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Abstract: The Altay Region in China is located in North Xinjiang, in the border region of China,
Kazakhstan, Russia and Mongolia. The region contains the Altai Mountains and the desert and riparian
landscapes south of them, which constitutes the Altai-Sayan biodiversity hotspot and one of the Global 200
Biodiversity Ecoregions. Being composed of diverse habitat types, the Atlay region harbors a rich avian
fauna. Though there are several field studies on a few avian species in the Altay Region, few studies have
focused on broad-scale species diversity and distribution patterns across different habitats and landscapes.
Thus, we completed a comprehensive census across various landscapes and habitats in the region. In this
study, we recorded bird species in different types of habitats on the southern slope of the Altai Mountains and
the plains area south of the Altay Region from 2013 to 2016. We also collected information from the
literature and local citizen science records. The resulting bird species inventory allowed us to use MaxEnt
models to predict distributions and diversity patterns of 77 bird species in the Altay Region. Four classes of
environmental predictor variables, i.e. climatic factors, land cover type, human footprint index and terrain
were incorporated into the models. We predicted all species’ distribution patterns and added all species’
distribution layers together to determine broad-scale diversity patterns. In total, 19 orders, 55 families, 149
genera and 344 bird species were represented in the Altay Region of China. Along the vertical vegetation
belts, there were 24 species in high mountain-bare rock belt; 35 in alpine meadows; 172 in mountain forest
belt; 130 in brush land in low mountains; 84 in desert belt; 173 in riparian belt; and an additional 92 species
in wetland and water areas. In the Altay Region, Palearctic type birds dominated the avian fauna with 170
species (49.4%) and followed by widespread northern species (93 species; 27.0%). The Altai Mountains
belonged to Palearctic Realm, Europe-Siberia Sub-realm, Altai-Sayan Region and Altai Sub-zoogeographical
Region, while the plain areas belonged to Palearctic Realm, Central Asia Sub-realm, Inner Mongolia-Xinjiang
Region and West Desert Subregion. The MaxEnt models predicted high species diversity in the riparian,
plains, and middle and lower montane areas, congruent with previous field data. Protecting tall trees and
young saplings and shrubs through eco-friendly economic development strategies and preventing habitat
fragmentation will help maintain high species richness in the Altay Region and the Altai-Sayan Ecoregion.
Key words: Altay Region; Altai Mountains; birds; habitat types; fauna; species richness
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3 19,28120FF . D (1997) 4 i /R 78 1L 4 B B 5 IR
SARY X AT T 3R A, R4S G ar A Sk, il
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2011). SIff(Charadriu shiaticula)(Jif £&:4%, 2010)A1
[ 5 %8 (Circus spilonotus) (£ W%, 2015). 4k,
BEAEAE A AT EL(1992) ARt X i A 78 AR D¢ Bk
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et al, 2010).
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Bl IR R UG XA S8 X, 12 o B ME— i b
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(Cui et al, 2016). AN Xy i 70 [ i 7 KBRS
ik, EFEBRIREmMEY, £FEEREK, [k
I EAR ARG, R h-0.2°C.
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RN TR IE g = b YIRS

21 BHIMBESEIOER

201348 H1-13H, fEFT#hZeth X FF /e 1 2 —
SR A, 7R — YR ISR -, 4512014
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Fig. 1 Transect lines and bird sample points in Altay Region, China
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(http://www.worldclim.org/), 4 A NELR . BRE
ZH¥ME . FiR . FRERN . 5 e
A HBAGER . RURFEERZE. iRFEYR. &FF
VR RSV RAFEYR.. FHRKE. &
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i op O (http:/ivww.resde.cn/), FLIEHEIR . Ik Ak
] o (3) 1378 #2145 & (land cover type, LCT): ¥
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) FH #cd JEE (http://iwww.landcover.org/) . (4) N 252 b
F& ¥ (human footprint index, HFI): #&& 7 A0 JE(E
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polation function; Phillips et al, 2006)7E£ArcGIS 10.2
A IR B G — A AR R, JREK
FEA R — 53 #5230" (291 km).
233 HEBREFEMER

