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Habitat Use and Behavioral Adaptation of the Wintering
Mandarin Duck in Suburban Artificial Wetland, Huainan
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(1. School of Biological Engineering, Huainan Normal University, Huainan 232038, China;
2. Key Laboratory of Bioresource and Environmental Biotechnology of Anhui Higher Education Institutes,
Huainan 232038, China;
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Abstract: To understand the patterns of habitat use pattern and behavioral change of wintering mandarin ducks (Aix gale-
riculata) in the artificial wetland by ecological restoration after the coal mining subsidence areas, we used instantaneous
scanning and fixed-point observation methods to quantify weather, period, and sex induced differences in daily behavior
patterns which included foraging, resting, swimming, walking, social group, maintenance, vigilance and flying, based on
1 628 records collected over 407 hours in Yuanyang Lake, Huainan, from October 2023 to April 2024. The results showed
that (1) the population size of wintering mandarin ducks varied significantly through different wintering periods, with the popu-
lation being largest and relatively stable in the middle period [population size (223.526 + 11.026) Ind., sex ratio 1:1.16].
(2) these preferred to the open water-reeds area, even though this area had the smallest habitat area (0. 034 hm?) and the
lowest availability (0.005) among the five habitat types (y* = 163.436, P < 0.001). (3) there was significant difference in
the time allocation of daily behavior under three weather conditions (P < 0.05). Foraging, swimming, maintenance, vigi-
lance, and flying behaviors percentage of time was significantly longer on sunny days compared to overcast-rainy and hazy
days, while resting behaviors was at its lowest on sunny days. The wintering mandarin ducks reduced individual energy
cost by increasing low-energy behaviors such as resting and decreasing high-energy behaviors such as foraging, and flying
in overcast-rainy or hazy day. (4) there were differences in the time allocation of daily behavior among wintering periods
and genders. The overall composition of daily behavioral time allocations of mandarin ducks differed significantly only in the
early and later periods (P < 0.05). Swimming and social group had the highest percentage of time in the middle period,
both significantly higher than in the early period, meanwhile, vigilance showed the highest in the early period, followed by
middle and later periods of the wintering. Other behaviors, such as foraging, resting, walking, maintenance, and flying,
showed no significant differences through the three wintering periods. Significant gender-based differences were observed
in the time allocation of daily behaviors, including resting, swimming, social group and maintenance (P < 0.05), whereas
foraging, walking, vigilance, and flying were not significantly different. Based on the results, the wintering mandarin ducks
showed different habitat use patterns and behavioral rhythms from those of traditional wintering sites. They prefer to avoid
areas and times of high anthropogenic activities in order to minimize the impact of human disturbance. The results of the
study provide scientific basis in understanding the ecological adaptation of the wintering mandarin ducks and other water-

birds in the artificial restored wetland, as well as for habitat restoration and species conservation.
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Table 1 Habitat type definition of Yuanyang Lake

1 2 2 5l
Habitat type

5 A

Habitat description

FFRFKIFIX. Open water

FKIE—Hi# X Open water-tree branches
I - FE AL HE X Open water-reeds
JRER X Quercus forest

4% [l Farmland
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JKIAN R R A D, KRR G, A IRk, E AT
JRAR A1 DX, N T

PAEY AR XIS TSR

[
West Lake

/i
Middle Lake

YD-1 ~YD-5. [#E WAL AL
YD-1 - YD-5. Fixed sampling site.

1 EHEESHMERAREARER(ER 8%
Figure 1 The geographic location and habitat around Yuanyang Lake, Huainan (Photoed by CHENG Lei)
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Table 2 Behavior description and definition of the wintering mandarin ducks

14

Behavior

7058 B &

Behavior definition and description

A Foraging
KA Resting
WPk Swimming
3 Walking
#H¥ Social group
AEFF Maintenance
gk Vigilance

AT Flying
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Table 3 Habitat utilization characteristics of the wintering mandarin ducks at Yuanyang Lake

G 2 B HLTE /hm® CIFIEES SEERFHAR [LhaEi=g e St HK
Habitat type Habitat area Availability Utilization Preference index Total individuals
IPRKIA 3. 640 0. 565 0. 003 0. 006 20
Open water
AR X 1.759 0.273 0.195 0.715 1169
Open water-tree branches
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g*”"/tﬁ[zf st 0. 822 0.128 0.129 1.013 774
e H
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Figure 2 Non-metric multidimensional scaling (NMDS) showing daily
activity thythm characteristics of the wintering mandarin ducks

under three weather conditions




B FHAF T A IR T A A R b B A SRR R T S 3 7

609

Ko ALREAT I 7R 55 5 RIS 18] by Ay , i R A0 9]
FR R AT g B ) 3 B Sk 35 BRI . SBiOR AT AT D 1Y

Pt

1717

R4 TRRSEFHTHZE

fisf i) 7 4% 22 BRI K e g T R R 25 5 K P IR A
FEE(R4) .
BERTHATRARER

Table 4 Differences of the daily activity rhythm of the wintering mandarin ducks under three weather conditions

