] * M M * * b 6
Amphiops mater Sharp
Hydrophilidee B9 e] . . i .. 10
Egdol Berosus (Berosus) japonicus Sharp i L
A7k g ol
Regimbartia attenuata (Fabricius) . . l, . = o . 7
Coleoptera FTUEYo]
=gy . . .
Hydrochidae Hydrochus japonicus Sharp + 1
Galerucella nipponensis
Chrysomelidae Laboissiere Y3197 s * + 3
g .
Galerucella sp. ks 1
Helodidae Helodes sp. 2
S b GEVE sp. Tk
Limnephilidae Apatania KUb N 1
FEEEE o -5 =g KUub
Trichoptera Phryganeidae Semblis phalaenoides (Linne) 1
At | it ekt *
Leptoceridae Mystacides KUa " 1
BRlisast] Ay KUa
Tipulidae .
Diptera Bk Tipura sp. * 1
ik - .
= (élg—(j?nomldae Chrinomus sp. ++ + 2

The wetland names corresponding to the site numbers were described in Table 1.

Abundant species(++), common species(+), rare species(t)
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Fig. 5. Dendrogram of the clustering of the 24 surveyed sites using chord distance.

The wetland names corresponding to the site numbers were described in Table 1.
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Fig. 6. Dominance index, relative density, evennes index, biodiversity index and richness index of aquatic

insect population in 24 surveyed sites.

The wetland names corresponding to the site numbers were described in Table 1.
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Table. 13. Comparison of indices of aquatic insects population among various hydric systems

Area Indices Reference
Gwangryeong Stream, Jeju-Island DI 046~091, H 2.32~2.07 - 5, 1984
Dalcheon River, Chungcheongbuk-do DI 0.33~0.79, H 2.51~3.57 - 5, 1985
Boseong River & Isa Stream, Jeollanam-do DI 0.19~0.95, H' 1.97-3.45 F &, 1989

Geum River, Jeollabuk-do

Rice paddy

Byeonsan Peninsula water system, Jeollabuk—do
Bangtae Stream, Gangwon-do

Chiak Mountain water system, Gangwon-do
Mulhan Valley, Chungcheongbuk-do

Upo Wetland 6site, Gyeongsangnam-do

24 sites, Jeju Island

DI 051~0.99, H" 0.000~3.69, EI 0.00~0.82
DI 0.71-0.93, H' 0.36~0.71.

H" 0~3.27

DI 0.15~0.68, 0" 1.48~3.67

DI 0.356~-0.45, 0" 3.51~3.92

H' 2.00~2.59

DI 0.3~0.89, H’ 1.35~3.77(invertebrate animals)
DI 0.090~0.772, H' 0.914~4971, R’ 0.318~9.156,
RD 0.214~0.906, EI 0.522~1.364

o &, 1992
°], 1993
5, 1994
Z ¢} =h 1995
v -5, 1998
w, 2003

il -5, 2004

This study

DI: dominance index, H': biodiversity index, EI: eveness index, R’ richness index
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Fig. 9. Altitudinal range of each species of aquatic insects along the altitudinal gradient in 24 surveyed sites.
Vertical bars indicates altitudinal range, open circle the median altitudes of each species found the horizontal dashed line and dotted

lines indicate the altitude of peak species richness and its standard error, respectively, which was estimated using equation 1
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most abundant orders. The line is the least squares linear regression line.
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Appendix 1. Climatic data of studied sites(Site No. 1~16: 1971 ~2000, 17~24: Jun. 2003~ Aug. 2006)

) Observation Average
Site No. . Factor  Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov.
point /Total

