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Abstract: The short time feature Mel frequency cepstral coefficients (MFCC) were extracted (for the process,
see Fig. 2) from 117 sound samples of Chinese leaf warbler (Phylloscopus yunnanensis), which were
collected from 7 regions in Beijing, Gansu, Sichuan and Shaanxi (Table 1, Fig. 1). Then we constructed the
cluster tree (Table 2, Fig. 3) of the sound characteristics of different geographic populations by using pattern
recognition method. Finally, we discussed the mechanism of geographical variations in songs of Chinese leaf
warbler. The results showed that there were no significant differences between MFCC feature of the songs
and their distances or habitats (Pearson, r = - 0.036, P = 0.762, n = 117). However, the sound of Chinese leaf
warbler and altitude showed significant differences (Pearson, r = - 0.836, P < 0.001, n = 117). This is the first

attempt for geographic population relationship based on short time feature of sound of birds.
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Table 1 Information of collected vocalizations of the Chinese Leaf Warbler
ID SKAEH S Location ‘iﬁ*&_ (m) FEAL (n) SKAENA] Time
Altitude Samples
A Hifi& % €1l Lianhuashan, Gansu 2300 19 2014
B 91148 #2341 1 Longxi-hongkou, Sichuan 2000 15 2002
c Bepifs KA1 Taibaishan, Shaanxi 1700 17 1997
D Bepi K7 Changging, Shaanxi 2500 6 2005
E V91145 B 2 Tangjiahe, Sichuan 2500 8 2005
F VU 1145 55 % Baoxing, Sichuan 2700 10 2002
G b5 E €1l Baihuashan, Beijing 1600 ~ 1 900 42 2014
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Fig. 1 Location of recording sites of Chinese Leaf Warbler
BT MFCC HHER, FrAREARN 2 NEES T, HRHA TR XS5 A HARERL; B, PU)IERZ-HL0; C. BRI
KA D BiEEKE: E WIEBE: FOIEEM: G JbatliEfkil. HiEKHA Google Earth,

Clustering based on MFCC features, all samples were clustered into two main branches, which were called I and II. Regions: A. Lianhuashan,

Gansu; B. Longxi-hongkou, Sichuan; C. Taibaishan, Shaanxi; D. Changging, Shaanxi; E. Tangjiahe, Sichuan; F. Baoxing, Sichuan; G.

Baihuashan, Beijing. The map was downloaded from Google Earth.
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Fig. 2 Extraction process of MFCC feature
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Table 2 Distance matrix based on MFCC feature of songs of Chinese Leaf Warbler

ID A B Cc D E F G
A 2.07 7.55 2.52 4.28 8.69 8.13
B 2.07 8.18 2.59 411 9.50 9.00
Cc 7.55 8.18 8.19 9.73 481 3.20
D 2.52 2.59 8.19 3.98 9.02 8.70
E 4.28 411 9.73 3.98 10.49 10.20
F 8.69 9.50 481 9.02 10.49 2.73
G 8.13 9.00 3.20 8.70 10.20 2.73

A:19

F:10
D:6 I

E:8

B:15 111

C:17
G:42

3 ETTZHEMENYFE MFCC RHERRERIRE
Fig. 3 The cluster result based on MFCC feature of songs of Chinese Leaf Warbler
A HINETEL: B, VI R-ILT; C. BRFEE R AL D. BREEE KT E WIAERI; FUIEEM: G bRt Eafe; B

BT NRPFEARLL

A. Lianhuashan, Gansu; B. Longxi-hongkou, Sichuan; C. Taibaishan, Shaanxi; D. Changging, Shaanxi; E. Tangjiahe, Sichuan; F. Baoxing,

Sichuan; G. Baihuashan, Beijing. The number means the number of all inclass-elements.
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AFEARL F DY FXNFIRE 10 MEAF G
HAL T E AL ILFEER 42 DRERERRAE S E
JEIHLIX, BA LA SC, ST AN

SRR T iR A AHRELE LA
E2300m, FAHPY)IEEMFEE2700m, D4
Bept A KA FEE 2 500 m, E 409114 RS A
B 2500 m, HHEESAT 2000 m P L BEK I
B, B DU )14 I%-HT R 2 000 m,
C Bk KA ILAEE N 1 700 m, G AdbmH
AELAPHE N 1600 ~ 1900 m, HEHRESALT 2000 m
KUUF. T R e R RoR, = rEH

AN [F) b X 1 75 () MFCC 45 4E S 80 S5 ¥R A7 (E
B E MM (Pearson, r=-0.836, P<0.001,
n=117),

25 P AN AN [ R [X AR 355 R A B SR 4 I LR
3, BT A HHIIE AR FZHPY)1]
BEMFEA TR BONE AR, T D AHBREE
KA FRENET FEVRACHR, E HDY)4E RE R
BN En g mbR; 2RI B 400Y)1148 i
ML CURREEAN G Ak e LR N TR A
R, T C ALBETE A K E LA VR R, A
SRR F ST FRR AR B 4D 144 i -1
FURREE. D 4HPevig KEMEAN G Hbnim it
WA A RIE—#E . BREGRIRASHAE
BE R R — o