AT ] 53T /%
o Time-activity budget
A X P
Behavior i IS i R £ PN
Sunny day Overcast-rainy day Hazy day

WAL Foraging 17.956 + 0. 729* 15.316 + 0. 568" 16.916 + 1. 107" 5.597 0. 061
A &, Resting 37.552 % 1.255° 55.486 + 1. 342* 44.244 + 1. 647" 33. 642 <0.001
Ji#vk Swimmin . +0. # X +0. . +0. . .
Wk S g 17. 662 + 0. 725 14. 098 + 0. 748" 15. 665 + 0. 555" 8.215 0.016
3 Walking 4.424 +0.286" 3. 629 + 0. 400" 5. 745 + 0. 697* 4.169 0.124
11 Social group 7.226 +0. 589" 4.419 + 0. 348° 7.494 + 0. 535" 13.327 0. 001
#4% Maintenance 8. 208 + 0. 442° 3.232 0. 426° 5.982 +0. 725" 26. 838 <0.001
% Vigilance 3.214 £0.211° 1.970 + 0. 206" 1.872 +0. 188" 18.722 <0.001
“RAT Flying 3.758 = 0. 283" 1.848 £ 0. 166" 2.081 +0.219" 23.407 <0.001

TE: FATEE EAR T BEA R 7R 225 3% (P < 0. 05)

Note: Data in the same row labeled with the different letters indicate a significant difference (P<0.05).
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Figure 3 Non-metric multidimensional scaling (NMDS) showing activity rhythm characteristics of the mandarin ducks among the different wintering periods
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Table 5 Differences of the daily activity rhythm of wintering mandarin ducks among the different wintering periods
17t 8] 73 Be 1%
7k Time-activity budget P
Behavior T i Jei X
Early period Middle period Later period
R Foraging 17.451+0. 853* 16. 495+1. 083" 16. 904+0. 432* 1. 965 0.374
A2 Resting 42.858+1. 794" 43.088+2. 429" 46.962+2. 443" 0.958 0.619
WK Swimming 16. 8530. 763" 17.355+0. 756* 14. 164+0. 738° 6. 151 <0.05
#%8) Walking 4. 884+0. 216" 3.972+0. 349" 4.7110. 700" 3.317 0. 190
- HE Social group 5.263+0. 486" 7.213+0. 760" 7. 134+0. 535* 6. 630 <0.05
2EFF Maintenance 6.950+0. 528* 6.275+0. 702" 5.492+0. 871" 2.771 0.250
el Vigilance 3.240+0. 275" 2. 467+0. 186" 1. 823+0. 197" 9. 855 <0.01
“KAT Flying 2.502+0. 273" 3.136+0. 418" 2. 809+0. 292* 0.932 0. 627

TE: AT B ERR AR R 22 5 B35 (P < 0.05).

Note: Data in the same row labeled with the different letters indicate a significant difference (P <0.05).

2.3.3 REMEANEE B ATANIEEF
A4S H AT Ry 1 A e R 2 (R AEAE
25 (E 4)  Hod RS UK AT RNAEREA T R s ]
S BE (P <0.05) . MEMEANRFERBAT A AT
] 53 T b 2 o TR [ METE (49. 14 £ 1.51) %,
PE(41.15 £ 1.68)%; F,, 55, = 5.16,P = 0. 001] ; £ 7
VK[ MEPE (14,73 £ 0.83)% , MM (17. 08 + 0. 50)% ;
Fo = 1.38, P =0.013] 4L ¢ [ M 1 (4.95 =
0.40)% , HEVE (7.48 + 0.47)% 3 F, 55 = 4.26, P <
0. 001 ] 1 4k 5 [ M7 (4. 78 + 0. 43)% , HEPE (7. 20 +
0.55)%; F, s =7.90,P = 0.001 17 M [a] 43 L |,
WEPE B TR . BN MR S R )
R KA AT N A RS I] A e G 2 2 5
601

X 0 fEPE Male
50 T [0 Wk Female

40 1

301

*

20 F

g

0 i M B e ms
L

RE KRB UEk BE My B T
Foraging Resting Swimming Walking Social Maintenance Vigilance Flying
goup

