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Abstract

Urban forests are key habitats for maintaining urban biodiversity, and the vocal dynamics of their avian communities are influ-
enced by both seasonal variation and urbanization disturbances. However, the cross-seasonal relationships between the acous-
tic characteristics of avian communities, urban forest phenology, and surrounding environments remain poorly understood.
To address this, passive acoustic monitoring technology was employed to collect continuous data over a 10-month period in
four typical urban forests in Shenzhen. By calculating the Acoustic Complexity Index (ACI) and the Normalized Difference
Soundscape Index (NDSI) to quantify avian sound diversity, this study investigated dynamic changes in this diversity across

seasons and dietary guilds, while assessing the influence of multi-scale environmental factors, including urban forest vegetation
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phenology and surrounding urbanization intensity. The results reveal significant seasonal variation and dietary differences in
avian soundscapes within the urban forest. Omnivorous birds exhibited significant seasonal variation, with their ACI peaking in
summer; insectivorous birds maintained high levels of vocal complexity throughout the year, whereas the acoustic contribution
of carnivorous birds remained consistently low. Peak timing of the NDSI differed among dietary guilds: omnivorous and insec-
tivorous birds dominated the soundscape in the spring, whereas carnivore-insectivore birds exhibited an inverse pattern, with
peak acoustic activity occurring in the summer. Interaction effects confirmed that the influence of season on avian sound diver-
sity varied by dietary guild. Analysis using Generalized Linear Mixed Models (GLMMs) further clarified the environmental
drivers. Specifically, night light intensity (average radiance) significantly increased the ACI, while the flowering index (bloom)
significantly reduced the ACI. Meanwhile, the Normalized Difference Vegetation Index (NDVI) showed a marginally significant
negative trend on the NDSI. Furthermore, seasonal effects were evident: summer significantly increased the ACI, whereas win-
ter significantly decreased the NDSI. Dietary effects indicated that avian diets differed markedly in their acoustic contributions:
compared with insectivorous birds, the ACI of carnivorous and carnivore-insectivore birds was significantly lower, whereas car-
nivorous and nectarivorous birds exhibited highly significant positive contributions to the NDSI. The results provide a scientific
basis for the ecological management of avian sounds in urban forests, emphasizing that maintaining and restoring functional
food webs and optimizing the internal structure of urban forests are central to future urban biodiversity conservation planning.
Keywords

urban forest; passive acoustic monitoring; avian sound diversity; dietary guild; seasonal variation
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E e for AR it R 5 (p<005),
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Tab.5 Forest plot of model-averaged standardized estimates from GLMM predicting ACI
E6 EFHREFIHINDSI XEMRAERE (GLMM) tRAM R EFFME
Tab. 6 Forest plot of model-averaged standardized estimates from GLMM predicting NDSI
TR); MER-ERME. BN, XFRFFLIEENT 0% LM,
MEIER. RRBEEZEFNVIY AT 2P AEES, SHD
MNVESVEEES, BHBEEXEHEHL (REDR), KAY
AERREIN N E BRI T 2R E L.
ETACCOENFRIY G RIERLER TR (R6), RIEES

TRESNSEWHRFERR. BMAE FAEEMEEENEEN
NDS I EREE, WRERM, BSR4 (Esimate = 0441, p<0001)
Fee i (Esimae = 0371, p<0001) E3NDSI EHH BZHIEEE
e RS RIHBEMIEEZY (Estimaie= 0103, p<005).

40 | @4

6 ETHEITHHNDSII UK HREEE (GLMM) £R

Tab. 6 Summary of model-averaged coefficients from GLMM predicting

NDSI
BRELTE fHiHE AR 95% BEXE z{E pE
Predictor Estimate SE 95% Cl z-value p-value

HE -0465 0.077 [-0.616,-0.314] 6.04 < 0.001
fatk (Ref: i) — — — — —
Btk 0.441 0058 [0.327,0.555] 7.59 < 0.001
foR i 0.371  0.057 [0.260,0.483] 6.52 < 0.001
ek 0.103  0.042 [0.020,0.185] 243 0.015
- ghk 0.042 0051 [-0.059,0.142] 0.82 0.415
Z1 (Ref. HZ) — — — — —
HZE 0.084  0.075 [-0.063,0.230] 1.12 0.263
&S -0.100  0.075 [-0.246,0.046] 1.34 0.180
RZR -0.371  0.075 [-0.518,-0.224] 4.95 < 0.001
I A 1 — — — — —
NDVI {& -0.057 0.036 [-0.128,0.013] 159 0.112*
S kESTSREE -0.020 0.031  [-0.081,0.041] 0.63 0.530

