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EX L R-TARAREE DY S
KIEE, #EF, RES, TR, 1 &
(PRI ML 2 AP F B 5 i T G R ey B, 5 BT 650224)

WE: [B& ] HEAFHBRLP-BEENELEN ., W SHARE BB X LR, ABTHIZR D RE & AF HE
HAr S, [FE] AAMRAEERREEREHBRLT-BE 4AELF AR, A Estimate S
9.1.0 #ATIAE A oA , HHFRE & LGB A AR e K F54F, JER R SPSS 24.0 5 AT B AY $ A A IS
B AR AF ARG AR, R XEEE, WEREREER AKX TS, A THEREK (R F e
JE, FHATREMAR, [#R] ARLP-BHEEREINDH 136247 3k, BT 2 BA 12 8 29 A, HhBA A EH4H
BB Tetramorium caespitum. 2. 23 Lasius niger Fo £ X3 Formica fusca, 7o ESM R RN . RARATHH P X
3B IBBHFACRER], HELS; ANEATOYFFGTEARLTEAT (I8 >RERELT (4 >EFE L
W3R >LEHEELF (10 4), SRS EFR: Kb P-GESENAT GRS ERETHRALY, 448
Hap e g sUp A dife S RIS HE AR TR F AL (P<0.05), ¥ EHRUEERGFERZRREAE, ZAXF=
LM TS RSB EZ AL, RPERAES AR TR REE, REEAFT_RAIBEESMH ZEAZEE
1R B BREEARME AT Z I S B B AR AT R 40 0.166 7~0.600 O(-F 34 4 0.289 0), 4 T & RABMAF,
ML BUEE K A AL 2, AR SATRIL: BUAr RS AR B F EAR X (P<<0.05), %HMEfbIgAFE kAR £
HREFH, [##] EREEZ Y AZRR DA SN, RIke, BE, MRFLRITREA, HERALME
BEAHEERAELFEA LT, ABEERTIR, FRBESGELBZXFSTREYNT, 2X3 248G, whoizik
RegA M S 0By, BS5SKSA37
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Ant diversity along gradient in the middle-western section of
Tianshan Mountains in Xinjiang
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(Key Laboratory of Forest Disaster Warning and Control in Yunnan Province/College of Forestry, Southwest Forestry

University, Kunming 650224, Yunnan, China)

Abstract: [Objective] In order to reveal the diversity of ant species in different vertical zones in Tianshan
Mountains, the ant community structure, relationship between species diversity and altitude and vegetation in
the middle-western section of Tianshan Mountains were studied. [Method] Ant communities in four vertical
zones were surveyed by plot sampling and searching methods. The sampling adequacy was tested by Estimate S
9.1.0, and the diversity indexes in different zones were calculated. The correlations between diversity indexes

and altitude and vegetation characteristics were analyzed by SPSS 24.0, if the correlation between species
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diversity and elevation was significant, both linear and binomial models were used for fitting, the fitting was
evaluated based on R* value while the significance was tested. [Result] A total of 136 247 ants were collected,
and 29 species belonging to 12 genera and 2 subfamilies were recognized. Tetramorium caespitum, Lasius niger
and Formica fusca were the dominant species of the middle-western section of Tianshan Mountains in Xinjiang.
Sampling adequacy analysis showed that the most of ant species were collected. The richness of ant species of
the four vertical zones as follows: Dushanzi vertical zone (18 species) > Narathi vertical zone (14 species)>
Kuga vertical zone (13 species) > Ulastai vertical zone (10 species). Diversity analysis showed that the ant
species diversity of the middle-western section of Tianshan Mountains generally decreased with the altitude
increasing. The species number and diversity index of the four vertical zones were significantly negatively
correlated with the altitude change. On the four vertical zones, the correlation significance between evenness
index and altitude was not the same, the change trends of binomial and linear models also lacked regularity.
There was no significant correlation between dominance index and elevation change, but the binomial model
analysis of each vertical zone showed a trend of increasing firstly and then decreasing with the elevation
increasing. Community similarity analysis found that the similarity coefficient of ant community was between
0.166 7 to 0.600 0 (average 0.289 0), which was at the medium dissimilarity level, and indicating significant
differentiation among ant communities. Correlation analysis showed that the species number was significantly
positively correlated with tree canopy density, while the correlation between other diversity indexes and
vegetation characteristics was not significant. [Conclusion] Altitude significantly affected ant species diversity
in this region, while slope, humidity and vegetation also play an important role. In the Tianshan area of
Xinjiang, under the influence of multiple factors such as vegetation types mainly being grassland and shrubland,
hot and dry climate, high altitude and large temperature difference, and the ecosystem in this region is relatively
fragile, so the protection of biodiversity in this region should be strengthened. [Ch, 5 fig. 5 tab. 37 ref.]

