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A Method for Environmental Evaluation Using Indicator Groups of Butterflies and the
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Methods to classify 55 species of butterflies into some indicator groups which re-
flected the natural environments were presented based on the investigation about these
butterflies at 344 survey points in Kagawa Prefecture. The natural environment was
evaluated visually using the radar chart of RI-indice calculated about those indicator
groups. Fifty-five species were classified into four indicator groups by three methods,
that is, the naturality index of species, the cluster analysis and the factor analysis. On
the naturality index of species, butterflies were classified from the distribution in
Kagawa Prefecture. On the cluster analysis and the factor analysis, they were divided
into groups from the dendrogram and the scattered diagram, respectively, which were
described based on the analysis of the percentage matrix of buiterflies discovered in each
environmental condition. As a result, the some butterflies which composed indicator
groups were different among three methods. However, there was a correlation, because
the rank correlation coefficient ranged from 0.578 to 0.737. The shape of the radar
chart of average RI-indice which were calculated about indicator groups depended on
the natural environment. The possibility that the difference of the environment can be
distinguished using this radar chart and the application to the different research data
were discussed

Key words : Environmental evaluation, Indicator group of butterflies, RJ-index,
Kagawa Prefecture, Cluster analysis, Factor analysis
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Table 1 Indicator groups of butterflies classified based on naturality index of species

Fa v OEES V-7 & RIFFH

Indicator Species Family Naturahty.mdex
group of species
Al Parnara guttata guttata (Bremer et Grey) Hesperiidae 1
(9 species) Papilio xuthus Linnaeus Papilionidae 1
Papilio memnon thunbergii von Siebold Papilionidae 1
Pieris rapae crucivora Boisduval Pieridae 1
Lycaena phlaeas daimio (Matsumura) Lycaenidae 1
Zizeeria maha argia (Menetries) Lycaenidae 1
Everes argiades hellotia (Menetries) Lycaenidae 1
Lampides boeticus (Linnaeus) Lycaenidae 1
Cynthia cardui (Linnaeus) Nymphalidae 1
A2 Potanthus flavus flavus (Murray) Hesperiidae 2
(16 species) Pelopidas mathias oberthueri Evans Hesperiidae 2
Byasa alcinous alcinous (Klug) Papilionidae 2
Graphium sarpedon nipponum (Fruhstorfer) Papilionidae 2
Papilio machaon hippocrates C. et R. Felder Papilionidae 2
Papilio protenor demetrius Stoll Papilionidae 2
Papilio helenus nicconicolens Butler Papilionidae 2
Eurema hecabe (Linnaeus) Pieridae 2
Colias erate poliographus Motschulsky Pieridae 2
Celastrina argiolus ladonides (de 1'Orza) Lycaenidae 2
Polygonia c-aureum c-aureum (Linnaeus) Nymphalidae 2
Argyronome laodice japonica (Menetries) Nymphalidae 2
Argyreus hyperbius hyperius (Linnaeus) Nymphalidae 2
Ypthima argus Butler Satyridae 2
Mycalesis gotama fulginia Fruhstofer Satyridae 2
Minois dryas bipunctata (Motschulsky) Satyridae 2
A3 Isoteinon lamprospilus lamprospilus C. et R. Felder Hesperiidae 3
(19 species) Thoressa varia (Murray) Hesperiidae 3
Papilio bianor dehaanii C.et R.Felder Papilionidae 3
Pieris melete melete Menetries Pieridae 3
Narathura japonica (Murray) Lycaenidae 3
Curetis acuta paracuta de Niceville Lycaenidae 3
Apatura metis substituta Butler Nymphalidae 3
Hestina japonica (C.et R.Felder) Nymphalidae 3
Cyrestis thyodamas mabella Fruhstorfer Nymphalidae 3
Neptis sappho intermedia W.B.Pryer Nymphalidae 3
Vanessa indica (Herbst) Nymphalidae 3
Kaniska canace nojaponicum (von Siebold) Nymphalidae 3
Fabriciana adippe pallescens (Butler) Nymphalidae 3
Argynnis paphia tsushimana Fruhstorfer Nymphalidae 3
Nephargynnis anadyomene midas (Butler) Nympbhalidae 3
Damore sagana ilone (Fruhstorfer) Nymphalidae 3
Mycalesis francisca perdiccas Hewitson Satyridae 3
Lethe sicelis (Hewitson) Satyridae 3
Neope goschkevitschii (Menetries) Satyridae 3
Ad Daimio tethys (Menetries) Hesperiidae 4
(11 species) Choaspes benjaminii japonica (Murray) Hesperiidae 4
Papilio macilentus Janson Papilionidae 4
Rapala arata (Bremer) Lycaenidae 4
Parantica sita niphonica (Moore) Danaidae 4
Libythea celtis celtoides Fruhstorfer Libytheidae 4
Dichorragia nesimachus nesiotes Fruhsorfer Nymphalidae 4
Ladoga camilla japonica (Menetries) Nympbhalidae 4
Araschnia burejana strigosa Butler Nymphalidae 4
Lethe diana diana (Butler) Satyridae 4
Lethe marginalis (Motschulsky) Satyridae 4
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Table 2 Correlation matrix among environments on discovery rates of 55 butterfly species

