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Seasonal Variationsin the Song Characteristics of
Light-vented Bulbuls Pycnonotus sinensis
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Abstract: [Objectives] There are significant seasonal variations in the acoustic communication of many
animals, as does the bird song. Bird song that functions in mate attraction and territory defense should differ
somewhat between the breeding and non-breeding seasons, but how? And in what specific ways? This is not

yet known in many bird species. In this study, Light-vented Bulbuls Pycnonotus sinensis, a common urban
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songbird species, which also have significant singing behavior in autumn (non-breeding season), were focused
on to examine the seasonal variations in their songs. [M ethods] Song characteristics of Light-vented Bulbuls
in spring (breeding season) and those in autumn were compared. Song recordings of 27 malesin spring and 30
males in autumn were collected respectively from 2020 to 2021 in Wuhan, China (Fig. 1). 372 songs in spring
and 435 songs in autumn were measured and analyzed. The following song parameters were measured and
calculated for songs of each male (Fig. 2): 1) song parameters on frequency: maximum frequency, minimum
frequency, frequency range, peak frequency; 2) song parameters on timing: song duration, between-song
interval, song rate, peak time relative; 3) song parameters on energy distribution: aggregate entropy, average
entropy; 4) song parameters on quality traits: number of syllables per song, number of syllable types per song
and song type occurrence rate (number of song types/ number of songs recorded per individual, equivalent to
song repertoire). Multivariate analysis of variance (MANOVA) is used to compare the overall difference of al
song parameters between season groups. If there is a significant difference, each song parameter is then
compared separately between seasons (independent sample t-test). The song types shared by Light-vented
Bulbulsin spring and in autumn were analyzed from spectrogram inspection. [Results] Results suggested that
there were significant differences between breeding and non-breeding seasons in the following two song
parameters of Light-vented Bulbuls: song duration and number of song syllables per song (both P < 0.01)
(Table 1). Song durations of Light-vented Bulbuls in spring are significantly longer, and the numbers of
gyllables per song in spring are also significantly more than those in autumn, while song parameters on
frequency, energy distribution and song type occurrence rate did not show significant differences between
seasons (al P > 0.05) (Table 1). Light-vented Bulbuls in the same recording site were found to share song
types across seasons (Fig. 3). [Conclusion] In summary, this study suggested that only the song timing
characteristics (song duration) and syllable numbers per song of Light-vented Bulbuls show significant
seasonal plasticity. Light-vented Bulbuls' longer songs in spring with more syllables indicated their song
output in spring is more than that in autumn, reflecting the song behavior in spring is more active, which is
consistent with the fact that birds invest more energy for breeding success during breeding season than in
non-breeding season. It is speculated that Light-vented Bulbuls still need to defend territories and food
resources through singing in autumn and their autumn songs are believed to mainly function in intraspecific
competition. This study provides further evidence for understanding the seasonal variations and the function
of bird song.

Key words: Bird song; Pycnonotus sinensis; Seasonal variation

g e SR BRI e —, BHHEE
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Fig. 1 Locationsof spring and autumn song recording sites of Pycnonotus sinensisin Wuhan
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Fig. 2 Spectrograms of three different vocalization types of Pycnonotus sinensis and

diagram indicating the measurements of song parameters
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a. two contact cals; b. alarm cals; c. two songs of the same song type, which consists of five syllables from three different syllable types (A, B,

C). Major measurements of song parameters except for entropies are showed in this diagram. Recordings were sampled separately in Donghu

Lake Scenic Area, Ma anshan Forest Park and Weilaicheng campus of China University of Geosciences in Wuhan.
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Tablel Comparisonson song characteristicsof Light-vented Bulbulsin Wuhan between spring and autumn

#= Spring (n=27)