B 5 L /%
Percentage of time budget

*

. ZESRE(P<0. 05).
*, Significant difference(P < 0. 05).
4 FRAMANSELEERTHTRARNER
Figure 4 The daily activity rhythm of the wintering mandarin ducks be-

tween sexes
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Bie, 55 3 K U 2 Jd /D OR B AT IR I 39 s 2l A
FNLERFAT R BN E] o5 B eAh , B4 By BEAE AL R A
RATAT D I E] oy e AT AR IR O, S YRR AN
AT N B AR . M TR, A rh 4
FERERTRAT AT I RIS, 2 8A T S il 5 I 39 U4
AT D IR RIS, Ry AN B AT R0 (R 6) o

3 itig

08 5 AT e B A b 22 43 AT A 7K T B 9 ] 7 7K
o R B — e W YU A B XA R T 4 R AR
o O RIRE 2 B Y T S T T 2 el K ek g REAF X
BN WA GE vp AT BE 1 455 , IRl X
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A A A S H 198 ) S o e A 5 T v i
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Table 6 The key factors impacting on the daily activity rhythm of the wintering mandarin ducks at Yuanyang Lake

[8 I 2 50 95% & (5 X 7] ]

BEHLIUbR R [ 95% B X i ]

Standard deviation of random effects

fih Coefficients for fixed effects [95% credible intervals | [05% credible intervals]
0 credible mtervals
Behavior
o - KA-IX KA-5% NRTH WrB-E BB P A 1] V3

Intercept Sex-male Weather-sunny Weather-hazy ~ Human disturbance ~ Period-late Period-middle Survey date Residual
iRy 14.253 0.533 1.759 2.318 0.473 -0.202 -0.307 1.827 3.216
Foraging [10.136,18.578] [-1.187,2.185] [-1.645,5.396] [-0.185,4.695] [-0.978,1.794] [-2.488,2.060] [-2.925,2.158] [0.469,3.538]  [2.520,3.740]
ke 61.093 -1.714 -15.156 -11.545 -1.104 1. 304 -0.566 3.172 4.121
Resting [55.465,66.631] [-9.838,-5.501] [-19. 688,-10.761][-14. 627,-8.344] [-2.802,0.7204] [-1.683,4.481] [-3.758,2.720] [0.785,6.110]  [3.212,4.826]
HiFvk 15.074 1.676 3,634 0.814 -0.357 -1.937 -0.052 0.836 2711
Swimming  [11.692,18.225] [0.290,3.122]  [0.492,6.422] [-1.115,2.821] [-1.417,0.823] [3.800,-0.140] [-2.055,2.164] [0.000,2.0411  [2.130,3.173]
%5 4,620 0.002 0.636 1.852 0. 108 -0. 184 -1.121 0. 887 1.721
Walking [2.504,6.753]  [-0.903,0.890] [-1.174,2.513] [0.563,3.115] [-0.822,0.586] [-1.383,1.027] [-2.445,0.189] [0.000,1.758]  [1.349,2.004]
i 0.511 2.533 1.518 3. 146 0.550 2. 064 2.308 0.000 1.938
Social group ~ [-1.634,2.664]  [1.545,3.521]  [-0.450,3.484] [1.797,4.494) [-0.186,1.285] [0.844,3.287]  [0.930,3.686]  [0.000,0.826]  [1.527,2.207]
Hiz53 2.061 2.559 5.192 3.164 0.023 -1.442 -0.717 0.514 1.808
Maintenance ~ [-0.034,4.285]  [1.605,3.484]  [3.291,7.063]  [1.861,4.456] [-0.708,0.727] [-2.727,-0.239] [-2.120,0.604] [0.000,1.236]  [1.422,2.111]
L5 3.165 -0.014 1.503 -0.235 -0.191 -1.333 -0.927 0.259 0.766
Vigilance [2.243,4.063]  [-0.406,0.389]  [0.686,2.298] [-0.785,0.325] [-0.492,0.123] [-1.846,-0.810] [-1.494,-0.349] [0.000,0.561]  [0.602,0.889]
155 0.27 0.202 0.876 0.360 0.478 0.586 1.148 0.000 1.103
Flying [-0.953,1.494] [-0.361,0.764] [-0.244,1.996] [-0.407,1.128] [0.059,0.897] [-0.108,1.281] [0.363,1.932] ~ [0.000,0.348]  [0.869,1.256]

TE: WA OCHE R AN AE 01 95% A5 IX [ 22 , JF ORI 7

Note: Significant correlations were determined by the 95% credible intervals not including zero and are displayed in bold.

] 0. 672, TR KN 128. 074) , 1 52 b A= 355 1 AH 4
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baeri ) %5 /N5 JE TS 264 L b 114) 39 6 Qi 25 LA
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