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Abstract

This systematic survey aimed to explore the geographic variation among the vocalizations of mul-
tiple species of woodpeckers that are widely distributed throughout the palearctic. We collected
the audio data from three species of woodpeckers of the genus Dendrocopos and the black wood-
pecker (Dryocopus martius) through xeno-canto.org. We extracted the song parameters of 1353
woodpecker song data sets using the audio processing software Audacity and the sound spectrum
analysis software Wavesurfer. These included 664 song data sets about the great spotted wood-
pecker (D. major), 178 song data sets about the white-backed woodpecker (D. leucotos), 208 song
data sets about the Syrian woodpecker (D. syriacus), and 303 song data sets about the outgroup
species, the black woodpecker (D. martius). We used the Kruskal-Wallis test to analyze the geo-
graphical differences in woodpecker vocalization characteristics. The results showed that there
were significant geographical differences among the acoustic characteristics of the great spotted
woodpecker, the white-backed woodpecker, and the Syrian woodpecker in the palearctic. The du-
ration of song syllables characterizing the species distributed in Asia, the large spotted wood-
pecker, the white-backed woodpecker, and the syrian woodpecker, was longer than that of species
in other regions, and the highest frequency found in Asian species was higher than that found in
species in other regions. In northern Europe, the white-backed woodpecker and the Syrian wood-
pecker had the shortest syllable interval length, which means their vocalizations were more rapid
than those of woodpeckers in the other regions. Furthermore, we compared and analyzed geo-
graphic differences in palearctic Dendrocopos vocalizations using a hierarchical clustering method.
The results showed that the vocalization characteristics of the three woodpecker species in Asia
were significantly different from those of European species. The vocalizations of the western and
northern European great woodpeckers were distributed similarly. We found a clear difference
when comparing these vocalizations to those of the Asian and Central European great woodpeck-
ers. The Syrian woodpecker’s vocalization characteristics can be divided into two groups based on
their similarity, the eastern European and southern European group and the Asian and Central
European group. In addition, we selected the vocalization of the black woodpecker as the out-group
and compared it with the vocalizations of the Dendrocopos species using hierarchical cluster anal-
ysis. The results showed that the three species of Dendrocopos woodpeckers are grouped together
and clearly distinguishable from the black woodpecker. This indicates that compared with vocali-
zation characteristics of the black woodpecker, the vocalization characteristics of the Dendrocopos
species have strong similarity. At the same time, we found two clusters among the Dendrocopos
species, which included one group combining the similar song characteristics of the great spotted
woodpecker and the Syrian woodpecker and another group with only the white-backed wood-
pecker. Through the study of the general rule of geographical variation of woodpecker vocaliza-
tion, and the comprehensive analysis of morphology and molecular biology, it will be more bene-
ficial to the exploration and application of woodpecker’s biogeographic variation.
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1. 5l

19 75 (vocalization) H1 1% 2845 4 () 2 75 28 B IS A5 (syrinx) & HU[1], R SR EEAGEN TR, 08 F5m
VAR, AERAE . DR AU DL AN R A R HE 4 A A[2] [3]. Lwing Koch T+ 1889 4RI T
BT SR FE AT S IL], IS SR Tz MEMS T TT[4]. WSS RE, AT RAME R
RGN HRFIMKAE, WEVFI AR F[5]. &IRSHEWTHFEG] [7] [8]. HTIREWGHE IS, &
BRSO B RURE A SRR, (R K 22 B0 75 R 3 A0 S (R e 2 X 480 H 28T Je, 4T A %
R FE AR = [9] [10] [11] [12].