2 Autumn (n = 30)

e T+ bR T + b ! P
ongpaameas e R G ol Rege
% Maximum frequency (kH2) 341+185  3.09~367 349+236  296~4.18 tss= 1.736 0.088
BRARHIZE Minimum frequency (kHz) 140+100 111~162 145+118  125~175 ts5= 1.504 0.138
AR FH Frequency range (kHz) 2.00+1.86 1.69~2.42 2.04+264 1.46~254 tss = 0.866 0.390
4R Peak frequency (kHz) 289+£190  243~331 289+1.94  245~329 tss=- 0129  0.898
S NE R 45215 [7] Song duration (s) 1.42+0.23 1.05~1.97 118+024  0.76~168 tss=-3.539  0.001
nt I (] Between-song interval (s) 735+276  357~1420  9.82+6.18  324~3396  ts=1915 0.061
M IE % 2% Song rate (No. songs/min) 7.40+200  380~1200 6704290 170~1410 ts=-1186 0241
UG AT 2 M 5 I} ] Peak time relative (9) 0.58 +0.10 0.34~0.75 056+011  0.32~0.87 tss=- 1.313 0195
B4 Aggregate entropy (bits) 474+024  393~504 464+031  355~503 tss=- 1361  0.179
T4 Average entropy (bits) 375+016  335~401 372+028  294~419 ties=- 0372 0712
It 15 % 45 % No. syllables per song 570+£0.80  4.70~7.40 480+110  260~8.00 tss=-3.080  0.003
MYIE A5 %L No. syllable types per song 510£0.80  3.70~6.90 460+110  260~7.30 tss=-1.781  0.080
ng g A HH B4R Song type occurrence rate 0.12 +0.05 0.04~0.22 0.14+0.13 0.04~0.56 tzg2= 0.925 0.361

n. Mk%. ‘n stands for sample size.
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Fig. 3 Examplesof spectrogramsfor shared song types of Pycnonotus sinensis

between spring and autumn in the same location in Wuhan
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a, ¢, ewere recorded in spring (May 2021); b, d, f were recorded in autumn (October and November 2021). aand b were recorded on Weilaicheng

campus of China University of Geosciencesin Wuhan; ¢ and d were recorded in Moshan, Donghu Lake Scenic Area; e and f were recorded at the

north gate of Ma anshan Forest Park. Spectrograms indicated three different song types sampled in three locations separately. Song types were

shared between seasons in the same location.
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(Poecile atricapillus) (Smulders et al. 2006)
R NBTFTE, DLW AT F 4R (Demko et al.
2019) Al & F #8558 (Thryothor us ludovicianus)

(Keating et a. 2021) [JEF M EEH 5L 39
FAUKI. BEAh, KGR A NG IR ] B I )
WK IR R KT R, REY
ARIE BRI, SR E S RGNS I8 )21
PEZ2 5 32 B IAE N R ARRAE |

F Sk S g N FRAE AT (A AR, A
IS TR EREE L, RS
KPR ERFAMR, —IGIE R E A,
D) HC RS S PR R S ) [R) i, m) LB R 2k
G O R R S5 T 10 S G 3 2 e o 498 o =
M7 ST rE A R ER I, Bkt
T [F] NG A A e 1 B P A
Z RS IERIRIE N BT &R 2 SR R A
2248t A R AR R T LD T 0 M T B A
JEEEFEE LIS (Leitner et al. 2001,
Keating et al. 2021) . X465 RAE EIHTRIE L K
[PIRGHE  BEZ )5, RIZER TR AL (] fr g
ME A B R OR, WS IEAT N EE TR ER .

32 AXEE. KEBEZRERIHT

KT NG FEAT AT AEZE T 1 2 57 O R
AR D e B, Shvir R
MBS, WEREIRES KRN S SRR
FEAT RAFAEZ= TR AR AN s 2O VA A B R 5 0,
WK 2 S BOG AT RS
ZAls 3) SN BRIAET R, AR A R
AR AL [F)RE FT BESE M B4 ) P Al AR, AT
FEG AT NIZETT AR (Moran et al. 2019).
15 NG N R H B R A OCBAE, DRL AL
o2 i FE R b TG R R ETE R N A [F
WA ZER, T2 EHE SN Z 5],
2% H A AR 2 & NG IE AR ZE A I AR A I
FAMA

NN ) — > D) R R S iR . HES )
WIS RE ), B FLNG NS ) SRy E I M
T HAMA BT B BB . 9 s T MEPESR
Ui, S B SR NS IS B B N R R

I 5] A& FC NS HE e 7 58, B 4R ot 5 5 e 1R R L
AT SHb E % B ) T e B X R AEME (Eens et al.
1991, Benschetal. 1992, Gentner et al. 2000,
Nolan et a. 2004). It4h, B RHASIEE . ¥
A2 71 (1) 18 I 2 g A, A 1 B LR 5] 7 ) R B
(Searcy et a. 1981, Baker et al. 1986, Eens et al.
1991) . TN NE AT 2= 5 W] S R I R 43
B 5 AR B IR (Y 2 AR T R IR
FAZEWR 5| MEPE TR 2L . B an i 4 2 R B HH 2=
WIS R PR 5 1 0 R T R A AR R A B =
BEEZ, YNNS4 R E S
1545 T 52 % PRI ME SR IE I B ok E A PR TR
51 /1 (Leitner et al. 2001)., &k & 7E EhH 2
PINGREFFE K SRS, 2N 783
LRI H Y (Riterset al. 2000, Alger etal.
2016). &L, AEETETET RN A T AR
oK, ARG RS Ty T AN AE R D . B
TSGR E L, IBEEKEERN, &
TUHFEE Z MR E, XA T BRI
NHEZHIRI, UM NS IE 32 2152 3 Mk
JE JIH54m (Catchpole et al. 2008) .

