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Abstract: From winter 2020 to winter 2022, the foraging habitat preference of black woodpeckers (Dryocopus martius)
was investigated by using transect method and plot method in Liangshui National Nature Reserve of Heilongjiang Province.
At the microhabitat scale, the species and state of feeding tree of black woodpecker were significantly different from that of
the control plot (p<0.05). Black woodpeckers preferred to forage on Abies fabri (47.71%) and selected semi-dead stand-
ing trees (73.86%) in most cases. Generally, this bird feed on the main trunk (86.93%) and preferred to forage on the
middle upper part (43. 14%) and upper part (32.03%) in terms of foraging site. In the square foraging scale, black wood-
peckers preferred to forage in natural forests (96. 73%) with canopy gap (92. 16%), with preference to the foraging habitats
with lower canopy density, lower average height of dominant trees, larger average diameter of dominant trees, less living
standing trees in the plot, more dead standing trees and fallen trees, and short distance to human disturbance. The results
of the resource selection function showed that the key factor affecting black woodpecker foraging habitat preference was for-

aging tree species and the secondary key factors were the number of dead standing trees, average height of dominant

trees, height of foraging trees, and the number of fallen trees.
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Tab. 1 Habitat factors and descriptions of foraging behavior of black woodpecker
N3 ABEA E S
Scale Habitat variable Definition
BUCER AT, FBEATLNS (Pinus koraiensis) . A% (Picea aspe-
W B FP Foraging tree species rata) . Y342 (Abies fabri) . FAME (Betula platyphylla) FIHAbRE A
L, R (Ulmus pumila) . BB (Tilia spp. ) 55
HUE A Foraging position RIS B AR T ICE AR A0, R0 2 A
HUE (7 Foraging si SRR I A5 B AR AT IR A B B, RO )E . B b
T 57K DA oraging sites . R
Microhabitat foraging scale
WU TR B M A, R A IO BT S B b T T B 1. 2 m AR Y

WA J 4% Foraging tree breast diameter
BUERPIRZS Foraging tree state

A4 755 BE Foraging tree height

JAK, MASIH AR S, KiFE0. 1 cm
WA A RN, RIS SIA . RESLA AR ARFIEIA

WCER s B, AR = A 0 0 T RO I A &, R 3
0.1m

4K Altitude

MET Canopy gap

AR JE Canopy closure
MR Forest type

PEBATE AR F Dominant tree species

BRI R

Square foraging scale

PEBATE A B Dominant tree average height

PHTEAT- 2

Dominant tree average breast diameter
1537 B Alive arbor density

37 A% Dead arbor density
FBIAR% G Fallen tree density

NN FPEIEE Human interference distance

/KI5 B Water distance

SRIFOR S BT, MR GPSIEsR, HEHEI 1 m

BCE DT R T L S bR AR IR I ] BRI /NS — 9 b ) 23
Mo, WEHCRA L

HUERE T PRS2 AR A R, T 43 B AERE T B4 1 ) i BT
YifE, KihE] 5%

FRMRHER (0 JEEANL, KI5 FARRRI AR

BRI RO i Z2 BON RS RO TR A, R 53 g 200
¥ R HAD

BUEAEDT AR T A2 1, A = A M 4 BT AT 7 K
JEIFBCP I, KEE0. 1 m

R NIRRT AR -2 A2
PHUE, KE#E1 em

BT AR AE 10 em DA AYTE Te AR BREL
HCEFETT AETE 10 em LA EAYBET- T A KRR
AR ARTE 10 em DA ERYE]T BFRABREL

BRI BT I T B R e M Dl S AT A2 Bl DX
B O3 1 m

B S s A9 /NRSKIRAERES , SRS 1 m

Py N

T ROk T A5 T A A2 1P

2.2 Biabr

356 B 6 4> 52 M) JE AR 1 BB A= 158 K 7 T
U 12 A B RE T KR 4, e 18 AN AR BRI 7.
AR D G 0 L e g AR B A A B R P A T 2
PEAYHT . H TR =50 , X Rl 750 A4 15 PR 7ol 2
AFEA Kolmogorov-Smirnov £ 56 , p>0. 05 Fe /R A 45
FRIESDA RIS AEA ¢ K55 5 p<0. 05 Fn A4
B FAF A IES oA R 2 REA (Y U A

4 (Mann-Whitney U Test) HAE 25 57 .

