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Abstract: [Objectives] Song plays an important role in the phylogeny and evolution of passerine birds.
Recent taxonomic studies have separated the genus Fulvetta and the genus Alcippe, and the vocal
characteristics of the genus Fulvetta have not yet been studied. We are aiming to reveal the voca
characteristics and classify the interspecific difference of the seven species of the genus Fulvetta in the family
Paradoxornithidae. It is hoped to provide primary biological data for the vocal study of this genus. [M ethods]
From 2016 to 2022, during the breeding and non-breeding seasons of the Fulvetta species, we recorded the
calls and songs from their occurring habitat in the field. A total of 463 individuals were recorded for
Spectacled Fulvetta (F. ruficapilla, n = 64), Streak-throated Fulvetta (F. manipurensis, n = 71), White-browed
Fulvetta (F. vinipectus, n = 124), Chinese Fulvetta (F. striaticollis, n = 64), Brown-throated Fulvetta (F.
ludlowi, n = 33), Grey-hooded Fulvetta (F. cinereiceps, n = 84) and Taiwan Fulvetta (F. formosana, n = 23),
respectively (Fig. 1). The acoustic sonogram was drafted and analyzed in Raven Prol.5. The MANOVA was
used to compare the vocal parameters between species. Blomberg's K test was used to detect phylogenetic
signals. The Mantel test was executed in PAST to detect the correlation between the Mahalanobis distance
matrix of the singing characteristics and the matrix of interspecific genetic distance. The hierarchical cluster
analysis was performed for 7 species acoustic. [Results] Based on the field observation of its singing behavior,
recorded vocalizations were classified into calls and songs, and calls were further classified into contact call,
search call, alarm call, and foraging call (Fig. 3). Songs were classified into 1 - 8 types for each species, based
on manual checking of sonograms (Fig. 4). The calls and songs differed significantly between species (Table
1). The Mantel test showed that the songs' characteristics were significantly positively correlated with their
interspecific genetic distance (r = 0.51, P = 0.01), but the calls characteristics showed no correlation with
their genetic distance (r = 0.028, P = 0.45) (Table 2). Phylogenetic signal analysis showed that six of the vocal
characteristics were phylogenetically conserved, four of which were detected in the song features, i.e,
maximum frequency, minimum frequency, peak frequency and delta time, and the other 2 in their cals, i.e.,
maximum frequency and delta frequency (Table 3). The cluster analysis based on acoustic characteristics
showed that the interspecific topology was generally consistent with its phylogeny, except for the position of
F. vinipectus and F. formosana (Fig. 5). [Conclusion] This study initially revealed the vocal characteristics of
7 species of the Fulvetta genus and detected their interspecific differences. It concluded that the song’s but not
the call’ s features correspond to phylogeny, i.e., the closer related species share more similarity in their songs.
Our study provided basic data and new insights into the evolution of the vocalizations of the Fulvetta birds.
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Fig. 1 Recording sites of seven Fulvetta speciesin thefield
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Fig.2 Measuring method of the sonogram parameter of Fulvetta species
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a The song of F. cinereiceps; b. The call of F. cinereiceps; c. The call of F. striaticollis. DF. Delta frequency; DT. Delta time; HF. Maximum

frequency; LF. Minimum frequency
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Fig. 3 Thecall spectrogram of seven Fulvetta species
1 BRERRG Y, 2. nEmeRgy; 3. AN 4 BN, a BRSLERY: b M ERY: ¢ HEER: d BIRERY: e HCKERY; fohie
#Hy; g Bk,
1. Contact call; 2. Search call; 3. Foraging call; 4. Alarm call. a F. ruficapilla; b. F. manipurensis; c. F. vinipectus; d. F. ludlowi; e. F. cinereiceps; f.

