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Abstract: From April to June 2019, the fixed-point observation method and sample method were used to
investigate the nest-site selection of Bar-headed Goose (Anser indicus) in the Yanchi Bay National Nature
Reserve of Gansu Province. A total of 332 Bar-headed Goose nests were found, including three types of nest
sites: haystack nests, ground nests, and bare rock cliff nests (Fig. 2). All nests were distributed on haystacks in
shallow water swamps, on islands in the lake, and on nearby cliffs (Fig. 1). The average densities of the

bar-headed geese in the three nest habitats were 0.18 /m* (n=204), 0.59 /m” (n = 108), and 0.06 /m* (n = 20).
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Bar-headed Geese favored to choose a nest in a small island in the center of the lake, followed by shallow
water swamps and cliffs (Table 1). The average clutch sizes of bar-headed geese in the three nesting habitats
were 4.74 £ 2.68 (n=204), 4.23 £ 1.94 (n=108) and 3.13 + 0.64 (n = 20), with the hatching success rates of
48.65% (n=199), 45.27% (n = 148) and 24.00% (n = 25), and reproduction success rates of 66.67% (n = 42),
74.28% (n = 35) and 36.36% (n = 11) (Table 2). Independent sample t-test and Mann-Whitney U test were
used for nest site quadrats and the same number of control quadrats in each camp nest habitat. We found that
in shallow water marsh habitats, three indicators of haystack density, haystack cover and water depth exist.
Very significant difference (P < 0.01), and there was significant difference in water area (P < 0.05). In the
lake core island habitat, there are extremely significant differences in the six indicators of vegetation density,
vegetation height, maximum vegetation height, vegetation coverage, bare land ratio, and hay ratio (P < 0.01);
in the cliff habitat, the slope direction and distance There are extremely significant differences between the
three indicators of grass beach distance and water distance (P < 0.01) (Table 3 - 5). The principal component
analysis showed that the main environmental factors affecting the selection of nesting sites for bar-headed
geese in shallow marsh habitats were: water source factor, hidden factor, disturbance factor, and food factor;
the major environmental factors affecting nest site selection in the core island habitat of Huxin Island were:
Hidden factors, food factors, interference factors; the main environmental factors affecting nest site selection
in cliff habitats are: terrain factors, food and water sources factors, and interference factors (Table 6 - 8).
Studies have shown that the main environmental factors of nest site selection are different in different nest
habitats of Bar-headed Geese, which mainly depend on the characteristics of habitats and surrounding
environmental factors.

Key words: Anser indicus; Nest-site selection; Quadrat investigation; Principal component analysis
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Fig. 1 Nesting habitats and distribution of Bar-headed Goose

a. WKIBE: b, Wl e th#. a. Shallow marsh; b. Small island in the lake; c. Cliff.
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Table 1 Habitat area of each camp and distribution of Bar-headed Goose nests

EH N B %S Camp nest habitat and its number

H/KIH# Shallow water marsh  3]:0o/N & Bled island i Cliff it
1% 2% 38 1% 28 15 2% sz o
No. 1 No. 2 No. 3 No. 1 No. 2 No. 1 No. 2 No. 3
S HE () Total number of nests (nest) 64 108 32 83 25 11 7 2 322
2 A A (m®)  Habitat total area 642.7  906.8 4276 196.9 141.6 1845 1625 510 6295.6
{ifljjzlaﬁtfj gfaﬁ;ﬁh:]‘ln:vi water marsh 342.0 473.1 260.3 0 0 0 0 0 10754
S 2
Ili)jt;h;i;ij gfaﬁgf/?ak(en::e)nter island 0 0 0 136.1 437 0 0 0 179.8
WA TR (m®)  Ciff utilizationarea 0 0 0 0 0 125 136 45 306
B ($/m?)  Nest density (nest/m?) 0.19 022 0.12 0.61 0.57 0.09 005 0.04 —
HPRHA () Haystacknests (nest) 64 108 32 0 0 0 0 0 204
% (8 Ground nests (nest) 0 0 0 83 25 0 0 0 108
T (8D Cliff nests (nest) 0 0 0 0 0 11 7 2 20

