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Abstract: [Objectives] A songbird may sing different songs while defending territory and attracting mates.
Research shows that bird songs may have functional variation within one’s song repertoire. Light-vented
Bulbul Pycnonotus sinensis, a common songbird resident in Wuhan, China, can sing 1 - 3 song types
individually. Do different song types of Light-vented Bulbul have any functional differences? Do the birds
change song type use between breeding season and non-breeding season? To answer these questions, we
recorded songs from a Light-vented Bulbul population and explored the functional variations between the two
song types (named type A and type B) which comprise the song repertoire of this bulbul population through
song parameter comparisons and playback experiments. [Methods] From March to June, and October to
November 2022, we recorded 1 007 songs from 15 Light-vented Bulbul territories in the campus area of China
University of Geosciences, Wuhan, China. Song parameters of each song type in spring (breeding season) and
in autumn (non-breeding season) were measured and compared between song types and between seasons
using Wilcoxon signed-rank test. Then from April to June, and September to October 2023, we did playback
experiments in the area of campus and nearby, including 18 playbacks in spring, of which 10 were for group A
(song type A as playback stimuli) and 8 for group B (song type B as playback stimuli), and 11 playbacks in
autumn, in which 5 for group A and 6 for group B. Behavioural parameters (number of flights, minimum
distance to the speaker, time spent staying within 10 m to the speaker, number of responding songs) were
measured for each playback and were compared between groups using Mann-Whitney test to explore the
potential functional difference between song types, and using the Wilcoxon signed-rank test to explore the
difference between seasons. [Results] Song parameters of 391 type A songs and 279 type B songs from 15
territories recorded in spring were compared and the results suggested that there were significant differences
between song types in the following song parameters: peak frequency (P < 0.001), song duration (P = 0.008),
peak time relative (P = 0.022), number of syllables per song (P = 0.020), number of syllable types per song (P <
0.001), energy (P = 0.042) (Table 1). Song type B has a longer song duration, more syllables, and more
syllable types per song. Light-vented Bulbuls expend more energy to produce a type B song than a type A
song. Songs recorded in autumn were also compared with those recorded in spring from the same territories.
The results suggested the percentage of song types varies between seasons. The percentage of type A song was
52% + 8% in spring and 62% =+ 8% in autumn, while the percentage of type B song was 48% + 8% in spring
and 38% =+ 8% in autumn (Fig. 3). Light-vented Bulbuls increased the use of type A song in autumn, with less
usage of type B songs. Besides, the song parameters of each song type vary between seasons. Parameters with
significant differences between seasons also differ between song types (Table 2). However, there were no
significant differences in all responding behavioural parameters of the playback experiments in either spring
or autumn between group A and group B (P > 0.05) (Table 3). Comparisons on responding behaviour
parameters of Light-vented Bulbuls to the same song type playback also show no significant difference
between seasons (P > 0.05) (Table 3). During spring playback, more Light-vented Bulbul individuals sang
while responding and sang more songs with song type matching the playback songs than in autumn (Fig. 3).
[Conclusion] Tt is speculated that the change in proportion of song type use between seasons may be the
consequence of different singing energy allocation strategies of Light-vented Bulbuls during the breeding
season and non-breeding season. Although there were significant differences in song parameters between the

two song types in the repertoire of a certain Light-vented Bulbul population, no functional variations between
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song types were detected in this study with song playback experiments. The song-type matching during spring

playbacks may be a signal of aggressive intention and Light-vented Bulbuls become less territorial during

non-breeding season. This study quantified the differences in acoustic characteristics between different song

types and between seasons in a population of Light-vented Bulbuls and discussed the potential functional

variations between song types, which provided a new reference for understanding the communication

behaviour of songbirds.
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Fig. 1 Songrecording and playback sites of Pycnonotus sinensis
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Fig. 2 Spectrograms of the song types of the studied Pycnonotus sinensis population

a AMSNERY, oy 3 NARSEIE TA; b EEH 1 EHIAWIER, o HEH 2. 3 FTH AMIBL,; d BWIER, &5 MAFZK
M &R F R Ron R BRI SRR AN B kS A
a. Song type A, which consists of 3 different syllable types; b. Song type A with the 1% note repeated; c. Song type A with the 2" and 3™ notes

repeated; d. Song type B, which consists of 5 different syllable types. The number below the syllable indicates the sequence of syllable types; the

songs are from different individuals.
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MK SR S, 5 B AR 6/8:
B 52 AR A4 38 A 0 75 U L3k N 7