Key words: Formicidae; biodiversity; community; Tianshan Mountains in Xinjiang

I i ARy FEE# H Hymenoptera B} Formicidae B2, 78 HAAR T BA AN ZAEH, A% R 1
e A nUR . TR AIEER . AR RUE RS TS E IR, WEOHES BRIy 2R
FFE R R R EICE A A 16 WAL 342 & 14 187 FpL), Mdy B bR k). R
Bt Z kSR R,

T, A SR P AUE 5T A ARV R i XU T X P b b DX OB PR AR Y R A . TR R e
XA WA 7 T, S AU R SR TR LK 2 SR S TE . 14 Fhy BOKIAAEN T e SR TR HLIX 3 1
Bl.o16 8. 43 Fl, Hob 1Al ; COLLINGWOOD 25U 7 38 i 55 R 73 b S AR T L X A B by 46 Fh, e
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1 #MEEF*®

1.1 g E

Bram R b -P B R 781~3 235 m, ARMUIE AN 43 b Lo B L AR 2 e S b
FOIBHLEE 2 N Ay M e AR oy, b 4 DR EA . WA LT 250 m, BEHUEBEHLEIAY 1 B 50
mx50 m AEMHFA TR A, FRE 33 b, Hiha B PR m IR 1 BURE A T A A L XK S
Bipel , V4R 781 mo A% T ELHT VR A RE LAY 7 B A H AR MRS IR 1o 2T AR [ AR SRR, 28 e A b )
s —E iRz, BHTELS0m M.

x1 FHEXRL-FERIGE R EERETR

Table 1 ~ Survey sites of ant communities in the middle-western section of Tianshan Mountains in Xinjiang

