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Change in the structure of butterfly assemblage for 24 years in Mt. Mikusa Zephyrus
Coppice, northern Osaka, central Japan. Minoru Ishii*, Yuta Asai, Shouhei Ueda and Norio
Hirai (Entomological Laboratory, Osaka Prefecture University)

Coppices and remnants of coppices dominated by deciduous Quercus species, such as Q. aliena, Q. acutissima and Q. serrata, still
remain in and around Mt. Mikusa (altitude: 564 m) in northern Osaka Prefecture, central Japan. The occurrence of ten species of
‘Zephyrus’, or arboreal thecline lycaenids, in the area prompted the Osaka Prefectural Government to designate a 14.5 ha coppice
on a southeast-facing slope on Mt. Mikusa as a Green Zone Protected Area in 1992. In addition, the Osaka Green Trust (OGT)
implemented a variety of vegetation management measures on the coppice, which is known as the “Mt. Mikusa Zephyrus Coppice”,
or MZC. We conducted transect counts of butterfly assemblages in the MZC over a seven-month period in 2015. Specifically, we
analyzed changes in the structure of butterfly assemblages in the MZC over 24 years after the establishment of the protected area in
1992 by comparing our findings with those of previous surveys (Ishii et al., 1995, 2003; Nishinaka and Ishii, 2006, 2007). A total of
1,222 individual butterflies belonging to 42 species from 5 families were observed in 2015. Dominant species included three dwarf-
bamboo-feeding satyrines, Lethe sicelis (n=435), L. diana (n=363) and Neope goschkevitschii (n=198), which accounted for ca. 82%
of the total number of butterflies. In contrast, the abundance of violet-feeding fritillaries was low, with a total of only six individuals
belonging to three species observed. After butterfly densities as low as 13.4 being recorded in 1992, densities have increased gradually
to 37.8 individuals/km. No marked change in species richness (41-49 species) was observed over the 24 years since the MZC was
established. However, the species diversity (/) of the butterfly assemblage decreased gradually to 2.7 in 2015 after peaking at 4.6 in
1995. A decreasing tendency was observed in the density of herbaceous-plant feeders, such as Damora sagana and Daimio tethys,
and woody-plant feeders, such as Limenitis camilla, Eurema mandarina and Papilio bianor, which are nectar feeders as adults, over
the 24-year period. However, the densities of the three dominant dwarf-bamboo-feeders increased over the same period. The results
showed that, except for butterfly species that feed on dwarf-bamboo, Pleioblastus chino var. viridis, the populations of most butterfly
species is decreasing. These findings suggest that the feeding damage caused by increasing populations of wild sika deer, Cervus
nippon, to the food plants utilized by many lepidopteran species is having a negative impact on butterfly populations in the region.

Keywords: butterfly assemblage, Mt. Mikusa Zephyrus Coppice, transect counts of butterflies, dwarf-bamboo-feeding satyrines,
violet-feeding fritillaries, sika deer
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Fig.1 Location of the study site, Mt. Mikusa Zephyrus Coppice, and the transect used for the butterfly counts.
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Table 1. Annual and mean annual counts per km (in parentheses) of each butterfly species recorded in the MZC in
2015. Past results obtained in 1992, 1995, 1999, 2001 and 2004, and type of geographical distribution (GD:
P; Palearctic, O; Oriental, S; Sino-Japanese) and Seral Rank (SR) based on Nishinaka & Ishii (2006) of each

species are also shown in this table.

