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ABSTRACT

This study was carried out to investigate the distribution patterns of
Odonata species, which sensitively respond to the environmental change of
the habitat, on Halla Mountain, Jeju, korea where various types of wetlands
such as crater and grassland are located.

Surveys were conducted once or twices a month in eight wetlands from
June to October in 2014 and 2015. A total 1,257 individuals of 21 species
belong to 5 families were observed, and the results were as followings.

Dominance species was Lyriothemis pachygastra with 250 frequencies of
observation (19.9%), followed by Ischnura asiatica with 203 individuals
(16.1%6). Pantala flavescens were found in all wetlands surveyed, and a wide
distribution among wetlands was observed in the populations of Anax
parthenope julius, Lyriothemis pachygastra, Ischnura asiatica. The number of
Odonata species and individuals were most abundance in August, while the
lowest number of species and individuals were occurred in June and October,
respectively. The number of Odonata species and individuals increased to
peak at altitude 883 m from 673 m, and thereafter decreased gradually with a
small peak at 1,541 m.

The number of Odonata species and individuals were observed much higher
in crater wetlands (18 species with 1,034 individuals) than in grassland
wetlands (13 species with 223 individuals). A 609 of total species was found
in crater wetlands, while 40% in grassland wetlands. And a 82% of total
individuals was in crater wetlands. Two type of wetlands showed a similar
dominance index. The species diversity index in grassland wetlands was
about double compared to the index in crater wetlands. The species richness
index was slightly higher in crater wetlands than in grassland wetlands.

According to the type of permanent and temporary wetland, 458 individuals



of 14 species were observed in temporary wetlands and 799 individuals of 19
species In permanent wetlands. Two type of wetlands showed a similar
dominance index. The species diversity and evenness index were higher in
temporary wetlands than in permanent wetlands. But species richness index
was higher in permanent wetlands than in temporary wetlands.

The oviposition site and behavior were different by Odonata species. In this
study, various types of oviposition were presented such as dipping (hitting)
on the water surface, dropping in the air onto the waterside plants and
inserting into plant tissue. Odonata species used various perching sites In
wetlands. Several species displayed a special pose for regulation of body
temperature. Also, males showed wvarious flight path specific to Odonata
species in different wetland space.

The frequency of niche overlap index between Odonata species in the
utilization pattern of perching sites, oviposition sites and flight space was
higher at a low class in the frequency distribution. This result indicated that
each Odonata species tend to partition the niche components in order to avoid
severe competition.

Niche overlap index between Sympetrum baccha and Sympetrum risi was
very high, showing almost components with overlapping in perching sites and
flight space except oviposition sites. But the species seemed to minimize the
competition by not synchronizing the temporal distribution pattern each other
as observed in Muljangori and Sumeunmulbaengdi wetlands.

At present, grazing of cattle is prohibited in Halla mountain National Park
area, resulting in the decline of wetlands area due to a low stepping pressure
by large animals. Diversity, abundance and distribution of Odonata species in
wetlands on Halla mountain is likely influenced by the type of wetlands,
hydrosphere and vegetation change. Consequently, this study should be
valuable for the conservation of wetlands on Halla mountain and the

ecosystem.
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Table 1. Summary of survey wetlands in Jeju Mt. Halla

Altitude Area Depth (cm) Type of )
Name . Hydrosphere Present condion
(m) (m’) (Min.-Max.) Wetland

Dongsuak 673 3,675 0-19 Crater Temporary  National park area

Muljangori 833 12,270 29-56 Crater Permanent National park area, Wetland reservation
Sumeunmulbaengdi 982 43,600 0-21 Grassland Permanent Borders on National park, Wetland reservation
Eoseungsaengak 1129 2,419 0-113 Crater Temporary  National park area

Soemot 1211 20,863 0-20 Grassland Permanent National park area

Mulgamaewat 1541 1,633 29-59 Crater Permanent National park area

Gamaewat 1574 24,614 16-36 Grassland Permanent National park area

Baengnokdam 1840 11,636 0-122 Crater Temporary  National park area
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2) 9% %= X4 (Species Diversity Index)
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3) EF B =X 4 (Species Richness Index)
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Table 2. Niche components examined for Odonata species in study

Name of Niche

Niche components subdivided

Plant tissue
Oviposition
site

The surface

on substrate

Juncus spp.
Scirpus spp.
potamogeton spp.

