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Abstract; The Tianshan Mountain area is a large system of mountain ranges that spans China and a number of other Central
Asian countries, with a length of more than 1700 km within the Xinjiang Uyghur Autonomous Region, northwest China. It
has a typical temperate continental climate, has abundant forest and grassland resources, and is one of the most important
water sources in the arid region of Central Asia. The Tianshan Mountains are also considered a biodiversity hotspot that plays
a key role in the function of regional ecosystems, providing various habitats for plants and animals, including butterflies,
which are considered environmentally sensitive and thus have potential to be used as ecological indicators. Surveys in the
Xinjiang eastern Tianshan Mountains from 2006 to 2008 recorded 63 species of butterflies, which belonged to seven families
and 43 genera, accounting for 24.80% of the total butterfly species recorded in Xinjiang. Palearctic species were dominant
(73%) , while widely distributed species made up the rest of the species (27%). No oriental species were recorded

because of the geographical isolation. The Nymphalidae were the most diverse group with 19 species and 11 genera, while
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only 1 species of Riodinidae was recorded. The butterfly habitats in the Xinjiang eastern Tianshan Mountain area were
divided into 5 altitudinal zones, including low mountain shrub grassland, mountain forest steppe, subalpine meadow, alpine
meadow, and the cushion vegetation zone. In terms of butterfly species richness and total butterfly abundance these habitat
zones were ranked from highest to lowest as follows: subalpine meadow > mountain forest steppe > low mountain shrub
grassland > alpine meadow > cushion vegetation zone. The diversity of butterfly species, genera, and families were
comprehensively evaluated using the Shannon-Wiener index and the G-F index. The results indicated that subalpine meadow
habitats had the highest species diversity, followed by mountain forest steppe, low mountain shrub grassland, alpine
meadow habitats, and finally the cushion vegetation zone. The Shannon and G-F indices showed similar patterns,
demonstrating high species evenness among habitats and similar distribution patterns of butterfly families, genera, and
species diversity in the study area. Changes in the number of species and butterfly abundance were related to changes in
altitude, initially increasing with altitude and then declining. The fauna composition also changed along the altitudinal
gradient. The proportion of widely distributed species gradually declined, and there was no distribution especially in meadow
and cushion vegetation zone. However, Palearctic species showed an opposite trend, rising with increasing altitude. Our
results indicate that butterfly communities in the eastern Tianshan Mountain area were different from those at Altai Mountain
and two other parts of the Tianshan Mountain area. Both diversity and fauna composition were strongly affected by different
types of habitats. Attention should be paid to the potential consequences of habitat loss on butterflies that are only
distributed in the cushion vegetation and alpine meadow zones. These species and habitats are particularly vulnerable as
temperatures are expected to rise by a greater amount at higher altitudes in the future, which could cause the snowline to
rise. To avoid the irreversible loss of biodiversity, habitat protection should be considered fundamental for the conservation

of butterflies, and particularly the preservation of higher altitude habitats.

Key Words: eastern Tianshan Mountain; butterfly; diversity; vertical distribution
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Table 1 Comparison of different habitat types in Xinjiang eastern Tianshan Mountain

A B Al 1H/m + e TR
Habitat types Altitude Soil types Vegetation
I 1500 LI LI Hb B4 - B HEAR R
I 1500—2000 Ll b e - | 1t R L TN AR
I 2000—2800 WV e LR A 4 1L RS + BFREAR T LR A
I\ 2800—3500 o L ] Ll % )
\Y 3500 LA I B+ R+ HORFERE  F 85 A

1.2 5
1.2.1  ARINFEAR R (K 1500 m PAF)

Ab TR 1500 m DATF AR5 P (Stipa sp. ) IS (Festuca sp. ) FZFIE 2 (Artemisia spp. ) 14 LY
BT
1.2.2 I ARARRE T (44 1500—2000m)
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RREE T d, ANB R S CIUDTRE , PeR S R B 10:00—16:00 , 7E 3 25 1 i N EFE 10 km AOREZR, ¥
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Table 2 The composition and fauna of butterflies in Xinjiang eastern Tianshan Mountain

B4 & i A ARBCRE X 2§43 Fauna element
Familios No. of No. 'of . NO: of AL Rh i
genera species individuals Palearctic species Widely-distributed species

KUER] Papilionidae 2 4 158 3 1
A} Pieridae 4 12 572 8 4
MR MR Satyridae 9 13 299 13 0
AL Nymphalidae 13 19 686 13 6
WAL Riodinidae 1 1 10 1 0
JRBERL Lycaenidae 11 11 313 7 4
FEWERL Hesperiidae 3 3 34 1 2
A1 Total 43 63 2072 46 17
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2.2 CHEEZRER K L ST 1 O3 A 15 Ol
221 ARHIFEAE AT (K 1500 m BT

