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Bird diversity research using audio record files and the spectrogram

segmentation method
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1 Ocean College, Zhejiang University, Hangzhou 310058, China
2 Center for Global Change and Earth Observations, East Lansing, MI 48823, USA

Abstract: Soundscape ecology is an emerging area in landscape ecology. Soundscape characteristics can provide information
that complements landscape characteristics. The study of soundscapes is based on an understanding of how sound from
various biological, geophysical, and anthropogenic sources can be used to understand coupled natural-human dynamics
across different spatial and temporal scales. The audio characteristics emitted from an ecosystem provide unique insights into
the spatial and temporal patterns of ecosystem responses to human disturbances. The biological composition and the audio
characteristics of different parts of the ecological environment, such as wetland, forest, and city parks. Furthermore, the
soundscape changes throughout the day and throughout the seasons. Acoustic signal diversity, which refers to the patterns of
frequency and temporal use of the acoustic spectrum, reflects biocomplexity and human activities. Previous research divided
the soundscape into three primary components within the acoustic frequency spectrum, defined as biophony, anthrophony,
and geophony. Biophony is the part of soundscape that consists of the sounds produced by all the organisms in a particular

landscape. The biophony composition can be used to indicate community biodiversity. Several sound (or soundscape )
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diversity indicators have been developed. In this study, we introduced an object-oriented classification approach for
analyzing sound diversity using bird communities as a case study. The bird sound characteristics were used to extract a patch
index that included the number of patches, the frequency range and standard deviation, and the area-to-perimeter ratio.
This approach was able to distinguish between the soundscape scenarios recorded at different locations in Hangzhou
Botanical Garden, China.The results showed that bird diversity was closely related to the particular features of different
landscapes. The central frequency for birds ranged between 2.5 and 4.5kHz;the lowest frequency was between 0.67 and 2.
1kHz, and the highest frequency between 7.6 and 8.9kHz.The stronger the human interference, the shorter the bird songs
and calls. In addition, bird sound characteristics quantitatively reflected the complexity of the bird songs and calls using the

patch area-to-perimeter ratio parameter..

Key Words: soundscape ecology; audio record files; Fourier transform; spectrogram; bird diversity
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Fig.1 The waveform and spectrogram of an acoustic signal
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Fig.8 The figure of brid community structure using spectrogram segmentation method
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enter Minimum Maxi mum Bird calls Center Minimum Maxi mum Bird calls
frequency . .
frequency frequency duration frequency frequency frequency duration
SN1 7635 6983 8287 0.34 7569 7012 8127 0.32
SN2 3422 + 212 2335+ 55 4472 + 142 0.94 +0.03 3347 + 908 2269 + 103 4228 + 411 0.97 +0.11
SN3 692 + 12 556 + 14 827 +27 1.05 £ 0.05 679 £ 11 561 + 11 833 +34 1.06 + 0.07
SN4 2608 + 29 1444 + 51 3782 + 36 1.43 £ 0.02 2513 + 64 1546 + 33 3699 + 142 1.41 £ 0.04
SNS 6092 5281 6903 0.68 6199 5487 6911 0.66
SN6 2152+ 77 1382 + 47 2922 + 41 1.02 £ 0.01 2044 + 73 1364 + 86 2724 + 33 1.03 +0.02
SN7 2971 =53 1989 + 33 3953 + 28 1.36 £ 0.01 2996 + 41 2024 + 13 3968 + 57 1.37 £ 0.02
SN8 6640 = 173 5821 + 63 7460 + 233 0.44 +0.03 6895 + 224 6123 + 74 7667 + 286 0.45 +0.07
SN9 6979 = 199 4522 + 413 9436 + 364 0.28£0.005 7184+ 111 5433 £ 214 8935 + 161 0.26 + 0.005
SN10 — — — — 4352 4265 4439 0.31
F2 6 MRS EMBIHRE RIRBF ST R
Table 2 Patch properties for example soundscape clips at different sites
N A R e {F A %R /K HL = %/ kH R TR A K FHIT R/
S fir BB LB K Hy Hiﬁ&.%. #/kHz Hir—,ljf). H/kHz  SFHHERFE K L -1 Tﬁ/q
R . . Minimum Maxi mum Mean area- Mean bird
Sites Population size Center frequency . . .
frequency frequency perimeter ratio calls duration
A 27 3.6 1.3 7.6 3.82 0.48
B 23 2.9 1.2 8.7 3.64 0.56
C 22 2.5 2.1 7.6 4.47 0.43
D 31 4.5 0.69 8.7 4.46 0.44
E 38 3.9 0.67 8.9 3.33 0.52
F 35 4.1 0.69 8.8 3.51 0.57
3 SR