R1 ERE 2 MR R R TS IES M E R RS R

Tablel Comparisons of song characteristics between two song types of Pycnonotus sinensis

A "SIEF! Song type A (n=15)

B 3157 Song type B (n=15)

Y 05 225 (LSRR S P {H
Song parameters FHME + bRz REA | FHME £ bRz Flefe| Result P-value
Mean + SD Range Mean + SD Range

i FAEE Maximum frequency (kHz) 3.47+0.19 2.94 -3.70 3.57+0.10 3.37-3.75 Zis=- 1874 0.064
HfEAHZE Minimum frequency (kHz) 1.44 £ 0.09 1.30 - 1.63 1.44 £0.08 1.36 - 1.66 Zi4s=-0.057 0.978
Si# 5 H Frequency range (kHz) 2.02+0.18 1.57 -2.28 2.13+£0.15 1.85-2.36 Zia=- 1477 0.151
A% Peak frequency (kHz) 2.80+0.14 2.53 - 3.00 3.02+0.13 2.74-3.25 Zis=-3351 <0.001
1Y N5 F5 424 /5] Song duration (s) 1.18+0.17 0.95 - 1.51 136 £0.16 1.10 - 1.61 Zi,=-2.55  0.008
1915 [5]F% Between-song interval (s) 8.81+3.37 3.97 - 15.97 11.59 +10.48 451-41.62 Z,=-0682 0524
UAST R AR XIS [ Peak time relative (s) 0.59+0.1 0.41 - 0.72 0.51+0.07 0.40 - 0.67 Ziu=-2272  0.022
M08 1544 No. syllables per song 4.61+0.65 3.69 - 6.00 5.14+£0.49 4.05 - 5.89 Zi4s=-2291 0.020
8 E AR AIEL No. syllable types persong  3.58 £ 0.52 2.84 - 4.43 5.10+0.48 3.90 - 5.89 Zi4=-3.408 <0.001
fit i Energy (dB) 87.40 + 6.27 81.40 - 103.77  89.51+6.25 81.60 - 103.92  Z;3=-2.045 0.042
YRIEA ZH Filtered RMS amplitude 132.97+165.35 44.54-621.33 143.32+166.69 49.39 - 63040 Z;3=- 1.956 0.054

RIS AL SR A BN 14. The sample size for energy parameters is 14.
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Table2 Pairwise comparisonsof spring and autumn song characteristics within

each song type of Pycnonotus sinensis

A "SIEF! Song type A (n=11)

B "g1E 7 Song type B (N=9)

05 241 Song parameters

Ko 45 4L Result P {f P-value I 4E d Result P {H P-value
I F AR Maximum frequency (kHz) Zjp=-2.401 0.014 Zg=-0.533 0.652
A Minimum frequency (kHz) Zio=-1423 0.175 Zg=-2.666 0.004
SR [# Frequency range (kHz) Zjp=-2.045 0.042 Zg=-1.599 0.129
W45 Peak frequency (kHz) Zyo=-2.401 0.014 Zg= - 2.666 0.004
N I FF 2N [A] Song duration (s) Zp=-1423 0.175 Zg=-1.007 0.359
"9 g ] i Between-song interval (s) Zio=- 1.070 0.322 Zs=-0.178 0.910
W 45152 A %o 6] Peak time relative (s) Zjp=-2.845 0.002 Zg=-0.889 0.426
N9 15 % 544 No. syllables per song Zy=-1.156 0.278 Zy=-2.547 0.008
A IE % 5 2% No. syllable types per song Z1o=0.889 0.413 Zg=- 2.547 0.008

FATHRERE S HOCIE L . The energy parameters between seasons were not compared.

