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Response of bird communities to multi-scale habitat heterogeneity in Tianma

National Nature Reserve
WU Jing', ZHOU Meisheng®, YU Dachun®, WANG Guangyao', YU Shilong', ZHANG Jing', ZHANG Baowei’,

LI Chunlin""
1 School of Resources and Environmental Engineering , Anhui University, Hefei 230601, China

2 Anhui Tianma National Nature Reserve Administration, Luan 237300, China

3 School of Life Sciences, Anhui University, Hefei 230601, China

Abstract; Exploring the effects of habitat heterogeneity at different scales on bird communities is crucial for conservation
practices. This study conducted four seasonal surveys of bird communities in the Tianma National Nature Reserve, Anhui
Province, in 2023, and tested the effects of multi-scale habitat heterogeneity and related environmental factors on bird
community structure and a and B diversity. A total of 14,593 birds were recorded in the field, which belonged to 10 orders,
37 families, and 126 species, including 20 nationally protected species and 3 species classified as Vulnerable (VU) by the
IUCN. The number of individuals, number of species, and Shannon-Wiener diversity index of birds were positively
correlated with the 100 m habitat heterogeneity index, whereas the number of individuals and species exhibited a negative

correlation with distance from the main road. The number of bird species feeding on invertebrates increased with the 500 m
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habitat heterogeneity index, while the number of bird species feeding on vertebrates, fish and carrion exhibited a decrease
with the same index. Conversely, the number of bird species feeding on vertebrates, fish and carrion demonstrated an
increase with the 100 m building area index. The number of individuals of bird species feeding on plants and seeds, bird
species feeding on fruits and nectar, and omnivorous birds exhibited an increase with the 100 m habitat heterogeneity index,
while the number of individuals of bird species feeding on fruits and nectar and omnivorous birds demonstrated a rise with
the 500 m water body area ratio. The number of bird species feeding on fruits and nectar and omnivorous birds exhibited an
increase with the proportion of 500 m water body area and a decrease with distance from the main road. Different feeding
guilds of birds showed varying responses to habitat heterogeneity. The overall 8 diversity was predominantly characterised by
the turnover component. Pairwise B diversity increased with differences in the 100 m habitat heterogeneity index, the 500 m
habitat heterogeneity index, and the distance from the main habitation, as well as with differences in the percentage of 100
m building area. The turnover component increased with differences in the 100 m habitat heterogeneity index, elevation,
and distance from the main habitation. Additionally, the nested component increased. The nested component increased with
differences in the 100 m habitat heterogeneity index, the 500 m habitat heterogeneity index and distance from the main
habitation. These results indicate that the bird community in the Tianma National Nature Reserve is mainly influenced by
habitat heterogeneity at different scales. It is recommended to increase habitat heterogeneity to better protect the bird

diversity.

Key Words: avian communities; habitat heterogeneity; B diversity; environmental factors; human activities; Tianma

Reserve
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Fig.1 Study Area and Sample Lines Distribution of Bird Survey in Tianma National Nature Reserve
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Table 1 Measured environmental variables and corresponding descriptions in Tianma National Nature Reserve

ZF 4 Variable

AR Description

+ B Land cover
100 m 500 m FRARTEL A7 b

Percentage of 100 m, 500 m forested area

100 m 500 m 4% FH & FR & b

Percentage of 100 m, 500 m farmland area

100 m 500 m AEFPHEAS b
Percentage of 100 m and 500 m building area

100 m 500 m /KA & FR & b

Percentage of 100 m and 500 m water body area

100 m 500 m A=35850 Frik5 51
100 m, 500 m habitat heterogeneity index

MWK Altitude

A AT Human interference
T 3
Distance from major roads

HEER e X

Distance from populated areas

BEAZ O XS

Distance from core areas

FELL P 100 m B 500 m i Fil Y 2R (A ARFIEE L ) BT B A7 L (%)

BELE M 100 m 5% 500 m 3 FEl P E (RioAs A £ 0 A 7K EE RN 2 ) 9 T
(%)

BRI 100 m 58500 m i FH Y ST4) (S (2 3t 700 S0 I 3 ) A T A
(%)

FELRWIN 100 m BE 500 m i P /K A4 (AT Bk 38 ) MR 5 L (%)