B2 3MERASTRLRENESH
Fig.2 Nests and eggs of bar-headed Goose in three nest habitats

a. HEEHE, b b o (LEMA . a. Haystack nest; b. Ground nest; c. Bare cliff nest.
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Table 2 Comparison of nest number, nest number and breeding effectiveness of
Bar-headed Goose in three nest habitats
B AR Nesting habitat type
KAE Shallow swamp  W0r/N & Bled island i CLiff
BHEE (3 ) Total number of nests (nest) 204 108 20
MUIE (MO Total number of eggs (piece) 969 463 65
SEEIE AL (MO Average number of nest eggs 4727 42419 3.1£0.6
SFYME + ARVEZE Mean + SD (n=204) (n=108) (n=20)
M S B (B 42 35 11
Total number of nests monitored for incubation (nest)
SR BT R SR (B 28 2% 4
Number of successful nests for incubation monitoring (nest)
LRI Incubation success rate (%) 48.65 (n=199) 4527 (n=148) 24.00 (n=25)
ZH T E Reproductive success rate (%) 66.67 (n=42) 74.28 (n=35) 3636 (n=11)
3 BKEEERTRLESURET 53R NERS SR
Table 3 Comparison of habitat parameters of the Bar-headed Goose nest site control
plot and the control plot in shallow water marsh habitat
FEATZHL Quadrat parameter Nest sitiﬂgtﬁ:tj(n =32 @ntﬁﬁif(ﬁ =32 t/tz/iﬁe vaﬁe

P Haystack height (cm) 4172+2.11 48.08 £3.14 -2.119 0.084

BYLEE Y Haystack density (1~/m?) 0.51+0.07 1.02£0.14 - 3.629 <0.001

R Haystack coverage (%) 2.17+0.13 2.65+0.11 -2.526 0.002

JKIZTEFL Water area (%) 2.21+0.19 1.40+0.17 - 2.169 0.030

/K% Water depth (cm) 21.54+253 14.44 +2.04 -3.019 0.003

i E i Distance from shore (m) 29.00 +2.44 26.89 £2.97 0.334 0.740

B/ B Distance from trail (m) 58.33 £ 4.49 51.29+5.45 0.736 0.466

Bl BB Distance from the cliff (m) 72.56 £ 5.82 55.54+5.89 2.169 0.073

PR X BE 5 Distance from grazing area (m) 147.86 + 10.07 123.44+11.54 1.647 0.106

BT $i# 2 Distance to nearest nest (m) 1.96 + 0.36

YR EBE Species richness (Fh) 2.93+0.14 2.75+0.18 - 0.882 0.378

RO MM AR e AT R L)
6 MEVAAIEWREELER (K 4); A, @t
Xof /N R T RIS ] Bl () 7K R A EE R I, )
/NS (n=2) STEH (169.25 +39.10) m’.
BREK (7640 £ 10.04) m LAR 5 JE HlKE
(14.45+1.85) cm B KT/ (n=2)
f B TEIA (111.55 +£31.04) m?. B K (52,10 +
15.27) m A B EKIR (9.44 £2.72) cm. 7E
U ERAESE R, Ya) . e B R K YR PR
3N FER B E ZE R (RS,

25 3 MERARTHLERIERENEE
A&

X 3 FhoE GLAE RS Bk B A PRI IR 1k
1T THEF 4T, FRdAT ROKTT VR e . IR
AKBEEAST, 1T 4 A F R BRI E KT
1, HERTTRRIAE] 79.824%, Yl 4 3
B FEAALE T 11 MEERREME S, fehs
S 5 B Sk i E 3 7K VA AR A 35 B S 1
FERE, FUCHREET 4 AR T AR R
PIRHIE R & (R 6).



3 P s R St LB Sk R SNk R ©283 ¢
R4 WO/ BERTRELESURE T 53R N ERS SR
Table 4 Comparison of habitat parameters of the Bar-headed Goose nest site and
the control site in the lake core island habitat
KT 5% SHLFETT Xof B T tz{H PE

Quadrat parameter Nest site quadrat (n=30)  Control plot (n=30) t/z value P value
TEWH B Vegetation density (Ff/m?) 83.83£6.93 59.52+£5.33 2.703 0.009
B4 Vegetation height (cm) 31.53+1.37 21.75+1.62 4.665 <0.001
FE % v e K fH. Maximum vegetation height (cm) 65.95+3.13 4727+3.43 4.003 <0.001
FE Y e B /ME Minimum vegetation height (cm) 5.06 +0.28 5.28+0.37 - 0.486 0.629
BEWITHI P2 Distance from the lake (m) 12.92£1.78 15.10 £ 1.55 -0.962 0.341
i E IS Distance from shore (m) 25.87 £ 0.60 21.83£0.75 0.304 0.762
PRI X PE S Distance from grazing area (m) 138.05 £ 15.32 102.39 £ 10.96 1.761 0.085
T /% Vegetation coverage (%) 2.85+0.14 2.05+0.21 -2.817 0.005
LGB Bare land ratio (%) 1.76 £0.15 2.15+0.17 -2.716 0.007
TH ] Hay ratio (%) 138+ 0.09 1.95+0.15 - 3.026 0.002
TR IFIF & Vegetation species richness (Ff') 2.86+0.08 2.65+0.20 - 1.028 0.304
FR)Z T KE Surface soil water content (%) 43,51+ 1.64 41.46 = 1.67 - 0.495 0.620

x5 BRI ERIRE T SXRET RAERES KR
Table 5 Comparison of habitat parameters of the Bar-headed Goose nest site
control sample and the control sample under cliff habitat
HIT 24 LS i X BT vz 14 P {&