UBAh, A & 2 G IS 7E B 1 R A
[ EE . PEASEE 2208 7 masxt Sk ir By T
ik, R0 AR A AR AE BRI R
LA B K 1 00 0 7 882 B [ B g 1Y) R S R
(Demko et a. 2019), 7E—LL 52, RIgf
e E T SR AR AT, 1S g0 5
fi T 75 4+ (Liu 2004, Amrhein et al. 2006,
Foote et al. 2011). J& & AHIE FEXT 1 S 5 Fr e i
KREEFEAMR T =N, AR Bk EZE
MR AR T . & 19 T 2 I DR 2 T
T R R | A R R T A ) 75 2

o ER TN NE R AR e R A E R AR AL
T AN 12 8 WA 32 7K R S g I 42 o
2y AT = v 2 P Y IR INE 2 B =21 |
RUER ZYF R O IESE (Gahr 2020). 2
AR 5] BB B A AR b e i 2%
PERRICI T RE K, 51T 51 AT i H e M 2 il A%
HARFR AR A, o 224 52 VA BE T v A 2 o 38y P
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P A% AR RGO, TR B0 22 B REAT A,
15 B 5] G AR A LR 45 ) H i) (MacDougall-
Shackleton et a. 2003, Brenowitz 2004, Dawson
2015), 1% /& SR EHH NG IR 2 TR B A &
BNRZ —. SRWAFFRKI, Ar5SKE
WEAPAE 3 IR AR AL, AEFEAR HIUAE Y (g
MR 2 il 1% [ 45+ AR R AR 4 (Leitner et @
2001, Smulders et a. 2006). Z T-7& [kt
e A AL A et e, &5, b
W =AMEE (RSN BRI BT M) AT
R ERES, Bk T Imm s, slaix
I3 T SR AR AR R 22 R A, & TR
Y, HARERAE TS S AR, FiA
ISR T A B A7 AE 2 25 1 2= 15 PR AR A /2 LASE
1 KA () P 2738 TR

33 HREFKEEIE K ThRE S T

BTN, FERGHT X DL R 35840 b
X2, RS E 1 1E H 5 7 S5
ZERAL, [FIAE A T B AN ZE R AR oG R
(Catchpole et al. 2008, Demko et a. 2019).
B FFFAFEDU A, N AIEETE = i S g0
() 3 EE D RE S R PAUR M N TE S, AR S
fic {8 (Gahr 2020, Keating et al. 2021). %54
ZEAT NG IS T BE A2 B4 S E B R I s,
TINRe R LS5 EAEAHRM TR (Tobias et a
2012). WeAh, AN AAEEIATEIGIE
T AR S AERAR R LS AL (Wiley et @
1993), HZERANT HFFHIANE R N
(Hausberger et a. 1995).
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(Smith et al. 1997), ¥ BAFEIXLE &2, 1505
it H K /NAS B S AN TR 2215 AR A0 7 AR R
FEEA, A, F. KEERBTE-—Hh
ROR BN EERES OB 2 A —AME) HATH
FERINGRERY,  AS[RIZ=5 1] (10 e YA FH ORRr A
XPREE, AT BEA T S 0 H AU KRR St i
ITeEd.

gi b, (KSR s I T ) N M i
BAKZEE R, WGIEHEIEER, X E5EHEFELR
(I BE 5 . O B RN 2 A — B
IR KIS AK ZRNG I8 1) 3= B Th g & F TRl g A
AR R AR A7 DR 55
B R R E R DO MR AR R A
BN AR 2013 22451 2014 ks &
2016 XM I S5 (] 2 7E 1 S BT A0 7 AR
(I DTk o



2 3 SRS KSR ALK ZE T ZE R

171 -

Z ¥ X W

Alger SJ, Larget B R, Riters L V. 2016. A novel statistical method
for behaviour sequence analysis and its application to birdsong.
Animal Behaviour, 116: 181-193.

Amrhein V, Erne N. 2006. Dawn singing reflects past territorial
challenges in the Winter Wren. Anima Behaviour, 71(5):
1075-1080.