FELE ] 100 m B 500 m 705 [F P9 + #9528 84 Shannon-Wiener £ #f:
PR (H 100m 3 7' s00m )

AR A P S A R R, O BB AR O I SRR
FRIEESR 25 S (k)

ML AU i (A T BRI ) 2 i) ) B A R 8 (k)
REL 5 N AR X (THAR> 50 hm? ) 22 8] 4 55 48 BR R B (km)

FELE S IR DX IX 5 2% A4 5 S BRGE B (k)
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Fig.2 Species accumulation curves in different seasons

B R A B IX ] 3R B 5 K- 95%

TEFA AR B 20 B A 64 Fh AR A 26 Fl, RIS A 19 Fh, &4 17 Fh, 4355 s dh g
50.8% .20.6% 15.1%F1 13.5% , SR MAEURZ R E RS O 8876 H /DR RS2, 370 1 5
R B Z R RS Sy 73 F DR ER SR 4 (R 2) MEEIBRE, 5551 H R
TR, 2596 H o HESRYMEURZ Ol 82 F X =R EuR />,y 78 Fh

®2 RBERZAXKRPEAERIEERSEYMEI A EE

Table 2 Number of species and individuals of birds in different feeding groups in Tianma National Nature Reserve

BN AMEELC R /Y FP (R ) Number of Individuals/Species

Feeding groups % Spring & Summer X Autumn 2 Winter
U5 Invertebrate birds 1586/44 1815/48 3517/43 1958/41
43 5% PlantSeed birds 130/10 275/7 605/13 439/12
B 2 VertFishScav birds 97/9 86/8 106/5 81/6
BB 1592 FruiNect birds 148/4 404/4 278/3 63/3
71X %2% Omnivore birds 635/13 532/15 1045/16 793/16
3+ Total 2596/80 3112/82 5551/80 3334/78
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Fig.3 Comparison of the number of individuals, species and species diversity of birds in different seasons in Tianma National Nature
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Table 3 Regression analyses of bird community a-diversity with environmental factors and seasons in Tianma National Nature Reserve

s {1k PIRREC BDOE ACH B R
Dependent variable Independent variable Regr?s'slun Standard ¢ value P AIC value  Adjusted R2 F
coefhclent error

AL %S 0.419 0.194 2.154 0.033 -1.320 0.433 Fs 114=19.190
Number of individuals fk 1.192 0.194 6.131 < 0.001

H 0.217 0.194 1.117 0.266

100 m A58 50 FE 5K 0.459 0.069 6.655 <0.001

B BB -0.194 0.069 -2.812 0.005
iR % -0.573 0.196 -2.917 0.004 164.440 0.421 Fs 114=18.300
Number of species & 0.136 0.196 0.693 0.489

2 -0.436 0.196 -2.220 0.028

100 m BT 5 55 0.575 0.069 8.243 < 0.001

J{EE SN 30E= -0.150 0.069 -2.156 0.033
Shannon-Wiener L3 -0.821 0.202 -4.065 < 0.001 115.790 0.388 Fs 114=16.100
ZREMEAREL & -0.144 0.202 -0.713 0.477
Shannon-Wiener =2 -0.779 0.202 -3.859 < 0.001
diversity index 100 m A= 35 5 TMEAR AL 0.511 0.071 7.123 < 0.001

o 3 -0.115 0.071 -1.613 0.109
Pielou 25 B 5L % -0.614 0.250 -2.458 0.015 -3.760 0.062 Fy 116=3.627
Pielou evenness index % -0.528 0.250 -2.114 0.037

" -0.779 0.250 -3.115 0.002

Xt B REMEFR B F Box-cox TR T IE A4, FEAT Z-Score FRifEAL ; AIC . AR5t 5 BEN Akaike Information Guidelines ; ATC {H /N /R BRI 1E B Foef:
2.3 SRR AL
ARV ZEAT 1) SR P AT B E T (e 4) . PCoA HEF K b /s & 2R BEVE AE AN R 2= 5 (Rl Rl 1 7
WY 2, R ZE AR ZR Z [RE S (T 4)