Quadrat parameter Nest site quadrat (n=18)  Control plot (n= 18) t/z value P value
K Altitude (m) 3226.64 £2.53 3223.82 +3.03 - 1.796 0.072
311 Slope direction 4.73+027 5.18+0.66 -1.473 <0.001
{7 Slope position 2274023 1.73+0.20 - 0.656 0.512
FIARTE Herbal coverage (%) 2.18+0.18 2.09+0.21 - 1.052 0.317
YIFhFEEE Species richness (Fi) 2.09+0.09 1.91+0.16 - 1.414 0.157
BE/KYREE S Distance from water source (m) 130.53 + 6.94 208.44 +7.19 -2.934 0.003
BB B Distance from grass beach (m) 133.53 £ 11.21 261.97 +11.07 -3.801 <0.001
BEJBACX # B Distance from grazing area (m) 154.27 £ 12.28 117.75 +16.31 - 1.867 0.062
BE/NEREE S Distance from trail (m) 134.78 + 8.12 89.76 + 6.15 - 1.258 0.325
BEAHAR LS Distance from nest (m) 1.38+0.56

MNIE e Ji PRl B 4 B A A 2 B R A &R
BAXER KNI UE K, HB— Rl 28
FEAKE A AKE, TTRRZEIEE] T 32.104%,
HEFRKNEEEWE, 27508 0.936.
0.917, FIBEALAZKIEE +; 25 = F i EdE 5L
PR, RS, RURGRRE. FEL B,
TURFIER T 22.994%, Hrp, B, &
YRin . TR RS LT P S B A

5%, PR R PR B AT DA AN R AR B R A Rl
PE, FrRAIX 4 ARSI TR OB K i S0 ik
PBRRR s B =R BREE . B
NSRS PRI SEEE R, TTMREIA 13.644%,
IR Z WS /oS et AU E SN i) S5 i
=FRSr, N 11.082%, M, Yk EEAE
55 PR - o 2 o I R, TR B A
To MO RTUE H, BELMELERKIEE
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Table 6 Rotation factor matrix of Bar-headed Goose nest plot in shallow water marsh habitat
HFE A & Feature vector
2% Parameter
1 2 3 4
TP Haystack height (cm) - 0.330 0.846 0.153 0.227
YL E Haystack density (~/m?) 0.181 0.745 -0.153 -0.377
FIYRIEE Haystack coverage (%) - 0.459 0.728 0.093 0.178
JKIZTAL Water area (%) 0.917 -0.129 0.013 - 0.070
JKIR Water depth (cm) 0.936 -0.122 0.068 -0.152
B2 Distance from shore (m) - 0.003 - 0.098 0.910 -0.201
BE/NEREE S Distance from trail (m) 0.526 0.269 0.555 0.413
B 1L A2 Distance from the cliff (m) 0.012 - 0.796 - 0.042 -0.010
BEAR X PE 2 Distance from grazing area (m) 0.526 -0.191 0.303 - 0.555
BRI $i# 2 Distance to nearest nest (m) 0.070 0.137 0.865 -0.106
YWFFEE Species richness (Ff) - 0.094 - 0.038 -0.170 0.829
HEME{H Eigenvalues 3.531 2.529 1.501 1.219
TIHRZ Ratio of contribution (%) 32.104 22.994 13.644 11.082
21 TTHk®%  Cumulative ratio of contribution (%) 32.104 55.098 68.741 79.824

AEBEHROERR SRR, KRS FL R A K
HUCRBRME, A, FETIRVREE S K e
B X A — B

SRS By AR B R LR R 12 AN IRES
HFREAT R T 0T, BT 4 A E AR K
T 1, HETTRERE 78.459%, WX 4 4
F RS BRI BICa N B AR BN SRR
TER (R D,