Tree branch,
plants

Emergent plants

Floating plants

Submerged plants water

Water surface

Water side grass
Mud

Moss

Substrate surface

Inner side

in wetlad
Perching site
Edge of

wetland

Emergent plants ]ur_zcus SPD.
Scirpus spp.

Rock

Grass

Sasa spp.

Wood plants Tree branch

Herbaceous plants

Selection of
space
Utilization of

space

Space

for flight Flight behavior

Flight height

Open space above the water surface
Space between water plants

Outside space in grass area
Edge space

Inner space

Circulation in a small zone
Circulation in one part
Circulation in whole area
Circulation in shaded area
Crossing flight

<1m

1~-3 m

> 3 m

_13_



I

Exs vl

ted A BE7)7)

S

TEo ¥

bl o,

)

A5 T

@_
ZFol Y A &5 %] 4=(Niche overlap

3|
pud

bk

Table 29 &9 YAILAE 7|+o2 Ay

AR F

=

sl

‘(H

—_
fite)

[aze)
I
el
T

g

+

o1 4 % 24|

ol

e

_14_



V. 2% % 3&

1. 2 EE IR 7R

B EAA E=ARZIRE Eotedl e Ak s

53 21% 1257704 9 th.

rid

<o =8 FFo A=

L

AAQ T MAG= A AR (Lyriothemis pachygastra)7t 2507 A 2
7 wol #FAE A, theo R ofA oA A2 (Ischnura asiatica)7F 20370 A,
B2 (Pantala  flavescens)7y 18871 A, A7 &322l (Sympetrum  baccha) 7}
14370 A1, Q=22 (Orthetrum — albistylum — speciosum)?} 12070 A,  E715 7212
(Sympetrum risi)7F 100704 5 ¢ <o) At}

b 22 A 212 (Aciagrion migratum), &322 (Anax  guttatus), L5
242 (Crocothemis servilia meriannae), 3557 A2] (Sympetrum frequence) 5

7R AR #25 tH(Table 3).
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Table 3. Odonata species observed in survey sites and their total abundance

Species o o
No Korean name Scientific name Individuals %
1 OF A o} 2 =} 2] Ischnura asiatica 203 16.1
2 2F-2- 2 2kl g Aciagrion migratum 1 0.1
3 e A R =) Ceriagrion melanurum 53 4.2
4 7h=A A Indolestes peregrinus 30 2.4
5 Fiutol 2k xle]  Aeshnacrenata 37 29
6 b/ Rl R o e Anaciaeschna martini 3 0.2
7 Hak 217 Anax guttatus 1 0.1
8 97212 Anax parthenope julius 47 3.7
9 H =321 Anax nigrofasciatus 15 1.2
10 L R S A i) Polycanthagyna melanictera 4 0.3
11 RARCER=) S A =) Somatochlora graeseri 8 0.6
12 A 2k2}2 Orthetrum albistylum speciosum 120 95
13 S A Orthetrum melania 23 1.8
14 ul) %] &) 22} 2] Lyriothemis pachygastra 250 19.9
15 AL F2AEE Crocothemis servilia meriannae 1 0.1
16 D FEFAY Sympetrum frequence 1 0.1
17 FHdutol £ty Sympetrum eroticum 4 0.3
18 NPARTES AR Sympetrum baccha 143 114
19 AR Sympetrum risi 100 8
20 S AR A ae] Sympetrum speciosum 25 2
21 A&7} 2] Pantala flavescens 188 15

No. of species 21
Total No. of individuals 1257
2. €8 ExZEY

At F7betrE 2 ol Folt gadtts A% HAh tga 2o FHe 9

A 2] 8] 2k tH(Table 4).

AR 2
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Table 4. Tamporal distribution of Odonata species in eight wetlands, Jeju Mt.
Halla