A 56 60 89 136 175 212 0.7 265 22.7 178 127 80 155
3,4,6,12,13 Jeju

B 63.0 66.9 835 92.1 88.2 189.8 232.3 258.0 188.2 78.9 71.2 44.8 1456.9

A 6.3 6.5 9.2 13.3 16.8 20.4 24.8 26.1 229 18.0 13.4 8.8 155
2,5,8,11,14 Gosan

B 479 42.0 78.6 82.0 112.6 141.0 160.0 196.8 120.3 30.8 58.2 24.5 1094.7

A 6.61 7.1 10.1 4.4 18.1 21.3 25.3 26.6 23.4 18.8 13.7 89 16.2
9,15,16 Seogwipo

B 59.4 80.6 125.6 172.2 2154 279.3 306.3 257.6 170.2 72.7 68.4 43.1 1850.8

A 5.0 5.6 89 13.3 17.1 20.7 25.1 26.3 22.7 178 12.3 7.4 152
1,7,10 Seongsan

B 78.2 80.6 126.7 143.8 160.9 242.2 286.4 289.5 196.9 9885 87.2 55.2 1840.9

A -0.8 0.3 39 11.0 14.5 18.1 21.6 21.7 18.4 12.2 83 14 109
17,18,19 Seongpanak

B 97.0 154.0 2300 362.0 627.0 478.0 438.0 632.0 404.0 90.0 2240 81.0 3,865.0

A 29 -15 W) 94 139 176 209 210 177 104 6.8 -09 9.6
20,21,22 Eorimok

B R0 %0 159.0 240.0 422.0 374.0 5130 4880 4080 63.0 1280 500 2,968.0

A -45 A 0.7 82 1165 150 185 183 150 7.8 44 -29 75
23 Jindallaebat

B 490 1100 282.0 403.0 7.0 713.0 5%0.0 750 6430 90 2450 470 4,749.0

A =7 5.2 2.8 47 95 131 165 165 133 6.5 29 -4.7 5.3
24 Baengnokdam

B 57 1130 2310 3780 633.0 583.0 603.0 651.0 511.0 .0 2000 51 4,575.0

The wetland names corresponding to the site numbers were described in Table 1.

A: average temperature(’C), B: total rainfall(mm)
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Appendix 2. Monthly climatic changes of studied sites(a, b, ¢, d: 1971 ~2000; e, 1,
Jun. 2003~ Aug. 2006).
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Appendix 2. Continued.
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Appendix 3. List of the

aquatic insects in Jeju Island

Order Family Species Korean name Reference
Cloeon dipterum (Linne) AZ 5} F2bo] A3 7(2008)
Baetidae Baetis thermicus Ueno 2 whal Aol
wwaFdel® Bgetiella japonica Imanishi ofl 5} F o]
Cloeon dipterum (Linnaeus) 27| 21} &} Ako]
Ecdyonurus kibunensis Imanishi W72 ) &2t o] 2 (1938)
Ephemeroptera Iie;tgf inéi?; Epeorus latifolium Ueno 31 e sl F Aol +(1988), 27 2(1991)
= - s
shFatel s Pseudocloeon japonica (Imanishi) 527 A m} e F o]
]‘3:5 g%?gi?ﬁﬁ Choroterpes trifurcata Ueno A &9k A 5 o] £ (1988)
Ephemeridae . . il =
s} 2po] 3 Ephemera orientalis McLachlan & et Ako]
g;eggﬁgii Serratella setigera (Bajkova) BRIt A ) +(1988)
Cercion calamorum (Ris) 5322 £(1988), 7(2001)
Cercion hieroglyphicum (Brauer) AR Z(2001)
Cercion v-nigrum (Needham) R e 7(1989), 87 7 (2006)
Coenagrionidae Cerigrion auranticum Fraeser A e gk At g (2001
A=A 3 Okamoto(1924), %(1963), 4(1970), (1984), A3} 2(1991)
. )j__‘al_/\e] ;\(:]:—X ’ » y H y H -
Odomnta Cercommeau S i Zo} 21998), B3 A(2006), A00D, A7 2(2008)
L 1(1984), =<} 7(1998), 7(1989), #(2001)
Fae] = A o} A= * ’ ' '
Ischnura asiatica (Brauer) o}A] o} 2 =g A5k 712006, 2008)
Ischnura senegalensis (Rambur) SFE o} Aol A A} 2] 2(2001)
Plat idid . . .
Hoi%y;n%n;l} . ?j Platycnemis phillopoda Djakonov g A 2R ©](1984), 7 (2001)
Lestidae Indolestes gracilis (Hagen) 7he A 21 Z o} £1(1998), #(2001)
AAe Lestes sponsa (Hansemann) R R o B 71(1989), A3 2.(1991)
-71 -
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Appendix 3. Continued.