®4 RBERFZEARPEAERET BEREHN MRPP WA LLE

Table 4 Pairwise comparisons of bird communities using MRPP in different seasons in Tianma National Nature Reserve

PP LR AfE P WP LR AfH p
Pairwise comparisons A value Pairwise comparisons A value

& vs # Winter vs Spring 0.038 0.001 % vs & Spring vs Summer 0.020 0.001
% vs  Winter vs Summer 0.048 0.001 % vs Bk Spring vs Autumn 0.054 0.001
£ vs FX Winter vs Autumn 0.029 0.001 E vs £k Summer vs Autumn 0.050 0.001

MRPP . £ 5 1 1 B 50 Hr Multi-response permutation procedure; A {Eﬁﬁﬁkﬂ%ﬁﬁlﬂ‘iéﬁl‘ﬂl%%,bo FRHEERRKTFHNES
MENE R LB MR Z (P<0.001) (R 5) , BAMAE LB NMEEBRABE G K (BER S, P
=0.016; 24 52 P=0.038) ; X MR S BN EREUR D (P=0.028) , 8 R 5 B AMARORA W3 2T
ZE5T
®5 XREERZBEBAGRPRARETELSHEZSAUERASEMEMTEHE

Table 5 Mean number of bird individuals of each feeding group in each transect in different seasons in Tianma National Nature Reserve

AR S E AR ERE Mean+SD

Feeding group #: Spring B Summer K Autumn 4 Winter
£ 11 19,2% Invertebrate birds 52.8+31.4b 60.5+46.7h 117.2£79.7a 65.2+38.8b
4 526 PlantSeed birds 4.3+5.2bd 9.1x11.7¢d 20.1+24.4a 14.6+14.4ac
B 52 VertFishScav birds 3.242.6a 2.8+4.8a 3.5+4.3a 2.7+2.7a
B R 52 FruiNect birds 4.9+5.7bd 13.4+14.1a 9.2+ 14.4ab 2.1+4.6¢d
242 2 Omnivore birds 21.1£12.2b 17.7£13.2b 34.8+28.1a 26.4+24.9ab

HA MR TR F Z (B ANTFAE B3 22 5
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Fig.4 Ordering of bird communities in different seasons based on Principal Coordinate Analysis ( PCoA)

B SRS 500 m A3 RS FUR IEAH 2 (P<0.001) 3 B A B2 AMA%0E 500 m A58 53 i PER
B FAIE(P=0.006) ,5 100 m FFP A LR IEAHE(P=0.002) ; B4 528K SRS LIE LHAK
B 5 100 m A8 SRS EUE TFA G (B A 525, P<0.001 ; R 525 P<0.001 ;22 & 1524 P=0.002) ; & 1
B E SIAREII S 500 m AKAEA & R IEM (B RZIE,P=0.005; 7B 52, P=0.007) , 5iF
F T I B AR (B2, P=0.009; 24 B 525 P=0.037) ; ILAL, B R S AR BGA 5 1A 38 XM 2 5
IEAX(P=0.011),
2.4 SRR B ZHEMER R

AR RELR Z 0] () A B SR B AR M AE AN TR 2 (] 1) SR A a1 /K -, R I S VR A i 2 Rk (3%
6) . SHREH IR, PR A 53X SR S e B AR VE R TTRRTE R, SR WA % 10 2 W) 22 7 0 A] AR 2 b
23 (A AN R R 2 R AR (B,,:,<0.5) .

R6 ARFWEELDEL SHME ML SHUERERNBAS

Table 6 Overall B diversity, paired 8 diversity and their respective components in different seasons

HR B 2R Xt B R

p= # H ﬁ( % HEZ % 1 %)( %

Multiple-site . . Paired L. .
L. Spring Summer Autumn Winter L Spring Summer Autumn Winter

B diversity B diversity

Bsor 0.902 0.908 0.902 0.913 Beor 0.545 0.567 0.542 0.596

Bsim 0.860 0.861 0.863 0.877 Biim 0.442 0.447 0.445 0.496

Bsxe 0.042 0.047 0.039 0.036 Bane 0.103 0.120 0.097 0.100

Biratio 0.047 0.052 0.043 0.039 Bratio 0.189 0.212 0.179 0.168

Bsor TR M B ZRENE, B M Bne F7R B B ZRENE R JH 5 AR B LRI 3 B, RN RS B ZHENE By B2 By FTR KT B 2 REVE Y Ji 5 Btk
BT 3 By TN BRSNS B ZAENE T2 F 4253 B TR