R 5 (Picidae) 73 Afi T~ R R VE AT B AR I LM R 48N KRG [13] [14], A& B S AR AR B8 7= 0 A AT 2k
WAE RGN YIF[15] [16], R AR 2 FEE Y E 2R AR[17] [18]. MK & J& (Dendrocopos) H
KL A (D. major), HEBA L (D. leucotos)FIRUFIIEH A & (D. syriacus) 3 Ff &Kz 704 Tl b 74t
(Palaearctic) [19], Fh#FEE R, WM ARSI ZHRE, Jyns b 3R AR 5 (R 78 52 At 78 40 IR s SRR o

BEAERHF AR PP IR ER T TR EL, TR A S S AP e 3 T R NG 7 B o 2RI
ROBEHRE PR, TERLT SNG FRHE, T R R R & 75 ) LB AL B8 T AR [20] AR SCRIF 2%
MG FEHEE, BT 3 PR S NS R 2 S, A B TR R 1 N A AR S ) — MR

2. M5 A%
2.1 BHEkRIR

FATiE T xeno-canto.org W3k S 75 H e B T #5075 5 45052 . xeno-canto F Bob A1 Willem-Pier
T 2005 FFEIp, BT E M AR SIS TG A, 0GRS OO A T A B R I A,
NS R g P A L SRl . SEIETE] L SR R AT T KA [21]. Hh R Y8
3 P & (RS 75 ORI 1972 SER R B4, WS FEHHE A2, RIE T HILA &M HIX .

WA 1 J8 1 7328 R G4 5 AR R B Bk B RS P 21 €4 44 5% TUCN Red List [19]. 4 T ELEUB A 1)
M 7 P 7 e, [ SO BRICOR 1 J (Drryocopus) SR AR & (D. martius) RS 75 H s 1F Sh R G BB Hr i ok
i 8

AR R SRR A A I (call), FATSCAERTA MP3 A% . AR B I BCR SRR, S5 AT
Hr, K SCrH 2. RR, PEER. JERR. BIRR. HBRZSAN F AR B X 34y 28, L Mg Bl X g s
AFEEASRERE. HAL R REIL IREEE . IR SANE S WIS R Sy 2
& fi Rk (Ural Mountains). K sl L ik (Caucasus Mountains) . 247 /R3(Ural River). {8 3 %6 i
Y5z (Bosporus Strait). 3412 J8 /R il (Dardanelles Strait) [22]. 7 Rk X A0 R RS X F 3 3543 B AR R B
ik (Alps),  PHERFNIG R ) 3 FE 53 BE Sk T 2 (Atlantic Ocean). #F i3 (Bosporus strait) Al 246 37 i (Barents
Sea), A I AHT FE AR . ARER S R R EE B AN ez, AR B i #5F- Ji (Cental European Plains)
"RF(Black Sea). P HL7# ) i (Adriatic Sea). W&/ EXFF 1L ik (Carpathian Mountains) [22] .

2.2. IS AEHIRFHELRREY

221 BEEHAE
il Audacity BPFRFAR S (1 e MP3 8 SO AR 1 2 1 5 8305 M 75 A 2 AN AR SRR R BBy D)

il
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M, FHiE TR AL ER 23],

2.22. IBESHIRN
it P P 3 23 TR 4F Wavesurfer S2ECEL T 6 Fi s 22 2 4[24] (K] 1):
H K Syllable length (BAA7: ), — /N T RFEEIIR K
&1 [E B A Syllable interval length (FRAZ: s), PH/NFHAR 17 2 IS0 25 FII K
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Figure 1. Example of vocalization map parameters of the great spotted woodpecker
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RAKSIH Lowest frequency (FA7: Hz), DZR A El g (B SIRTF AR B Ab Xt B R A3
FE M Principal frequency (FEA7: Hz), ThERAHE ] g (E i K 162

A Highest frequency (FiA7: Hz), ThEedinih Bl il (B SR 46 L FHAb R A=
A5 Frequency range (B47: Hz), HmidilR 5 mifix e %,

T 75 R o OSSR =R, BCPIE, DIAEHERIE R E .

2.3. IBEHIEDHT

231 BAREBEBEIHEER S

H T AT P R S A IR IE S A R ITAE S8 % Kruskal-Wallis A5 7572, o S R X A
M PRI FARIRRG . EAER . BemMiR . RRR DL 3L 6 AN A S AT
GErHKse, AHT AT A S I 3 IR A S OIS P 2

2.32. BABRISERNESH

PL 6 N2 HO A s B, TH AN A H XS 76 Ta] R R L 5L 757 25 (Buclidean distance), #4T R24t%
Z(hierarchical cluster method), ZM T A 5 )8 3 KA 0 7 b 23 7 S (R AR AT o 9 1 70 TR 5 )& g
PR EAMMIE, A MNERE BB SRS, A 4 ORS00 R HE AT R BB

A ER S 73 M E R4.0.5 PREE N 58 ik [25]. BRESHT A dist B ZURT helust BB, SiitAade W3 1t /K-
N a=0.05.

