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ABSTRACT: The effect of altitude and latitude on biodiversity (or species richness) has been a topic of great interest
for many biogeographers for a long time. This study was conducted to examine the dynamics of species richness of
aquatic insects along the altitudinal gradient in 24 wetlands on Mt. Halla, Jeju and test the Rapoport’s rule. The
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. The altitudinal range of
species tended to increase with increasing altitude, as Rapoport’s rule predicts. There was a positive correlation
between the altitudinal range size and the midpoint of the range size (Median) except for Hemiptera (Odonata: r =
0.75, Hemiptera: r = -0.22, Coleoptera: r = 0.72, Total: r = 0.55). Also, 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 on Mt Halla along the altitudinal gradient well supported
Rapoport’s rule.
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Fig. 1. Map of the altitudinal distribution of wetlands in
Jeju surveyed in this study. The name of each wetland with
the information of altitude (m) and area (mz) in parenthesis,
and dates surveyed [Month/Day/Year]: 1 = Honingi (36,
1,500) [8/24/04, 4/28/05, 6/25/071; 2 = Suweollimot (63,
3,500) [8/31/04, 6/6/05, 6/12/07]; 3 = Donghackdongsanmot
(90, 500) [8/1/04, 4/9/05, 5/11/08 }; 4 = Eouksaemimot (99,
100) [8/16/04, 7/31/05, 5/13/07]; 5 = Darinenmul (102, 900)
[8/31/04, 6/13/05, 7/21/08]; 6 = Mosanimul (125, 2,500)
[9/17/04, 5/23/05, 6/17/05]; 7 = Sanmultongmot (140, 330)
[3/6/04, 9/17/04, 5/12/05]; 8 = Gangjeongmot (142, 550)
[8/23/04, 5/19/058, 7/31/05]; 9 = Seonggumet (201, 1,000)
[6/1/058, 5/2/07, 5/12/07]; 10 = Daderimet (209, 600)
[3/6/04, 9/7/04, 5/12/05]; 11 = Geolwallimot (255, 800)
[5/22/04, 10/24/04, 8/27/05]; 12 = Goedreumot (300, 100)
[9/1/04, 5/21/05, 7/31/05]; 13 = Myeongdsammot (310, 450)
[4/24/04, 8/22/05, 5/28/07]; 14 = Jeongmul (357, 250)
[8/20/04, 4/5/05, 8/6/06]; 15 = Wonmul (362, 600) [8/29/04,
6/6/05, 8/23/07); 16 = Mulyeongari (464, 2500) [8/7/04,
10/1/07, 7/13/08]; 17 = Dongsuak (679, 3,675) [8/17/07,
7/15/08, 9/24/08); 18 = Mulchatoreum (695, 5,000) {8/17/07,
5/8/07, 7/9/08); 19 = Muljangol (900, 12,270) [9/11/06,
5/8/07, 6/15/08]; 20 = Sumeunmulbaengdi (996, 4,000)
[7/10/07, 7/19/07, 7/9/08]; 21 = 1100 wetland (1,100,
18,786) [7/19/06, 5/1/07, 7/19/07}; 22 = Koseungsaengak
(1,130, 2,419) {5/8/07, 9/13/07, 7/8/08]; 23 = Saraak (1,306,
10,690) [5/15/07, 5/17/07, 8/17/08]; 24 = Baengnokdam
(1,841, 11,637) [7/13/07, 7/31/07, 7/31/08].
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Fig. 2. The relationship between species richnmess and
altitude in 24 wetlands in Jeju.
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Fig. 3. The relationship between species richness corrected
by the area of each wetland and the altitude of wetlands.
A = total taxon, B = Odonata, C = Coleoptera, and D =
Hemiptera. The equation 2, f(z)=a » exp[l+ (b~z)/k—
expl(b—z)/k]], was applied. The comected species richness
was obtained by (Si/A;)x100; where S; is the total number
of species at ith wetland and A; is the total area of ith
wetland.
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Fig. 4. Altitudinal habitat range (vertical bars) of each species of quatic insects along the altitudinal gradient in Jeju. Open
circles indicate the median habitat altitudes of each species found. Also, the horizontal dashed line and dotted lines indicate
the altitude of peak species richness and its standard error, respectively, which was estimated using the equation 2- (see
estimated parameter ‘@’ in Fig. 3A). The scientific name of species are listed in Appendix 1.