Calopterygidae Calopteryx atrata Selys AeEAE (1970), % (2001)
=& Mnais pruinosa Selys G E- 2= 21(1970)
Gomphidae . - b
=3 A2 R A 2] 5 Sinictinogomphus clavatus (Fabricius) S gF A 7(1989), #(2001)
Aeschnophiebia anisoptera Selys R R £(1988), 7 (2001)
Aeshna crenata Hagen Fd o] F3alE] °](19 ), (2001)
Anax nigrofasciatus Oguma R e 4(2001), 83 $1(2008)
Aeshnidae ;m %(196 ), 7(1984, 1989), =2 (1998, 4(2001)
- Anax parthenope Selys AEPE B3k 71(2008)
Boyeria maclachlani (Selys) 7N w] 5 2 %= 2(2001)
Gynacantha japonica Bartenef 2= 5] 2] A1 %(1963), Okamoto(1924), 2 (2001)
Polycanthagyna melanictera (Selys) F2ts 4R Okamoto(1924), *1(1970), #(2001)
Odonata Corduii Epophthalmia elegans (Brauer) Ak A2 +(1988), #(2001)
e & ; HJ%;}Ei; % Macromia amphigena Selys A2 2(2001)
Somatochlora exuberata Bartenef ZEukakz1 g o] (1984), #(2001)
. " £ Okamoto(1924), Z(1963), 4(1970), 71(1984, 1989)
==} , )
Crocothemis servilia (Drury) T FE=3atE 2(2001), =7+ 72 (2006, 2008)
Deielia phaon (Selys) Azl g] Eol £(1988), (2001
Lyriothemis pachygastra (Selys) ul| ] = 2 +}-2) 7(1984), ZQ} Z(1998), #(2001), B3 7 (2008)
. Z(1963), 4 (1970), ©](1984), #1984, 1989), A3} 2.(1991)
=143
Orthetrum albistylum (Selys) 223 s} 713’(1998) 22001, A 71(2006, 2008)
Libellulidae Orthetrum melania Selys 2983 o](1984), A% £.(1991), £(2001), BT 1 (2008)
A1 = - Okamoto(1924), =(1963), (1984, 1989), A= 2.(1991)
p=] %X]—Z\:]I—X £l £l
Pantala flavescens (Fabricius) HE R 29} 71(1998), 71(2001)
Pseudothemis zonata (Burmeister) wghs] g =g A3 2(1991), 7(2001)
Rhyothemis fuliginosa Selys (B R ) Okamoto(1924), %(1963), 41(1970), % (2001)
Sympetrum baccha (Selys) N5 22y Bol 2(2001)
Sympetrum croceolum (Selys) IR o DA o] (1984), #(2001)
- 72 -
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Appendix 3. Continued.

Sympetrum darwinianum (Selys) o &R 2 Okamoto(1924), %(1963), 41(1970), (1989, #(2001)
Sympetrum depressiusculum (Selys) 2FFLAE ©](1984)
Sympetrum eroticum (Selys) T gho] & 2] Z1(1984), ©](1984), Z<} 73 (1998), 7 (2001)
Sympetrum flaveolum (Linnaeus) HLEHAE A3 2(1991)
Sympetrum infuscatum (Selys) AR R Okamoto(1924), %(1963), 4(1970), =<} #(1998), #(2001)

Odonata Libellulidae Sympetrum kunckeli (Selys) gz Edate (2001

A = el Sympetrum pedemontanum (Allioni) AR 22 Okamoto(1924), %(1963), 4(1970), 2(2001)
Sympetrum risi Bartenet A F27E] o](1984), 71(2001)
Sympetrum speciosum Oguma SFbzk kg 0](1984), 71(2001)
Sympetrum striolatum (Charpentier) &2 21 23 2(1991), #(2001)
Sympetrum uniforme (Selys) I Reeg=2 0 P =1 2(2001)
Tramea virginia (Rambur) AR 2(2001)

];Ef gi;ia; e Rhopalopsole mahurnkai Zwick A AR |
gi;gga E{’géi%a; Ovamia coreana (Okamoto) A7z 2(1963), 4 (1970)
;hgzzlj;ral;ﬁe Sweltsa nikkoensis (Okamoto) R PR

Hesperocorixa distanti (Kirkaldy) =94 Okamoto(1924), =(1963), 4 (1970), ©] S5(1985), A (1993)
Hesperocorixa kolthoffi (Lundbald) =
Hesperocorixa mandshurica Jaczewski SR |

Hemiptera Corixidae Sigara (Pseudovermicorixa) septemiineata (Paiva) ol gl H = ¢ A3 71 (2008)

el e = ot Sigara (Sigara)bellula (Horvath) A
Sigara (Sigara) formosana (Matsumura) ke
Sigara (Subsigara) weymarni Hungerford A2
Sigara (Tropocorixa) nigroventralis (Matsumura) HAWEEY

- 73 -
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Appendix 3. Continued.