F. striaticallis; g. F. formosana.
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8 FZIE AL (& 4d).

215 FRLERY BRNSNY (n=10): fEMKk
PERSAMARIAEH L, 4 8L 5 RAMATE S0 FHiAT
PRI, AN TR & H A0S i SR AR R 2% (1
3el). Mg (n=11): 24— RAMKRMGE
BNEF, XFE S — RAMRRI R, 45 R
Je, ZAMAERS R R I O SR SR, R
2 n” B, FORGERA (B 3e2). iy
m (n = 7): MR4EEF AP SR LK Sk 2 RS H LA
i, S, sghmr i e, 438k
4 QARG NS IR EYN, AR S K H g
IR E (& 3e3). REWN (n=6):
FEBIZE, LRSI T A, HEF
NEEIT J5 4 A BT AR 3 R AR s,
FA PRI ) A SO R A (] 3ed). 1Y
e (n=50): ZHZM 3 AR HLh, s
F| 6 B e, B 2~ 4 AR (A 4e).
216 HEEERE BEMSIY (n = 9): HHEH
PR BT B BT &, B 5~ 34 A&
Hpe (B 3. PPy (n=13): HHAHE
BT ()R TR R R Bl A 228 f i B
BT, WYY R EAGERS) (K 3f2). many
M (n=16): MR EF &MU % K I H A2 RS 50
TEB AL MR RE MR 0, B DU/N R A
YN, BRBIZEYIH -, LR MRS
AV IR RS (B 3f3), gy
(n=10): JEHAETEEIHERA LI Y)
5 B SR HAIEE Bl A B 1), SR R )
A FLNG S M L P9 i B R R R, B
A AU 7 AR B R AR (I 3f4) . giE
(N=16): TEFIRER IV EIZE, MM
BTGB IR HgNE, ASIE RS, Ak
BRpomii e, JLidats) 6 Mrgng Al (1A 4.,
217 FEW&ERS BN (n=12): KATE
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W, EEAARZTF 0, AR Y B 1] (8] B
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By 2 MR (E 49D,

2.2 7 FHIRRESNG FS M ) E R

T F R Rl ) 7Ry, HAh
6 FHHEHSIICR BT 4 Fhng Iy, prilxt 7
P RS FRTEC 2 Y Y JHEAT LA, X 6 P RS I i
MRS AL L B £ S L) R S U AT 22 53 40 A o
BT 7 MRS RS SR . WSk RS A e
T 8% 75 SRS i A 9 S DA B R B RO R A, B
S [FIRRAN [F) AR RE RS 75 22 S 9E AT UL, 3 A
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K, Fkg BRARL 3/AVFEE, S53Ah 4 Ff
MRS HEAT PR g s 22 S L . 2R BT 25T
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AR AN 3 NS4 E R ERT HoAth 6 il
% (P <0.000), ) FRFSEA ) 3% T H Al 8
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Fig. 4 Thesong spectrogram of seven Fulvetta species
a KRRERS: b, BSRERY: c AEERY: d BKIRERS: e RS f. PHRERS: 9 EILERS.
a F. ruficapilla; b. F. manipurensis; c. F. vinipectus; d. F. ludlow; e. F. cinereiceps; f. F. striaticallis; g. F. formosana.
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Tablel Multivariate ANOVA of acoustic characteristics of seven Fulvetta species
Iy 7 AT BB BARA% WA i S o] K
Acoustic Maximum Minimum Peak D el//txiﬁfﬁ Delta Average
type frequency frequency frequency afrequency time entropy
k2451 Contact call
F 615.66 641.35 140.29 792.55 181.36 604.13
df; 10 10 10 10 10 10
df, 2448 2448 2448 2448 2448 2448
P 0.001 <0.001 <0.001 <0.001 <0.001 <0.001
IR NS Y Search call
F 922.71 1274.18 138.74 2384.48 244.81 1160.89
df; 9 9 9 9 9 9
df, 2728 2728 2728 2728 2728 2728
P 0.001 <0.001 <0.001 0.001 <0.001 <0.001
WA Y Foraging call
F 427.25 75.03 110.19 249.05 153.50 156.63
df; 9 9 9 9 9 9
df, 1327 1327 1327 1327 1327 1327
P <0.001 0.001 0.001 0.001 0.001 0.001
g Alarm call
F 69.84 216.27 55.00 145.94 144.48 156.12
df; 9 9 9 9 9 9
df, 1091 1091 1091 1091 1091 1091
P 0.001 <0.001 0.001 <0.001 0.001 <0.001
N9 NE Song
F 1744.36 378.33 1032.67 568.42 1394.05 434.11
df; 10 10 10 10 10 10
df, 9167 9167 9167 9167 9167 9167
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