y 262 [iF /g
T A fﬁij WHR/m  ZiEEN) ZPEE) O HHERE ki ﬁmﬁﬁlﬁrﬁ#ﬂw%%ﬁmm
HEAR BA Mg
1 781 44°19'01.12" 84°52'42.12" HHIE WHE IERE R 0.5 0 70 70 1.0~2.0
2 1050 44°12'39.95" 84°50'46.69" B TR R REAR 0.3 5 75 75 0.5~1.0
3 1278 44°09'56.52" 84°49'39.46" HIPT TH HEN 0 30 80 80 0.5~1.0
4 1540 44°07'11.10" 84°49'31.52" HIb+ TH N 0 3070 70 0.5~1.0
5 1726 44°06'08.44” 84°48'15.93" HVhE W WM 0 40 60 60 1.0~2.0
IR 6 2029 43°53'15.47" 84°29'59.35" HHE WwiE R 0 0 95 95 0.5~1.0
7 2285 43°50'12.22" 84°28'14.13" FREUHE e HEA 0 30 80 80 2.0~3.0
8 2549 43°4727.07" 84°27'51.96" 1 TR I N 0 0 95 95 1.0~2.0
9 2773 43°46'43.76" 84°2721.36" JKHEHE Wi ERXGJLEE 0 30 95 95 1.0~2.0
10 3023 43°45'14.16" 84°26'13.54" HIb+ b2 HiAA 0 95 95 1.0~2.0
11 3235 43°442120" 84°24'57.72" KEFHE 18 A 0 85 85 1.0~2.0
11 3235 43°44'21.20" 84°24'57.72" JKAFHE HAA 0 85 85 1.0~2.0
12 3024 43°4227.20" 84°26'51.60" HrifE T M 0 80 80 1.0~2.0
13 2760 43°41'15.80" 84°23'57.55" Hnie i FEATHE 0 50 90 90 1.0~2.0
LG 14 2533 43°40'02.69" 84°2424.03" b e HEA 0 30 90 95 0.5~1.0
15 2295 43°37'57.52" 84°18'48.52" 17l PLTAE AV 7 /N 0.6 20 70 100 2.0~3.0
16 2000 43°21'36.52" 84°22'00.32" 17 Wiy FA 0 100 100 0.5~1.0
17 1798 43°20'12.98" 84°21'30.23" #7f e SRR 0.4 95 95 1.0~2.0
18 1802 43°13'43.85" 84°19'15.64" 17 PATA I 2 b E N 0.5 30 95 95 2.0~3.0
19 2020 43°13'31.38" 84°1924.66" 17 e SRR 0.5 70 50 100 1.0~2.0
20 2288 43°1126.28" 84°19'42.82" HRiE wiE FMA 0 0 100 100 1.0~2.0
AR et 21 2548 43°10'06.98" 84°21'04.21" Hri WiE s AE A 0 90 100 100 2.0~3.0
22 2547 42°41'24.77" 83°41'18.64" FiE Wi B 0 0 100 100 0.5~1.0
23 2785 42°34'51.52" 83°36'53.84" FiiE TN 0 10 95 95 1.0~2.0
24 3055 42°30'50.27" 83°28'54.46" FFiE 1 LN 0 0 70 70 1.0~2.0
25 3058 42°28'36.91" 83°26'04.32" Fif T2 FA 0 0 95 95 1.0~2.0
26 2759 42°27'50.54" 83°24'29.82" B Wiy M 0 50 95 95 1.0~2.0
27 2508 42°27'38.24" 83°23'21.49" HiAFE Wi =K 0.5 20 95 100 2.0~3.0
28 2233 42°26'31.70" 83°15'21.55" HEiE wiE FMA 0 0 9 90 1.0~2.0
s 29 2052 42°25'05.20" 83°16'01.70" HEil Wi R 0 10 98 98 1.0~2.0
30 1773 42°13'34.37" 83°13'57.53" HVPL Wi A 0 40 50 50 0.5~1.0
31 1539 42°07'16.52" 83°09'02.09" £LiE T EN 0 30 10 30 0.5
32 1269 41°5124.16" 82°49'08.19" HVb+ TH BN 0 10 10 10 0.5
33 1009 41°44'01.62" 82°55'43.37" HIb+L T PR A 0.2 30 30 30 0.5

VL ST & 3 B 7R TR R0 B PN T sk 6 ) SR D AR A /D, S T B 7 0 I R A A, BRI B
TR 3235 m BIREHE (G5 1) SR & AR al . AR Z R ARG RUATEAN, T 1.0 m, O3] T SR b e
M GEME T E/NT 10% BHEMN . 8838 )L Caragana sinica; AR Cupressus funebris; z~¥% Picea asperata; T8 LAl Salix
cupulariss +HEREELISKE <12% M, 129%~15% MR, 15%~20% HHE, >20% Kik.
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1.2 BAERREAHIERE

S SCHR [1], 6B K 1L A -7 BN [R) W 4RCR PR b 3 25 v R 2Rk EA T I RV I 2, A Bk e A
H P X AR IER 5 A 1 mx 1 m AUFETT, BEFETTEIRR 10 m, 7R RAEHDFRIGICHT, il iR 5 P b
BRI o oy BERSEAE M AE | TR R AR A M, IR A R AE A TOK SRR B O
W FARZE . FEH AL ARG, S ARIBXFEIFE T AMNE B . AT . FOER AR ERMUE S T R
PHAE, BHEY 1 he BEoRAE S MG WCE A B A I VERR B D s o MK FIFPIRISE [R5 4H [ J5 00 %
FRAEFRAIATIEIE, G5, Fid, B SRAGIESRARET 9 ki =M THirAd, R0 MEHT
IK CBERBRAT, MRHEAH I3 2824 S0k ' S g i i A, AT BB B
1.3 BEESEMOWAE