Environment Urban River- Field Gm\te of Plantation Forest* chifggea' Orchard Mixture * *
area beach shrine forest
Urban area 1.000 0.616 0.785 0.499 0.369 0.383 0.316 0.543 0.487
River-beach - 1.000 0.905 0.701 0.579 0.574 0.422 0. 665 0. 691
Field - - 1.000 0.670 0.564 0.555 0.435 0. 659 0. 687
Grove of shrine - - - 1.000 0.849 0.907 0.797 0.768 0.911
Plantation - - - - 1.000 0.943 0. 865 0.737 0.925
Forest * - - - - - 1.000 0.903 0.770 0.952
Broadleaved forest - - - - - - 1.000 0.594 0. 876
Orchard - - - - - - - 1.000 0. 801
Mixture ** - - - - - - - - 1.000

* : Forest composed of needle and broadleaved trees
** : Mixture area of field, orchard and forest

— 148 —



F a3 U ORESN—T & RIFFH

Ypthima argus
Lyrema iecabe. ..o

Zizeeria maha argia
| E Papilio xuthus
Parngre. guntata guilata

Lethe sicelis

Celastrina argiolus ladonides

Lycaena phlacas daimio C3
Neptis sappho intermedia
Curetis acuta paracuta

i Rapilio. protenor demeius. ..o cceecncreenn e
Cynthia cardui

Lampides boeticus

Polygonia c-aureum c-aurewm
Papilio machaon hippocrates
Minois dryas bipunctata

Argyinis paphia tsushimana
Damore sagana ilone

Papilio bianor dehaanii

Hestina japonica

Narathura japonica

Cyrestis thyodamas mabella
Libythea celtis celtoides

Graphium sarpedon nipponum

L Colias erate poliographus
Pelopidas mathias oberthueri
Potanthus flavus flavus

Isoteinon lamprospilus lamprospilus
Argyronome Ilaodice japonica
Parantica sita niphonica

Lethe diana diana

Rapala arata

Dichorragia nesimachus nesiotes
Apatura metis substituta

Fabriciana adippe pallescens
Byasa alcinous alcinous
Nephargynnis anadyomene midas
Vanessa indica

Papilio macilentus

Thoressa varia

Lethe marginalis

Araschnia burejana strigosa
Choaspes benjaminii japonica
Everes argiades hellotia

Papilio helenus nicconicolens
Papilio menmnon thunbergil

Kaniska canace nojaponicum
Ladoga camilla japonica

Pieris melete melete

Argyreus hyperbius hyperius

Neope goschkevitschil

Mycalesis francisca perdiccas
20t R 2 U,

Pieris rapae crucivora
—] I'E Mycalesis gotama fulginia
L

C1
(4 species)

(6 species)

c4
(42 species)