PEESFERE 2 A IEAHSE (r =051, P=0.01),
Y IYERAE AT e B, R 1l 28 RS AN IR RS 1
IRPE B AR, % IR RS A e S I 5 IR
/N, AH TR AR R I T L AR PR AN
B A (r=0.028, P=0.45).

WS IE () B R AR L BRI L IR )
TR [A]IX 4 MFIESHEAHENRGEK
HES (K>1, P<0.05) , S
RSN RAKEES (K<L, P<0.05).
W 1 5z e A3 AT 55 B 2 NS R BRI
ARGKBEES (K>1, P<0.05) , A FIEH
R, AR, A TR AP R S

REGESHE (K<1, P<005) (£3) . &
RIS, IBRHMERRFERE G TmT YN,

7 B EA BB AR KEE S 6
SHGIAT E A 0T, REREUGH 2 AN FE Ry
PC1 1l PC2, HARHIEAE 5370 2.87 #1 1.79, fi#
BT E A & 78%IM T 2 o 1S B PIAN R4
199053 AL R B, IR T B H AN 3R
R HF AT KRG RN, 153 7 F
RS RS P R AE (A (] Bad: 7 Rl S A
=30, FRERERSA T RN R, FEEHAD 6 Pt
RSzt FJEERS . WSk RS FICL RS RN —
3, BIERS . B IR AR RS RN — 3 .
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R2 T HIRESHING S 5 B B AR A BE

Table2 Themahalanobisdistance of song and genetic distance of seven Fulvetta species

H B &R KRSk Y % IR K ERG HHABE RS Sk ARG EiER
F. vinipectus F. ruficapilla F. ludlowi F.cinereiceps  F. striaticollis  F. manipurensis F. formosana

HIE RS 0.006 8 0.005 7 0.006 0 0.0059 0.005 4 0.006 2
F. vinipectus
FRSk R 22.84 0.0070 0.007 4 0.006 3 0.006 9 0.007 3
F. ruficapilla
% GRS 49.29 77.18 0.006 8 0.0055 0.006 4 0.006 0
F. ludlowi
IR Sk 19.29 31.57 11.00 0.006 2 0.0020 0.0055
F. cinereiceps
AR Y 66.59 103.52 11.87 27.54 0.007 2 0.005 6
F. striaticollis
Sk A 10.15 24.61 24.61 5.24 51.02 0.0520
F. manipurensis
Tl ks 28.47 63.53 19.28 15.15 46.31 9.62
F. formosana

LR BT BRI AR IR B, XA T R S KRR
The data above the diagona is the genetic distance, and the data below the diagonal is the mahalanobis distance.

K3 WERSKREERENRARERS
Table3 Phylogenetic signal of vocal characteristics of the Fulvetta species

N FERFAE K 1E/P {d K value/P value
ooustie R G W R R Fam
CharaCtensiics v ayimum frequency  Minimum frequency Peak frequency Deltatime Deltafrequency  Average entropy
315 Songs 1.27/0.001 1.20/0.001 1.68/0.001 1.8/0.001 0.31/0.001 0.48/0.001
myny Calls 1.37/0.001 0.25/0.001 0.60/0.001 0.49/0.001 1.17/0.001 0.40/0.001
a . b
I, [ FE B Mahalanobis distance
3.0 2.5 20 15 1.0 05
L | | | 1 I
Kk &R F. ruficapilla FESKE RS F. ruficapilla
EIL4ERBY F. formosana 36 ———— WRER F. striaticollis
HAE4E R F. striaticollis 9 B ERAERS F. ludlow
B IRERS F. ludlow 99 HIB4E RS F. vinipectus
EJE4E RS F. vinipectus — ¥R F. manipurensis