Baker M C. 1996. Depauperate meme pool of vocal signals in an
island population of Singing Honeyeaters. Anima Behaviour,
51(4): 853-858.

Baker M C, Bjerke T K, Lampe H, et al. 1986. Sexua responses of
female Great Tits to variation in size of males' song repertoires.
American Naturalist, 128(4): 491-498.

Baker M C, Howard T M, Sweet P W. 2000. Microgeographic
varigtion and sharing of the gargle vocdlization and its
component syllables in Black-capped Chickadee (Aves, Paridae,
Poecile atricapillus) populations. Ethology, 106(9): 819-838.

Bensch S, Hasselquist D. 1992. Evidence for active female choice in
apolygynous warbler. Animal Behaviour, 44(2): 301-311.

Brenowitz E A. 2004. Plasticity of the adult avian song control
system. Annals of the New Y ork Academy of Sciences, 1016(1):
560-585.

Catchpole C K, Slater P JB. 2008. Bird Song: Biological Themes and
Variations. 2nd ed. Cambridge: Cambridge University Press.

Dawson A. 2015. Annual gonada cycles in birds: Modeling the

effects of photoperiod on seasonal changes in GnRH-1 secretion.

Frontiers in Neuroendocrinology, 37: 52—64.

Demko A D, Mennill D J 2019. Rufous-capped Warblers
Basileuterus rufifrons show seasonal, temporal and annual
variation in song use. lbis, 161(3): 481-494.

Derégnaucourt S, Mitra P P, Fehér O, et a. 2005. How sleep affects
the developmental learning of bird song. Nature, 433(7027):
710-716.

Eens M, Pinxten R, Verheyen R F. 1991. Male song as a cue for mate
choicein the European Starling. Behaviour, 116(3/4): 210-238.

Espmark Y O, Lampe H M. 1993. Variations in the song of the Pied
Flycatcher within and between breeding seasons. Bioacoustics,

5(1/2): 33-65.

Fishpool L, Tobias J. 2005. Family Pycnonotidae // del Hoyo J, Elliot
A, Christie D. Handbook of the Birds of the World. Volume 10:
Cuckoo-Shrikes to Thrushes. Barcelona: Lynx Editions, 178.

Foote J R, Fitzsmmons L P, Mennill D J, et a. 2011. Mde
Black-capped Chickadees begin dawn chorusing earlier in
response to simulated territorial insertions. Anima Behaviour,
81(4): 871-877.

Gahr M. 2020. Seasonal hormone fluctuations and song structure of
birds // Aubin T, Mathevon N. Coding Strategies in Vertebrate
Acoustic Communication. Animal Signals and Communication.
Volume 7. Switzerland: Springer, Cham, 163-201.

Gentner T Q, Hulse S H. 2000. Female European Starling preference
and choice for variation in conspecific male song. Animal
Behaviour, 59(2): 443-458.

Hausberger M, Richard-YrisM A, Henry L, et al. 1995. Song sharing
reflects the social organization in a captive group of European
Starlings (Sturnus vulgaris). Journa of Comparative Psychology,
109(3): 222-241.

Keating H R, Reichard D G. 2021. Seasonal song variation in mae
Carolina Wrens (Thryothorus Ludovicianus). The Wilson
Journd of Ornithology, 133(2): 365-371.

KroodsmaD E, Miller E H. 1996. Ecology and Evolution of Acoustic
Communication in Birds. Ithaca, New York: Cornell University
Press.

Lampe H M, Espmark Y O. 1987. Singing activity and song pattern
of the Redwing Turdus Iliacus during the breeding season. Ornis
Scandinavica, 18(3): 179-185.

Leitner S, Voigt C, GarciaSegura L M, et a. 2001. Seasona
activation and inactivation of song motor memories in wild
Canaries is not reflected in neuroanatomical changes of
forebrain song areas. Hormones and Behavior, 40(2): 160-168.

Liu W C. 2004. The effect of neighbours and females on dawn and
daytime singing behaviours by male Chipping Sparrows. Animal
Behaviour, 68(1): 39-44.

MacDougall-Shackleton S A, Hernandez A M, Vayear K F, et d.
2003. Photostimulation induces rapid growth of song-control
brain regions in mae and femae Chickadees (Poecile Atricapilla).
Neuroscience Letters, 340(3): 165-168.

Marler P, Slabbekoorn H. 2004. Nature's Music: The Science of Bird



* 172

=24 Chinese Journal of Zoology 58 %

Song. California, San Diego: Elsevier Acad Press.