Jun. Jul. Aug. Sep. Oct.
Scientific name Total
E' L E L E L E L E L

Ischnura asiatica 2 1 9 8 313197 72 5 203
Aciagrion migratum O 0 0 0 0 0 0 1 0 O 1
Ceriagrion melanurum 1 210 2015 0 3 0 0 O 53
Indolestes peregrinus O 8 2 7 2 0 4 3 4 0 30
Aeshnacrenata 0O 0 0 211 18 4 2 0 0 37
Anaciaeschna martini 0O 0 0 0 3 0 0 0 O 3
Anax guttatus 0O 0 0 O 0 0 0 O
Anax parthenope julius 0O 0 2 81017 4 6 0 O 47
Anax nigraofasciatus 5 1 0 2 6 1 0 0 0 O 15
Polycanthagyna melanictera O 0 01 3 0 O O 0 O 4
Somatochlora graeseri 0O 0 0 1 2 1 0 O 8
Orthetrum albistylum speciosum 1 0 22 27 38 19 11 2 0 0 120
Orthetrum melania 0O 0 0119 1 2 0 0 0 23
Lyriothemis pachygastra 12 95 13 59 25 17 29 O O 0O 250
Crocothemis servilia meriannae 0O 0 01 0 O 0 0 O 1
Sympetrum frequence 0O 0 0 0 O 0 0 O 1
Sympetrum eroticum 0O 0 0 0 0 O 2 0 0 4
Sympetrum baccha 0O 0 0O O 3 20 57 16 29 18 143
Sympetrum risi 0O 0 2 2 3 5245 14 0 100
Sympetrum speciosum O 0 0 212 8 0 3 0 O 25
Pantala flavescens 0O 0 5 56554 30 915 5 188
Total 21107 65146221 178 191 166 134 28 1257

' E! early and L: late in month.

FA A Be GEAY $HFY AARIE FAsGrh B mep
4
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Fig. 3. Monthly variation in number of major species of Odonata in Halla

mountain.
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Table 5. Spatial distribution of Odonata species in eight wetlands, Jeju Mt.

Halla.

altitudes(m) No. Dist‘rib—

Scientific name Wetlands ru;;on

673 883 982 1129 1211 1541 1574 1840  ¢yund g€

(m)

Ischnura asiatica o o o o0 o 0 6 901
Aciagrion migratum 0 1 0
Ceriagrion melanurum o o0 o 3 309
Indolestes peregrinus 0 1 0
Aeshna crenata 0 0 0 3 711
Anaciaeschna martini o o 0 3 957
Anax guttatus 0 1 0
Anax parthenope julius o o o o o0 o 0 7 1167
Anax nigraofasciatus 0 0 0 3 658
Polycanthagyna melanictera 0 1 0
Somatochlora graeseri 0 1 0
Orthetrum albistylum speciosum o o 2 99
Orthetrum melania o 0o o o o0 o 6 691
Lyriothemis pachygastra 0 o o0 o 0 5 901
Crocothemis servilia meriannae 0 1 0
Sympetrum frequence 0 1 0
Sympetrum eroticum 0 0 2 229
Sympetrum baccha o o o0 o 4 456
Sympetrum risi o o o 0 4 658
Sympetrum speciosum o o 0 0 4 868
Pantala flavescens o o o o o o0 o0 o 8 1167
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4ol ztol g wlas] & Fart drh

BoAgo 237 FA0A 18%, 2AUNE FAdME 1350 BEEHAL
o EehE FA oA 1034 A, 2ANE FA A 223MA R R F
A AR B gkt 7 FEE 3EE F4 e B3 dA 60%, A
ol A 40%9] Hl&= vERth WA AHAFAA 82%7F I E A ol A
W& AH(Table 6).

Table 6. Abundance of Odonata species according to the Type of wetlands :

Crater and Grassland

Total Individuals Individuals per ha

Scientific name Crater Grassland Crater Grassland

Ischnura asiatica 186 17 45 2
Aciagrion migratum 1 0 0 0
Ceriagrion melanurum 34 19 7 3
Indolestes peregrinus 0 30 0 2
Aeshnacrenata 37 0 21 0
Anaciaeschna martini 2 1 0 0
Anax guttatus 1 0 1 0
Anax parthenope julius 39 8 12 1
Anax nigraofasciatus 15 0 13 0
Polycanthagyna melanictera 4 0 1 0
Somatochlora graeseri 8 0 10 0
Orthetrum albistylum speciosum 116 4 19 0
Orthetrum melania 9 14 3 1
Lyriothemis pachygastra 214 36 172 4
Crocothemis servilia meriannae 0 1 0 0
Sympetrum frequence 1 0 1 0
Sympetrum eroticum 0 4 0 1
Sympetrum baccha 140 3 51 0
Sympetrum risi 51 41 43 3
Sympetrum speciosum 25 0 19 0
Pantala flavescens 143 45 76 5
Sum 1034 223 493 23

Average 49 11 23 1
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Aol 98l A9 FAuA] FAHE 718 FAL A slel®: A o

FAE Yre] BEEAS Belsdh 971
A A 1454580 A, AT FANA 19% 7990A7F EdsAct. #EE <+
2 o] HEe $7180] 54% = Betow AA A I HE&e A5
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FA A 64%= = 3ktH(Table 7).