Hemiptera
A B

Sigara (Tropocorixa) substriata (Ubler)

Okamoto(1924), 2(1963), 41 (1970), o] %(1985), % (1993)
29 71(998), 3 H(2006), B 3 (2008)

Cymatia apparens (Distant)

Corixidae
2y 7 Micronecta (Basilionecta) sedula Horvath HupE Miyamoto & Lee(1966), ©] S(1985), 73 (1993)
Micronecta (Micronecta) guttata Matsumura 2l AL EH 737 31(2008)
M o Okamoto(1924), %(1963), Mivamoto & Lee(1966),°] S(1985)
B Ao ’ ’ s
otonectida Notonecta (Paranecta) triguttata Motschulsky S AR A 2(1993), % 2(1998), A5 1(2006). A3+ 7(2008)

S G A A

Anisops ogasawarensis Matsumura

A3 2.(199D), B3 3(2008)

Anisops kuroiwae Matsumura

ZoF 21(1998), B 7(2006), % 7 3 (2008)

Plea (Paraplea) indistinguenda Matsumura

Miyamoto & Lee(1966), ©] 5(1985), 7 (1993)

Pleidae
TS Plea (Paraplea) japonica (Horvath) SFEHY Z 9} 21(1998)
Naucoridae Ilyocoris cimicoides (Linnaeus) R &%
T Ilyocoris exclamationis (Scott) =77
‘Ajphelochemdae Aphelocheirus nawae Nawa =%y
ERg
Diplonychus esakii Miyamoto & Lee FAAR- At Miyamoto & Lee(1966), ©] 5(1985), #(1993)
Eeﬁi‘;“at‘dae Lethocerus deyrollei (Vuillefroy) 2 2(1963), ©] 5(1985), H(1993), %9 (1998)
=y L
Muljarus japonicus (Vuillefroy) b=l = Okamoto(1924), 4 (1970), o] S-(1985), #(1993)
Laccotrephes japonensis Scott ol o] Miyamoto & Lee(1966), ©] 5(1985), 73 (1993)
Neoid Nepa hoffmanni Esaki w52 AT ] o] 5(1985), 22(1993), A% 7(2008)
epidae
= i Edl
A Tolu] 7 Ranatra chinensis Mayr Aok H] (1263), Miyamoto & Lee(1966), (1984, 1993),
o] 5(1985)
Ranatra unicolor Scott WA o} A W] #(1963), Miyamoto & Lee(1966), ©] 5(1985), #(1993)
Ochteridae . . o = =
0 )= Ochterus marginatus Latreille R 7 5(1978) o] S(1985)
Mesoveliidae Mesovelia oreinetalis Kirkaldy B2 A Miyamoto & Lee(1966), ©] 5(1985), #(1993)
E=dA T

Mesovelia vittigera Horvath
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Appendix 3. Continued

Hydrometridae

PP D!

Hydrometra albolineata (Scott) Aag Aol Miyamoto & Lee(1966), ] 5(1985), #(1993)
Hydrometra procera Horvath o) A A F A o]

Hydrometra okinawana Drake

Miyamoto & Lee(1966), o] 5(1985), #(1993)
A7 71(2008)

Veliidae

MG Aol

Microvelia horvathi Lundbald

Miyamoto & Lee(1966), o] 5(1985), 7 (1993)

Microvelia douglasi Scott

Miyamoto & Lee(1966), o] 5(1985), 7 (1993)