X 18 A~ A B8 R it Y 32 1 43 43 #2228 B
fEAE>1 H 231 5Tk 3K T 80% M A4~ F2 14, 4
WA 3 a3 vh B fer e SHE R K BB AR BRI L 8
N RLEEHNFEE” . K H Spearman FkAH A 16 X
AR TEAS 53 (4 R B3 DR R4 T A ELOG R 4307, e %) >
0.5 1Y P+ 28 4 345 2% 53 Lo i I i 47 1 B8 B4
BT K R A i AR BE R AR ME AR S #E 4T 0T Logis-
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7%320.7~0. 8, — i ;0. 8~0.9, K &f;>0.9~1.0, 1
7500 ARG IR R 4. 2. 1VEIESE R

3 #R

3.1 RSOK GIRE RS A B T
BIF5E 30 SR B OR 15 U AR B AR D5 1534, %

HRRETT 1447 o % RIBOR 55 BCE S B 4 S aE%L
(HARVAE SR IR AT R O e (3R 2) 45 R IOR S B
BT P 2 e K2 (47. 71%) , HOG IR =2
(Picea asperata, 24.18%) | 21 ¥ (14.38%) . M H
(7.19%) e HAWK Tl (6. 53%) , 5 %t BB RE 7 b b 2
S (¥=26. 002, df=4, p<0.001) ; £ £ £ T
(86.93% ) FRA R 5 i Sf- 7E R AR B P = (43, 14%)
Ko B (32, 03%) o7 B HUR s Z2 3 PR ZS Al T
AR (73.86% ) 1E y BUE B, 15 %) BEAE JF 22 S i Wi 3%
(x¥’=117. 140,df=3,p<0. 001) .
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Tab. 2 Non-numerical habitat factors at the micro-habitat scale for black woodpecker foraging

Hi H (%) Percentage

e B T e - :
Habitat variable Category RBGFETT (n=153) XREFETT (n=144)
Used plot Control plot
2R 14. 38 22.22
N 24.18 19. 44
SR
mﬁﬁmﬁ . K27 47.71 25.00
Foraging tree species
It 7.19 16. 67
HAth 6.54 16. 67
Jirg e FT 86.93 —
Foraging position s 13. 07 _
Wz 4.57 —
[ 32.03 —
IR E il 43.14 —
Foraging sites
T 10. 46 —
T 9. 80 —
RN 7.84 54. 86
PR
TRk ERIAVAZN 73. 86 20. 14
Foraging tree state K A 9. 80 24.31
fEA 8.50 0. 69

X PR AR 5 B A 1 RUBE v iy 2 S B R A
B 556 BERE 7 R AT g & B, PRI 1 i 47 g
AR (33.19£12. 09) cm, Z=-3. 590, p<0. 001 ] . &5
JEAEE [ (16. 03+4. 08)m, Z=-2. 944, p<0. 01 | YR A
HATHCE (F 1),
3.2 RMOR QIR AT A BEN T

X B S R v 3 AN AR RUE AL A SR R

TR (R 3) , BAMOK & 2 I 16 4 K p
(92. 16%) 4 KR K (96. 73% ) BUES , #E 7 P ik $4 T¢
KRBT T2 (39. 87%) , FE T TR A L5 % AL
7 A i 2 25 5 (p=0. 030) .

XoF BRI 1 BRI R A 9 AN B (0 A B
PR 5 56 BERE D 64T LA R B, R OR 15 T B
T O AB A B AT AR TR B A
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Fig. 1 Numerical habitat factors of black woodpecker foraging on microhabitat
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Tab. 3 Black woodpecker foraging on square-scale non-numerical habitat factors

ti k(%) Percentage

I T el \ \ Rk
Habitat variable Category HEHETT (n=153) XHEAETT (n=144) Chi-square test
Used plot Control plot
H 92.16 93.79
Nz ¥*=0.618,df=1,p=0. 432
Canopy gap x 7.84 6.21
il P/ N 96. 73 94. 44
x*=0.927,df=1,p=0. 336
Forest type PR N 3.27 5.56
RN 17. 65 22.22
=2 17.65 19. 44
" %) ,
M:@‘ﬁ*$ iR . B2 39. 87 25.00 X*=10.702,df=4,p=0. 030
Dominant tree species
e 7.84 16. 67
Hifth 16. 99 16. 67

VE (Note) : *. p<0. 05,

3.3 SOMIREOR 0 A B A A BE T

Xof PRKOR 5 IR A 35 D 4 1) 18 4~ PR F BRI
B AN A7 Y 16 A B b 4T 4 AT
T 74 B FRAE(E R DTERR IR 77. 007% (£ 4) ,
BB A7 1 2 e PR T AR 1 TR A B8 4 e 9 SRR AE R U8
BEREET 74 A AT T (R 5) 0

9o O FR AR A N 2,269, BT ER
18. 179% , H: v 28 iy 246 (B d5e R 149 26 55 TR 7 Sl A 3