Species GD SR 19929 19952 19999 2001% 2004" 2015 gg&g% e%%?ty Japanese name
Hesperiidae ) Fa vk
Erynnis montanus S 6 17 (0.90) 40 (L15) 50 (143) 26 (0.58) 13 (0.40) 146 (0.77)  v=tizl
Daimio tethys S 5 11(050) 5(026) 6(0.17) 10(0.29) 4 (0.09) 1(0.03) 37 (0.19) A3zt
Thoressa varia S 5 10 (045) 8(0.42) 15 (043) 10 (0.29) 21 (047) 7(022) T1 (037)  =FvsikkkY
Isoteinon lamprospilus S~ 4 3 (0.14) - - - 2 (0.04) - 5 (0.03) RNZayaid)]
Ochlodes ochraceus S~ 4 - 1(0.03) 1 (0.03) - 2 (0.01) LA~ A TR
Potanthus flavum S 4 3014 ; 5(0.14) 12 (0.34) 3 (0.07) ; 23 (012)  XvHTwRY
Polytremispellucida S 5 30 (L36) 1 (0.05) 8 (0.23) 10 (0.29) 4 (0.09) 2 (0.06) 55 (0.29) AT bk
Parnara guttata o 3 - 2 (0.11) 1 (0.03) - - 6 (0.19) 9 (0.05) AFELTEEY
Papilionidae TINF 2 R
Byasa alcinous S 3 - 1 (0.03) 1 (0.02) 2 (0.01) TxaATTHN
Graphium sarpedon O 8 1 (0.05) - - - - 1 (0.01) THART N
Papilio xuthus S 5 1(0.05) ; ; 1(0.03) 3007 1(003) 6 (003) THA
P helenus 0 6 2009 1(005 3009 2(0.08 1002 3000 12 (006 EATHA
P protenor S 5 4(018 1(0.05 15(043) 4(011) 5(0.11) 20 (062) 49 (0.26)  ZuTHA
P macilentus S 5 2 (0.09) - - 2 (0.06) 5 (0.11) - 9 (0.05)  AFHTHN
P. memnon 0O 5 - - - - - 1 (0.03) 1 (0.01) FHYXT N
P, bianor S 6 11(050) 6(0.32) 7(0.200 2(0.06) 1(0.02) 3(009) 30 (0.16) HFATHA
P maackii S 6 2009 - ; 1(0.03) 1(002) - 1002  IYATATHA
Pieridae vaFa v
Colias erate P 1 1 (0.05) - - - - - 1 (001) EAAFay
Euwremamandarina S 4 12 (054) 25 (1.32) 15 (043) 10 (0.29) 15 (0.34) 1 (0.03) 78 (041)  F¥%Fav
Anthocharis scolymus S 3 1(0.05) - 70200 4(0.01) 1(0.02) 1003 14 (007) UvFFay
Pieris rapae P 1 2 (0.09) - - - - - 2 (0.01) EvaFay
P melete S 3 1(005) 4(021) 17(0.49) 14 (040) 32 (0.72) 1(0.03) 69 (0.36)  AV/mimFay
Lycaenidae YVIFavR
Narathura japonica S 7 13 (0.59) 2 (0.11) 2 (0.06) 6 (0.17) 8 (0.18)  1(0.03) 32 (0.17)  AFFFLUI
Artopoetes pryeri S 6 1(0.05) 1 (0.05) - - - - 2 (0.01) UFESC A
Ussuriana stygiana S~ 6 - - - 1 (0.03) - 1 (0.01) S VAN
Japonica lutea S 6 7(032)  2(011)  3(0.09) 24 (0.69) 2.(0.06) 38 (0.20)  THLVI
J. saepestriata S 6 32(145) 1(0.05) 8(0.23) 11(032) 2 (0.04) 15 (0.46) 69 (0.36)  UIFITHLUI
Wagimo signatus S 6 - - - 1 (0.03) - 1 (0.03) 2 (0.01) U7IAVYYR
Antigius attilia S 6 29(L32) 4(0.21) 18(052) 11(0.32) 15(0.34) 8 (0.25) 85 (0.45) IR AR
Favonius orientalis S 6 2 (0.09) 1 (0.05) - - - - 3 (0.02) AAIRY IR
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Table 1. DD X,