3. &R
S B FEA S B 3 KA LY FE R 1050 4%, SRR 190 FH0E 303 46 (3 1), MAFMLIX R
Y BEHLIRE 1 7732, JEN 20 2608 75 RE AR HEAT J5 440 HT -

Table 1. Effective song data about woodpeckers in different regions of palaearctic boundary

@ 1 HAL R TR XK BB XS 5 K

i Bird species RE mEC bR R dek WM o

EE WE CE SE NE AS Sum
KL A Great Spotted Woodpecker 99 164 153 85 119 44 664
H 3K & White-backed Woodpecker 48 NR 29 NR 22 79 178
AR A & Syrian Woodpecker 20 NR 118 36 NR 34 208
B K 1% Black Woodpecker 43 74 85 26 55 20 303

¥E: EE: Eastern Europe; WE: Western Europe; CE: Central Europe; SE: Southern Europe; NE: Northern Europe; AS: Asia;
NR: Joiz b XA 5 5 440

3.1 HILFRBEAKRBEBEFHELE

Kruskal-Wallis fa 3045 R g : b AL ARRBERAR S, BEBARS . BN LB 5 1S 3 R R A7 725G
B2 5 (P 2~ 5] 4) o LI DXORTREMKAR K 10 75 AR b FLA i [X 35 S ) T i, 0 7 i) e ) 3 <
BN s g o g, Hasm e dAL s 6 M X iR s (P 2) . BRI X OB = 8] B I 18] e, B
RN ER, B ARAREAE LT HAt 1 DB /N (] 2)0 i Rk DX AT Y0 [ B 4 A8 T LA X (] 2). P RRHE
DORTEBA S [ EIRAAAERLZ S A0, H PR T A X R, R, B A b3
fil X L L (5] 2)
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Figure 2. Comparison of vocalization parameters of the great spotted woodpeckers in different Palaearctic regions
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Figure 3. Comparison of vocalization parameters of the white-baked woodpeckers in different palaearctic regions
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Figure 4. Comparison of vocalization parameters of the Syrian woodpeckers in different palaearctic regions
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3.2. BAK B RS R 3R E 57 R HARE

N T HEAE AL TR 15 J AN Rl DX 75 RO AR AU, JATT 23 000 oAb FEAN [ 3 XK 5 Jy 3 AR 1
1) 6 M SHORAT LSRRI G5 REIR: L IEEOR 505 75 R AE A 1 2 22 53 3 ) 4 KPR 15
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Figure 5. Similarity of vocalization of three species of woodpeckers in different regions
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%h 5 K(Kl 5(0)), FIEBARL I 3 (1% 5(h), BURNEBAL TN 2 (14 5(c)). IR PERRHL X AL
R H X 1) A B P A 1 PG 7 S AE 5 ARABL, -5 ST btk X o R, [X 4 3 2 S B A o IV 9 L DX R 5 [X g
AR KA 5 0 FEREAE A AL, 5 2R RRCRT R R M DX (R 75 A7 /R 35 B Wt P 72 57, 3 PR 15 35) 5 Mg 75 AR AIE
AN BRI B IX Je 582K, 5 5 Wb X 2R 3K (1] 5).

FINEEBOR S FEAE N, HBORK S B ST KRR, ERER: BASE 3 FiKAKY
BH—HK, SREARYGHEX Y, UKD E RSBmO BERASE—3Hh, K3
WK A & FIRUR I KA S FEARAE AR AL, 5 R SRR . XN R, BOK &0 7 b 23 72 S A
[FIRFAE, BRI AC 1 F AR I [X A0 g R XM 7 AR A AR T, OB A g AR R I K AR 155 P 4R I b [X A g K
Hl X S P REAE AR T (] 6).