98
—': ¥53L4E B F. manipurensis oor— LR F. cinereiceps

1
WKL4ERY F. cinereiceps EIL4ER F. formosana

K5 ETWHERMEKBRESARASEERELSLRERERAN LA
Fig. 5 Phylogenetic relationship of Fulvetta and cluster dendrogram of seven species of

Fulvetta based on acoustic characteristics comparison chart

a TS FERREAEN 7 FERS RIS b, FET ND2. Cytb. RAGL. COI 4 MERH 7 51R F i KANSRIZAEE 1) 7 FIBRS I R G L B -
a Cluster dendrogram of seven species of Fulvetta based on acoustic characteristics; b. Phylogenetic trees of seven species of Fulvetta based on
the four gene sequences of ND2, Cyt b, RAG1 and COI were constructed by maximum likelihood method.
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3 Wik

5 SIS 0 75 REAIE 2 52 1 A5 A Y 1) 52 )
(McCracken et al. 1997) , ARV K IMEH
BORMIR ST, Bef = AR AR I 5 &
(Bertellis et al. 2002) . AT 7T 16 S 8 351
g PR JE AR 1997 ~ 10 619 Hz, SRR
B R AR R RN IE K B 2% S ( Myzornis
pyrrhoura) M 7 4% 3 il 4 500 ~ 8 900 Hz (X8
% 2021) AT, TRERS AL (Leiothrichidae)
LR RS . SRS B TR, a0 K B RS
(Liocichla omeiensis, #7& 4% 2009) . P&
S (Trochalopteron eliotii, Xl#1%% 1997)
[N P 45 % 1 200 ~ 4000 Hz, #EEAL, &4
— A, B IENAR VAR, SIREA
TE A O S HUARRAE 1) 75 B AR, DA RN R
A RAERE, MROTRE SR BN R A L AR
TELETF RIS ) AR (Wiley etdl. 1978) , 15
A% &8 P S 2540 B T AR 3 (Tesia cyaniventer)
(AR VR PR BE N, A B s e 25 A
W B AR N R BT, S IR ) o AR
4227 Hz (5% 2021) , HERAL TR
WET IR AR (BRSRAERY 4 223 Hz ~ Haeseiy
6592 Hz, ML 1) .

RS NG I FH T AN S RIS 18] 33 51
%% (Ribot et a. 2013) . MiBE L&, #
S AL R A L RS (P IDE 24 IS L B A AL, 8 2 %
PR, RBEENES; BRI L RS
PG N 1 A, EBCARIABL, S MU AREAAE 1) 1 [ B 7
K =ANFpEHB RN, X5 = ANIRRSES L R
BOEARFR, BTSN F— N A R A
CEBIEHT 1987) o RGN GeAL i il & 1K
NI BERE, — B RS (R k
(Marler 1955) , AHIFFLHT 7 il i P i e
B i (8 705 Hz) , [A)RE s T kg ng i
(7 745Hz) . FpEergnY (7685 Hz) Al &0
my (7 813 Hz) [AIAR . W50 K I 55 i v]
RESE N T IRER AR, BN 0075 1 e AR 2
PSR AR RS, X SEANEE T

IRENH bRANMAE ) R AL & (Slabbekoorn et al.
2002) .