W BTk GBI BN AT BOR B TR i, 75 22 T BOSON TSNS AR S R e, AR
WA i S ) — PR IR T BE, AT S M2 P I SRS B N TEAS B, T E R A S R A 24
PERFIEAA: D036 SR 55, B r 5 SCPF AT TS O S BN 2, AR SCHR HE A 8 T35 SO S A R i B
R SR S R W 2R o M T 1 G 1 1 X R B B BOR S AR 18 205 R 4R Tl A T B AR
G W) ZAE IR D01 2 5 S R A S SRS RO U R BXE SR e 3 A D712 | 5 2 ML Y < 300 40 1 3k AT 0
HIRIR A SRR 1207 AP R R H XA SRS B LS 2 7 IR B TR i — Stk Br ik ah &
TG BT 5 AL BT BOMSEHE A B 7 PR BEEOR 32 1 105 B2 RCE N -E 5 ZhE, R AR SO s R
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Fig.9 The 3D spectrograms of example soundscape clips at different sites

PEEE AT 25 AR T R BIBIFSE RS, B AR SOOI 50808 285 SR 0t — 25 48 s A AR 0 el 7 2 1 2 s g v
WA T AR TR 2.5—4.5kHz Z 8], AR/ A 1E 0.67—2.1kHz 22 [, & i S8 /3 A 1F 7.6—8.9kHz Z JA]
HRAE W I 55 3 BT a5 5, FL S SR i 8 H 7 38 Bty

PRI S 25 AR R H S 2R a3 A ELEE R | 2R M R S R UIAR G, S PR
AIBEEREL H 26 W1 1% 28 8 22 HAR T IR X380 B A5, I AR U 26 700 S bRt | LS A 2835 ol () X e, B 1
FURK LA S50, SO &A= W 75 (4 5 B2 B, TR L)y LR BUCBE B (4 F IR B 4 2% , A s f
U R W SR R AR U A T 4 T AR L E A S 2 P T R ST, BRI A K S ik
(R RAN ] S 2m 75 [ S, SRR B ST T8 R, A= s 1 K 0 5 T A 1 S0 28 R N B B A 7
—ERFR, NG TR XK, 22876 s D, n s it 5 0, HC T B R PR 2 1 8 B o 2% IX Sl s B AR
FA &

AR SCHE S T B AR R S M R AE R o B4R IS S 2 2R e i, B R B M Ak
B A GG USRS 2GR T o AT 9 A S AR BEAR e | L rh B8 AT A AR B SR FH 11 2 25 AL 3 B
FACFRE A A B AR R A R g A A h S A 4l SRR AN T ) X SR Y TG 2R RS o i
BB NS 5 1 R 2, g BT Rl A ROBE (18258 , R AF BB HE B A% IR R ) 25 AR 22 20 56 Mk i TR R
HAG T REXT 285 ST R, R, SRR AR Al S ] - AR AR IR BE RS B, A 2 S AR b, R4S
FUHEECE | oo BEHAY 75 BB ] B BESR A0 52 2 A8 B8 45 W LATE 4 10 A9 43 B AR 0 WU 75 (R 25 G R AR, R
FIFH P 2= T B ST F AR RS DRV AR AE AL T —FP a9 i
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