E M AT A TR R F 0 (p<005),
AP AN R F fi4a% (p<0.001),
BAYh, EZAGDEAY,

CRTEEEARERELA
AR UFH TR ZLEY

FEHRE F, ZEWNDSIEBBZHAE N (Estimate = -0.371,
p<0001), HAZEERHMMSEES. HERFAHE, REFH

£ Gow, NOVIXTNDSI Rt msnaa st (Esimate=-0057 ), {BES
RS IMZ N AR B BZ/KF (p=0112, 95%C%-0128 ~ 0013).
41 8938 X NDSI S =4 B2 & (Estimate = -0.020, p>0.05),
FREWINAERARMNE (E6) B, SAMARIEMEEETNDS
FIIEEBI R AR (AT 0L aMEIRME), RIMEREEXINDS R
HIEERY ; TAEZENDS AER A RE (A0 ZM). 4
REPREFINVIF R S Ry NE 04, H 5% BEXEFs#L04.

3itig
31 FPERM SR E SRR

WRGEREN, HWHHAPACTINDSI KT BENST TSR
MER, BRENNESISEAFITLEY. BHhs EER
NDSHE % EE@E#%% RETEDFNESMA ; MEZNZACHER
IEEH. X52KERENZHESXEEACIEREESNERNE
TP ﬁlﬁiz—éié'ﬁ%bfa'a@&/u%lzijm%u%é*ﬁ'IEE{{EBEﬂTE’\J\ Ei
i IR IR RERSR .



AR SEISENENHS SRR | BRJE £ EM/2026F /%435 /5035

W RMNES P ERBEEDDEAE
S%, HEFXFHNBEHEERERE
WERPHNRHPHNALY, SBVRE
FHBREREK, HBDIROMIENLRE
BEBEM, JHeEEX RBRPHNEEHERL
BHHETIEY. X—XBPAETHEX
MEEMESR, FFRANKBBES
NDSMETHE, #BRMESEMBRMESEN
NDSI FELL A RIF EIEME. BE/RHEREZ, fE
ERELABNFE L ERESHFEIER,
BRIEFEHEEH EBTESR, REAR
RANCHEAEFTARIEE. FEih, 52X
EMNEENEHERESNEEREE, &
SBARBENRPRBREAR EEMNBRTN
HIERARIERY

EYERFNRBERT, TRRMES
KEENEFHNEX ST ENEE DR,
SRR Y B BE D MR R T AV A 7S RS
=5, ARUESKNMESIANEZHIE
R, BEMEAES ST XERHRAKIL,
HEASENRIETEN, %A NEE
FRUN SR, iS58 ARG
Fal, TSTEFEIMNER. RAMS
RKNFAHEFLFSURENFIL &
—MEARL. SRYZFREHON. X
HifE, RENS2EBRGHNMUEEA
MES, ERHBARHEETENIECEN
W(LHRERESE) MG EEEIERN
TEHEY. BT, BR-REREANDS
MIEEHIETEE, SMERRIERRR
MERAEEFETSENRRN, RTE%E
FHAPEFA SN ER). SEETE
ISIERHAMAELAEIE T IANN, HAXKEF
B B E IS A S (8] LB S A
W, MNMESEE RFEFINEPITEFR
TRAEY, MEEEMERE S XETR

REFRAFSRTE HIE5ERYN
EHHIRFEIER. REMEESREHNZIRTH
T RPN E A, TRmE
SERFASEFRIALMRE S —ME AR
. RFEROH R, JHREE SRS E
RBEERS FULRAMSENFELELE
ISR RIS,

AN AMARZIAFDERIEZEFHE
TEREIER, RERIAZRMEEEN
FEHONERABSRNFLSEENTL. 2B
MORNEESESEHE. BHEELEEH
YRR ; MEERENE, RRMEE%
FHARFIEFRAZTENR), HACEIRZ
BRBAESKFXE. KO 2K
SH. BYEMBNEXREESK, hE E
FERETERYRERFEENNH. X
FESREMACHER IR N2 IR R, E
FHXREFNEHERNRBEEERS S
FBRES. A, XIFERANUESEHIE
R MERIE T REIhRERAER IR
MEFTE EHRBER.