Fig. 1 Dendrogram and indicator groups of butterflies classified by cluster analysis
(standardized squared Euclidean distance, furthest neighbor method).
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Table 3 Factor loading and percent of variance estimated by factor analysis

Factor loading matrix

Rotated factor loading matrix
by varimax method

Environment

Factor 1 Factor 2 Factor 1 Factor 2
Urban area 0. 598 0.519 0.173 0.773
River-beach 0.783 0. 458 0.358 0. 833
Field 0.794 0. 554 0.310 0.918
Grove of shrine 0. 907 — 0.095 0. 803 0. 475
Plantation 0. 903 - 0.295 0. 901 0.299
Forest * 0.933 — 0.330 0. 946 0.289
Broadleaved forest 0. 820 — 0.418 0. 908 0. 151
Orchard 0. 829 0. 064 0. 629 0. 543
Mixture ** 0.970 —0.162 0. 877 0. 446
Percent of variance 0.716 0.133 0.510 0.339
Cumulative variance 0.716 0. 849 0.510 0. 849

*and ** : See notes in Table 2
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0 6 50 » .. |
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Fig. 2 Indicator groups of butterflies classified by scattergram of factor scores,
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Table 4 Indicator groups of butterflies classified based on factor scores estimated by factor analysis

Indicator Species Factor 1 Factor 2
group

F1 Parantica sita niphonica - 1.170 — 0.200

(30 species) Rapala arata - 1.154 —0.233

Lethe diana diana - 1117 —0.232

Choaspes benjaminii japonica - 0.997 — 0.306

Apatura metis substituta — 0.952 — 0.296

Byasa alcinous alcinous - 0.944 —0.233

Fabriciana adippe pallescens - 0.941 — 0.283

Argyronome laodice japonica — 0.893 —0.236

Dichorragia nesimachus nesiotes - 0.879 - 0.330

Vanessa indica — 0. 807 —0.382

Lethe marginalis - 0.793 —0.428

Araschnia burejana strigosa —0.776 — 0.405

Papilio macilentus -0.771 —0.332

Nephargynnis anadyomene midas — 0.764 — 0. 406

Pelopidas mathias oberthueri — 0. 686 — 0.053

Potanthus flavus flavus — 0. 602 - 0.102

Cyrestis thyodamas mabella - 0.599 — 0. 386

Thoressa varia — 0.559 - 0.409

Papilio bianor dehaanii —0.542 — 0. 549

Hestina japonica —0.477 -~ 0.215

Graphium sarpedon nipponum - 0.430 —0.136

Isoteinon lamprospilus lamprospilus —0.397 —0.374

Damore sagana ilone - 0.387 — 0.485

Papilio helenus nicconicolens —0.167 —-0.174

Libythea celtis celtoides —0.140 - 0.5986

Minois dryas bipunctata —0.109 — 0. 605

Narathura japonica —0.092 - 0.49%4

Argynnis paphia tsushimana 0.022 -0.717

Daimio tethys 0. 029 — 0. 699

Mycalesis francisca perdiccas 0.123 — 0.676

F2 Colias erate poliographus —0.970 0.133

( 8 species) Polygonia c-aureum c-aureum — 0. 857 0. 599

Papilio machaon hippocrates — 0.824 0. 810

Cynthia cardui —0.432 0. 984

Lampides boeticus — 0.429 0.700

Papilio memnon thunbergii — 0. 166 0.175

Argyreus hyperbius hyperius 0.151 0. 094

Everes argiades hellotia 0.318 0. 529

F3 Neope goschkevitschii 0.615 - 0.619

(11 species) Ladoga camilla japonica 0.713 — 0.951

Pieris melete melete 1.030 - 0.969

Kaniska canace nojaponicum 1.217 — 0.985

Lycaena phlaeas daimio 1.319 0.196

Lethe sicelis 1. 450 — 0.740

Celastrina argiolus ladonides 1. 531 — 0.655

Papilio protenor demetrius 1. 649 —0.552

Ypthima argus 2.206 0. 124

Curetis acuta paracuta 2,211 — 1,033

Neptis sappho intermedia 2.716 — 1.061

F4 Mpycalesis gotama fulginia 1. 088 1. 466

( 6 species) Eurema hecabe 1,765 1.510

Papilio xuthus 0. 650 2.276

Parnara guttata guttata 0.451 2.786

Pieris rapae crucivora —0.283 2,992

Zizeeria maha argia 0. 838 3.148
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Fig. 3 Radar chart of average RI-indice of 4 indicator groups which were classified by each of three