A3 FARLe] fA5E A5

Table 7. Abundance of Odonata species according to the water level

temporary and permanent wetland

e e Total Individuals per ha
Scientific name
Tamporary Permanent Tamporary Permanent

Ischnura asiatica 26 177 34 129
Aciagrion migratum 0 1 0 0
Ceriagrion melanurum 4 49 11 9
Indolestes peregrinus 0 30 0 7
Aeshnacrenata 4 33 4 91
Anaciaeschna martini 1 2 1 0
Anax guttatus 1 0 4 0
Anax parthenope julius 6 41 5 9
Anax nigraofasciatus 1 14 1 12
Polycanthagyna melanictera 0 4 0 1
Somatochlora graeseri 0 8 0 49
Orthetrum albistylum speciosum 0 120 0 19
Orthetrum melania 1 22 1 3
Lyriothemis pachygastra 214 36 287 3
Crocothemis servilia meriannae 0 1 0 0
Sympetrum frequence 1 0 1 0
Sympetrum eroticum 0 4 0
Sympetrum baccha 53 90 62 14
Sympetrum risi 48 52 65 6
Sympetrum speciosum 8 17 9 14
Pantala flavescens 90 98 87 27
Sum 458 799 572 392

Average 22 38 27 19
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217 B € 29e BAG 2v $HEE 89U MBS 0238 W
A3, 69 7HE & 0858 EITh FuYdEe 8¢l 7HE =i, 6 M
skttt 35 % 9A 8¢l M =a, 10€ 7 vkt e s 10€ 9
7V =a, 79l 7 Wtk (Fig. 5)
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Fig. 5. Monthly variations in dominance index, species richness index,

speciesdiversity index and evenness index.
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A E=grow S 1574mel A 0.0472 7Y @grh EEREE S 833met
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=

FHEEE 01055 23 & 883mol A 71

Bof 7H vokth(Fig. 6).
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Fig. 6. Spatial variations in dominance index, species richness index, species

diversity index and evenness index.
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Fig. 7. variations of Odonata species according to the Type of wetlands in

dominance index, species richness index, species diversity index and
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evenness index.

9 = Ak (Fig. 8).
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Fig. 8. wvariations of Odonata species according to the water level in
dominance index, species richness index, species diversity index and
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=z A 3 AAFE 7158t (Table 8).

Table 8. The distribution and individuals of Odonata emergence exuviae In

eight wetlands, Jeju Mt. Halla

R Altitude of each wetland (m) . Difference
Scientific name Individuals )

673 883 982 1129 1211 1541 1574 1840 of Altitude
Isdrura asiatica -
Adagrion migratum -
Ceriagrion melonurum _
Indolestes peregrinus -
Aeshracrerata 96 96 0
Araciaeschra norting -
Arax guttatis _
Arax parthenope julius 1 1 0
Arax nigrgasciatus -
Polyaonthagyra melarictera 1 1 0
Sonutochlora graeseri 7 7 0
Orthetrum albistylum speciosum 1 1 0
Orthetrum melania 4 4 0
Lyrothemis pachygustra 2 3 82
Grocothemis servilia merianae -
Smpetrum frequence _
Sympetrum eroticun -
Snpetrum baccha 1 1 0
Simpetrum risi 17 17 1 35 559
Sympetrum speciosum -
Pantala flavescens 35 35 1

Individuals 0 2 18 ©4 6 104 0 0 Average Average
Total 184 8.8 64.2

_26_



<ol uwet

-
1

2]

Z}
D =

2 2tA LA (Niche)2| 0|2 At
spp )t Lol F(Scirpus spp.) & FTAE, 7HlF(Potamogeton spp.) & -9

D Arage 2 A

8.

el
)
<

Ho

)

ol
et

ol

el
ol

At
B

] 91Tk

£

o &

o
)

—
fite)

o

A=

o] 23 o]

[}

=

}

0]
pul

Z42](Aeshna crenata)®} 324 2] (Anax parthenope julius)

Z}
=

o mhetA]
4 uto]

=+

At 3

=
T,

B

(Sympetrum risi)e 4§ =

bl o,

o

)

)

F tH(Table 9).

o

7)&

-
it



Table 9. Species of Odonata according to Oviposition Type and individuals in Halla mountain.