{4 FIMaxEnt 3.3.3k (Phillips et al, 2006)% {4 %
SEVIRR AT R, E R A BN AL
e % (regularization multiplier) y1; # KiEAC K £
(maximum iterations)>4500; Ui 8% [ & (convergence
threshold) A10™°; % K15 5 &5 ¥ (maximum num-
ber of background points)i% 410,000%%, #f 7¢ilE B IX
B 7 B e Or R B Y 32 4T B 4F (Phillips & Dudik,
2008). b, TR B B EIEAT NN A IR,
BEHLIR B HE 7 2 b oN20%, KHE K& AR B B k4T
50 4 11F %6 $% (auto feature function). FRAITE#%
Logistic A% =0 1) i Hh 25 3R, DUASE B /S il 4 B 7EO
(mANEE) I (B w) 2 18], PAJ7ER Y ) By i
. 1 JIY02:(Jackknife procedure) A fE AR
AN 55 W P A o A DX 5 IO AR & 1R AH X 5T
Wk, BV 530 ok At A B S el ) R AR B AR Y 1)
M43k (regularized gain). )5 B4 107838 B IE
R i 25 SR v B AR 1~ o B (L ),
15 B AF ol e 24 BRIV AE AT X 33
234 BRYMFSTESMIE/EL

AUC (area under the receiving operator curve)ff
#& %2R # T A FRAE i 28 (receiver operating chara-
cteristic plot, ROC) Ffi#H, S5BU{EEFETLR, h
T2 S FH BB ST B A 2R RG B2 I & 7 i (Wisz et al,
2008; Anderson & Raza, 2010). AUCHH# K, Fri%
Vb A ek B BE AL 3 A, AR T 45 SR AT A .
BATHE 2 BT 25 AUCHH LA PE A B2 2 3,
HEHLAUC > 0.7 (Swets, 1988; Araujo et al, 2005)[] %
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BOEBUETH R . BATIEBE S INIGAETE L E
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(Svenning et al, 2008). U1 S A& AE AT BIAE, T4
MM EE B o 8 ArcGISTRAE 1 BRI 1) T 1
& E AR RE T A AN, RAR RS
HAE BTN AR N TE A X o N FTE YRR ) — A8 o A
IEAT 25 (RIS B, RSB 8502 Hh X 1 R 5=
B B A S .

31 gt

Bl 3 2% 1 [X 45 1 219 H 5581149 J& 344 F (B 5%
1). HASTHE LR 2 2 28236%, JL1132,854
RIR . 2014470 L vr R0 X 4 AR R X WL %%
F1 H % (Ardeola bacchus), 2013, 2014, 20164F7>
SITERF T T ZINARVE) B AT JR b X 12 37 31K M 2 4
(Corvus macrorhynchos)3t22 { vk, DL b5 9 ) 4=
i X5 e % o SR B A R B 2R X S 2R Bk,
HERA L — RARY INA LM, AR B8 T,
K — R p R B AR B Ok, B R 4 TR
PP A= S P60 8 IUCNPI & 4 P 41 €8 44 3% 52 )8 oy
IR LLM (R EAEY Z R A K D)
W) AR 30F .

BT 22 X SR UL TE H B £, £5163F0, &
X 92K SR B47 4% I H IR, AT, &
13.7%; & H29F0, £ HeM, 3t510.8%; MEE
H23M, 16.7%; #57/ H10%, [£2.9%; 47 H12
Bl 153.4%; HAh H52F, 514.9% (BT HOM,
559% H10%, 57 HeFh, K HeFr, RSESH 55,
LA H3F, $9IE H3Fh, RS H2M, W#EH 25,
VXY H 2R, B H LR, WE H 1R,

MERERRE, MEIRMXEREYES, §
1455, (542.2%; 44 88%0( 14 25.6%) £ H7 48k 1k s [X
NS, (HFT/RZR L X A ZEHEVA, XL SRR i /R
Z W JE B R OUE 75— DR A A Re i, RS
58Ff, 118.6%; &M% %32Fh, H11.1%; 141y, 3k
5110 . 20144 75 R} 5 75 38 H 10 5% B 38 38 B XY