5 SRR S B Z M R AR S AL 7344945 100 m A= B8 5 B RS R010 22 5 B2 IR ARG, Xt B
ZHAEIL S 100 m EHTHHEAR G 227 RO (£ 7) . RN B 2R LIHREH 7315 100 m 2k
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S5 SRR 25 5 B TEAH OGNS B 22 B LSRR 4 0 149 55 2 i A S 8 119 2 5 S TE AR OG . Bk R ous
B ZHEES 500 m Az B FbE RS R 22 57 8 IEAHDC , FUR G005 100 m AR B BOPERS RN 22 57 5 IEAHOG, ik
B SRR R 2 IR . A0 B ZHEME K AR EA 035 100 m A58 5 MR RO 22 5
RIEASE, HARES A 70815 500 m A=3E 5 B PR Bt 26 S B AEAR G, JURBL 41 - S ik i) 28 52 5L IEAHSG

KT TREFEEBER B SHESHRERTFHXR

Table 7 Relationship between paired  diversity of bird communities and environmental factors in different seasons

= WA B ZRE FINAA s .
Seasons P,alred, B Environmental factor Regr(?s,Slon P Intercept R F
diversity coefficient
# Boor 100 m ZHY AR 5 1L -0.026 0.042 0.564 0.221 61.184
spring 100 m A= 35 57 BT PR 4k 0.055 < 0.001
Biim 100 m AE B3 5 B 454X 0.022 0.033 0.457 0.027 12.150
Bane 100 m A= 35 57 BT Pk 4k 0.029 < 0.001 0.107 0.107 52.022
"7 B 100 m A:358 5 Br P48 4L 0.028 0.002 0.586 0.255 74.166
Summer 1 3R X B 0.047 0.004
Biim HEIR X B 0.053 0.001 0.462 0.129 63.936
Bane 100 m A= 35 57 ST PR 4k 0.017 0.023 0.124 0.028 12.433
Z7e Boor 500 m A58 5 B PEFE AL 0.038 < 0.001 0.560 0.132 65.861
Autumn Biin 100 m A= 35 57 ST PR 4k 0.031 0.004 0.460 0.054 24.913
Bine o T I 0.035 < 0.001 0.100 0.175 91.883
% Boor 100 m A= 35 57 ST PR £ 0.043 < 0.001 0.617 0.129 64.117
Winter Biim 5273 0.032 0.023 0.514 0.045 20.436
Boe 100 m A= 35 57 ST PR 4k 0.019 0.003 0.103 0.202 54.645
500 m A:5E 5 BTPEFE AL 0.025 < 0.001
3 itig

T L DA AU 3 1520 SR AR (1 MY DX, 7R 27 S 2 SRR D T R RS AR AR
FUAER S EH G ARG X IE R 2R A 528 b A Z MK — | gl i A3 B A b & TUCN 20 (8 4
EHIE(VU) PR as . PRIPIX ISR o R B ZARTER R BLI B R K RO X AR & SRR O
T3S T3 A, X — PR AP RCR N T UL R S RGN AE Y A R A TR L,

KGRI X RS o ZREVEEA R R 5 25, RER SRR Z, nTHES SR 1T
AT A O, AERKFEITAEN] , AL T7 & 2z i) B i A AL A b, m] BEAE i b 45 B A, o eI, Bk PR
DX iR % R0 5 ) 5 S R g W, 0Pk 2 15 2 MRBGs THA 24 W ORI 2 A Pt 5 A 2
TR B K, FEDRDARIER R, ATRER d TR R MR T ITRIEER, & 2 Y S A A
BT S 2 A A SRR RN L ATV 2200k 5 AR A IR 7] BB P s A5 A 4 DX T
RES I SR RN N