10 m {uFHEAT . XHET AL B AR
(25 R AT SRS, AT N IR M 4
JeH R Z R (Multivariate test, Pillai’s Trace,
Fi7=0.957, P=0.541), XAk & &17
FIRMHE SRR 3, SAT NR N IR bR
AR R 1235 % 7+ (Mann-Whitney test,
P>0.05).

KEE LIRS, A A 3 RAME™
AR, 5 A AR 3/5; B AHA 3
RAMEF= R Zm i 75, 5 B MRS 3/6,
B 52 AR A4 38 A S 0 75 U L3k N 7 ]
10 m JEH AT 9. XK A B PIALIRDRERER
(25 R AT SRS, AT N RV 4
JTCHEZ R (Multivariate test, Pillai’s Trace,
Fio = 62.326, P =0.096), =Zik [k 1% 10
SE FAT NN R A R 35 AN AE 4 [R) 1) J 35 22

(Mann-Whitney test, P>0.05) (3 3).

T 25 A RK 2 [ i S 36 1 e A L 3 5 SR
7N, A ZH (Multivariate test, Pillai’s Trace, Fip =
1.628, P=0.379) Fl B 2i (Multivariate test,
Pillai’s Trace, Fj; =0.637, P=0.744) ki85
EFTE AT ARN R EZ R ¥E. KE
[ TR B8 AT A IR SR FR 4% [ ROCAF EAT RE X B
B, A A B 22 KRG [R]— A HE A (5] 5%
(1) & T BEAT N IR SLFR BRI ANAEAE 2715 [ ) S

%725 (Wilcoxon signed rank test, P> 0.05)
(%3).

ARSI B 2= 2 MR I B ARG IS 1 B
A, B FIGIER ., FF A HAT 6 RAMKLE
R AEXRIIE, A HAMEE 6/10; B A
7 RAMRTE RS R R X E, 5 B AR
7/8. A HSZANRLERIEOS B E I E 2 1 A
MEISTY, 6 DXFIEAMAL L A WIER, [
AR A GIEREY LN 94% +
11%; B 323 AMAR7E [m] 0 e h il I B2 %2
(¥ B IGIEAY, 7 S IEAMA AT 6 WA B g
EAY, Bl B RS R 5 EE A 78% + 20%.
W E SRS LR R Z= 1 [ JEO0 I8 p A7 72 1 E Y DL
fic (song type match) % (] 3).

KEESZI R A 4 RAMRLE R &
Axng, b AH TR, H A HEAM R
1/5; BH 3 R, HEAMEEH 3/6. A HXSIE
AR [BTR PG IS Y 4y A WIS B HA
1 U IEAMAAE | scrb ™ A2 B e R, M4k
1) B R9RET 5 EE O 91%, 55 2 RAMARTE [l i
B4 ANGIETY . R E0R, RIS AERKER (]
TR IE A AR B HA B (g RE R DT AL R

B B = S IG AE FE RO R 2H 5 JE M
(n=3) NGNS A, 2l B SR AR ™
AFET . EREYIEAT N .
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Table3 Comparisons of responding behavioural parameters of Pycnonotus sinensisto song
typeA and type B playbacksin different seasons
BE AMSBED BE AGLSBAD e e i
Spring (group A vs. Autumn (group A Vs. - - P VSRS
R RLFE R group B) group B) Song playback group A SO‘S‘g Pl"‘yba‘i‘ group B
Responding behavioural parameter (=10, n3=8) (na=35,n3=106) (Sprmg(\r/]s:él)ltunm) ( prmg(\r/]s: 61)1mmn)

KR¥aiR  P{E

Result P-value

KR¥aiR  PME

Result P-value Result P-value Result P-value

Kargaahi R P1H [ELEIE S P1H

ERVESINEY/ USRS
Latency to approach (s)

RIS EIER K Latency to sing (s)

Z;7=-1244 0237 Z,=-1768 0.114

Z;;=-0.711 0515 Z,y=-1155 0343 Z,=-0.365 0.875 Zs=-0.365 0.875

Z4=-1.069 0.500 Zs=-0.730 0.625

“KATVRE Number of flights Zj;=-0.178  0.878 Zjp=-1.155 0.343

PP VR 0T
Minimum distance to the
BRG] speaker (m)
During TEFEFS IR 10 m Y ]
playback  py gt
Time spent staying within
10 m to the speaker (s)