180

o] whE

F &4 FAESS] £F524 W3} Rapoport {22 FH

Table 1. Median altitude and altitudinal range of each species of aquatic insects according to the category of range

Range < 500m

500m < Range < 1,000m

1,000m < Range < 1,500m

1,500m = Range < 2,000m

Species Median Range Species Median Range Species Median Range Species Median Range
Species with median altitude > 305.5m (High-altitudinal species)
Microvelia horvathi Lundbald 682.0 436.0 Micronecta (Basilionecta) 3570 906.0 Cloeon dipterum (Linne) 464.0 1031.0 Sigara (Tropocorixa)  336.0 1805.0
SEulEAgAagA o) sedula Horvath ZuHZH ) AEEL2A4b0) substriata (Uhler)
e
Gerris gracilicornis 310.0 294.0 Hydrometra okinawana 464.0 810.0 Anisops kuroiwae 200.0 Notonecta (Paranecta) 336.0 1751.0
(Horvath) ] Drake Matsumura triguttata Motschulsky
SRl AFAaF Aol H&oEAdAA £33 QXA
G. (Gerriselloides) nepalensis 897.5 4050 Copelatus japonicus Sharp  679.0 8750 Nepa hoffmanni Esaki 1010.0 Aquaris paludumiudum 679.0 1778.0
Distant H52EW) LETBEE (Fabricius)
HagAol . LgRo]
Laccophilus kobensis Sharp  387.0 424.0 Rhantus (Rhantus) 310.0 616.0 Laccophilus lewisius 1010.0 G. (Gerris) 362.0 1778.0
SZpEHY pulverosus (Stephens) Sharp latiabdominis
o714 LR Miyamoto
ool
Copelatus zimmermanni 571.5 2150 Gyrinus (Gyrinus) 1370.5 941.0  Noterus japonicus Sharp 1031.0 Guignotus japonicus ~ 1100.0 1640.0
(Gschwendtner) japonicusfrancki Ochs A7) (Sharp)
BATEEDN E70| waEYA
Rhantus (Rhantus) yessoensis 904.5 451.0 Laccobius (Laccobius) 3845  589.0 Agabus japonicus 7975 1751.0
Sharp bedeli Sharp Sharp
AFol 7] 237 HEHo] e
Helodes sp. 571.5 2150 Galerucella nipponensis 464.0 645.0
AEHE sp. Laboissiere
dEeldy
Species with median aititude < 211.9m (Low-altitudinal species)
Ceragrion auranticum 1210  192.0 Anax nigrofasciatus Oguma 209.0  659.0  Cercion hieroglyphicum 1064.0 Anax parthenope Selys 201.0 1805.5
Fraeser HEgA (Brauer) opakale)
ARl FEdEA
Platycnemis phillopoda 167.0  84.0 Crocothemis servilia (Drury) 171.5  864.0 Ischnura asiatica 1094.0
Djakonov R (Brauer)
WA obRolA Al
Indolestes gracilis (Hagen) 190.0  220.0 Orthetrum albistylum 201.0  960.0 S. depressiusculum 1094.0
7he e (Selys) (Selys)
EEEE! DEEARY
Epophthalmia elegans 1250 219.0 Iiybius apicalis Sharp 141.0  864.0 Anisops ogasawarensis 1064.0
(Brauer) 2 R EHR Matsumura
A= A$AAA
Deielia phaon (Selys) 209.0 2010 Crocothemis servilia (Drury) 171.5 864.0 Plea (Paraplea) 1064.0
DA 2o| g indistinguenda
Matsumura
w2 e
Pantala flavescens 99.0 2640
(Fabricius) Range < 500m
B3R
Pseudothemis zonata 171.5 3740 Amphiops mater Sharp 190.0  428.0  Hydrophilus accuminatus 220.0 Haliplus (Liaphlus) 1715 267.0
(Burmeister) GEwulo] Motschulsky simplex Clark
=3t EYe] geERIEY]
Sympetrum croceolum (Selys) 120.5  43.0 Regimbartia attenuata 125.0  192.0  Sternolophus 220.0 H. (Liaphlus) eximius 112.0 111.0
e i (Fabricius) (Sternologphus) rufipes Clark
FYEDGo| Fabricius o290 g8z
Sympetrum eroticum (Selys) 142.0 247.0 Canthydrus politus (Sharp) 171.5  428.0  Cybister (Meganectes) 374.0 Hydaticus (Hydaticus) 132.5 210.0
Futo|EgAtE] eul el brevis Aube bowringi Clark
A=A EFHEYA
S. kunckeli (Selys) 163.0 274.0 Peltodytes sinensis (Hope) 142.0 326.0 C. (Cybister) japonicus 374.0 H. (Hydaticus) 107.5 350
g 2ETAE FHEALY Sharp grammicus Germar
S0 HuFEEW
S. speciosum Oguma 201.0 2470 Hydrovatus subtilis Sharp  201.0  322.0 Clypeodytes frontalis 210.0 Lethocerus deyrollei 1325 321.0