OISR S B 17 JE 19 B, A A A SRR YR 30.16% (3% 3), Hohl d6 R Y 47.37%, ) A Bl
52.63% ) AT FRET o 0 He R 1 e R DI TR T SR B A A T N AR ) s ) A R A
Ffo MPIRARHERX — XA X R K 2, TR B IR (Aporia crataegi) . = ¥y 8% ( Pontia edusa) B2 Gk B
( Colias erate) SFFhAS , WEMER} (1) AWK I ( Nymphalis xanthomelas ) U Z |
2.2.2  IHBARARE T (4K 1500—2000 m)

SARATIES 6 B} 30 JE 38 Bl i TR A R IR 9 60.32% , JLrbtr bRl 65.79% , ) AR 34.21% , Bt
B ER AT ) A AR H R R, S AR PR EE 0 AR LU T A Rl AT RS W i 4 AR
F&, CHEE 85k 1Y 4 XU ( Papilio machaon ) 153X 25 5 W3 | BUE /N BE ( Berberis sp. ) F H I 28 #5 ik
(Aporia leucodice ) {8 T 7048 THARIMGFIR I B K ME (A, crataegi ) B RS BN Fe 22 W Ry MERH RIS | 1t 5k 4y
A0 B /NLL IR (Vanessa cardui ) AN BIPLRARNIS , IKIRER} 0352 % IK U5 (Aricia eumedon ) i ERTE AT B 5 4L %
#BTT ( Geranium pseudosibiricum ) 21 I AE N AT | J& AR A1y B i i 22 1) /N U BREIS
2.2.3 IR (K 2000—2800 m)

I ESE 6 B 33 I8 48 Flr, o5 FT IR A ISR Y 76.19% , ST A T 1 oA SR SR e
B X3, oty LRl by 72.929% , ) A FIOIT 5 27.08% , Ui A AT A IR BE O — 2B R AG, RE SR E AR
W H A TE BRI — R0 AR A AE . A 2R R AT X B s < By M (Pontia chloridice) %
LRI ( Pieris napi) 3% 88 5K 8¢ ( Colias staudingeri ) ; K R 85 ( Karanasa regeli) . 75 HR 8¢ ( Pseudochazara
hippolyte) 1% A HRYE ( Chazara heydenreichi) ; fLAE RS ( Inachis io) . R ARERESE ( Nymphalis vau-album) 545
W (Argynnis paphia) ERWEEE (Issoria lathonia) K W IR ( Melitaea didyma) ; 75 8%: ( Hesperia comma ) FI13E JK W
( Celastrina argiolus) %,

2.2.4  mElEAEH (A 2800—3500 m)

A 6 BF 11 &8 13 F, o5 T A P FR 1) 20.63% , BERAGFMELE B 080, TR AE R (E 2)
FEEHTAWSRIES  FEHREME-5.4 CMY 4 REZBMER T 2L AR, R ILEBE ( Parnassius
tianschanicus ) FIHOL R ZE 85 (P. actius ) BUNASHT T FEMEE AR . IR HR 5 ( Oeneis hora ) TEMFFE X BN A 53
AT
2.2.5  HURAEHCHT (5K 3500 m PLE)

OYATAIESE 3R 3 JE 3 Rl AL R A SR R 4.76% , 341 Dt JE R AL S v O T 45 8% ( Parnassius
actius ) K ILZNIRISE ( Polycaena timur) F1HE. F M ( Boloria sipora) o
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Table 3 Faunas of butterflies in different habitat types in Xinjiang eastern Tianshan Mountain

i}{ﬁf{g HrdbFh Palearctic species J AP Wide-distributed species e I
types YR EC [ERig= L/LEE [Epid:4 Total Percentage/ %
Species Percentage/ % Species Percentage/ %
I 9 47.37 10 52.63 19 30.16
Il 25 65.79 13 34.21 38 60.32
I 35 72.92 13 27.08 48 76.19
\% 13 100 0 0 13 20.63
\ 3 100 0 0 3 4.76

2.3 HTERACHROR RIS T o A AL AL
M 2 AT LU i AR 3 O L A SRS Ay b A A A B i 25 T4 04 T v S BRI S A T 8, Bt T A e
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Fig.2 The vertical distribution of butterflies in Xinjiang eastern Tianshan Mountain