Plant tissue The surface on substrate
. . e Emergent plants Floating  Submerged Substrate surface Oviposition
Scientific name plants plants The water
Juncus Scirpus  Potamo- Tree branch, surface Water side Type
Mud Moss
Spp. Spp. geton spp. Water plants plants
Ischnura asiatica 1 * Enel
Aciagrion migratum * Enel
Ceriagrion melanurum 2 Enel
Indolestes peregrinus * * Enel
Aeshna crenata 6 1 Enel
Anaciaeschna martini 2 Enel
Anax guttatus * Enel
Anax parthenope julius 5 1 Enel
Anax nigrofasciatus 1 * Enel
Polycanthagyna melanictera * * M
Somatochlora graeseri * HW
Orthetrum albistylum speciosum 5 HwW
Orthetrum melania 4 HwW
Lyriothemis pachygastra 8 HwW
Grocothemis servilia meriannae * HwW
Sympetrum frequence * HwW
Sympetrum eroticum * PM
Sympetrum baccha 35 HwW
Sympetrum risi 4 6 1 1 DA
Sympetrum speciosum 2 HW
Pantala flavescens 1 HW
Sum 5 13 7 4 55 1 1

Enel : Endophytic egg-layers, HW : Hitting water, IM : Inserting ovipositor in mud or moss, PM : Pasting in mud or sand, DA : Dropping in the air

* . Accepted cases based on literatures.
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Emergent plants

« . )
Juncus spp. Scirpus spp.

In plant tissue
'&

A
Q. ™

Emergent plants  Waterside Moss
Submerged
plants
\[ Floating plants
- Y
Tree branch - il ~a
=V
o

Fig. 9. Various oviposition sites of Odonata species in study wetlands.
Emergent plants included Juncus spp. and Scirpus spp. The arrows

indicate egg laying in plant tissue.
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BEe A B dme 2o 4N
Faste] Aol 7|52 %78 tH(Table 10).
Edge of wetland
Tree Substrates inside in the wetland
branch A
g

Emergent plants
# Herbaceous plants

(Sasaspp.)

Fig. 10. Various perching sites of Odonata species in study wetlands.

Emergent plants included Juncus spp. and Scirpus spp.
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Table 10. Perching site and position of Odonata species in study wetlands

Inner or edge of wetland

Edge of wetland

Perching position

Scientific name Emergent plants Rock Herbaceous plants ;Yaor?t(i Lying Hanging tirené)uelzag.:;;e
Juncus spp. Scripus spp. around grass Sasa spp. Tree branch Width Height Lifting abdomen
Ischnura asiatica 140 140 140 140 140
Aciagrion migratum 1 * 1
Ceriagrion melanurum 49 49 49 49 49
Indolestes peregrinus 26 26 * * 26 26
Aeshna crenata * *
Anaciaeschna martini * *
Anax guttatus *
Anax parthenope julius 1 1
Anax nigrofasciatus * *
Polycanthagyna melanictera * *
Somatochlora graeseri * *
Orthetrum albistylum speciosum 114 114 114 114 114
Orthetrum melania * 9 9 9
Lyriothemis pachygastra 212 212 212 212 212 212 212
Grocothemis servilia meriannae 1 * 1
Sympetrum frequence * 1 * 1 * *
Sympetrum eroticum 4 4 4 * *
Sympetrum baccha 73 73 73 73 73 73 73 73 1
Sympetrum risi 78 78 78 78 78 78 78 78 *
Sympetrum speciosum 10 10 10 10 * 1
Pantala flavescens 29 29 29
Sum 721 704 377 553 367 318 717 732 2

* | Accepted cases based on literatures.
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Fig. 11. Various utilization patterns for wetland space by Odonata species in

study wetlands.
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Fig. 12. Various flight behavior of Odonata species in study wetlands.
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Table 11. Horizontal utilization patterns for wetland space and flight behavior by Odonata species in study wetlands