3.2 H AR IR T3 B RS A SRR
=10
FHRFBYWHEAENER, FEEH
FIR B R LA T AR B2 I8 = S
FEPEROSREDALHL. TREREH, R
ERRE SR AN TIMBRI
E7, MEBXESNEYMFRHMSEZRE
INERTHEERIER.
EYNEHERERBFE LI BRI
OB, EUHRUTH, EEFFE
AEEHAENEET SRR T BXEH
HASIEfT AR S, mEZENDSEME
RN RALZEYFNREESEM
TERFEFRTLHIETISMA. RIERR

FHE, SERMSXMAL, BRAMESEAC
SRR, ENDSHEFD, MFESESA
BEMSML, BEMEXBEREERZTN
eng, SEk 7T SACE ; MERMSRAS
BFAEAEHAE. BREHERS. FiEI%8,
FUENDSHER &, NEIRMEEERE SRR
FINELFERANF. Eit, #FSHNe
MR R REH AR ST M AE
YR EA,

Bboh, BT8R E BEAR F 7 ACHE,
BNDSMEL BZE T, X—FEERBT
THMARMEZREN RN, &
XTI ACI Y IE R T sE R R A RIFS
BRFEKISIERTE, HEFBRFOES
KXBENR. MERHEARHISW, A
N T SR BRI, (BREXTL
FARKZENDSE, XIFEMHHRMPI L 18
TRBER BT ek, RERILW
MEPUEIN TR BINESE £/, B
AT BB B 3 TR
REMANER, FEIXBERAGETSER
MRS, Ei, REBMGFE RN
DA TR (AR 2 AT E.

KIFRIELI, FHIEHREZNEDY
RSN E BEIRX. FERTENEPT
RSB ERITHRAMNETE. RETEEE
RERR, MXMITARBNETE TR
E LR RAERNEZM. 1IN NV
NDSIR L A EniEss. E MRS
BREAFIRE, NOVERIENEREXZDN
WEMHSERES, MoK ELZH
8 2B AR LU SRR ER
SEEHGEFRY. Hit, ENVERES
Pt H, RESXFETRRE, Bk
Mzt 2INSHESRMENED, S
B SR TR

\y

Landscape Architecture Academic Journal | 41



LTl EYEEESES | BIODIVERSITY AND SOUNDSCAPE

33 EMRIESRE

AR R SRS RN SA)
FHE—ENRRY, FEEINERNZIHER
BEENRTEMNIRE L. 5%, XMRTh
MELA, EEAA MR RIRARY RIS
BAEHADE, BRENEESERRALAHED
=W, BIEAGERIBIEITMNAESIEETE
BERHAKNOMENSFERER, X
—EREE LRSI TERRTIZIME ; B
AN 2 X & NSRS e PR
BRI RE LG, FERTR TISE
WY ERE A RERLTE. X, BIER
TFHIRGANBE LR, £THHHR
MESRGHNECEEHREARSNREN
BRI R R BB EEHNE
RN, B A R HIR A S FHER
REEFEAEN. R AHRELE
EEFRFHERPNSAPFRNVEIE §
BORANT FTRE R I S T ERN . A
i, EEHTRMEIK BRI R
U A B e R B E LU — R SR
AN BEMERWAIRRN. &E, HAMARE
FHIRAIR L EhEE THH S EMNERED
e BIE, HHHRMABNERBREKE.
ARFRENRARESER. FHFHRAER
MRBSEENS, HURRHMEXFEFIT
ANBERE, Fit, ZRAmBEONER
Fr=ia

ET U, KRRMAREDTHEKH
Fr. RREMBXEFEZENWE, EaX
EREET B -BR-5X BENY
BB M. BN, METAAAERES
EMAFFEHETHER, BIDRNBATAE
REERNFESTA, HEaSHE
NERHEBEIEEAUELABTHLRE,
RS EM T 2R ER RS