shugAke] AEEWH (Sharp) (Vuillefroy)
L=l A
Hesperocorixa distanti 142.0  321.0 Diplonychus esakii 113.5 1920
(Kirkaldy) Miyamoto and Lee
9 ZAEX =
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Appendix 1. List of aquatic insect species found in wetlands, Jeju
: Wetlands found . Wetlands found
No. Species (see Fig. 1) No. Species (see Fig. 1)
. Cloeon dipterum (Limme) 4, 9, 13, 16, 20-22 Anisops ogasawarensis Matsumura 1-5, 7-12, 14-16,
A8} Ao| 30 ohggsie 19-21
5 Cercion hieroglyphicum (Brauer) 1-9, 11-14, 21 A. kuroiwae Matsumura 19, 21
7 sEueA 3 gmejgyalanA
N (emgr ion melanurum (Selys) 1, 3,6, 7, 10, 12, 13, Plea (Paraplea) indistinguenda Matsumura -5, 7-16, 21
3 wapame) 16, 19-21 32 mopgagy
4 C. auranticum Fraeser 2,4,5 7,9, 11 Diplonychus esakii Miyamoto and Lee 2-8, 11
Apeakalziala) 3 sggaet
Ischnura asiatica (Brauer) 1-5, 19, 21, 22 Lethocerus deyrollei (Vuillefroy) 1-3,6,7, 10, 11, 14
3 opAlopugAte) *omye
Platycnemis phillopoda Djakonov 6, 10 . Laccotrephes japonensis Scott 8, 15
6 wguge) 3 Aol
; Indolestes gracilis (Hagen) 3,6, 11, 13 Nepa hoffmanni Esaki 3,4, 11, 14, 15, 17,
PR AR 30 wzelgoly) 18, 21
g Anax nigrofasciatus Oguma 1-4, 6, 10-13, 15, 18 7 Mesovelia oreinetalis Kirkaldy 8
HEgA)e 3 mvan
A. parthenope Selys 1-15, 19, 24 Hydrometra okinawana Drake 9, 16, 19
g 3B Azasaol
Gynacantha japonica Bartenef 16 Microvelia douglasi Scott 3
10 gsauyge) ¥ 2eegAe)
Epophthaimia elegans (Brauer) 1, 6, 11 M. horvathi Lundbald 16, 19
2 O zeveeraayel
5 Crocothemis servilia {Drury) 1-15, 19 Aquaris paludum ludum (Fabricius) 2,9, 13-22, 24
2 s a0l
Deielia phaon (Selys) 4, 7, 10-12 A. elongatus (Uhler) 18
B azaielgo) 2 gaaol
14 Lyriothemis pachygastra (Selys) 1-6, 8-16, 19-22 23 Gerris gracilicornis (Horvath) 2,13, 14
w2 e ate) Ealr Aol
5 Orthetrum albistylum (Selys) 1-15, 19-20 G. (Gerriselloides) nepalensis Distant 18, 21
1w # qagagel
O. melania Selys 2,3,6,9, 11-13, 18, G. (Gerrisy latiabdominis Miyamoto 2-6, 13-21, 24
16 saaze 2 B ojage)
Pantala flavescens (Fabricius) 1,2, 4,8, 12 Corallocoris sp. 21
7 2gzae 46
18 Pseudothemis zonata (Burmeister) 3,4,6, 8,9, 12, 15, 47 Laccophilus difficilis Sharp 3-5, 8, 12-15, 19,
el 16 7 ez 21, 24
Sympetrum croceolum (Selys) 4, 8 L. kobensis Sharp 11, 13, 16, 17
P sk B gaers
S depressiusculum (Selys) 1,34 611,13, 14, = L lewisius Sharp 3-5, 12-17, 20, 21
20 gzzgne) 21, 2 ¥ maes)
S. eroticum (Selys) 2-6, 8-13 Hyphydrus japonicus Sharp 3, 4,8, 11, 12, 14,
SR E E SIS 0 gy is
» S. kunckeli (Selys) 1, 3, 6,9, 11, 12 N Clypeodytes frontalis {Sharp) 3, 12
2 guzzaas R R
e S Speciosum Oguma 2, 4, 8,9, 11-13 Guignotus japonicus {Sharp) 9, 17, 20-24
B spgie 2wk
24 S. infuscatum (Selys) 16 < Oreodytes kanoi Kamiya 24
* s 5 sy
Nemoura Kub 21 Hydrovatus subtilis Sharp 8,9, 16
2 sy  gEEwy
26 Hesperocorixa distanti (Kirkaldy) 1,3, 4,7 8 11-14 Copelatus japonicus Sharp 11, 16, 17, 19, 22
% gy e
77 Sigara (Tropocorixa) substriata (Uhler) 1, 3, 4, 6, 8, 56 C. zimmermanni (Gschwendtner) 16, 17
=0 uEEE 10-13-15-21, 24 WAL SEEYN
28 Micronecta (Basilionecta) sedula Horvath 3, 6, 13-16- 20 Agabus japonicus Sharp 3,4, 17, 12, 13,
28 oz T gz 18-24
29 N.otonecta (Paranecta) triguttate Motschulsky 3,4,7,9 11, 13, 15, _ g A. browni Kamiya 3, 4, 6-8, 11-14, 16,
<7 FEldAA 1821, 24 2% Agzma) 19, 21, 24
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Appendix 1. List of aquatic insect species found in wetlands, Jeju (Countinued)