RIS VREC Number of songs  Z;7;=-0.899 0390 Zj,=-1.692 0.143 Z,=-1342  0.500

Zy=-1067 0304 7,=-0200 0829 z=-0368 0875

Zp=-0622 0573 z,=-0577 0686 z=-0365 0875

Z,=-1.095 0.375 Z5=0.000 1.000

Zs=-0.365 0.875

Zs=-0.730 0.625

Zs=-0.184 1.000

“KAT VA Number of flights Z;;=-0.623  0.557 Zj
Zi7=-1.688 0.101 Z;,=0.000 1.000  Z,=-1473 0.250

PP VR 0T
o Minimum distance to the
ISEIEJ'UEW speaker (m)
Dgll.li?lg 5 min {iEE;:E(JE 10m 7@@
after playback P17 BRI 4K
Time spent staying within
10 m to the speaker (s)

MIE VK EL Number of songs £17=~ 1252 0225 7,=-2033 0057 Z=-1289 0375

Z,=- 1745 0086 Z,=-1.076 0371 Z,=-0447  1.000

1.155 0343  Z,=-1.604 0.250 Zs=-0.535 0.750
Zs=-1.069 0.500

Zs=-1.826 0.125

Zs=-1.826 0.125

Ny R~ A IR IR 2 AMAE, g KR B IR [l TR A Y 32 A A

N, indicates the number of individuals in playback group A, ng indicates the number of individuals in playback group B.

3 W
31 HKWARFMGIERIZ B 5 i H K/
B 5 T SR B2 09 1 SRR N il 25 AL
B WIS IE R 2 i, 3 2 Fhg IE A /R AT B4
MRS, RS REMERS N IEE
BEZEF ., B MR R IEAT | NIE R ] |
e, MOIEE TR NYIEE A RAE B E
F A GO [F] A 2K T A A MR AT LU
S AR 5 e R A R B R
BEEAEZE SN NE . BRIEZ A, AL B WIS
RAEAF BT A IS TIZE 555
TR AR (A R T B Y NE

RNECATRE . B, HREEERE A
W E ) 5 NS, AEREA DB T8
sk

AW T SRS 1l B KN 2 B g
Ao SRl H OR/NR I R A S SR E AR 1Y
W W R PR K, A R S S g e it B O/NAN ],
WIFRFEY (Turdus torquatus) A 2 ~4 Ff (Ince
etal. 1985), KX K1L# (Parusmajor) 4 2 ~
8 Fl (Krebs et al. 1978). [ # 4 (Cyanoptila
cyanomelana) 4 200 Fi /e 47 (ESEHIZE 2012).
3BT EEAR A9 (Luscinia megarhynchos) 4 100 ~ 300
M (Todt 1971), #&5%5 18|55 (Toxostoma rufum)
gt H A 2 000 £F (Kroodsma et al.
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Fig. 3 Comparisons of the percentages of song typeA and B in spring and autumn spontaneous songs

and in the responding songs during spring playbacks of Pycnonotus sinensis

KR PRI MA R, kAT

Due to the small sample size of responding individuals during autumn playback, the result cannot be plotted.

1977) Mg g n] Lh4z H B4R 1 ith H 2 2 /D bk
RNRBMH S RN H 52K (Krebs
1977). AR T a3, HAMERLE 4 1 g ik
TEHR R — NG RE R AT 2 RS A ek g e Y,
Bl AAABBBAAA UINGAE [H14 (A7 0585 5%
2008),

A I SIS N S TR 2 i o 2 S DR 3R T X
A3, WAETERS (T, grayi) FREERIISIE #H H KN
TE— N IEAAAR, 2 pl B S e B K 78 [H]
FTHNEHESFERFZMEEENL
(Vargas-Castro et al. 2012, 2015). A5
P S S A B (0 e RS R B o 2= AR T
MARSE R, F 2022 FHESSKEHFE
A. B PFRERERY, AP ARG RE RS & H I B
LR A — € sl . H SRR e [F] X
s N He = nE Y HORFR A AR E AT A AT
FLAHN R 2 37 DL R R xS S AT R (R
g 2023), XFELRE AR RS TG &
NS 75 2% 3] 17 (Slater 1989, Lachlan et al. 2003,