HEBES XS R DR AP X B2, o B ZARTERIA WA, S5 2R AR W R BRI 22 R 1 i B
100 m A= 3585 ST T o TGN, 3 1E 1 ) 57 B e - 2 RE M G RTEAR Z B0 P D BIESE ™ . B T AR B4
I, RS 5 B M RR , YRR > AR IS S ) Y A AL RS S 2 i R A R ) 5 2T LA o 4
AR AEAS AL, DX SR 5E 5, (PR ZHREPERE N, 7E 100 m N b, BT LN AL B RELE
ARAFBEUR, i REAE IAAN ] 19 - M A e SR PP oA B 22 0 B MRS L 2 | X BB AR ER W 100 m AR 358 5 B 1k 14 34
AR TR S REE, (HATHE AR, A 58 R BOPE XS 5 28 E % o Z2HEVERY R I 2 2R BLTE B/ U
(100 m ) , 15 500 m A=5557 Bik o B3 o ZREPEBCA B, X 20 th T S i AR A7 SRV
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SRR o AR AR 8 5 PRGBSI 1Y A 2 VR A 4 0 BE A8 At 14 A TR 15 A 285 57 R/ PR 5 e Jo P £
S, A e AN R A B T B I A 58 =2 1) 22 e it — AP R B S P A AN () A 05 ) i A 4
WG, FEA RS (B AR A rg it B AL i T RE R th T AR E S8 AR R S W
FE AT RE R AN R DX ] Y B AE R, S B AR RS S AR R, T B T B 4103 . Bkt B
ZHEPE S AT B ZREMERY I E L7 YR 500 m Az 35 5 MR B2 S 3G RN R, SR B Rx B 2Rt B
IR FIREAE 100 m/500 m ] b 52 2 A8 52 SRR RS0 , I LG AR 350 57 oo v 22 S0 KT K

ANTR AR AT 5 S B AR BSC X A 35 5 R Y B AT i 28 5, B ML S 2R (AR 500 m AR 358 5
RO RN 22, ATREJE O 2R L M g R T RS PRI 22 i W B, B AR 2R AR G Sl
Yy MY SRR T ARSI TR . B BRI E BRI AR BB RE 100 m A 55
JRPESR RO g M3 22, R W AE S5 BV EATS SRR 2 AN [ B P S MO Y B K 2 P S 28 AR 500 m
ABE S BRI BT R T o T8 B BIE R WT, DR B P B A Ml i A9 A2 A8 ) B B TR A ) 14 el A%
P SRR A B R S AR A USRI B e TR [ A R AT Sk £ PR S e Y, S B
P B 28Tk R IBOE 22 1) e B

NI TYCAES AR RIS IR o B ZREVEAFAERON . BE B T IH BB | 5 58 AR
WA R 08 b R RE R H T B 00 A 5 B A O P B A ) DX S T AT R A AR AR B,
B FAABON PR BRI T A B 2L 2 i B T S B B A0 2 S AT R, T R
TAR TR T AR R 8 3l GO, TR BB XIS R R 1 5 R e Akl A
7, AL S BT K, T B BURE S5 . BN B AR IR 1 JR e 21 73 Bl 44 14 22 S 3 R K vt ml
FIELE KSR RO BEAE DR 7 AR TR 5 28O0 B AR PRI JE e 2100 A SR 2552, 1X 55 Wang 55 A fF
FEEER—BT YyRh T TAERE WA TS | I ARAF A MR RE ) W 2 i 22 S B 4 o 2
SANSECE IR b B L BT = R S S = N DR 11| ey R 1 o S U G X B 27/ E B e U SR LA 2 e
JE 1) 2 5 0 B S RETR 2 I T

4 #ig

R E R H RGP XA F 5 R SRR, SRR o FI B ZARME AR SRR 3P XX S 2R 24
PERI DR 5B B, AN I, RSO X 2R, o AR F 82 B AR5 S Btk A T3R5, B
ZREPEH R o5 5 O B RN A GRS Ay AR R B R IR AR OGRS S 2R R TE Y
JiA FREEH F 100 m/500 m AR5 5 B SO R IX S 26007 o Fl B ZREVERS SR fi ol B, AN )
TP AT 5 2 RO A B S TR Y S 0T il 22 5 o E N 2R ) S BOR B U M4 BRAE W) Z R SR
FERE 5T B BUE IO X R AR BT S e, DU AP DR S 2R 2R
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