2.4 GHEEARTRR I BRE SRS
H1% 4 AT, S e A Z A6 £ Shannon-Wiener 18 4UHI S BB | JB ZAEPERY G $840.F 840, G-F 15813
A>T > T >IV>V SRR LA B R fi o F 5, RO L AP Jnts MR 1L A e
A, T i L1 ) A R EORAR S ) RS 2 RV B, IR AR AR B AR T 45 R — B, 25 E%
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Table 4 The diversity of butterflies in different habitat types in Xinjiang eastern Tianshan Mountain

AR B JREL LUIEIEAY G 185 F 498 G-F 5 Shannon F§ %% YIS TR AL
Habitat No. of No. of No. of G-F ,El G-F Shannon Evenness
. . . F index . . .
types families genera species index index index index
1 5 17 19 2.799 5.147 0.456 2.577 0.875
| 6 30 38 3.332 8.523 0.609 3.160 0.869
It 6 33 48 3.365 8.664 0.612 3.442 0.894
v 6 11 13 2.352 3.121 0.247 2.328 0.908
A% 3 3 3 1.099 0.000 0.000 1.040 0.946

2.5 HSEARER IR ILSARIE 2 A
H13% 5 AT, BT8R 2R T K LA ] A S5 T AR A AN g, (AR5 T A AR5 T A5 1T A 35 T 22 ) ik 3
SEARALL , T A AR 358 2 AL AR AU PSS AR AR o 30 ) A S5 2 A W R A I A5 0 A 2 MRV

R5 FERBRLUSERREGBUERE

Table 5 The similarity coefficient of butterflies in different habitat types in Xinjiang eastern Tianshan Mountain

AR AR R B Similarity coefficient
Habitat types I m v v
I 0.500 0.175 0 0
I 0.458 0.020 0
m 0.173 0
v 0.231
\
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H15R 6 AT, ARFRR LU YRS S VPE AR R 1L ALHRR LA B 7K 28 LA (AP S b A8 AR AL, (EL5 PG 38K L ey
IRZEIAREE , AFR IR L -5 U R IR 1L 22 6] A SRS AR LRI 17 , X U I ZR PR IR LRI T 2R 48 1 2 [ AN R B AR | T
ELAFAE T 7R 23 M ) BELIR: , 27 v e TR B RS TI0 Ik ELAHIE RS | DR I 0 b 2y o ) R AR B8 AR T [ s
R LUK A AN [ DX M R AR AR

R 6 RULAKIRSEHIBMIE R L

Table 6 The similarity coefficient of butterflies within Tianshan Mountain

A R EL Similarity coefficient

Flek il -

Range (RPN S NI BT /R 210 123
Western Tianshan Northern Tianshan Altai

BRI Eastern Tianshan 0.266 0.312 0.306

Fi#B K 1Ll Western Tianshan!'®! 0.124 0.200

463K 1 Northern Tianshan!?2) 0.249

KT /R Z& 11 Altai Mountain

3 #ig5itig
31 %
311 AREFFEIHC IS 7 B 43 R 63 Fh, i O 0 SRR 254 P 24.80% Y RIS i e PG R
(37 Ff) VO RTFAGES R 2RI R ZE 1L P IR R A A AR R 32, R A R R A 73% , ) AR R
o7 PR A SRR 27 % , BT BRI A A AR M 2 B T R e i B A R MRS TP i AR TE AR ME IR S B X, H R
H R AR,
3.2 R AR A S e RIS A S AT AR I, SR 40 2 A 0 A L b R B ST (38 ) RTIE # LL RE )
(48 F) i L) ol FHCHRAR BT B T RAIK, SRS AR AR X 3D | 3 5 B /R 28 1L 28 2 MR R B 9 285
AL BEE R AT, T AR Lz T [ LA AR ey B A T AR, T
T R W R A B e R BRI B 2 — 1 st S B R T A R AR i G R LA T I A 3 N A B A
87, (B 52 JE V8 B BE T 55 Tty Jb AP
3.1.3  AZHFEMES BT, Shannon-Wiener F85UFI G $5 51 F 1551 G-F $i5 B W (1) 45 5L AH X — 3, 3% i B 7F
WF5E XS YR AP ERIRL & 0 2R A% e TR IR X 5 A T B IR 2T T 45
RAFFE22 570 X T RESAFIE X S o A B 2ER) JB SRR L = SRR« KRB %
3.0.4  MAHARUE A BEA3HT , 8 6 2 350 % L (18 e 24 5 Ry H A DX sl DA K ] 7% 25 L R AR B AN v, 138 81 o 25 A
8L, 136 A AR 3 IR LU AR A 2R L Lk e 2 i ) 405 43, B8 22 A P R X R L L Jk JH Al DX SRR X ARk, i F 5 IX 35
PR [ A= 58 2 (B AR RPN 5, S 7R R AR X — XA AE B B W T L B A
32 e HEI