methods. * and ** : See notes in Tables 2.
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Table 5 Probability of y * test for average RI-indice of 4 indicator groups between environments
(Upper row : naturality index of species, middle : cluster analysis, lower : factor analysis)

iver- 5 i > Broadlea-
Environment River Field Gro‘fe of Plantation Forest ved Orchard Mixture **
beach shrine forest
Urban area 0.002 0.186 0.000 0.000 0.000 0.000 0.007 0.000
0.000 0.002 0.000 0.000 0.000 0. 000 0.000 0.000
0.035 0.249 0.000 0.000 0.000 0.000 0.001 0.000
River-beach 0.005 0.000 0.000 0.000 0.000 0.001 0.000
0.046 0.000 0.000 0.000 0.000 0.000 0.000
0.009 0.000 0.000 0.000 0. 000 0.004 0.000
Field 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

Grove of shrine

0.051 0.002 0.000 0.001 0.127
0.783 0.025 0. 000 0. 006 0.497
0.470 0. 006 0.000 0.003 0.070

Plantation 0.472 0.000 0.000 0.028
0.208 0.000 0.002 0.378
0.113 0.000 0.001 0.070
Forest * 0.000 0.000 0.000

0.001 0.000 0. 000
0.000 0.000 0.000

Broadleaved forest 0.000 0.000
0.000 0.000
0.000 0.000
Orchard 0.001
0.007
0.006

*and *° : See notes in Table 2

ERT 5, X BREFFMOFHELZRB L, RIKHD
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KIRBIZ K B THERE LB LT, SEMREH
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BREFHOBRAENT 52D, MU ME
RERLIIRAETFT— 5 OBEICHET 2HRLTH
nT3 (A, 1988 ; 435, 1996 ; Natuhara
et al, 1996)., —J, i}« 2§ (1995) XAE
HEDKWS 77— T HFI AR RIEH
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X D ENEDOFHRI 155 (0.145) PR ARIFEH
(0.370) 78 Eap 5, BRALFBFELIC & 3 IRILIK 1L 3o
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BEFETE S, LdL, FOLH5RMEMERL
THEhENIBREZINSBBILRITER
Doz,

AR TRR Ui 2 )V — 75 RIE$ %A F
AT5& ZOBBRIFOF—905, BERED
SETIIRI (A1)=0.370 (A1 7V —F9HIiz
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Fig. 4 Radar chart of RI-indice of 4 indicator groups at 6 survey points where total RI-index was

same value. * and ** : See notes in Tables 2.
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Fig. 5 Radar chart of RI-indice of 4 indicator groups at Ayauta forest park,
Total RI-index = 0.273, No. of species = 31,
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Table 6 Percentage of survey points where RI-indice of indicator groups were significantly different

from those of own environment

Naturality index of species

Factor analysis

Environment Total No. of Cluster analysis

survey points No. (%) No. (%) No. (%)

Urban area 14 0(0.0 0(0.0 2 (14.3)
River-beach 17 0C0.0 0 (0.0 1(59
Field 50 4 (8.0 4 (8.0 4 (8.0
Grove of shrine 21 5 (23.8) 0(0.0 5 (23.8)
Plantation 45 8 (17.8) 5 (11D 7 (15.6)
Forest * 86 14 (16.3) 4 (4.7 10 (11.8)
Broadleaved forest 27 9 (33.3) 1(37D 7 (25.9)
Orchard 9 1 (1.1 0 (0.0 0(0.0)
Mixture ** 75 14 (18.7) 6 ( 8.0) 14 (18.7
Total 344 55 (16.0) 20 ( 5.8) 50 (14.5)

*and ** : See notes in Table 2
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