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Abstract; Maca ( Lepidium meyenii) was introduced to southwest China as a tonic herb in 2012. Subsequently, the planting
area expanded, however its plantation scale shrank rapidly around 2018 due to the price drop.The Nianhu zone of Yunnan's
Huize Black-necked Crane National Nature Reserve is an important wintering ground for the Bar-headed goose ( Anser
indicus) . It is also one of the main production areas for maca. The drastic changes in the maca planting area provide an
opportunity to study how migratory farmland birds adapt to changes in the farming environment. From 2015 to 2020, eight
wintering Bar-headed geese were tracked in the Huize Nature Reserve over a long period using satellite tracking technology.
Their habitat use and selection were compared at the individual level during the maca planting period (2015—2018) and
the traditional crop planting period (2019—2021). Our results showed that; (1) The habitat use patterns of Bar-headed
geese changed greatly between the two periods. During maca planting, Bar-headed geese mainly used marshes (71.29+
3.54) % followed by cultivated land (18.12+2.90) % and deep water (10.59+5.97) %. In traditional crop planting, their
main habitat use shifted to cultivated land (74.44+4.84)% , then marshes (12.53+6.97)% and deep water (12.25+
2.44)%. (2) For the same Bar-headed goose individual, the habitat use pattern was more stable in different wintering
years. In 2019 and 2020, the goose A5 showed a high utilization rate of farmland in winter, which was 76.95% and
80.41% , respectively. In 2019, 2020 and 2021, the goose A6 preferred to use farmland and the utilization rates were
76.52% , 80.61% and 75.74%, respectively. (3) In terms of habitat selection, the Bar-headed goose demonstrated
selectivity for nine environmental factors. The evaluation results of the random forest model showed that the distance from
nocturnal habitat was the most important factor. This highlights the Bar-headed goose’s dependence on the nocturnal water
environment. Regarding other factors, there were some differences between the two time periods studied..During the maca
planting season, the habitat selection priorities of bar-headed geese were: preferred nocturnal habitats, main foraging
grounds, avoided habitats, and anthropogenic disturbance factors. In the traditional crop planting season, the priorities
were; preferred nocturnal habitats, avoided habitats, anthropogenic disturbance factors, and main foraging grounds.
Overall, maca planting negatively impacts Bar-headed geese. It directly reduces the area of high-quality habitats, and
changes how geese use and select habitats. When implementing large-scale farming changes in or near reserves, the habitat

needs of farmland birds should be fully considered and managed scientifically.

Key Words: Anser indicus ; Maca ;random forest ; habitat selection ;habitat utilization
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1 HREHR
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BIVE MM REARRR T B AP A A AT R RS X S PR O, 0 S0 B b R B T = A R
SEFREER T, LR BT 9 IR AR i 40 o0 IR RO i B | B b I R YR R R S B VR K K
R RS PR E R R S BRVR R B FE N BEIE S PR RE R BAR T R, 7E b 3 S [ 5UE = (https ./
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Table 1 The tracking duration of Bar-headed geese

A g K Ak g K Ak g £
Individual Tracking duration Individual Tracking duration Individual Tracking duration
Al 2015-02-01—2015-03-09 AS 2019-01-15—2019-03-03 2021-01-12—2021-02-23
A2 2016-03-10—2016-04-03 2019-12-02—2020-02-29 A7 2018-12-26—2019-01-14
A3 2016-03-17—2016-05-01 A6 2019-01-15—2019-02-09 A8 2020-12-17—2021-02-23
A4 2016-01-23—2016-03-24 2020-01-26—2020-03-10
3 HBRESH

3.1 W EHLRRIE

TE S SRR R TR BFSE I R T AR 7295.16 hm? , LA b FIAR Sy 35 B2 500 E A 4 51 5 BF ST IX 1)
48.70% F1 31.58% 3 TRIK K IR EEHL B HOANTE PR 5 LN, 43 50 7.87% 5.43% 5.21% K 1.21% . 1E23 1434
b AR AR IR, PR TE . BRI SR AL P R oA, ELR B R e B, B R LA
ARIE AT A AERE L b b A IR A8 = 53 DX A0 L Bt T R /N HL A3 AR 38R 43880, 9B b A b b £ [
(2K 1),

R2 R E S LB EARALLE

Table 2 Area and proportion of landscape types in Nianhu wetland

G 5 2 7 T 1 G 5 1 S TR TR 1
Land type Area/hm? Proportion/% || Land type Area/hm? Proportion/ %
#HFHL Farmland 3553.15 48.70 AHHH Land for construction 395.98 5.43
A Forestland 2304.06 31.58 HiHl Grassland 379.83 5.21
RIKIKIE, Deep water 573.85 7.87 A3 Swamps 88.29 1.21

32 Wikt

Mann-Whitney 46 46 27~ 4RI A2 G VR W) FAELIN $09 069 308 Sk JE 25 DXL ) 552 B 23 A1 500 0] B e 1] 247 7
TERS 35 22 5% (P<0.01) |, T BH BRE Sk e et S50 el Fof o T 6 [R A7 W W A e (R 3 K 4)
321 HRFAE
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PESK MEAERE B M 0—4000 m DXTR] P | 5200 HHY 24 523 R 34, 150 B XS e AT 1] 6 4% B A A9 e it 49 H ] 496
o, BB BRI R, B Sk M AT S ) T LA B, 512 AE 0—400 m IXTE] PN, IEREH DI
TEFEARAE 200 m BT BESK T LP-AMBAE R, ik 200 m B, 52 i 2k 2 bR, 3R W BE Sk 7L B 5
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Fig.1 Habitat types and GPS positions of tracked Bar-headed Geese in the study area
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Table 3 Comparison of the characteristics of factors between active points and control points during the wintering period of the Bar-headed