(Rallus aquaticus). 227K5%(Gallinula chloropus).
‘HI0i(Fulica atra). R 3kZ X (Vanellus vanellus)>& &
WA ANEAT N, el B B E
WLES (Monticola saxatilis) ) & 44T A; 20154 T4k
1035 1) B 38 K I8 (Himantopus  himantopus) 2% & &
210 H e 4 & AE R hr 22 B X i 5% 31 & HE A
(Charadrius dubius)>z & & 4 % o LTI LS 2R 7E |
R X A W) B AR I K

32 LBEXARMS

M AR BLRT, Rl 22 1 X 1) 5 2R DA T BN
&, FLAT0FN, 55 H49.4%, HorbitdEA(L)
110F4, 4xdbAY(C) 60FH . FHofth /A7 Y 1) & %0 & i
I EMRAR R T A FP(O) 93Fh, [i27.0%; HHIrAY
(D) 33Fh, £79.6%; ZARILAL(M) 21Hh, (56.1%; =it
R(P) 8FP, 152.3%; RIFEH(W) 8F, £i2.3%; X
AI(E) 1Fh, Ayl B (Streptopelia orientalis); & T
Fr - WL B (H) 34, DN KA A 57 (Lanius
tephronotus). e 1114 (Parus rubidiventris)Fl & i
H25(Prunella himalayana). 7 Fi R 22 111 Hh 3 434
JR297%, LUET BN, 3L160FH: Hodrit 641102
i, b B58%h, BIH 52K 7l 1 81.4% H167.2%;
o R S 224 %, b B 2228, wEi R 104,
SRR A B HA (2) o 1L AT TR M X HE SR S
TR, A B 2ko78F, oAt AL A102Fh, 4=
684495k, L AI30Fh, BHH DK h b & A A
[178.3%-. 59.2%187.1% (/€2).

33 BAYMEEENMIES
331 AEEREABPEXYMETE

AR St U8 A A B B, BT R 2R M IX 52K
FhECTE T BLR T B R En R 24, &l
A T35, Ll AR AR R A 17280, A% AR
130Fh, FRBiE JFr84Fh, PR 1730, ik
RIS S DR NaRy TS IS I VA SN
8T H 7K S, £ & LA T 09t R 7K s AR B v 3
Gt 219207k & (E3).

FESEHL A A, e RS T S B 2816,
RFFZH T (Aegypius monachus). &= 1L JLHE
(Gyps himalayensis). 21" 1L 4% (Pyrrhocorax pyrrho-
corax). % (Lagopus muta); L& f A 3T s
B 5 2528Fh, H WAIMA B ES4Y(Motacilla alba)Fil
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Fig. 2 Distribution patterns of birds in the Altai Mountains (a) and the plain areas (b) in the south of the Altai Mountains. U,
Palearctic Type; O, Widespread Type; C, Holarctic Type; D, Central Asia Type; M, Northeast China Type; P, Highland Type; W,
Oriental Type; E, Monsoon Region Type; H, Himalaya-Hengduan Mountains Type.
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Fig. 3 Bird species richness in habitat types along elevation gradients in Altay Region, China
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Table 1 Percent contribution of each environmental variable in predicting bird’s distribution

I35 K1 Environmental factors

IRBER 7R Description of environmental factors

TTHR 4t Percent contribution (%)

LCT T HL R AY Land cover type 23.17
HFI N R 75484 Human footprint index 19.73
Altitude 14k Elevation 8.91
Slope B Slope 6.75
Biol5 [k 848 7 2% Variation coefficient of precipitation 441
Bio2 BRGEZ A ¥4{E Monthly mean of diurnal temperature range 3.62
Biol2 4E3[% K& Average annual precipitation 3.55
Bio14 %1 A F#/K & Precipitation of driest month 3.14
Biol FEHJiE Annual average temperature 2.97
Bio9 %221 Mean temperature of driest quarter 2.87
Aspect Yl Aspect 2.26
Bio3 IR 2% Isothermality 2.21
Bio6 4 A % Min temperature of coldest month 1.89
Biol6 I ZERF /K& Precipitation of wettest quarter 1.83
Bio8 FIEZEYHE Mean temperature of wettest quarter 1.78
Bio19 IS ZE %K Precipitation of coldest quarter 1.56
Bio4 ZEIR AR 1L Variation of temperature seasonality 1.54
Bioll BoAZ1IE Mean temperature of coldest quarter 1.45
Biol8 e BEZEFE /K Precipitation of warmest quarter 1.38
Biol0 fRIEZ=Y)iE Mean temperature of warmest quarter 1.34
Bio13 i H FF/KE Precipitation of wettest month 0.99
Bio7 SIRFIZ Range of annual temperature 0.92
Biol7 2[4 /KHE Precipitation of driest quarter 0.77
Bio5 & H il Max temperature of warmest month 0.63