TeARE R o 5 T A 2 o B R A B A
TARBTAM M BCERARS . 5 =T W
A7 2 N (B R AR BT A D bR o 28 DY 2 il o 4
Ay 248 XL 5 K A 35 TR D BRCEE AR A3 57 AR L
O R I Y e S A TGO K ER SN o A P AR i
SEARKE ORI A o SN 0 T A 4 X HE
B RIS T O OB R B o B - 2oy rh
Y RHE R KL ST N T O IR R (R 4) .
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Fig. 2 Numerical habitat factors of black woodpecker foraging use plot
x4 BBARESHAEHFERREFHIEE
Tab. 4 Eigenvalues of habitat factors of black woodpecker foraging used plot
E8 / o R (%
o B FE T4 FAE (%) I (%)
Principal . . . . o Accumulative ratio of
Parameter Eigenvalue Collection of variables Ratio of contribution .
component contribution
1 MHET AL = 2.269 JE TR A R BE 18.179 18. 179
2 PEBTRAM D BB PR 1.779 PEBTRAAN Fh 14.117 32.295
3 N 1. 506 AN 12.413 44.709
4 BCE A 3 S AR 1.339 LIQER GRS 10. 371 55.080
5 ASLACKT A A 1 1.219 liSr AR 7.616 62. 696
6 BUET i g 1.207 e e 2 7.541 70. 237
7 R AR B 1. 083 EIA R 6.770 77. 007
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x5 EBRAEHNAHAFEEREFRDERE
Tab. 5 Habitat factor composition matrix of black woodpecker foraging used plot
FFAE 0] Eigenvector
75 15 Variable
1 2 3 4 5 6 7
BUE P Foraging tree species -0.058 -0. 427 0.262 0.512 0. 151 0.226 0.297
BUE PR Foraging tree state -0. 184 0.530 -0. 121 -0. 168 0.276 -0. 178 -0. 176
KB Canopy gap 0.234 -0. 238 0. 549 -0. 097 0.363 -0. 190 -0. 137
HRI Forest type -0.192 0.223 0.394 0.125 -0. 101 0.109 0.327
PEFTE AR F Dominant tree species -0. 135 0. 559 -0. 123 -0. 346 0.019 0.291 0.277
IEW TR Foraging tree breast diameter 0.164 0. 064 0.153 -0.317 0.543 0.364 0.162
PR T Foraging tree height 0.176 0. 141 0. 488 -0.295 0. 058 0. 494 -0.217
K Altitude 0.307 -0. 188 0. 269 -0.229 0.125 -0.290 -0. 176
HSFA1 B Canopy density 0.548 0.510 -0. 152 0. 405 -0. 025 0.102 -0. 086
PEHTR ALY S Dominant tree average height 0.704 0. 456 -0. 134 0.213 0.133 -0. 098 0. 050
¥ O i
gﬁiﬁiﬁlﬁge breast diameter 0.588 0.151 0. 305 0.337 0. 095 -0. 160 0. 052
T SEAKE Alive arbor density 0.314 0. 097 0.193 -0.471 -0. 403 -0.250 0. 154
MisE AR Dead arbor density -0. 184 -0. 115 -0. 442 0. 001 0. 666 -0. 104 0.123
FBIA S Fallen tree density -0. 305 0. 161 0. 144 0. 269 -0.079 0. 446 -0. 546
AN ES Human interference distance -0.590 0.418 0.322 0. 182 0. 026 -0.210 0.063
BEZK U HE 25 Water distance -0. 504 0.350 0.355 0.118 0. 149 -0.410 -0. 132

BRI MBI AW T PR RDIRE
ARE R RD 6 SO ARBCERE SRR R
Hl Az SBCED AR v R MBI A B 10 2R B8 R 1 e b e
U5 HEAT Logistic [FUE R, L4k )5 14 Logistic [5] )4
BRI R, LRI AR & AR R Al ST AREL
Fo RREFRIFERER

Tab. 6 Resource selection function model results

(R B AR R S A AR B R AR A
T B 3 R e A3, B 2=0. 081-0. 209 1 34 F5 A 24755
~0. 693 HUE A 44 A +0. 289 A 7 AR +0. 121 8] A
B +0. 138 LA R = B (3R 6) , B T 1F 4 2% 15

78. 1%

o

ABEH T EVEE Wald 5 K 56
Habitat variable Regression coefficient Wald chi-square p

TR AT Dominant tree average height -0. 209 12.132 <0.001"
HRCE AR T Foraging tree species -0. 693 18.787 <0. 001"
i 37 A%t Dead arbor density 0. 289 33. 841 <0. 001"
FIAK 3 Fallen tree density 0.121 7.303 0. 007"
HUCE 5 Foraging tree height 0.138 10. 814 0.001"
i 1t Constant 0. 081 0. 004 0.951

1 (Note) : **. p<0. 01 ;%% p<0.