Species GD SR 19929 19959 19999 2001% 2004 2015 I(‘)’Jgtl e%%rllty Japanese name
Lycaenidae YVIFavH
F. cognatus S 6 19 (0.86) . 1(0.03) 2006 10 (022  2(0.06) 34 (0.18)  ERAEIRULUI
F. saphirinus S 6 8 (0.36) 3 (0.16) ; 1 (0.03) ; 2006 14 (0.07)  UITEIRIIAR
Callophrys ferrea S 6 3 (0.14) 1 (0.05) - 1 (0.03) 1 (0.02) - 6 (0.03) YA
Rapala arata S 5 3(0.14) 1 (0.05) - ; 2 (0.04) ; 6 (0.03)  FFTIVR
Taraka hamada S 6 - - - - - 1 (0.03) 1 (0.01) I IUR
Lycaena phlaeas P 1 3 (0.14) 5 (0.26) 1 (0.03) 8 (0.23) 6 (0.13) - 23 (0.12) A=)
Pseudozizeeria maha O 1 1(0.05 2011  1(003) 3 (0.09) . 1(0.03) 8 (0.04)  Fwhivs
Cerastrina argiolus P 6 7(032)  2(0.11)  1(0.03) ; 4(009)  6(0.19) 20 (0.10)  AULVR
Everes argiades P 3 - - 1 (0.03) - 1 (0.02) - 2 (0.01) VAT
Curetis acuta s 4 3(0.14)  4(021) 11(0.32)  5(0.14)  8(0.18)  6(0.19) 37 (0.19)  wIFLUI
Nymphalidae BTNF a vk
Libythea celtis P o6 2009)  6(0.32)  1(0.03) 30 (0.86)  3(0.07) 30 (093) T2 (0.38)  TLUFav
Parantica sita 0o 7 4(0.18) ; 1(0.03) 2 (0.06) ; 7(022) 14 (007)  THR<HT
Argyronome ruslana S 5 1 (0.05) - - 1 (0.03) 1 (0.02) - 3 (0.02) FADTXAY
LavES
Damora sagana S 23 (L04)  6(0.32)  1(003) 10 (029) 12 (0.27)  2(0.06) 54 (028)  AAZukavEy
%?;zargynnis anadyo- S 5 2 (0.09) 1 (0.05) 3 (0.09) 2 (0.06) 2 (0.04) 2 (0.06) 12 (0.06) JEHLE aES
)
Argynnis paphia S 5 11(050) 3 (0.16) ; 15 (043)  5(0.11)  2(0.06) 36 (0.19) I RUEzrE
Argyreus hyperbius O 3 1 (0.05) - - - 1 (0.02) - 2 (0.01)  UvUmbavEs
Limenitis camilla S 5 22 7037 1(0.03)  3(0.09)  8(0.18) 2 (0.06) 43 (0.23) AFELTFaV
L. glorifica S 5 - - 2 (0.06) - - - 2 (0.01)  THATFELY
Neptis sappho P 5 39 (L76) 15(0.79) 17 (0.49) 14 (0.40) 28 (0.63) 24 (0.74) 137 (0.72)  =IAY
Polygonia c-aureum S~ 2 - 1 (0.05) - - 1 (0.02) - 2 (0.01) XTI
%&mphalis xanthome- S 6 - - - - - 3 (0.09) 3 (0.02) EA R Fay
Kaniska canace 0 5 7(032)  4021)  6(0.17) 9 (026)  3(0.07)  3(0.09) 32 (0.17)  AUFTA
Cynthia ardui P 2 - 1 (0.05) - - - - 1 (0.01) CAT I ETIN
Vanessa indica 0 5 ; 4021)  5(0.14)  1(0.03)  2(004) 2006 14 (0.0T)  THETA
?i%wrragia nesima- O 7 - - - - 1(0.02) - 1 (0.01) AV
Hestina persimilis S 6 - - 3 (0.09) - - 1 (0.03) 4 (0.02) AvHTFay
Sasakia charonda S 6 6(027) 3 (0.16) . 1 (0.03) . 2006 12 (0.06)  AALTHF
Ypthima argus s 3 9 (041) 12 (0.63) 49 (LA1) 17 (0.49) 54 (1.21) 27 (0.84) 168 (0.88)  EAZFIIUx/ A
Minois dryas P o4 5(023) 8(042) 22 (0.63) 65 (186) 65 (1.45) 9 (0.28) 174 (0.91) Uy AFay
Lethe sicelis S 6 140 (638) 14 (0.74) 200 (5.74) 115 (3.30) 100 (2.24) 435 (13.46) 1004 (5.27)  EHHFav
L. diana S 6 4T (212) 41 (217) 316 (9.06) 202 (5.79) 285 (6.38) 363 (11.23) 1254 (6.58)  rubA
Neope goschkevitschii S 6 52 (2.35) 21 (L11) 129 (3.70) 68 (1.95) 145 (3.25) 198 (6.13) 613 (3.22) Y h¥wsTeny
Mycalesis gotama S 3 4(0.18)  3(0.16)  8(0.23)  9(0.26) 4 (0.09) 5 (0.15) 33 (0.1T)  EAVH/A
M. francisca s 4 4(0.18)  5(0.26) 23 (0.66) 3 (0.09) 7 (0.16) : 42 (0.22)  avy /A
Melanitis phedima 0 4 - - - 1 (0.03) 1 (0.02) - 2 (0.01) Jaz)<Fay
Species richness 49 41 41 46 46 42 66
Annual count 607 254 975 775 910 1222 4743
Count per km 27.6 13.4 28.0 22.2 20.4 37.8 24.9
H' 4.4 4.6 3.4 4.0 3.6 2.7
1) Ishii et al. (1995
2) Ishii et al. ggZLOOS}
3) Nishinaka & Ishii (2006
Nishinaka & Ishii 52007;
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Table 2. Top ten dominant species, and their annual counts and mean annual counts per km (in parentheses) in the
butterfly assemblage of the MZC in 1992, 1995, 1999, 2001, 2004 and 2015.