Fie B RS (7T, DAAS RIS U Rl A B IS R B LU () SR AR R BETR SRR, R
FHA LRI bR sy Jg 5 AN, BIZRAL Al f=10.0% , EFFP; 250 B N 5.0%<p<10.0% , & W
By KA CH 1.0%<p<5.0% , BHWF; KMD K 0.1%<p<1.0% , BEWAF; FHE N <0.1%,
[IRER N
1.4 SHEMERNERZ

FIH] Estimate S 9.1.0 X £ 4l i 47 40 BRI, SR S W EZ AR AR E W R Z RN MR ECH
Shannon-Wiener Z £ 4%, Pielou $42) 4. Simpson L #EFF8 5L . Jaccard AHMIME R EL™ ™, i H
SPSS # 4 H1() one-way ANOVA XJ 45 3 B i 1 M 22 HEME 1 25 N8 8k 17 2 i if T 2 | g R
FH Pearson AH 53T 7775 3 A i ORE Ve 22 FEPE 45 AN HR B S T IR ARG, A AR e o 3 AE G, I
LM I AR AT, SETIIE R R WML, T B (R0, [RIB oAr i eV
LR AR SRR A AR S

2 HERE M

2.1 MOEBSEAISEES R

TR SRR 1 P -PU B 4 3 B ORI 136 247 3k, &% 29 Fl, SRJEF 2 WAl 12 )&, Hp
LR 3 Fh, 435 R B A E W Tetramorium caespitum . B2FEWL Lasius niger 122 Y61 Formica fusca;
DLAp 3Fh, 238 B L. flavus. Y655 AW F. candida 1 T.[F WML Messor structor; i 45 21 W
Myrmica angulinodis . ZIMKIL F. sinae 55 10 Fh s WAl MBI F. sanguinea . & -5EW L. himalayanus
MLk i WL Proformica striaticeps 3 Fh 2 W A7 F s i B 6 38 B0 T nursei . HE - 20 B 9L Leptothorax
acervorum 5§ 10 ARG R (5 2), W WAAFGA FIFZEHR L .

F2 HERLS-AERIDH AR SN

Table 2 Ant community structure of the middle-western section of Tianshan Mountains in Xinjiang

Wi YIFh B N&k o Bl% WIFhSEAY || i YiFh 2K Nk pl%  Pmhem
| HHUEHE LY Tetramorium caespitum 31 856 23.38  PLAFh 16 AL Myrmica lobicornis 1411 1.04 BHEWF
2 BEBW Lasius niger 22629 16.61 RHFN || 17 Mg Formica sanguinea 1002 0.74 BHAF
3 #W Formica fusca 17991 13.20 fL3iFp 18 B SEMW Lasius himalayanus 736 0.54 BHRAF
4 HEEW Lasius flavus 12247 8.99 i ULFP 19 BCEKIFEM Proformica striaticeps 139  0.10 BHiaH
5 JtsERi Formica candida 10500 7.71 HWA || 20 WEHIE Terramorium nursei 129 0.09 HiAFh
6 LIRS Messor structor 9688 7.11 HULFP 21 ML Leptothorax acervorum 128 0.09 FAM
7 AL W Myrmica angulinodis 4406 323 BHEWA|| 22 ZFEHRIProformica mongolica 116 0.08 FAHM
8 LMWL Formica sinae 4023 295 BHEIWF|| 23 KAWL Cardiocondyla elegans 12 001 FAF
9 BE LT Myrmica afghanica 3903 2.86 HWHWIWA|| 24 J A FW Camponotus herculeanus 5 0 WA Fh

10 3LHFW Cataglyphis aenescens 3695 271 BHWH || 25 FHULLBMyrmica jessensis 4 0  FHEF
11 WHEE W Plagiolepis manczshurica 3030 2.22 BHWWFH || 26 BB Messor aralocaspius 30 A
12 Y Formica pratensis 3009 221 BEIWF|| 27 ZEHVIFI Temnothorax mongolicus 30 A Fh
13 T Formica approximans 2043 1.50 BHUAN || 28 EFBMIRIMessor aciculatus 1 0 i
14 E7XE Formica cunicularia 1933 142 BHEWEr| 29 80U Y Temnothorax striatus 1 0 A Fh
15 MKW Formica mesasiatica 1604 1.18 B ULA || &t 136 247 100

VLWL NSRS, pO A5 IR AN AR R R R B Le
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2.2 MDHIEEE M SRR