Geese during Maca planting

LRIy of A

ik e I BoR M
Variabl Active sites Control sites Z P M Mi

anables (n=399) (n=10000) - "
Eﬁ.ﬁiﬂﬁ% 682.14+8.22 680.27+6.29 -6.306 P<0.001 1634.47 221.21
Distance to the grassland/m
Eﬁ,ﬁﬂﬂﬁ% 74.15£3.31 94.32+1.68 -7.853 P<0.001 346.00 0.00
Distance to the farmland/m

iy

EE_EEMEE% 308.06+4.27 458.32+4.09 -3.12 P=0.002 718.84 18.02
Distance to the settlement/m

DAY
Eﬁ,z*ﬂgkﬁkﬂﬁ% 133.64+6.46 1668.69+13.26 -25.284 P<0.001 1274.52 0.00
Distance to the deep water/m

AN
EE,{E{%EE% 188.01+35.79 2454.49+16.01 -30.899 P<0.001 3612.61 0.00
Distance to the swamps/m
EE_MﬂEEE% 471.50+£5.95 152.16£2.01 -27.743 P<0.001 942.42 70.61
Distance to the forestland/m

AS
EE,A%EE% . 421.79+6.53 928.40+8.13 -11.189 P<0.001 1142.52 75.72
Distance to the highway/m

Bl

EE*TLEE% . . 139.37£5.31 271.70£2.70 -9.089 P<0.001 478.59 0.06
Distance to the village trail/m
PRV e B

183.15£35.50 3535.89+19.47 —-32.034 P<0.001 3561.26 0.00

Distance to the nocturnal roosting site/m
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Table 4 Comparison of the characteristics of various factors between the actual habitat points and the control points during the wintering period

of the Bar-headed Geese during the planting period of traditional crops

it A A RN A
Variables Active sites Control sites Z P Max Min
’ (n=800) (n=10000)
=3 =T
EE_EIJ&EE'AJ 1158.77+21.25 680.27+6.29 -21.505 P<0.001 2319.45 92.56
Distance to the grassland/m
EE.EH@EE% 14.84+1.20 94.32+1.68 -14.773 P<0.001 206.87 0.00
Distance to the farmland/m
EEEEH?EEF% 359.28+9.22 458.32+4.09 -3.599 P<0.001 1051.84 0.00
Distance to the settlement/m
EE%AUJGEJGEE% 296.51+£16.36 1668.69+13.26 =-31.171 P<0.001 3152.83 0.00
Distance to the deep water/m
N 979 95 B
I}E,{H{*EE% 1272.29+44.83 2454.49+16.01 -20.570 P<0.001 4410.72 0.00
Distance to the swamps/m
"~ =
EEM\i&EE% 434.43+8.56 152.16+2.01 -32.507 P<0.001 1129.90 0.00
Distance to the forestland/m
EE,/L\\%EE% . 560.46+12.10 928.40+8.13 -9.670 P<0.001 1350.06 6.12
Distance to the highway/m
IR BT
Eﬁfhﬁﬁﬁ% . 163.57+£3.25 271.70£2.70 -6.777 P<0.001 441.64 0.93
Distance to the trail/m
EEW{‘EﬂﬁEE% L. 1368.61+43.92 3535.89+19.47 -30.083 P<0.001 4462.92 0.00
Distance to the nocturnal roosting site/m
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TR TA ARG () H TR0 2 M B R K K e
5, PR H LS M JUSRBRAIG . 2 I B 5 1 3
hn, ik 208 I, 7E 1500—2000 m X 8] P, £k
b T B AR R 2 B B S R 0 1 3 B R M 1
PG, 0 G R B b PR B A 1500 me () H (IS E . 72 FE AR 0—600 m DX [H] P, 26 45 J L2 Bl FE 25 % 184 Jonn i
BT B R , PR LA, RN IR S R s e R B A K, 0—T75 m F 150—200 m X [R5 LA,
PEHE LR BE A B B i 2 RIREK . 7E 75—150 m XA AT 1000—1250 m X [E] P, 35 5% L2 i 1R 5 ) 34 o vy 34
150, AT BB N BE S MEAE SR TS e B, 5 RN B3 b BEATIE 0—90 m X [R] P, FE B bR |, 26 5 v Rt
/N TE 230—280 m X [A] PN, FR BB SRR T REPEBOR . BRI R 0—125 m XA N, B PR RS O3S 0, 1B 4%
JLE FTHERE R, 78 125—500 m X [A] PN, B 2 e , 6 45 T BB /)N, 7F 500—1250 m X [8] , Fifi % BE 29 0 34
R LB T, X R B BESR LR 125 m DX [E] YO B S T P08 SURR BE B 4L 125 m B, Bk
FEDEA TG S8 M BE PRI | 52 31 5 RS A2 A/, Bt B B LB 8 (0 388 n | e PR PE R AL T, 7E 0—20 m X [R] Y

JE B Distance/m

B2 HE-FFiEE BBk R SR NIRRT EE S
Fig.2 Ranking of environmental factors in habitat selection of
Bar-headed Geese during Maca planting

* w FR LN TR W3 (P<0.01)
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Fig.3 Effects of environmental variables on habitat selection of Bar-headed Geese during Maca planting
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SUERE I X2 R0 AR R ) 2 b ) I ASE ) R 32220
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