Wetlands found

Wetlands found

No. Species (see Fig, 1) . No. Species (see Fig. 1)

50 {lybius apicalis Sharp 1, 3, 4, 6-8, 11-13, 19 6 Laccobius (Laccobius) bedeli Sharp 3, 17
B FA=E Aol

60 Rhantus (Rhantus) pulverosus (Stephens) 2, 3,13, 15, 17 - Enochrus (Lumetus) uniformis Sharp 13
H71=3A TR A EY Y]

61 R. (Rhantus) yessoensis Sharp 17, 22 78 Hydrophilus accuminatus Motschulsky 3, 4, 12, 13
A7 1 24A 2guao]

6 Eretes sticticus (Linnaeus) 6 79 Hydrochara affinis (Sharp) 3, 4, 11, 13-15
AREGA gugo]
Hydaticus (Hydaticus) bowringi Clark 3,6, 17, 12 Sternolophus (Sternologphus) rufipes 3, 4, 6, 7, 11, 13

63 EFHEWA 80 Fabricius

ofEPGol

64 H. (Hydaticus) grammicus Germar 3,6 31 Amphiops mater Sharp 1, 2, 4-6, 11, 13-16
ampEEYl SEPFo]

65 H. (Guignotites) pacificus Aube 3 2 Berosus (Berosus) japonicus Sharp 17
== AN7hsEgHgel

66 Graphoderus adamsii (Clark) 1, 3, 4, 11, 14, 16, 19 83 Regimbartia attenuata (Fabricius) 2,3, 58, 11
otgrA BRI FEEGGo]
Cybister (Meganectes) brevis Aube 3-5, 7, 10-12, 16 Hydrochus japonicus Sharp 16