Selection of space Utilization of space Flight behavior
. . pe Open space  Space Out31d‘e Circulation .. . Circulation Circulation .
Scientific name above the between space in Edge Inner . Circulation . . Crossing
in a small . in whole in shaded .
water water grass space space in one part flight
surfce plants area zone area area
Ischnura asiatica 85 85 85 85
Aciagrion migratum 1 1
Ceriagrion melanurum 32 32 32
Indolestes peregrinus 8 8
Aeshna crenata 27 27 27 27
Anaciaeschna martini 2 2 2 2
Anax guttatus 1 1 1
Anax parthenope julius 15 15 15 15 15
Anax nigrofasciatus 10 10 10
Polycanthagyna melanictera 2 2 2 2
Somatochlora graeseri 8 8 8 8
Orthetrum albistylum speciosum 94 94 94
Orthetrum melania 16 16 16
Lyriothemis pachygastra 71 71 71 71
Grocothemis servilia meriannae 1 1 1
Sympetrum frequence 1 1 1
Sympetrum eroticum 3 3
Sympetrum baccha 57 57 57 57 57 57
Sympetrum risi 58 58 58 58 58
Sympetrum speciosum 9 9 9 9 9
Pantala flavescens 148 148 148 148 148 148
Sum 279 422 452 648 406 309 177 34 8 174
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Fig. 13. Various flight height of Odonata species in study wetlands.



Table 12. Vertical utilization patterns for space by Odonata species in study

wetlands

e g Flight height
Scientific name

< 1m 1~3m > 3m
Ischnura asiatica 85
Aciagrion migratum 1
Ceriagrion melanurum 32
Indolestes peregrinus 8
Aeshna crenata 27 27
Anaciaeschna martini 2
Anax guttatus 1
Anax parthenope julius 15
Anax nigrofasciatus 10 10
Polycanthagyna melanictera 2
Somatochlora graeseri 8
Orthetrum dlbistylum speciosum 94
0Orthetrum melania 16
Lyriothemis pachygastra 71
Crocothemis servilia meriannae 1 1
Sympetrum frequence 1 1
Sympetrum eroticum 3
Sympetrum baccha 57 57
Sympetrum risi 58 58
Sympetrum speciosum 9 9
Pantala flavescens 148 148
Sum 444 327 189
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Table 13. Patterns for continuity of flight and habitus of appear and disappear

. ) Habitus of appear
Continuity of flight .
and disappear

Scientific name . Temporary Frequent
Temporary All times
appear and appear and

flight flight . .
disappear disappear
Ischnura asiatica 85
Aciagrion migratum 1
Ceriagrion melanurum 32
Indolestes peregrinus 8
Aeshna crenata 27
Anaciaeschna martini 2 2
Anax guttatus 1
Anax parthenope julius 15
Anax nigrofasciatus 10
Polycanthagyna melanictera 2 2
Somatochlora graeseri 8
Orthetrum dlbistylum speciosum 94
Orthetrum melania 16
Lyriothemis pachygastra 71
Crocothemis servilia meriannae 1
Sympetrum frequence 1 1
Sympetrum eroticum 3
Sympetrum baccha 57
Sympetrum risi 58
Sympetrum speciosum 9 9
Pantala flavescens 148
Sum 426 223 5 9
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Table 14. Frequency of hovering and backward flight by Odonata species in

study wetlands

Frequency of hovering backward
0~1 2~5 > 5 flight

Ischnura asiatica 1

Scientific name

Aciagrion migratum *
Ceriagrion melanurum *
Indolestes peregrinus *
Aeshna crenata 27

Anaciaeschna martini 2

Anax guttatus

Anax parthenope julius 15

Anax nigrofasciatus 10

Polycanthagyna melanictera 2

Somatochlora graeseri 8

Orthetrum dlbistylum speciosum 94

Orthetrum melania 16

Lyriothemis pachygastra 71

Crocothemis servilia meriannae 1

Sympetrum frequence 1

Sympetrum eroticum 3

Sympetrum baccha 57

Sympetrum risi 58

Sympetrum speciosum 9

Pantala flavescens 148

Sum 191 129 203 1

* | Accepted cases based on literatures.
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Table 15. The emergence time of Odonata species were influenced by

weather, everyday life cycle and whole life history.