MNIE % i PRl B A B A A 2 B R &R
BARHER KNI UE H, H—ERD TR
i (33.854%), Hor, HEBEE. S #
by PV A A7 22 B0 (B B S A e, 50 B R
72 B Sk A 0o B AR 05 P B I B 1 32 R
sy B MTTERERIA 19.171%, BT #
Tp A8 R e (A A R . A B Rk
B TR, H—P R T — % & EREY)
RE IS B M, B = o Tk R
13.663%, ¥ faf £ 0B 150 (446 1 43 v 2 e/
B, PEMIMEES . HumMEERE, B5:k
JESYIR A 5 S0 3 R4 BRI 3 = 4y

TURRFIE 11.771%, B {ER = A B R PR
PR X BE B, Bt T BESJE 2 THA . JE
XX EE R FLRE AT R B, B 2 5k e
PO By AR BT N bR PR AR BN, HIR
VIR ATHE T

I FH R 43 B 7 R L R AR 35 T Bk ik
PROABER ¥ (3R 8), Bl 4 N FE W Rt sk
HILF 86.059%, AL 1l EAE M bk i
WEAR R R G, RE R sl B2 A
e R AR BARAE . BB — R DTk R A
(34.620), BFEEGHR Fm. Wb, 5
RIEA K, N HIE T HOGRE = FE K
4y, TIBRERIE 21.241%, QOHEYREEE. I
IKIREEES . PRELMERR R, AN R BoKIE A
T H=L WWERTTTERE D AN 16.501%.
13.697%, e 38 A 246 %o B 558 1 040 43 ) M /70
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Table 7 Rotation factor matrix of the Bar-headed Goose nest plot in the lake core island habitat

HH{E & Feature vector

24 Parameter

1 2 3 4
MIH B Vegetation density (Ff/m?) - 0.865 -0.120 -0.126 - 0.049
T4 Vegetation height (cm) 0.353 0.870 0.099 0.112
A = FE K. Maximum vegetation height (cm) 0.017 0.928 0.098 0.036
A4 R FE Bt /IME. Minimum vegetation height (cm) 0.029 - 0.079 0.710 - 0.066
BEWITHI®E 2 Distance from the lake (m) 0.094 0.272 0.732 -0.370
B EHIEE S Distance from shore (m) -0.231 - 0.044 - 0.266 0.860
BEBUACIX P B Distance from grazing area (m) 0.240 0.078 0.553 0.602
5 Vegetation coverage (%) - 0.956 -0.178 - 0.054 0.044
b Bare land ratio (%) 0.748 0.463 - 0.024 - 0.361
TH L] Hay ratio (%) 0.136 0.785 0.088 -0.338
TEM T3 E . Vegetation species richness (Ff') 0.047 -0.160 -0.794 - 0.004
FKZ LS KE Surface soil water content (%) 0.546 - 0.244 -0.295 0.525
FFF{E Eigenvalues 4.062 2.300 1.640 1.413
TIMkZ Ratio of contribution (%) 33.854 19.171 13.663 11.771
2 UIMk ¥ Cumulative ratio of contribution (%) 33.854 53.025 66.688 78.459

&8 WL EAESE T RN SR ALRETT MIieRs 5 BT R SR

Table 8 Matrix of post-rotation factor components for the Bar-headed Goose nest site in the cliff habitat

" FFAL[A £ Feature vector
Z40 Parameter

1 2 3 4
IR Altitude (m) 0.947 - 0.007 - 0.086 - 0.090
WM Slope direction 0.899 -0.079 0.237 - 0.037
i1 Slope position 0.963 0.092 0.026 -0.105
EOAGG % Herbal coverage (%) -0.167 0.531 0.561 0.427
YikhFE E Species richness (Ff) -0.223 0.743 0.087 0.203
FR/KYREE S Distance from water source (m) 0.123 0.731 - 0.498 -0.374
BRECHER B Distance from grass beach (m) 0.493 0.777 - 0.023 - 0.029
BEBUMIX P Distance from grazing area (m) -0.161 0.001 - 0.027 0.885
BE/NER B Distance from trail (m) 0.206 - 0.046 0.934 -0.170
BEFHATSLE 5 Distance from nest (m) - 0.559 -0.228 0.417 - 0.580
HFE{Y Eigenvalues 3.462 2.124 1.650 1.370
FIHRZE Ratio of contribution (%) 34.620 21.241 16.501 13.697
LT ®E Cumulative ratio of contribution (%) 34.620 55.861 72.362 86.059
TRV R AR W FRIZRMTFIAEA . KRB A R T
3 i Mg o B B AR KT, AT 32 iy BT D) % (Lack
1969, Cody 1981). ik bL, ZKEEME
3.1 PELME 3 MERARIERE R B — AN AT I B ) BT b R PAORAIE A TS B

ORGP SRR RV EZIAT, W REAT. ERXAhEEET, V2 SR T
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