Order 1992V 19952 19999 20019 2004" 2015
1 L. sicelis L. diana L. diana L. diana L. diana L. diana
140 (6.38) 41 (2.17) 316 (9.06) 202 (5.79) 285 (6.38) 363 (11.23)
2 N. goschkevitschii  E. mandarina L. sicelis L. sicelis N. goschkevitschii L. sicelis
52 (2.35) 25 (1.32) 200 (5.74) 115 (3.30) 145 (3.25) 435 (13.46)
3 L. diana N. goschkevitschii ~ N. goschkevitschii ~ N. goschkevitschii L. sicelis N. goschkevitschii
47 (2.12) 21 (1.11) 129 (3.70) 68 (1.95) 100 (2.24) 198 (6.13)
4 N. sappho E. montanus Y. argus M. dryas M. dryas L. celtis
39 (1.76) 17 (0.90) 49 (1.41) 65 (1.86) 65 (1.45) 30 (0.93)
5 J. saepestriata N. sappho E. montanus E. montanus Y. argus Y argus
32 (1.45) 15 (0.79) 40 (1.15) 50 (1.43) 54 (1.21) 27 (0.84)
6 P, pellucida L. sicelis M. francisca L. celtis P. melete N. sappho
30 (1.36) 14 (0.74) 23 (0.66) 30 (0.86) 32 (0.72) 24 (0.74)
7 A. attilia Y argus M. dryas J. lutea N. sappho P. protenor
29 (1.32) 12 (0.63) 22 (0.63) 24 (0.69) 28 (0.63) 20 (0.62)
8 D. sagana T varia A. attilia Y. argus E. montanus J. saepestriata
23 (1.04) 8 (0.42) 18 (0.52) 17 (0.49) 26 (0.58) 15 (0.46)
M. dryas
8 (0.42)
9 L. camilla P. melete A. paphia T. varia E. montanus
22 17 (0.49) 15 (0.43) 21 (0.47) 13 (0.40)
N. sappho
17 (0.49)
10 F. cognatus L. camilla P. melete E. mandarina M. dryas
19 (0.86) 7 (0.37) 14 (0.40) 15 (0.34) 9 (0.28)
A. attilia
15 (0.34)
gﬁ%‘sg;’;}gg 433 168 831 600 7715) 1134
gg;fllsggg}gs‘ 607 254 975 775 910 1222
% of.10 713 66.1 85.2 774 84.7 92.8

species

1) Ishii et al. (1995)