every day whole
Weather ) ) )
life cycle life history

sunrise and moving to

Scientific name

Cloudy day ) ] )
sunset time mountain region

Ischnura asiatica

Aciagrion migratum

Ceriagrion melanurum

Indolestes peregrinus

Aeshna crenata

Anaciaeschna martini 2 *
Anax guttatus

Anax parthenope julius

Anax nigrofasciatus

Polycanthagyna melanictera 2 *
Somatochlora graeseri

Orthetrum albistylum speciosum

Orthetrum melania

Lyriothemis pachygastra

Crocothemis servilia meriannae

Sympetrum frequence 1
Sympetrum eroticum

Sympetrum baccha 57
Sympetrum risi

Sympetrum speciosum

Pantala flavescens

Sum 4 0 58

* | Accepted cases based on literatures.
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Table 16. Data matrix of niche occupation for each Odonata species in study wetlands

of Niche components subdivided S gg =% 53 §§ §§ gx %ﬂx 2" §§ g8 §§~ =3 5 - §§ =R §§ “'g §~§ §§
Emergent Juncus spp. 1 * 4
Plant plants Scirpus spp. * 2 5 6
Oviposi tissue Floating plants potamogeton spp. 6 1
—tion Submerged plants Tree branch, water plants 1 * 2 1 * 1 *
. Water surface * 5 4 8 * * 35 2 1
site The .
Water side grass 1
surface on Substrate Mud . .
substrate surface Moss . ]
Inner side Emergent Juncus spp. 140 49 26 114 212 73 18 29
in plants Scirpus spp. 140 1 49 26 114 212 1 7378 10
Perching wetland ~ Rock x 212 x4 73 78 10
site Edge of Herbaceous  grass 140 49 * 212 1 7318
plants Sasa spp. 212 4 73 T8
wetland w04 plants Tree branch £« ox 1 % o« 1149 £ 4 T3 78 10 29
Selection  Open space above the water surface 27 2 1 15 10 8 57 9 148
of space  Space between water plants 85 1 32 8 9 16 71 57 58
Utilization QOutside space in grass area 32 71 1 57 58 148
Edge space 85 32 8 27 2 1 15 10 2 8 94 16 171 1 1 3 57 58 9 148
of space  pner space 8 1 272 15 2 11 57 58 9 148
Space Circulation in a small zone 94 16 71 1 3 57 58 9
for Flight C%rculation in one part 27 2 148
fight  benavior C%rculat%on %n whole area 1 15 10 8
Circulation in shaded area 8
Crossing flight 2 15 9 148
Flight <lm 85 1 32 8 10 8 94 16 171 1 3 57 58
. 1~3 m 27 1 15 10 1 1 57 58 9 148
height >3m 72 2 1 9 148
Total number of individuals observed 203 1 5 30 37 3 1 47 15 4 8 120 23 250 1 1 4 143 100 25 188
Number of wetlands found 6 1 3 1 3 3 1 7 3 1 1 2 6 5 1 1 2 4 4 4 8
Average altitude 942 883 828 982 1485 1362 1129 1257 1212 883 1541 933 1229 1124 982 673 1097 901 1212 1107 1257

The value in the matrix cell indicate the number of observation for 2 years (2014, 2015). * Accepted cases based on literatures.
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Table 17. Present/Absent matrix of niche occupation for each Odonata species in study wetlands

Pantala
flavescens
Sympetrum

speciosum

Nl
NI

Sympetrum
eroticum
Sympetrum
frequence
Crocothemis
servilia meriannae
Lyriothemis
pachygastra
Q\‘QNNQ‘Q\:
melania
Orthetrum )
albistylum: speciosum
S Q\:cho.\& ora
graeseri
NUQN%QQQQNQ%%:Q
melanictera
.\E§ )
nigrofasciatus
Anax o
parthenope julius
Anax
guttatus
Anaciaeschna
martini
Aeshna
crenata
Indol estes
peregrinus
Ceriagrion
melanurum
&Q..thoz
mugratum
I mq.b:.:ﬁa
aswatica

Niche components subdivided

Name of
Niche

0

Juncus spp.

Emergent

0
0

Submerged plants Tree branch, water plants 1

Water surface
Substrate

Scirpus spp.

plants
Floating plants potamogeton spp.

Plant

0
1

tissue

Oviposi—

The

tion site

0 0

0

Water side grass

Mud

Moss

surface

on
substrate

surface

Juncus spp.