42 | %

ERENRRERSG, BEEFEHHS
REEEFE N RIS S SRR

O,

44iE

RN RBEREH DAARIXE, F
FR#EEFENEAR, RGEER MmNk
BRIEFEZHMENTPEIS KN ZRER
BRTHWEE. PRI, SXEEL
BRI B2 0T DR S RIS
L. AEEEFARIFHIEE TEHRR
MERRMESXNSHREFRE), KRT
ST 2R S SUEH IR ERRE ; NDS
BEER. EFRE, £FTE RUFEE
PEEEFRHMIIRRETS. TRRM
KBAETERUNFAESS, HPRR
MERBMESRER TFRNSEREER
EM, MRRESREMESXERIFRS
PMAEYFELEABREERER. HYER
EARFERTESREELZHFMENER, HIR
K, WHHRMARBERLEN SR EL
W R E BRI E R EREE. MR
FT, RESTARZRITANE KRBT
IR AT SR BB IR T AR THLAL
Rz ; BEARBZZENDS, BRI T ARMBE
RAEBEAGREA TINBIRIIR FRINIR
B, WM BRI RN AR 2T
MEFNEES, BT XBEEEEN S0
EYEENYIERRIER, URFBRELH
BATAREEHVE .

S, AR T B R LR
ENMENRAAR NBE SRR B EERE
YIESRAEL TN E. ERRSA
MR, AR RMBERAIA AR 8L
EH BN SKER B MR RN
YER. AREHEMALS, £FAER

MEENEFTMER, BIHHEEER
UMEZEEYESE, BUERERR. XK
REYE, DHEZRMEERFDENE
BELRE, FRAIOTLTESNER, N
SEETEDEBRAVET, BIEMM AR,
ESTERHXE, B HRMAERESR
CEMARAIINERR A THE, AT SRIUA A
MRS NBRINERENERT
RE, KHFER TR PAEZE
T TIHAERMESRIEFESNE A
KETER TR AR, AT AMERS
TIEARKREERU S KPS REE T
Eih, AR TIERGEY AHAE. BE%
BEE. ERHEFS EHE—DRA, UE
Tl BESMIETHHESRETEYS
4.

i . 1T 2% Bk R-F Google Earth Pro, #4
B £ lEA L5,

SER

[ ALVEY AA. Promoting and Preserving Biodiversity in
the Urban Forest[J]. Urban Forestry & Urban Greening,
2006, 5@): 195-201.

[2] EVANSKL,CHAMBERLAINDE,HATCHWELL
B J, et al. What Makes an Urban Bird?[J]. Global
Change Biology, 2011, 17(1): 32-44.

[3] HAOZZ ZHANGCY,LIL,etal. Can Urban Forests
Provide Acoustic Refuges for Birds? Investigating the
Influence of Vegetation Structure and Anthropogenic
Noise on Bird Sound Diversity[J]. Journal of Forestry
Research, 2024, 35(1): 33.

] HAOZZ ZHANG CY, LI L, et al. Anthropogenic
Noise and Habitat Structure Shaping Dominant
Frequency of Bird Sounds Along Urban Gradients[J].
iScience, 2024, 27(2): 109056.

[B] DEONIZIAK K, OSIEJUK T S. Habitat-related
Differences in Song Structure and Complexity in a
Songbird with a Large Repertoire[J]. BMC Ecology,
2019, 19(1): 40.

[6] PIERETTI N, FARINA A. Application of a Recently
Introduced Index for Acoustic Complexity to an Avian
Soundscape with Traffic Noise[J]. The Journal of the



AR SEISENENHS SRR | BRJE £ EM/2026F /%435 /5035

@

Bl

[1q

[

12

13

[14]

(9]

[16]

[+

[13]

19

Acoustical Society of America, 2013, 134(1): 891-900.
KULAGA K, BUDKA M. Bird Species Detection by
an Observer and an Autonomous Sound Recorder in
Two Different Environments: Forest and Farmland[J].
PL0S One, 2019, 14(2): 0211970.

ALLEN-ANKINS S, MCKNIGHT D T, NORDBERG
E J, etal. Effectiveness of Acoustic Indices as Indicators
of Vertebrate Biodiversity[J]. Ecological Indicators,
2023, 147: 109937.

BIAN Q, WANG C, CHENG H, et al. Exploring the
Application of Acoustic Indices in the Assessment of
Bird Diversity in Urban Forests[J]. Biodiversity Science,
2023, 31(1): 22080.