Martin D J. 1977. Songs of the Fox Sparrow. I. Structure of songs
and its comparison with other Emberizidae. The Condor, 79(2):
209-221.

Medina-Garcia A, Araya-Salas M, Wright T F. 2015. Does vocal
learning accelerate acoustic diversification? Evolution of contact
cals in Neotropica Parrots. Journal of Evolutional Biology,
28(10): 1782-1792.

Merila J, Sorjonen J. 1994. Seasona and diurna patterns of singing
and song-flight activity in Bluethroats (Luscinia svecica). The
Auk, 111(3): 556-562.

Moran | G, Lukianchuk K C, Doucet S M, et al. 2019. Did and
seasonal patterns of variation in the singing behaviour of
Savannah Sparrows (Passerculus Sandwichensis). Avian
Research, 10(1): 26.

Nolan P M, Hill G E. 2004. Female choice for song characteristics in
the House Finch. Animal Behaviour, 67(3): 403-410.

Nottebohm F, Nottebohm M E, Crane L. 1986. Developmental and
seasonal changes in canary song and their relation to changesin
the anatomy of song control nuclei. Behavioral and Neura
Biology, 46(3): 445-471.

Riters L V, Eens M, Pinxten R, et al. 2000. Seasona changes in
courtship song and the medial preoptic area in male European
Starlings (Sturnus vulgaris). Hormones and Behavior, 38(4):
250-261.

Searcy W A, Marler P. 1981. A test for responsiveness to song
structure and programming in female sparrows. Science,
213(4510): 926-928.

Smith G T, Brenowitz E A, Beecher M D, et a. 1997. Seasona
changes in testosterone, neural attributes of song control nuclei,
and song structure in wild songbirds. Journal of Neuroscience,
17(15): 6001-6010.

Smulders T V, Lisi M D, Tricomi E, et al. 2006. Failure to detect
seasonal changes in the song system nuclei of the Black-capped
Chickadee (Poecile Atricapillus). Journal of Neurobiology,
66(9): 9911001,

Tobias J A, Montgomerie R, Lyon B E. 2012. The evolution of
female ornaments and weaponry: Socia selection, sexua selection

and ecological competition. Philosophical Transactions of the

Royal Society B, 367: 2274-2293.

Tracy T T, Baker M C. 1999. Geographic variation in syllables of
House Finch songs. The Auk, 116(3): 666-676.

Tu H W, Severinghaus L L, 2004. Geographic variation of the highly
complex Hwamei Garrulax canorus songs. Zoologica Studies,
43(3): 629-640.

Vehrencamp S L, Yantachka J, Hal M L, et a. 2013. Trill
performance components vary with age, season, and motivation
in the Banded Wren. Behaviora Ecology and Sociobiology,
67(3): 409-419.

Wiley R H, Piper W H, Archawaranon M, et a. 1993. Singing in
relation to social dominance and testosterone in White-throated
Sparrows. Behaviour, 127(3/4): 175-190.

Xing X Y, Alstrém P, Yang X J. et a. 2013. Recent northward range
expansion promotes song evolution in a passerine bird, the
Light-vented Bulbul. Journal of Evolutiona Biology, 26(4):
867-877.

T3P, 2AEA7. 2005, UM X A KRGS 75 1 ot B 22 5. B
WHIT, 26(5): 453-459.

A, FALAT, TP 2004, FREEME I 2 AR PH P Sk A
g P A R, AL, 25(2): 122-126.

FALA, TP, EERA, 2. 1996a Sk B B NG 7 AT N I ETE AL
FAEAR, 42(3): 253-259.

FEAT, TOF, AL, % 1996b. FSkES U7 S RTEEE . B
2242, 42(4): 361-367.

HER, AR, R, % 2002 hE S 3EEE R H AR .
B4, 48(5): 599-610.

HER, EMW, FHEE. 2003 LRGBS AMEMZ . 301
413244, 28(1): 163-171.

XIRH, MRk, 2021, o E GRUWETFNE Kb WIBRRAROR T
Jgtt:.

X, TERP, e, %2010, B SRE. G ATERRE”
RV ZE T 2L,

ARk, THRZE, BULE, 5. 2013, FSKR9MAG X — by &
TLFH. 30972k, 48(1): 74.

B, SKMEZ. 2009, SN FERETT. A4 iR, 44(3): 11-13.

MR, BE R, 2008. KW NS NE £ 14 e JEnG nE G B AR
SR, 54(4): 630-639.

ek, 2007, hE SRR G HMAT. 3. JLET Bl HARAL.