67 84
A2

68 C. (Cybister) japonicus Sharp 3, 8,11, 16 35 Galerucella nipponensis Laboissiere 11, 16, 19
EAA A

69 Noterus japonicus Sharp 4, 14-17, 19-22 36 Galerucella sp. 11
A

70 Canthydrus politus (Sharp) 1, 3-5, 7-11, 14-16 87 Helodes sp. 16, 17
=FuESA LEHE sp.

7 Gyrinus (Gyrinus) japonicusfrancki Ochs 19, 24 38 Apatania KUb 24
o] $EY=F KUb

7 G. (Gyrinus) gestroi Regimbart 1, 3, 6, 7, 10-14, 16, 21 39 Semblis phalaenoides (Linne) 22
FEHol FEEEY

7 Peltodytes sinensis (Hope) 1, 3-9, 11-15 90 Mystacides Kua 16
FEANEY] A=

74 Haliplus (Liaphlus) simplex Clark 2-5, 8,9, 11, 12, 14 91 Tipura sp. 21
ggETET)

75 H. (Liaphlus) eximius Clark 3,4,6,9 . 9 Chrinomus sp. 5, 16
ZE3E7]

I A IAfof DAk AAA 23RN HE
BIE AAT A 23] 1x9 £E T4 7 A
TAHol = ARtE Ba% Qlck(Lawton et al,
1987).

ol2i¥t FF Y WMEL o] wE A 9] Hole}
FRiA| o] A AYE I 9t} & Lawton et al.(1987)-&
AEF F¥F2 oA 129 aAE () 2= gE
AR A, (2) BA A4 HAT R, (3) AEe) ek
@) B2 A=A AR 7148 9 HloEg 9
7R/ Bl 710 Sigltt. of F _EE #4239
TN, BE T 2R 7 Fad adow T
E|IthReviewed in Ward and Stanford, 1982). & Hogg
and Williams(1996)+= 94 &5 & 2-35C /X HE
W RYLE 22T S FRRSATES) TR
° BAHOR 7L Uitk A9 Ao nas

71 o g7zt AR Axtol7] g 7|7
AX A== BELZE AYdrlde BEsivtn 32
He} 2wt 22 7L w0 Fylof met A=
Ao| Gt Fehite] Be- 71580 SARIT} FR
8l7] gliol $A2F FEFF AdE IS vFS
Adol= EFQITE otk  AFodes PAEE 2394
of "Xz 229 Y FFH LR A= B3tk

A5 12 Yo7} Bz AEA vigke] 3718
2 1 AEA Y] RS ek Fad vt E £
o, WAL F QA 7IE Aljhe f40)7] gE
o BE T B vl T i) Fagt 1o
24 FFEAL YoK(Schoener, 1976). AP A4 A4
A AH L 1=7t F7IEPE st Ao gukF o)tk
Sanders(2002)2 = HRo] W FulEye] FFRA o
FolA 1=rt F71E HESH= ARA fZo] AulZ
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Fig. 5. Rapoport’s effect on altitudinal habitat ranges of total taxon and the three most abundant orders. The line is the least
squares linear regression line, The altitudinal habitat ranges were obtained by subtracting the minimum altitude from the

maximum altimde of a species found in Mt. Halla.

Hol FTH WolE Al $8% adlojEa 743}
Aok 2 GFE fstream)7} obd F3IE AAE 2=
5 (lentic) FALHAE Th1 Qlemw vjwz g
3 HAE Y 4 ASIHk Fig 73 2o £ A7 Yl
FAY WAL 1= we} 235)8 FIshe Folithr
= 0.74; P < 0.001). wihA] 2 Aol @2 ‘?*12‘401 Hrg
o B2 e Hokslrl(Schoener, 1976y = 7HdS A-83)
7lole ESES A 2ok
2 oM e W ane AAT A 1= wE
TALS TR B 28FE YEWh Fig 48
B 1HE(258.7m)S S410F EE IR HY T T4
HEH FEHE SAES Fo] SV A4S B
g 4= 3o 9 Y T2 dAdeRs F2& EEydE
7RI QLB R JAH O R oFE 4= QLT o]EY F&
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Fig. 6. Comparison of the size of altitudinal habitat ranges
between high-altitudinal species (A) and low-altitudinal
species (B). High-altitudinal species are aquatic insects
found above 305.5m, while low-altitudinal species are
aquatic insects found below 211.9m; these criteria are based
on the upper and lower limit of standard error from the
altitude with maximum species richness, respectively. ***
Significant at P = 0.001 by T-test. The vertical bars on the
figure indicate standard emror.



184 TEo) GE AR X $HTFS) $FEA U8k : Rapoport WHY A

20000 -
[ ]
r=0.74 (P < 0.001)
15000 1
€
= 10000 -
o
<
5000 -

0 500 1000 1500 2000
Altitude (m)

Fig. 7. The variation in the size (m’) of 24 wetlands in Jeju
according to the altitude of their location.
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