it O/ INAI P 3l 25 4 S 1 2N 7 LA 5
(Rt 4 FE SR LU A (] M RE PR AR UL PR A
# 57  (Catchpole et al. 2008) . YF L FINA,
By g dh B 1 2 FE A IR R gh R
(Howard 1974) , Tij7EnS & g ng gh H 45/ )
525, RPN eI T A0S 1) R SRR AE, 1
A H 2 e . 72X BE KRS (Dendroica
pensylvanica) RS A RIEFE R R I, B2 a PR A A0
RARAK A7 REMR SIMENE, X 0T RR T &
A FIEYE R e bR (Byers 2007) o AR
Fot, FRSLERSHINGIE N —, AF 1M
WAL, PRICAERYE 8 FHAGIERY, HAH RN
W PARERS. SCRERSA R ILERSIA 6
Ty e 7R s 3 Sk 2 RS AN [ i 2 R 1 g E 2 4 Sl
NS FIAT 4 Fh . RIEGIEH H 2, g
PPl “ZA 2287 M “de2 A 228”7,
AT RS IR R RS 2, BN E
I, JEEMINSIE RANES: AR, ZNESR
T HA) TR A B CHE RS
2004) o FATRESR A E— RAMER g g i H
MH 1ok 2 MSIE R Y, HE N HiHER,
)P RN RE B, T bL 7 FE RS JE T <k
ZALZER

AN PR AE A A S R IR ()84 22 57
FI9% (McCracken et a. 1997, Pickert et al.
2003) o TESELZIE RBAT P FR A TG 7
ZE 5, A BT sh s @ kL i EE R (Wilkins
eta.2013) . FEZHARKRY, FESHELS
REGREREFAT (Ord et a. 2006) . Xf 14
PRI RIGE KRG KB TARYN, AH
RARK BG5S FERHIE & & 18 T 451
FEAMREE, IR LR 52 [ & K75 48 5 Al
AMBAT RIIRZ MR, T A Y0 Rl A0 48 52
A= BB HRFE AR 5 K (McCracken et al. 1997) .
XF 7L AG A 66 FIAEMS BN E RA K EE S
(R AR, RSN IE 2 B J5 K2 ST s AR
5, EUZAHEC TG0, 52 NS RS L 2 g ny
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BHERNRAKER S, HHBEEXRABIL
(R S P R AR R AL, Rl RAE Y H 52K
i (Aratd et al. 2021) o ARWFFEH, 7 FPERES T
W REREAE [ A LS I B SR R K B 55
FHIX 7 Tk S 1) N IR KRR 52 B AR I RGK
B LI, S5O0 BT )R AR REAE R AR AL .
MR G LR, WG EE 2R A SR
fE, SRS, (Rt EREa K, 23
BRI E 7, R gk A 56 L g ny B ke
GYMEERE. BAERBRNARAKERES
(Takahas et a. 2006, Byers2007, Aratetal.
2021) . MRAELL EWFTE, WATNAEE S
FEOEA PR AR HLOG R B Fi v, A IR AR B
InfRsE, FEINEA T LY o 24050 /0T
Fr, MGHE U BE IS A FH TR ) O R A A
EMISEN YT RAKEWN L (K 50,
PR ERG A T — R, hEERY . IR
ERA A JE A TR—X R, #WkER. K
LR AR L ERSAL TR —3X & (Ca et a.
2019). FETMEEARFIERIRBE RS 2 Kik—
2, nE Sk R AL T AN, IS RS AAE
SLAEHS | H e R AN K TR R 3 A TH IR R OC &
fH2, g RIW e RS AN T LR AL
BERAEKRAE 72N, B8RRI AR EERE.
PR ICERSRAE—HT, BRI AIKSL RS
M Sk ARG 73 JF, WA B RS AN L RS EY)
Tl 5% F 0 B R B AL S AT RS AE H LA —
B, XARE S e A SE N EE IR BEH
P
B R A A S AR SR AR T RS T A
BRI, B R AR R S
FEM. k@S, REB. FIHE, SF R
BIRAZ 2 5UFANSR B o B AR TR 2 1 22
FHE . PR R 70 B A ZE AR N X 4
W res TR RIS E . TR
G
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