BRI IAE R R Bk B AR BE, B 6 F 8 K 07 7= BRARORD sh RS 0 5, 2 B 28 R A A A 2R
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Appendix 1 A checklist of butterflies fauna and vertical distribution in Xinjiang eastern Tianshan Mountain
AMAEEE Individuals
%ﬁ ﬁ‘ﬁ;}fﬁ%:zmlfj diitlj)ution X Fauna
Species I i it v v ft Kt P
4RI Papilio machaon 0 13 6 0 0 +
B33 2 458 Parnassius apollo 0 37 11 0 0
HOE 2R3 Parnassius actius 0 0 0 5 3
KIZEYE Parnassius tianschanicus 0 61 22 0
ML Aporia crataegi 75 13 0 0 0 +
HE AR Aporia leucodice 0 42 2 0 0 +
=AW Pontia edusa 59 22 17 0 0 +
TS MY Pontia callidice 0 32 7 0
LMY Pontia chloridice 0 11 0 0
PR Pieris napi 0 8 0 0
KU Pieris rapae 39 19 0 0 0
WA Pieris brassicae 26 8 17 0 0
R Colias hyale 0 16 25 8 0 +
BEZ S ME Colias erate 55 41 10 0 0 +
HRE G Colias staudingeri 4 0 0 +
W Colias thisoa 11 15 0 +

http ; //www.ecologica.cn



5338 S ¥ M 3%
AR Individuals ]
0 T 0 Vertical distribution X Fauna
Species N
I I I v \Y Gl FREE i
RIL/NREE Polycaena timur 0 0 0 4 6 +
LRBEZHIREE Coenonympha sunbecca 0 15 28 0 0 +
WEHRME Triphysa phryne 0 2 0 0 0 +
& 22 2T IR 8 Erebia turanica 0 32 13 0 0 +
88 = IR Hyponephele lycaon 16 12 3 0 0 +
P = HRE Hyponephele dysdora 5 4 0 0 0 +
IR 4% Oeneis hora 0 0 3 0 +
{=HRME Hipparchia autonoe 0 52 14 0 0 +
FallRME Karanasa regeli 0 0 7 0 0 +
FFHRIE Pseudochazara hippolyte 0 16 0 0 +
SR FFHRIE Pseudochazara turkestana 0 0 6 2 0 +
NFHIRYE Chazara briseis 22 13 11 0 0 +
HZE A IRYE Chazara heydenreichi 0 18 0 0 +
AR Chazara enervata 4 1 0 0 +
PATRIEIE Neptis rivularis 35 8 8 0 0 +
INLLURSSE Vanessa cardui 17 102 32 0 0 +
FLAEWEE Inachis io 0 0 15 0 0 +
H AR Polygonia c-album 5 1 0 0 0 +
I AR Nymphalis vau-album 0 0 8 0 0 +
RIEWE Nymphalis xanthomelas 56 19 7 0 0 +
LRI Nymphalis antiopa 0 7 1 0 0 +
SIS Aglais urticae 15 41 25 0 0 +
SN Argynnis paphia 0 0 9 0 0 +
FRBERIRME Argynnis aglaja 0 0 41 17 0 +
JIAREIEIE Argynnis adippe 0 28 6 0 +
TR Argynnis niobe 0 15 8 0 0 +
BRI Issoria lathonia 0 0 12 0 0 +
HE BRI Clossiana hegemone 0 29 64 0 0 +
HE TR Boloria sipora 0 0 7 3 +
Ik A Melitaea didyma 0 0 10 0 0 +
[T PRI Melitaea ala 0 1 4 0 0 +
[0 e Melitaea cinxia 0 15 2 0 0 +
H 2 MU Melitaea sibina 9 4 0 0 0 +
RFWE Carcharodus alceae 5 1 0 0 0 +
BN TEME Muschampia tessellum 0 1 6 0 0 +
745 Hesperia comma 0 0 21 0 0 +
FTIKIE Neolycaena sinensis 0 16 0 0 0 +
WK Lycaena phlaeas 8 4 0 0 0 +
WKW Thersamonolycaena dispar 2 5 0 0 0 +
BRI Thersamonia thersamon 11 1 0 0 0 +
BRIKIE Lycaeides argyrognomon 0 15 3 0 0 +
WKRHR KIS Polyommatus icarus 0 0 73 24 0 +
JIKIE Agriades pheretiades 0 0 3 7 0 +
BZ KB Aricia eumedon 0 62 27 0 0 +
MR Agrodiaetus damone 0 4 3 0 0 +
KW Celastrina argiolus 0 2 0 0 +
TLIKYE Plebejus argus 6 15 22 0 0 +
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