?e;n ;%)t;ra Microvelia reticula (Burmeister) dEA LA o] 5(1985), 3 (1993)
Okamoto(1924), %(1963), Miyamoto & Lee(1966), 41(1970)
Agquaris paludum (Fabricius) A A o] 7 B1978), °] T(1985), 7(1993), =<} 7(1998)
4 (2001a,b), A(2003), B 4 (2006), 87 5 (2008)
Okamoto(1924), #(1963), Miyamoto & Lee(1966)
Aquaris elongatus (Uhler) g Aol A S5(1978) o] 5-(1985), #(1993), 8(2001ab), 73 (2003)
Gerridae A3 7(2008)
&5 el Miyamoto & Lee(1966), 4 5(1978), ©] 5 (1985),
Gerris (Gerriselloides) gracilicornis (Horvath) SB AT A o]
7(1993), 78 (2001ab), 78(2003)
Gerris (Gerriselloides) nepalensis Distant RAAFA ] Miyamoto & Lee(1966), ] 5(1985), #(1993)
Gerris (Gerris) latiabdominis Miyamoto o g Aol A3 2(1991), A (2001b), =9 7 (1998),78 3 (2006, 2008)
Omaniidae Corallocoris sp.
Laccophilus difficilis Sharp 7ML= 7Y o] 5-(1992), 21(2003), 78(2006), ¥} 7 (2008)
Laccophilus kobensis Sharp SENLGERLTI 29k 71(1998), 9H2003), 73 (2001b)
Laccophilus lewisius Sharp SN G =) 29 7(1998), ] S(1992), 7(2006), B3 A (2008)
Coleoptera Dytiscidae Laccophilus sharpi Regimbart Apo} 2 A L&) 73 (2006)
gy & =N

Hyphydrus japonicus Sharp =17 Z9F 7(1998), o] S(1992), B (2001b), 7 (2006)
Clypeodytes frontalis (Sharp) ™ 2] g EH7) o] £(1992), 7 (2006)
Guignotus japonicus (Sharp) 21 wpE-HEY Z 9 7(1998), °H(2003), 7B (2001b), 7 (2006), B3 1 (2008)
Coelambus chinensis Sharp Mg EE) o] F(1992)

- 75 -
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Appendix 3. Continued

Coleoptera
g e =

Dytiscidae
=0

Coelambus impressopunctatus (Schaller) SEE17)
. . N o] 5-(1985), A(1993), ¥ 5-(1994, 1995), ¢H(2003)
o) B ’ ’ y y
Oreodytes kanoi Kamiya & 3l = 1) 2(2003), A 71(2008)
Hydrovatus subtilis Sharp HEEWAN o] £(1992), 7(2006)
Potamonectes simplicipes (Sharp) N2 E4)
Potamonectes hostilis (Sharp) S E 57 o] F(1992), M 5-(1995), <H(2003)
Neonectes natrix (Sharp) =HFHERN
B3 A(1986), o] S(1992), W F(1994, 1995), 2H(2003
Copelatus japonicus Sharp HNE=EM7) ;} 1 ) ol B ) s ), )
73 (2006)
. o] 5-(1985), W (1994, 1995), ¢F(2003), % (2003)
==Xy ’ ’ ’ ’
Copelatus koreanus Mori ===l A} 21(2006)
Copelatus weymarni Balfour-Browne oSS =M
Copelatus zimmermanni Gschwendtner WA S ESELAN o] 5(1985), ¢} 7(1998), A 7 (2008)
Agabus amoenus Solsky off vd-Z- 51} 7))
A3 2(1991), A(1993), W 5(1994, 1995), =} 7 (1998
A.gabus congener (Thunberg) S&gF ) :;;003() ), Al ) s ), 2o A )
Agabus conspicuus Sharp AR e GF=H) o] 5(1985), 7 (2003)
Agabus insolitus Sharp w8 35 Y 7(1993), ™ 5(1994, 1995), ¢H2003), 7 (2003)
A(1984), ] S(1985), ©] S5(1992), ® 5(1994, 1995)
Agabus japonicus Sharp BF-= 1) Z 9} 2(1998), <H(2003), A (2003), 7 (2006)
A3 42006, 2008)
= o] 5-(1985), A(1993), ¥ 5-(1994, 1995), ¢H(2003)
Agabus optatus Sharp AR EEE LI 2 n}o @(ZOOS)H °
Agabus browni Kamiya ZF =) o] 5-(1992), =<} 7(1993), A= Z(2008)
Agabus mivamotoi Nakane AT T ELN o] 5-(1992), W S(1995), 78(2003)
Okamoto(1924), Z(1963), 4(1970), ©] S(1985), B3} A (1986
Ilybius apicalis Sharp EHFEAEH7) amofo(1924), £(1963), 4/(1970), ©] F(1985), A4 4(1986)

Z ok 7(1998), A (2001b), 7 (2006), ¥ 3 (2008)

Ilybius chishimanus Kono

o] 5(1985), % (1993), M 5(1994, 1995), 2H(2003)
73(2003)
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Appendix 3. Continued.