Emergent

Inner side

Perching in wetlad

site

Scirpus spp.

plants
Rock

1
0
0

Sasa spp.

grass
Wood plants Tree branch
Selection Open space above the water surface
of space Space between water plants
Utilization Outside space in grass area

Herbaceous
plants

Edge of
wetland

0

0

0

1
0

1

Edge space
Inner space

of space

0

Circulation in a small zone
Circulation in one part

Space

0
0
0

Flight

for

Circulation in whole area

behavior Circulation in shaded area

flight

Crossing flight

<1lm

Flight
height

1~3m
>3m
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Table 18. A simple Niche overlap index among 21 species of Odonata found in wetlands, Halla Mountain

Pantala
flavescens

Sympetrum
speciosum

NN

Sympetrum

baccha

Sympetrum
eroticum

Sympetrum
frequence

Qwon.cwbmd@mm

servil merarre

Lyriothemis
pachygastra

Orthe trum
melania

Orthetrum

dbsim gaeam

Somatochlora
graeseri

Nuo?gmn«@g
melanictera
Anax
nigrofasciatus
Anax o
parthenope Julius
Anax
guttatus

Anaciaeschna
martini

Aeshna
crenata

Indolestes
peregrinis
Ceriagrion
melanurum
Aciagrion
mugratum
Ischnura
aswatica

10

11

N 0 © o0

4

6 6
o
/fi9

Scientific name

Aciagrion migratum
Ceriagrion melanurum
Indolestes peregrinus
Anaciaeschna martini
Anax parthenope julius
Anax nigrofasciatus
Polyaanthagyna melanictera
Somatochlora graeseri
Orthetrum albistylum speciosum
Orthetrum melania
Lyriothemis pachygastra
Grocothemis servilia meriannae
Sympetrum frequence

Anax guttatus

Ischnura asiatica
Aeshna crenata

L 7

Sympetrum risi
Sympetrum speciosum

Sympetrum eroticum

e

- 44 -

Pantala flavescens




Normal
distribution

Frequency

0 1 2 3 a 5 6 7 8 g 10 1 12 13
MNo. of niche components overlaped between two species

Fig. 14. The frequency distribution of niche overlap index among 21 species

of Odonata found in wetlands on Halla Mountain, Jeju, Korea.
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Fig. 15. Temporal distribution of abundant four Odonata species pooled in all

wetlands, 2015.
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Complete

Complete Half Complete Complete Complete
overlap separation overlap overlap overlap overlap
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Moss | Open space |, | SR \ sl
Herbaceous \ above the |+ [| 9r@ssarea g e i
Waterside 1l | ! |Circulationin| i},
a \| /" |water surface !, | ¥ R
Outsite plant \ b W e 3V
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\ i i ]
surface L ;N ' | |Circulationin|
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Scirpus spp. B ) : |
Pus spp. Submerged water plants |~ space . -
plant Crossing
Juncus spp. Emergent flight
plant
Perching Oviposition Selection of Utilization of Flight Flight
site site space space behavior height
Space for flight

Fig. 16. Overlapping pattern of niche components between Sympetrum baccha and Sympetrum risi in wetlands
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Table 19. Niche overlap index among Odonata species(13 species) found in Muljangori wetland.

o] .
2735393583333 3583%¢g¥ a £ 3d
SSE 8388383 BgTEagLyr s T35 8
SE3S§R388 "% "2EEITEER 2 %8 8
. . 8 T 8 4 é = 3 ] S % 8 § § S Y g S O & o R
Group Scientific name S5 8§83 372 Q, § 52 85 g g g8
3 § 3 RN S 8 B8R 3 3 3@
S g 5
5 3
Ischnura asiatica 6 7 2 3 3 2 5 3 7 8 3 3
Zygoptera Aciagrion migratum 4 1 2 2 1 3 2 5 5 2 1
Ceriagrion melanurum 1 2 3 1 5 3 7 7 2 3
Anaciaeschna martini 6 3 4 2 2 4 4 6 6
Anax parthenope julius 6 3 2 2 5 5 6 6
Anax nigrofasciatus 2 3 3 5 4 4 4
Polyaanthagyna melanictera 2 2 3 4 4 5
_ Orthetrum albistylum speciosum 6 8 7 5 4
Anisoptera )
Orthetrum melania 7 6 5 3
o s
G g M 0
Sympetrum risi 7 6
Sympetrum speciosum 8

Pantala flavescens
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Table 20. Niche overlap index among Odonata species(13 species) found in Sumeunmulbaengdi wetland.

Group

Scientific name
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Anisoptera

Anaciaeschna martini
Anax parthenope julius
Orthetrum albistylum speciosum
Orthetrum melania
Lyriothemis pachygastra
Crocothemis servilia meriannae
Sympetrum eroticum
BRI
Sympetrum risi

Pantala flavescens
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Fig. 17. Temporal distribution of abundant four Odonata species found in

Muljangori wetland, 2015.
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Fig. 18. Temporal distribution of abundant four Odonata species found in

Sumeunmulbaengdi wetland, 2015.
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