001,
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i ROC 4k 55 UE A B AR 1 L B Logistic [A]
VAASE Y rp X R R T () OB A Sk R A B0 AR 1, g
B AR SRR T IERE TR, Tl
ROC £ (B 3) , i 4 T AR 0. 852, /& TR & I
FLO. 5, 9F 52 3% Logistic 1] J5 46 75 ELAT 45 4 (4 01 &

1.0f —

I
g
~
0.8 T
.
. f
Z 06 |
/
A
£
B 04
~ f
02 {J
FJ
O 1
0 0.2 0.4 0.6 0.8 1.0
155540k 1-specificity
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Fig. 3 ROC curve validation results
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4.1 REOR B R Bl

HUK H ARG X RO Py 2 5, 50 IR TS
FHEG, BEOR 5 B Z AR A2 R A2 FZLAL B IR,
HEZTEEA AR IR . X B0 R IEOR 5 X6 R B
BB BT O &, FEA BT 3 2 e A A IR,
Pirovano % 7E JBCOR S BUET AR A A RIS A
iR ¥ (Cathaya argyrophylla) F1 = ¥2 o BR Y o5 A
(Pinus sylvestris ) Fl£1 ¥ ( Lycopodium japonicum ) BEH
WG, AR S 0 5 MBS . Nappi 28238 1
XA 5 1 SRR AT S WL, e IR 22 B0OR 5 1R i
T R 2 A PR A 5T, B g 4 16 49 01 AT AR A Bl
Fro FHRBFFE AT ) [FIRELE I8, Al L ARG SR
SR B 7AZ AR R, ORI TR
WS AR > BRI S ZIE TRARET
o P G S o O S I P S S B ] N (512
A T ARSI o BT AR PR HUK AR R X ]
SO A Y 3 R OR 5 AT IR AT Y, R IR IKOR
A AE F 1 R, = BEBCOK 5 (Picoides tridacty-
Tus ) FURBEMOR 5 R 8 2 AEMIA b, PIOR 5

YRCEL o7 R AL T R 2 52 1A B /N B [ sl A HG
b SRR AR ™ A 22 5 RN, FECOR S g 4 1B %
B O (4 >30 em) H 3k i R A AR ICE , 3%
55 Gunn FE £ 4fi fa) I 4 F1 Bocea 5527 8 B /K B iy
Ll R 5 (3% SRR R AR AR T 5 45t 9 45 21— 2,
X AT RS R i ROBE RS AR | B o i) %% B2 oy, L
TR R ) AR A 2 TR BB, B 5 BRI W) o () i v
KA T 25 Ty WL B KB AETE A F T FRIBOKR
B 7 R o W8 K e S A 2

TR B R A RO B R A B TR - 5 X
HERE DT A LU, AR K PR IR 125 22 S AN IR X PR
UK R G IR X IR 3 A 24 50, AT R
22, HLIX N TR FRE/N  BEHLRE D7 5 7K I B AH 22
BN Karimi 557X IAL AR AR 1 SRIKOAR 5
SR v R RS SR R N N EI AT SR (52 190
FRWCOR 5 1 B8, 1 T S Hb R AT s e, AN ) 257
i) S 5 (G- A T 45 A T 22 ¢«

HH HORT BEAE T, RO 1 I 25 i e R AR PA)
% JRFEE ST AR DX 38 F4R 2, iz oA 4
T fe 2 s ) SRR R IR, o — 2 100 B L7 IR e
SRR L A AR AT A X A AT
IR A S ke , DA R T P A BT — Ak B
Xk, SR R RCR . A R, FE DR X
AL AR TG ST KR A SR B ACK R B ARG,
X 5 RBOR S A5 ROE B IRE A P45 R A [A]
TR Bl A A S AR MBI Z2 11 37 S AR D Y
XIS BEY . A58, BRI 5
/T 10 em AYHEAR S 2RI 12 R 10~29 em TR AR
Bt SR DG, B — 2D ] R IBOR 2 R 5 A 1
T 1 8 R JBLRR, AN TS T J2 AR AR (7 235 T R
FONEAARMARPBEE . Pirovano 282 A N B K 5
R M SR R S A R R RSG5 R AL R
J& SR OC , AT ARAR I D S A2 T 2 A A
D ATREE RN A S R BRI . HE IR
A AR S A X — 1 i, Stachura-Skierczynska & (20]
1 R T 5 v K 30 b BEKOR 5 (Ledopicus me-
dius ) (4 RN =F B2 55 R4 (Rl S AR FREBIAC ) 9 %5 2
ZIRIAFELEIEAI G KR
4.2 UMK SRR A BN T

TR B PR LS SRR, S PRIBOR 2 11 54>
FEAEBE N AR TR R A A
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