15

10
1

BXECHE BS Euclidean diatance

oo e [

TEFELEEEP PR T
\ , T VI WY ) Y | W
BW WW GW SwW GW
H[X Regions

7E: BW: 2K 5 (Dryocopus martius); GW: KBEHEA & (Dendrocopos major);
WW: 515K 1 (Dendrocopos leucotos); SW: AXFI T4 A & (Dendrocopos sy-
riacus); EE: ZKBK Eastern Europe; WE: PHRK Western Europe; CE: Rk Central
Europe; NE: JbEX Northern Europe; AS: I Asia; SE: BSEK Southern Europe.

Figure 6. Biogeographic pedigree of three species of palaearctic woodpecker genus
based on vocalization

6. ETIBEMNEILAEKEE =R DA 4 M e R

4. g
4.1. ISFEHREERNFIA

JE RS AR S 7 1) 7 VA TR B U 2 R B — AN S A AT SR IR0k, IXRE DT R AT L,
RFRAR, T EREMINIIME SLHF26] gt N RBARI A S, FRoAT T30 5 1 75 5 2 SO A 5 5 b g g
FEHOE , IR R HI IR R R 75 (1 ARt AR S, W] DA KRR B b1 20 B YA B8R ¥ 28 2l S AN B4 7
HFRAF T EE HL70 70 (808  ASHF 95 FR A1 138 3 xeno-canto.org M 7 I ik AT 5 31 ot b S A 19 08 7 #4fe 3 1353
(2 1), IPRIRAT BRI S 75 B ORI T B AR 20 6 DMFFLIX 8. BRIy b S TR
R — A, B T 55 38 45 A0 A0 TR b 35 58 Ji DR 1 ST 50 38 A0 & S 2 i b, S 8UIRANE
xeno-canto.org Ik BTWSCAE R A & 0 75 a5/, DRIHORE SN e VA /9 — AN 78 X 3. R b X 0 7 47
X8 Z, HomTEANEE, Bl AR, PR, JBR BR. R 5 A AR M PR IX
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HR %

BEE R AT U T 2 S R, ST T3 AN 5 28 52 0 2 ] LA e im0 S 9 % 748 93 5 78 S ) LA o H
fat, DA SRR TR BB N e ) i e SO

42. BRERBELER

5208 P 2> T A M B 347 B AN IRI T A A2 A8 57 [27] [28] Lovell F1 Lein (2013) % F A S0a5 $51 4 1y AR
IR FE PR AL R R R e T A 2 R e W i, SR R RO SO S90S 75 7 A R 3 X AP AR B35 2 7
[29]. FATHIBT R S HAPIEE R, BORSJE 3 MR S 71E 53 1S A s B 7 (14 2~ 151 4).
3 PR S (s 7 s B 22 AT AR A, XY 3 e IBCA 1 Mg 75 35 T N R 2 TR S fe b, £
W X S 7 TR R B[R] 8 de L (1] 2~ 4)o (EHAFAEE A R 2 AL, A 3 DX P TR B P g 75 B {1
WA B i, AU ML AR S S P AR B AR (] 2~1&] 4); 7 rh Wl DXORITZR Ikt X 9 7 O [ 1 7
REAEAHABL, 100 R TR AR 1 MR S A 15 78 32X 793 3 X PO 7 R i R AN AR AA(13 B) 0 XSS5 R U7 Ji S )
AR MBUZFESRIGATRESR A, V8 3 FOR B OR 5 J&,  (EOR IS AN Rl (8] 47-E 1845 S5 4 )
Z5t, HEWFEMKXNSMEE MUEBENIRRGER, SBYFAAER. ESFETK A
KRBFFCUER], 15 2R0Y s 2L b e Ay JLAG g AR (800, XAFAEAS S IRFAE[3] [28]. Wn2E <K (2008)% ==
RO NG PR ORI B 2 S ORI SR, AR 7 DT AL D, S R AR L B IR I 5 S N [
BOR 25 T35 710 AR 1) B A 1) 0 55 A AR 5 il 2 22 57 [11]

DUMAR A AR B B RS ERIE U S 38MG 75 (g 2 A, BT DAIORH I 7 IR 0 2% e AR S 1P 22 [R] Y
PR AR AR A TR R b, Y R R RE A AN IR E B B RS S [20]. £ 5K
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