2) Ishii et al. (2003)

3) Nishinaka & Ishii (2006)
4) Nishinaka & Ishii (2007)
5) excluding 4. attilia
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A7 F a v (1004, 527), ¥ ¥~ HTeh
7 (613, 3.22) O 3HTEFF 2,875 K, FHHE
JE 15.08 fE{K /km & 720, AAED 61% % 5wz,
B4~ 100D EALFEIE, v / AT 3 7 Minois
dryas (174, 091), B AU TFI U+ /) £ (168,
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= I A Y Neptis sappho (137, 0.72), I XA a A
FH Y 2 Antigius attilia (85, 0.45), ¥ X XT3
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2.3% I L E 7oz,

1992 4E 77 &5 2015 4E 0D 24 4E R D F a v R4

OEER D &, Fifk (41 ~49F) 1T o\ Tix
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Fig.2 Changes in (a) species richness, (b) mean annual
density and (c) species diversity in the butterfly
assemblage in the MZC from 1992 through 2015.
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¥4 lavtktk
REBEHEOATFEL T Fa vy
XEXTavy, BTAT TN
Iv~vktY, vI7URIRNY Y
¥ X Favonius saphirinus 753 £ % < OFE T/ E A
nERO BN (Fig. 4), £Z°C, Fa VHEEED
ZEAb % Sy HL o B LR A R0 B D R 0D 8L A T iR
Hr Uiz, g loFERmBoMEcclx, 98
FHrr< AARRE (16 ~ 23 ff) L HARE (15
~ 22 ff) PMEHT, VI EFL3I~4FEL DR
Mo Ty, T ORI 24 B TR E B i
ot (Fig. ba), UL, &4 A4 7O %E
FIHAT 2T a vEHOBEIZOWTIE, IHaEN

v, VU T~ Kaniska canace,
U Daimio tethys,
Limenitis camilla,

Papilio bianor,

JERIMICEES T, ZOEISITREICHE KL, 2015
IR 8 ETiE Lz (Fig. 5b), ik Hh oo R
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Fig.3 Change in the mean annual density (counts/km)
in three dwarf-bamboo feeder nymphalids, Lethe
scicelis (open circles), L. diana (closed circles)
and Neope goschkevitschii (closed squares), in the
MZC from 1992 through 2015.
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Fig.4 Change in mean annual density (counts/km) of eight species in the MZC from 1992 through 2015.
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Fig.5 Change in (a) species richness and (b) density of herbaceous plant feeders, dwarf-bamboo feeders, and woody
plant feeders in the MZC from 1992 through 2015.
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Fig.6 Change in (a) species richness and (b) density of nectar feeders and tree-sap feeders in the MZC from 1992
through 2015.
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2T, MZC OF a VLD L% SR 55k
WX VIRIT L7z & 2 AR O TE D 53R & KR
WERIAR OO AN i oT, Thbb,
MZC O F = 7HEBEE T SRS (Hi#mtk - #hig) &

a Species richness

2015 EOSR1
2004 SR2
SR3
» 2001
pis SR4
>
1999 SRS
1995 SR6
W SR8
2015 EISR1
2004 E1SR2
EISR3
5 2001 i
o
>
1999 W SRS
1995 N SR6
N SR8

Fig.7 Change in (a) percentage of species richness and
(b) density of butterfly species belonging to each
SR rank in the MZC from 1992 through 2015.
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Fig.8 Change in relationship between species diversity
(H') and mean annual density (counts/km) in
the butterfly assemblage in the MZC from 1992
through 2015.
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SRRED LAPR O, miko X5z, Zh
%¢mutﬁ%éﬁ®ﬁ%:;étw&%aﬁﬁ
DEEDIKT Lt a vt T a VEHOEINZ LI
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2010),
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o, FEEOREOED b L TnH LB bR
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Fig.9 Change in species richness of three types of
butterflies classified by the distribution; Oriental,

Sino-Japanese and Palearctic in the MZC from
1992 through 2015.
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