BRADFER-LAWRENCE T, BUNNEFELD N,
GARDNER N, et al. Rapid Assessment of Avian
Species Richness and Abundance Using Acoustic
Indices[J]. Ecological Indicators, 2020, 115: 106400.
KASTEN E P, GAGE S H, FOX J, et al. The Remote
Environmental Assessment Laboratory’s Acoustic
Library: An Archive for Studying Soundscape
Ecology[J]. Ecological Informatics, 2012, 12: 50-67.
MUNRO J, WILLIAMSON I, FULLER S. Traffic
Noise Impacts on Urban Forest Soundscapes in South-
eastern Australia[J]. Austral Ecology, 2018, 43(2): 180-
190.

BIAN Q, WANG C, SUN Z K, et al. Research on
Spatiotemporal Variation Characteristics of Soundscapes
in a Newly Established Suburban Forest Park[J]. Urban
Forestry & Urban Greening, 2022, 78: 127766.
WINIARSKA D, SZYMANSKI P, OSIEJUK T
S. Detection Ranges of Forest Bird Vocalisations:
Guidelines for Passive Acoustic Monitoring[J]. Scientific
Reports, 2024, 14: 894.

HAOZZ,ZHANH S, ZHANG C Y, et al. Assessing
the Effect of Human Activities on Biophony in
Urban Forests Using an Automated Acoustic Scene
Classification Model[J]. Ecological Indicators, 2022,
144:109437.

GAGE S H, AXEL A C. Visualization of Temporal
Change in Soundscape Power of a Michigan Lake
Habitat over a 4-year Period[J]. Ecological Informatics,
2014, 21: 100-109.

PIERETTI N, FARINA A, MORRI D. A New
Methodology to Infer the Singing Activity of an Avian
Community: The Acoustic Complexity Index (ACI)[J].
Ecological Indicators, 2011, 11(3): 868-873.
FEMAFTBHDEREER A TEHEDE-F
— KB AR M]. A A R, 2004,

GRAY M A, BALDAUF S L, MAYHEW P J, et al.
The Response of Avian Feeding Guilds to Tropical
Forest Disturbance[J]. Conservation Biology, 2007,

(20]

(2

(22

(23]

(24

(23]

(26]

(27]

28]

21(1): 133-141.

LOPES L E, FERNANDES A M, MEDEIROS M C
1, etal. A Classification Scheme for Avian Diet Types[J].
Journal of Field Ornithology, 2016, 87(3): 309-322.

HAO P P, RAO X D, LIANG W, et al. Temporal
Patterns and Environmental Drivers of the Red
Junglefowl Vocalization[J]. BMC Ecology and
Evolution, 2025, 25(1): 54.

ZHOU Y Y. Understanding Urban Plant Phenology for
Sustainable Cities and Planet[J]. Nature Climate Change,
2022, 12(4): 302-304.

DI CECCO G J, BELITZ M W, COOPER R J, et
al. Phenology in Adult and Larval Lepidoptera from
Structured and Unstructured Surveys Across Eastern
North America[J]. Frontiers of Biogeography, 2023,
15(1): e56346.

LEWIS RN, WILLIAMS L J, GILMAN R T. The
Uses and Implications of Avian Vocalizations for
Conservation Planning[J]. Conservation Biology, 2021,
35(1): 50-63.

BRUMM H. Signalling Through Acoustic Windows:
Nightingales Avoid Interspecific Competition by
Short-term Adjustment of Song Timing[J]. Journal of
Comparative Physiology A, 2006, 192(12): 1279-1285.
SCHMID B, NOTTEBROCK H, ESLER K J, et al.
Responses of Nectar-feeding Birds to Floral Resources
at Multiple Spatial Scales[J]. Ecography, 2016, 39(7):
619-629.

MARIN GOMEZ O H. Artificial Light at Night Drives
Earlier Singing in a Neotropical Bird[J]. Animals, 2022,
12(8): 1015.

PADGHAM M. Reverberation and Frequency
Attenuation in Forests—Implications for Acoustic
Communication in Animals[J]. The Journal of the
Acoustical Society of America, 2004, 115(1): 402-410.

Landscape Architecture Academic Journal | 43