Coleoptera
w5

Ilybius lateralis Gebler

Rhantus (Rhantus) pulverosus (Stephens)

Okamoto(1924), #(1963), #1(1970), A7 A|(1986)
W 5(1994, 1995), 2H(2003), 78 (2006)

Rhantus (Rhantus) yessoensis Sharp

o] F(1992), A A(1986), " (1994, 1995), 3H(2003)
7 (2001a,b), A(2003), &+ 4 (2008)

Eretes sticticus (Linnaeus)

Okamoto(1924), Z(1963), 4(1970), o] S(1985)
A 4 (1986), 7 (2006)

Hydaticus (Hydaticus) bowringi Clark

Okamoto(1924), Z(1963), 4(1970), o] S(1985)
A A (1986), 73 (2003), 78 (2006)

Okamoto(1924), %(1963), 4(1970), ©] S-(1985)

. - - —7_11 = H],
Hydaticus (Hydaticus) grammicus Germar wlEE 1) A7k A (1986), 7 (2001h), 7 (2006)
Dytiscidae . . . o] E(1 A3 A1 21 W =(1994, 1
o ) Hydaticus (Hydaticus) satoi Wewalka ZE9N 4@353)985)’ *F 41 (1986), 1= (1998), 5 (1994, 1595)
. . . . o] 5-(1985), ] 5(1992), 9 T-(1994, 1995), =<} 71(1998)
= o g X ) [ ’ ’ ’ ’
Hydaticus (Guignotites) pacificus Aube s lg=ge gl A(2001ab). 7(2003), 7 (2006)
Hydaticus (Guignotites) thermonectoides Sharp =gl
.. Okamoto(1924), Z(1963), 4(1970), o] E(1985)
o) A 2} ? ? *
Graphoderus cloggii (Clark) pess 22 A3 A (1986), % (2001b), 7 (2006), 83 7 (2008)
Cybister (Meganectes) brevis Aube HREWAN o} 7(1998), A (1998), 4 (2006)
. ’ ’ . Okamoto(1924), %(1963), 41(1970), o] 5(1985), W %
oLH)y , , , ,
Cybister (Cybister) japonicus Sharp =47 (1994, 1995), 7 (1998, 2001a), ¢} F(1998), 7 (2006)
Cybister tripunctatus orientalis Gschwendtner of] Z-H}-7) 2(1963), 4(1970), o] S(1985), # = A](1986), 7 (2001a)
Liodesus megacephalusi (Gschwendtner) HE5-7) o] =(1985), # (1994, 1995), °H(2003), B(2001a)
: : o] £(1992), =<} 7(1998), 7 (2001b), 3 Z(2006)
R} AN B H) © ’ ’ ’
Noteridae Noterus Japonicus Sharp ot =47 2 (2006), ¥ 7(2008)
A E N

Canthydrus politus (Sharp)

o] 5(1992), 29} #(1998), % (2006)
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Appendix 3. Continued.

4(1970), ©] S(1985), &3} A(1986), °] (1992)