NS RS S s E (B D B,
FETEDU 48 1) B 2H iR -0 AP E 43 530
FOEEAT FAHF MR, EAMFARgHTE
K, 1 BHEPHTEE T FEREAER
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Table 3 Habitat and cluster results of Chinese Leaf Warbler in different regions

ID SKAfHL A Location A28 Habitat Cluster result
A Hlt %461l Lianhuashan, Gansu £Fr#k Conifer forest I
B 01145 JeiZ-4T 11 Longxi-hongkou, Sichuan £ IR AZ#K Conifer-deciduous mixing forest il
C B4 Kl Taibaishan, Shaanxi &AM Deciduous oak forest 11
D BG4 K7 Changging, Shaanxi £ TR A AR Conifer-deciduous mixing forest I
E VY1145 B 5" Tangjiahe, Sichuan W= sk subalpine conifer forest I
F VG 1145 % ¢ Baoxing, Sichuan £FH-Ak Conifer forest I
G Jt 5L E €1 Baihuashan, Beijing £HREVEASHR Conifer-deciduous mixing forest I

C 4R AR D HKFH A BRI AT T
[F]— R NET L MFCC 4005 %% h 3
FREERE R Z A )50 2R, ARSI DAAb B o B v A
i#it ArcGIS 10.4 (Esri, Redlands, USA) #&
PERfE S X L R, Hod HR L
B b s AIEE BSA 1.495.032 km, DY )1144 J23%-
T R Ab S A EE B 1 785.358 km, [RFEE K
HilEAE R AEE R N 1 220.421 km, BrRFEE K
HRAL IR E A 1 304.539 km, DUJII4E 5
TR LR FE 2N 1 578.246 km, PO )I145 & 2
FAb T HIEEES Y 1 903.138 km. @it R 3.3.2 7
Hr MFCC FHIESBE IR R, —H AR
F A% (Pearson, r=-0.036, P=0.762, n=
117) o XL 2= w0 A [R] 4 X100 P AH I 1
A AE A R M I b AR I AR SR 2K
3 Tk

AN [F) b B RIS P 22 S AR AL ) AT e A
FOHE: ARBRM. Wik, BEER. FHEE
A . AN[FAZE I P S AN [R) AR B N AL R T L
AN, N2 5528 7 5 7346 (Nicholls et al
2006) . A FLFRHH, AR 7E % AR R I SRR A b
fE RIS, NG AR AR, AR AR
{5 /N (Tubaro et al. 1995, Irwin 2000,
Slabbekoorn et al. 2002, Nicholls et al. 2006, van
Dongen et al. 2006), fEAH L1, 413E 3 Fivw,
25 B NS AN 7] i [X N 75 5 - MFCC AR SR 2K
SRR G HAERRUERN K. FEHE

(2008) X 2= P A MG 7 3k T I P 2 G Ty
TERIWT I o, 2= P A AN [ X 2 [A) A ARG
WE 5 15 A1) R I 1) 5 4R R IEAH 56« ZEARRBIE FE
Xf MFCC HHEZ 54k m B ) A 45 2R B
7N, zs F IS AN [R] XS A ) MFCC RHIESL
SR AFAE B E A5 (Pearson, r=-0.836, P <
0.001, n=117).

AN [ iy R PR NG P 222 i T E A2 B A% 22
TR o BEFERET, AN [EIHb DR (] (R 284 22
AU SR A R A5 A B P 2 B R AE T e
Az, MM -FE R 2 7 (Grapputoetal et al.
1998, Irwin 2000, Irwin et al. 2001, Mennill
2001, Laiolo etal. 2002, Slater 2003, Stewart et
al. 2008, Toews et al. 2008), 1H H | A A
X 2 B 0 2 TR R AL o, IX AT AR e —
TR —ANTT o ASHETEAE RS 75 SR AR ] 7
M, A AHERLFEEA G HAb s E e L Fh
TSI R 2014 4, B 2P0 )14 W iE-0l
FURREERD F 2 DY 148 5 PR (%) S il B 1) Dy
2002 4F, C BRIAE K E LA sl E] oy
1997 4, D AHBRVGE KT MEEA E Z0U)114
FAMPHE I SIS [R] )y 2005 4F . I TA] (AT RE AR
K, BT EAASHERR 2= F 4907 AN [R] b 2 o g s 72
R AR A T R HH T L X N 7S AR A AR R AR
Mo I T) JRUBE RN 23 8] JRUBEAH 45 5 54T S5080 75
Z T I TR IS A Rt — RN .

gx b, FEIRFELE S0 AT 25 R A R 7S b 2
Z P AAWERRCR, JUH AT DA E HAg
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R IEAHS% (Pearson, r=0.425, P=0.03, n=
26) , (HKE TG THRHE T 2 A N A
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FEM AT IS g AR SL I A BN AR . & TR
FIE 53 AT ot P IS 75t A 22 S5 5 A T 87 P 1 A
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