22.1 B ERGEHH  BEE VAN, SRRV (S). T ZE (MRS B EE
(ACE). Chao 1 fll Chao 2 H¥e 2R LT, JE&18 LFt, WmE&TRE (B 1), B8y s k29, 53
A5 T1HE (ACE {8 30.03, Chaol f>% 30, Chao 2 {84 29.97) #H#3E, SEhrRAE S| W FI L) T
MIME ) 96.57%~96.76% , 7] WAMFEFE 4.
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1 1 1 1 1 1 1
1 23456 7 8 91011121314151617 18 192021222324252627 2829 3031 3233
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B 1 #58 R L P - B U A S A A A R AR 2

Figure I Cumulative curve of measured and predicted ant species in the middle-western section of Tianshan Mountains in Xinjiang
222 #pAd YR EYSCIMEDRE , Hrs o b -vE B 4 3 BT (10 00 0 R ECRR 30 5045 T ACE £l
THE (3 3), Hdol 73 EA e 2 773 m B0 JLEEM . 3023 m Fifa) . 3235 m wf, SRGER
WP 3024 m BN, BBPIHE TR HAF IR 2 548 m = LLWIE A | 3055 m B\ K % 4236 45 3 058 m HAA
FEHLI R & B Y 4 A3 BTG O RSO Ry - L3 AT (18 R > TIRRLER R B (14 i) > FE 4
T EA (3R> SR & B 0M) . WK 2 FraR . 4% T LA 000 B Rl RS T IR AR TE B
(P<<0.05) FHICHE, BVAORE, &3 B IS B A BN 4 T = AR 2 TRk, il S
IS ir $18 T T 0 s P g 5 VR 1 — I AR A A S LR AR I A S AR — B, LR MEAR AR R SR A A
TS 2 T 17 4 A 0 ) e B TR A0 1 A B 3 (R?=0.770, P=0.022) FIHK 8.3 (R*=0.739, P=0.013) fi4H
KKRFR, IRttt s —80, (AJC B M (P>0.05); P4 B IR AU 1 3R 0 —
T R S B VA B T s ST T i e T R BRI 2k

®3 BEETHWEESHMEER

Table 3 Diversity indexes of ant communities in different vertical zones

T YR ACEftiHH Shannon-Wiener 2 HF5 4L Pieloudd 5] 8 5% Simpsonff A EEFE %L
IS 18 20.10+0.00 0.5152+0.153 9 a 0.313 8£0.095 8 a 0.446 3+0.107 8 a
L& 10 10.00:£0.00 0.539 9+0.221 6 a 0.348 9+0.121 5 a 0.403 7+0.135 8 a
IR 14 16.541.49 0.596 7+0.265 9 a 0.329 9+0.139 0 a 0.316 8+0.132 5 a
R 13 13.60:£0.00 0.505 8+0.119 1 a 0.408 6£0.103 2 a 0.611 0+£0.096 0 a

Ui MIFIHER R 2R 25 AR 3 (P>0.05). BUE K T AR R

10 -A  —R=0.824%* 9-B g0 10 ¢ —R=0.739%* 60 p — R-0.636%*
A L : s RO e R2=0.655%
ol “R=0.864%* 5_ o R=0764 sl J=0.759 Nl
& 6 4k s
= or 5+ e or
E gl 41 a4l
X ! 3+ 2L
2L 2+ 2k
1+
0 Aha! 0 L ‘» ) 0 N N ) 0 1 1 )
500 1500 2500 3500 1500 2500 3500 1500 2500 3500 250 1250 2250 3250
4Kk /m E4k/m 4k /m k/m

A FEEAN; B SR GEEN; C IR ER; D EEEEN. — &t o 200
# p<0.01; * P<<0.05; KFpVE. P>0.05.