. . .. . o
Gyrinus (Gyrinus) japonicus frandd. Ochs el M (1994, 1995), 2 (2001ab), B(2003), A7 7(2008)
‘Gjygr;%ﬁe Gyrinus (Gyrinus) curtus Motschulsky B A Eo] eH(2003), 7 (2006)
= U A
y ' B o] 5(1992), &%} 7(1998), ¢H2003), 7 (2001a,b)
. . ST ; , , ,
Gyrinus (Gyrinus) gestroi Regimbart 22 o] 2(2003), 7 (2008), A7 7(2008)
. . . Okamoto(1924), %(1963), 4(1970), @3} A (1986)
QJ_\:I u H El £l £l
Dineutes orientalis (Modeer) 32 o] o] =(1992), W (1994, 1995), A (2006)
Peltodytes sinensis (Hope) FIE =T o] F(1992), A 5(2005), 7 (2006)
Peltodytes koreanus Takizawa = A=
Haliplidae Peltodytes intermedius (Sharp) EA=7]
A=
R Haliplus (Liaphlus) simplex Clark G EFA Y] A 5(2005), 7 (2006)
Haliplus (Liaphlus) ovalis Sharp N EF =7
Coleoptera
o} g | = Haliplus (Liaphlus) eximius Clark ZEF =7 QH(2003), 4 5 (2005), 7 (2006)
Enochrus (Holcophilydrus) umbratus (Sharp) HHEY o] 23 (2006)
Enochrus (Holcophilydrus) simulans (Sharp) oy H &g v o]
Enochrus (Lumetus) esuriens Walker 1wl A E g o] o] 5(1992), 7 (2006)
Enochrus (Lumetus) subsignatus Harold TEEAEY o]
Hydrophilidae Enochrus (Lumetus) uniformis Sharp T Y A B o] 7 (2006), 7= #(2008)
£ o] 7 Okamoto(1924), %(1963), 4 (1970), o] 5(1985)
. . = , , ,
Helochares (Hydrobaticus) striatus Sharp 5 o] A7 A(1936)
Helochares (Helochares) pallens (MacLeay) J1m}E o] 73 (2006)
Hydrobius fuscipes (Linnaeus) R E Yol
Z(1978), 7 (1993), = F(1994, 1995), °H(2003), 78(2003)
Hydrophilus accuminatus Motschulsky = o] ;22006; 4 ) 5 ) K ) B
O
Hydrophilus bilineatus cashimirensis Redtenbacher GH-E- g o] o] 5(1992), 7 (2006)
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Appendix 3. Continued.

Okamoto(1924), Z(1963), 4(1970), o] S(1985)

- ]_‘:1
Hydrochara affinis (Sharp) g o] 27} A1(1986). 7 (2006)
Hydrochara libera (Sharp) S E g o]

. o Okamoto(1924), Z(1963), 4(1970), #(1978), ©] S(1985)
Sternolophus (Sternologphus) rufipes Fabricius ofl - o] Az A (1986), 22 7(1998). 7 (2006)
Amphiops mater Sharp 2w o] o] £(1992), ¢H(2003), 78 (2006)
Berosus (Berosus) signaticollis punctipennis Harold Hulol = mw o] o] £(1992)

o] = @'J = =z (1

Berosus (Berosus) japonicus Sharp AMN7tEE g o] | 51992), 5 (1994, 195), 2t 4(1998)

73 (2001b), A(2006), B+ 11(2008)

Berosus (Berosus) pulchellus MacLeay

W&ol E Yo

Hydrophilidae

2w o] Berosus (Enoplurus) lewisius Sharp F A E W g o] 7 (2006)
=
Regimbartia attenuata (Fabricius) TEE Y o] o] 5-(1992), 7 (2003), 78(2006)
Cercyon (Cercyon) aptus Sharp R FEY ol
Cercyon (Cercyon) olibrus Sharp ZE A B w) o] o] 5(1990), W 5(1994, 1995), $H2003), & (2001b)
Cercyon (Cercyon) quisquilius (Linnaeus) AEE g o] = (1994, 1995), ¢H(2003)
Coleoptera Coelostoma orbiculare (Fabricius) A B E 51 o]
w2
R Coelostoma stultum (Walker) TEEE Yol o] 5(1992), 9H(2003)
Sphaeridium scarabaeoides (Linnaeus) FEY o]
Hydrochidae Hydrochus japonicus Sharp 73 (2006)
Lampyride Luciola cruciata Motschlsky ISl E o] Okamoto(1924), %(1963), 41(1970), ©] 5(1985), 7(1993)
W5 g o] Lachnurus rufa (Olivier) ZHER B o] o] 5(1985), #(1993)
S,hﬂﬁglsy‘jrmehdae Galerucella KUa @71 9ue KUa o] (1985), A3+ 2(1991), 7(1993)
Trichoptera ]:,lrgn‘ipiuhdje Apatania KUb G¢-Fdx=d KUb AT 71(2008)
glg ;a;jreldae Semblis phalaenoides (Linne) ZEY T A3 71(2008)
Diptera Tipulidae i =
T . o] 5(1985), A (1993
- P ipura sp 1 5(1985), 2( )
7 40 186 148 Total
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