20180, Fi4bh, FSKES/E NI IX 1 B & JF AN
SHEAT KR B I T R PR AT N 3
2023), MRHEFLLM], £ 5 5o R B bk
f e A e R mE R 2 5 AR E 1B R OE N
(Handley et al. 2005) .
32 BARHR-—BERNETERSGIER
priE 22

Sk G 70 25 25 T M W a2 0 5 45 5 A XX
HIET), WNEAT YT F R AR S
FCABSE 2 TUH [, T AK NG I8 3 B H] T N6 45
S A BT 5SS, MR RS AR
I IEFF AN A KT B E K. HFEIE
& TEEBEMKEEL GGRIEE 2023), AT
DA IS 7R S BT 0of 5 Sk RS R REEAT 25X L
A ISR R ) i e R . AT K
WA iy YR RPLEIN ()R, B MRS YA Ak
RARAIAR VAR iy, MR 15 HOR 5 15 2K
MY, A B GIEAY R R) 2 R R ILE
ANTR],  HARAS S PRIAE T g 08 7R e 0, 35 1)
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TRAIANE], R TA) 3 1 B T A A
A& R T NE 28 AN [F] AR A

B R G EAT N R E I FERE R (Read
1992, Oberweger et al. 2001, Gil et al. 2002),
5 AWGIERIAHEL, B WRERYRIRFAEIN TG, &
TEAETRMEEZ, 3R B g
PIAEI . AR, SR NE I ),
FAEA RS R s, UCHINSIE Py FE 1
R 5 G IR (I (] ¢ (Ward et al. 2003). Ik
Gb, XF A, B WIEAY YRR RS AR A R
N, BUERERIRRE R T A IGIEAY, PRI Sk
B9 B MG IR R 5 EH AN B 2 I RE i, X
AIREF B RISE R KRR R ICA R
fREE IO SN . EIRETEE RIS, Bk
15 B MGIERI LR T A gAY, HE/> B
N N R BB (AT N B TAERK NG IR I 1 44

[S<E=N

He B o

FE BEHT 5¢ T SR 9 Y 08 2= 5 22 7 A AT
LSRG IE B SRR SR SRR
MEI T REZER GRINEE 2023); AT
KI A B IR RIRESHAER . AP
e, PRGNS A ) H I ZE S K S B R A
[F], HAGIERY ) & AT Z A A ARk /i
NAET B MY E 25 22 R I REAR B8 R B AN A
oy ANFINGNE A IL AR ) 2 MR g,
X H] RS A5 B A N S AR [ 2R 22 R GV R
2, AR BB VFAAEARIER. AR
M Z 5.
33 H:LEEngRE R Th A 5 IS IR B TL LN &

55 RN N8 ) D RE I H 5 Eon s W51 T
A, DRI AT DLd i 1 & 2 a] i 45847 A al
e I V) P U P ) 2 TR R A R 0 N T ) 1) g
(Kroodsma 1976a, Krebs 1977, Leitdo et al.
2006 AT LIRS AL B B R
WE AR [ TS A I 2 30 LR AT O s 8 e W i 2
Jt, UEW] A B MR BARAAAE 75 S %
B NEAY 2 (6] JL- P AAEAE DI REIX 43, AN[RING g
RIS HE B NI

KNG &g R Th e A7 AE AP G L, A7 L8

W5 1 P A S M Y S R A A R v, et
H B L i S 0] =T 5 S R A A 5 4 B
B IE B PE & L (Kroodsma 1976a ,
Catchpole et al. 1989, Kroodsma 1990), Lbaikk
VK Ll B — P Y L (R R g nE Y 2 [R]%
HHEMIIREX A, (EAMER gt H T H T
ARS8 56 4+ (Krebs 1978, McGregor et
al. 1982); /INE%S (Mimus polyglottos) /&2
PR RPN [F] R A R G R Y, X Nt nE 4 F
TR SRR S EOAE, A RO B S
AT LA 05T B B G AR A B R O X
(Howard 1974). SRIMAERLE S Kb, AR
W RE T] e 5| A HAR AR R AT R, e
R B E Y AT RE AL [F) 1 2 TRl ety . S
[ FRIECXT s — NGNS [B] 5 1R T AR A R S5 AN [
M5 5, O anse s 4k ik A R E (g e R
TR A S (Payne 1979), ZEH AR
(Setophaga pensylvanica) #5213 §5 4 %2
B R T A8 FH AN [0 P S I R SR IR N AR
(Lein 1978). AWIFHIL RS LIRPIFIF L
HHRTE 2 BEFTXIEOA KA ) A
RUAAFAE D) RE L ) B 5 X Al