AN TE] ) 155 28 6 FRAT T e 1) A 5538 8 AN [R] (1) UK
FREE .

07 W ST N IR W5 1L 42 (Parus cyanus). S
(Turdus merula). A7 [X % % (Acrocephalus dumeto-
rum). L7 (Phylloscopus borealis) . WLIERE; (P.
collybita tristis). % £k (P. trochiloides) 1 [ Mg Ak
5 (Sylvia curruca)& 1 287 A7 (1 TN A AR K DTk .
AT 2 1 [l VA A5E Y R 2 A [m] M 4 78 7 SR X 5
KM £ BTG 7, 45 B3R 005 Ak T
AR BERYIE IR DO ORI S 2R 2 e N =
M (Li et al, 2019). K7 (Buteo hemilasius). H /&
HE(Apus pacificus). #i k1 & (Calandrella cheleensis).
VPHE (Oenanthe isabellina). 15l (O. pleschanka)
4T W 111 35 (Pyrrhocorax  pyrrhocorax) %5 1 25 5% <,
AR B NV, AERARAR T RE 2 S X L
el TN R T o

BT R 2 1L AR W 2 B, S 2R Bl Rk 297 B,
P B8 2l [X 5 2 0 2011 86.3%; 1 Jif 2 I L X 38
R KIS AR R (05 7T km?), 181K H . R H
(YIS m%&m%%mt%*mWW@m%*
A, EHE A E R 2 X IR R EAR AL
BTG RBRIRE K 7. 2435 R A RGS s
KEE FENPUER T, 186 B 5 AR B R A
WAk, AR TEMZREERE . ok, P ZRHH
X Y RhE R, X s X R Bl X K
TR F o BRI, s ot B 8l 2 [X G HE A2 1 i 2
PHHBIX PITRA . HEAR S AT RS, XSRS K %
FEvE B EE A&
42 BRXREHE

B % 22 11 i 3 LA AE 1 oy A6 57 R 0 4 R
BIHE) X 2504 X (GR E WL, 1986) . A SCH 22K [X £
Iy AT IS5 R 5 AL BZ AR N 32(1986). mifTH.
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25(1987) A4 %5 (2002) Rl JiE U — 55, RIBA R 2R 1Ly
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SRR R ZR L kb b5 500 X HE 33, — & A IR 2 AR B
gy, ABAH B MR M S (R AL RZ A N 25,
1986), [k, Faf7R 2= ot )& T ot Ak 5 R - 7 A1 )
VST S BT IR Ze— 1% 22 U8 DX B] SR 2 X5 Ly i~ 5 3
DX T A6 S A S S S8 X P e B X

I X5 A B A TLAN B 43 XA 5 2K X
FRIFE, A — e fE b [E I A 1 SR, i e
% (Lagopus lagopus). = F5 & (L. mutus) I /R 785
A& (Tetraogallus altaicus) (ZhM3, 1999). {HILVIME
HRIER DLB R ZR 0 . IX T RS2 R R i Ll s Hi X
FEZR R BRUD, BRI EIAT .tk FIRERS
P o Sl N o o 7 g = AT B T =2 S R N
WM EE S, AR TATHATSRKI[E.
Bl 7R 22 25 %G o3 A T Bl 7R 2R 1 Bk 2 5 I AR G L
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Appendix 1  Avian species census and species information in the Altay Region, China
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