2 iR 5K XA

Figure 2 Relationship between species number and altitude
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223 HZAMIRA BRI PP B 4 A B I WOREVE 22 MR U AR Ry o AR 2 A Y
(0.596 7)> L3 5 3 EHF (0.539 9) >t 1L F3 54 (0.515 2)> FE A3 H4F (0.505 8), {H 4 4~ EHF A IS
WEREMEIR R L R AR E (K 3). WK 3R 184 ADTEEA B, Ml Rl 6 3 B i iy 2R
PR RS IR AT AR 38 (P<<0.05) Slifl i3 (P<<0.01) AHOGHE, AR H 1 28 20 3 150 A0 el e 22 B 45 K
SRR AR SN 13 (P>0.05)0 BVAOKRTE , A5 3 BT A0 I 22 R i F R vl A T R T 2 LRI
B, IR S AR A EAR 3, o AR B R SR A A B I W R AR B S i
PR B E AL (P<0.05), —IAARfbER S LM —20, (HICH M.

LorA :Rifo~585:: 1.6 - B —R>=0.765%* ?g - C — R>=0.399 12D —R2=0352
14+ A R*=0.803 14 L e R=0.811 16 - * ... R2=0.457 1ol e R2=0.369
o= 121 12k 14 i ' x ¥
B S 08|
gz 1.0 1.0 - 12 P x
#H08}a 08 L 1.0¢ 0.6 L x
s 0.8 F x
@ 0.61 0.6 - 0.6 - 04+
04+ 04 L 04 L oa L
02} 02} 02t : ¥
0 0 Loy, 0 O - 0 L x -
500 1500 2500 3500 1500 2500 3500 1750 2250 2750 3250 500 1500 2500 3500
R /m Wk /m WK /m R /m

A FEEA; B SR GEEN; C IR ERN; D EEREN. — &M o 2T
# Pp<0.01; * P<<0.05; ARFpiE. P>0.05.

B3 ZHERHEERGEZR
Figure 3 Relationship between diversity index and altitude

224 HHEFRE FERINP-PEE 4 4 BRSSO S ST R BRI R« TR A (0.408 6)>
Ll & 3 T (0.348 9)>ARF7 LR HAHF (0.329 9)> 1l 3 HAF (0.313 8), {H 4 /N3 FLH AV IS I Y 2]
FEFERE SN (R 3). WE 4 PR 78 4 A A b, 2l 7S BT I BT 0 0 B S R R L
550 PR A7 AE B 2 AE O (P<<0.05), TR BB R A 4 A B M IS B S IR B S IR C R A B E
(P>0.05) Hrfemil 7 By, BT EEHR AU S IR W S AR A (2 6 A DG (P<<0.05), ISR 2
e i 2 ARG (P<0.01), IR AR (R SR — B0 LR MR /R ST & 2 Ea 0 O 34
ATEEFERR SRR AL W A G (R=0.697, P<<0.05), —JzCHILMRI A bR —ak, HARCHEA B
H (P>0.05); LM B IR, I hr B RN 2R BT i W R T 38 5 BE R B S 1R A AR DG S
ANEE (P>0.05), (A IR MR AR b I AR— 3K

09 A —R=0449* 08~ B , . 09r-C  , —R=0.208 0.7 D —R=0.178
0.8 s - R=0598% 071 — R*=0.697 0.8 F e R2=0.465 L e R22(0.203
A o szo 701 06 x X
0.7 - A 06 F X 07 ’ 0.7+ ¢ 0.5 B * x
o6t osL ® \*. 06} 2T
@0.5— """"" 0'4_ " 0.5+ 04+
= 04 . B 04 03+
5031 03 03} 0a L
02} 0.2 02} ’ x
0.1} 0.1 0.1} 0.1
0 ) 0 . ® ‘e ) 0 » - ) 0 X )
500 1500 2500 3500 1500 2500 3500 1500 2500 3500 500 1500 2500 3500
R /m R /m W /m #H/m
AMULFREE: B SR HEEN: C MR \EN: D EFEHEEN . — &M - 2T

** P<0.01; * P<0.05; KbpiE. P>0.05.

M4 3[4 EBHEHERHX R

Figure 4 Relationship between Pielou index and altitude
225 A EIRB FEERI VI 4 3 A IR L SRR BRI R - R4 B (0.611 0)>
Ml B (0.446 3)> B B I H AT (0.403 7)> IRRLIRE BAF (0.316 8), 52 FEHER RN AL
B, H 4 ST B IR R RS 22 AN B (3R 3)0 MR A B . 453 AT A9 Y T U
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