SR A () S P s E R IR A 22 e, K
FUIAT NEREZE S GRHEZR 2022). 43
PREPE (EEESE 2012). AWHFFETH
1T R SARFR R LSS R SR, B SkISER S
FEK = X0 [ — R E 7R (1% [ 3 S 56 A 1 IR T
FEURAEIR I A B MG B ZEIR I K L TRAT B
LEYVE D) G S //78 & i = I ] N X
NIRNZHE TR EER, HARZFEN R E
SKEG IR AR B AT AR T Z . AR
SR CUESE S HF T ARG IE T AL B IG5
R 5 LEAHIE, H A2 AR TE R 2= (R S5
BZAE 5 RO AE R R RE AL, [A] g
PR gAY 5 LY 3 22 1 25 SRR B B SRR
AP R PUR I R . R AG s g Y L
BCAT A AT e — M RIA B 15 5 (Krebs et
al. 1981, Vehrencamp 2001). &7 85 (Melospiza
melodia) & 7E [ % oA py L S i s ng
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B, 227 A2 B 2 5 T (a1 RS RE B [R] g
WE SR RN, T A= AR AR P 3B 3 = ) AR g i
(Burt et al. 2001); KRRV A 11178 ) 2> R 4 FoAh
AMAR TS A 5 2 DU TR A NS IE T SR BCA [+ 45
AT N (Peake et al. 2005) . 17 £E 4K 7 (1) [a] il S
o, PEARXTRERAMARER D, SIS AN
RFIUH BRI nSIE R VCEC LS, LA FLIX
B AKZE o A ] A R RS R R SR
HHED,  FIRBLG AT REHE (KBS AT
NTERKZEA s 55 R B o

gr b, AWK Y A KA AR A R g RE
T2 [BAFAEFE SA IR 22 5, (AN [F]RS IE B G v
SRS P2 A AT RN ZE S, Ay B NgREHY I
T RHITIREX 7 AFEMGIEMIER ., KM
DI &7 b 22 5 AT e Sk MATE B R
AR B FH ZE AN [ (1 RS IS B 7 P SRS BT 5 0
1 Sk ) FH RS P AT SR AR Bl OR AU, g
RERIUCAC I R T BeARR R 5 5. Bk
5 P A [i] M P 2R e Py 5 4 AN 5| TG P o
TR ] R AE A R IR NI AL

Z % X W
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Oriental Plover Charadrius veredus Found in Wenshan and Baoshan,

Yunnan, China

2016 4F 10 A 3 H, fExBA CUCERER 86 M 502 S A S LKA (104°2622" E, 22°58'56" N, i
H1458 m) MR EEE] 4 REERDKY, SMBESENERTE (Charadrius veredus), BN TERE. 2020
F11 A3 H, EamA kLIRS EEEZRMARE (99°13'03" E, 25°06'43" N, #§K 1 606 m) KIIFHH
3 1 SRS Z SR R, KRS FE G, W TR RARA G, &R E, K
i, BRREE, FRE6, BEERMEESEE (B D, $ENETY. SERAH (XS 1995, HIEX
& 2016, XIBHEE 2021, 2985 TARE 2022, HHE3E 2023), FIAARFINEEE SRS MAHHCEA. BTHRN
SAURITEATE, HEWTRTSE RTINS . BT 2 R s, HE BROUa Rt — 5 0.

B REVLR L LR SR E R TR,

Bl1 FRFME (it 2020 EHFTFHHEE)
Fig. 1 Charadriusveredus (Photo by ZHANG Shi-Hong at Qinghuahai in 2020)
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