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Abstract

Seabirds face multiple threats and population declines, but they breed on remote
islands, are nocturnal, and choose burrows for nesting, so researchers and management
organizations need more information and monitoring. In order to solve this dilemma, this
study attempted to investigate the vocalizations of Streaked Shearwater (Calonectris
leucomelas) on Mienhua Islet by using autonomous recording units for passive acoustic
monitoring and a deep learning-based artificial intelligence recognition model. In this
study, six autonomus recording units were set up to record continuous audio data from
sunset to sunrise from February to November 2023, and the Go Go Owl Ranger, a
convolutional recurrent neural network-based automatic recognition tool, was used for
model training. The threshold score is 0.2362, and the precision and recall are both 0.9058,
which shows decent recognition performance even though there is a misclassification to
other species. Among 71,076 detections, the highest vocal activity rate was 5.19 times per
hour in MI3, and there was no significant difference between the monthly vocal activity
rate and the presence or absence of nests in the vicinity of the recorder, suggesting that
there may be potential breeding nests or immature bird activity. In addition, we found two
peak calling periods in March-May and August-September, which may be related to the
critical period between breeding and changes in the lunar cycle. This study aims to use
acoustic monitoring tools and artificial intelligence for acoustic monitoring to
continuously optimize the model for uncharted areas by unmanned vehicle exploration
and to promote the sound ID by individuals of the Streaked Shearwater and its

conservation value by using GPS loggers and autonomous recording units.

Key words: Streaked shearwater, Autonomous recording units, Autonomous detection

model, Breeding behavior, Passive acoustic monitoring
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Rlopde BF F Rl fppd fod EA GG RLET A E AP R R E b
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Joo I EL Aoy M PRELT ASAR AT HEF SR T (Venier
etal,2012)e ¥ #h g A B 7 U p RS AR PFRERS D3 FopF R
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e RIBESAR R § B A% o RRIIERAPHFE B SOl NPT F R ES Rt h
PR E SRR ALFEFFEYHE G, £ 2P & (Hutto & Stutzman,
2009) ¥ b p dekd KR Fleka Bk s BFERSL EAEPTRAT LR
Ten PEINEF AT FFRAXKTARAXY AL GEp b &y XV
FaMA A E 32 LR REFRTUN TR IEANTFRIMNTEL L
Hf Bard R 0 T R & e Aok A 15 i (Shonfield & Bayne, 2017) -
RERFGpEET EERNEGFLIAFFLFF I F s £ WAt kg B {op
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ORAT TR E et AR T T R
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REEHT AR ALDBREI U Y ELRALEFRARAFTERSE &
TR PR AR S EEA B S B2 AR 7 T ol 7 (Bretagnolle, 1996 )
B g AR 5 $pergeg (song) £27gr (call) Ap ¥ & “,% 7 7 % #4 (Diomedeidae )
theng fp KRBT 4 LA & e B (major calls) 220 & #Y - (minor calls)
(Bretagnolle, 1996 ) o i & v B8 # st fefdar %> ¢ Z w2 L P 8 7 8
vl ERE et BB et Be 2 4 a et B(food-begging calls )~ & 16 = B distress calls)
FotEp R e EREAIRAL T A IR R RREEAGR N Ay TR
fopF s ~RBE e T ARE Y DEPRN A S a B BRoZERF TR
i EE TR TN RN AR AT MG

P pdgrd AEAE R NBEFIVAINTARFALLFASMAE
] e Mcknown et al. (2016) &L+ FER & %% - WRIF 8 7 H a2 & Ep
Rt > ASP R eI PR ARG LE EANEKEY 14 S0 3 LA

By RE > MW RIEAGSWEE A S 28R kB (Pterodroma hasitata) % ek o 52
R

THELIP R 4 BAABRFRT TEREE NG > KA EHET TP
Tl A 2R g Ty F T e BEB LTV R AN o FY
Posg RS SRFOIERELIHFG F AT d o RPARR TR p f 8k
5 EEP 4 35 - B2 (Borkeretal., 2014 ; Oppeletal., 2014 ; Craggetal., 2015 ;

Orben et al., 2019 ; Linares et al., 2022 ) - Oppel et al. (2014) A+ & ETF F#H
p P

N

(Azores) e 9 5. X g8 (Calonectris diomedea) % 76 3 %83k p fo4k+ %R »
qR-TIaE s el b B AR YR AD S0 22 PR AT
£ 30 SUNEE AL AR TR RS Sl i o b LR o “ Sl & A Sk
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FHACIFET AL PR GFFE I L TROL I RF] > DIFEF P B
KEFATRE S EFTR S 2 E Ry 0 BREAB L PSS RG] kE

% (Calonectris leucomelas ) % >*#LA-§ 4R 78 » ide? (2010) Atf 7= ~ 7-35g

\4

Wit fe TR ROREDEY FRARFESE DFAS 0 B 0 R TR 2
SrE- hACREELEBAEE o pEL £A4F EG g T (0ka,2004) o frE 13
he g RE R Peas RRERE 0 RiEd T RY RIS s Rlchd
b EER E G R RR R e d A g b S SRR A B A4 TR RS
A FERAFARETIZAZETE L > UKD HERESH RIEEF R
A CREL BT BFAPYEHRS R LA ERNS 2 L ERSOPE TR (F 2
B0 2022) 0 FP o ARG ERER Y p PR KR FARBNEFT TR EEE
AoRFE L e B I A L ERRE 2 - BE A REL BRI B
fRxo kg e B ndf et (1) L p sy REKE X BEY KRS g
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FRM G R RETEF AR -
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SoRFEE AR S BEF RER (Calonectris sp.) (Clements etal., 20235 7 %
FRE 2023) AEFAND A GEOBA GRS ¥ T e s BT ARG
EF AT M L A (Yamamoto et al, 2008 ) o P a0 @ frdox EFH L p AR
(Mikura Island ) #71750000-3500000 & (Oka, 2004)° ~-k#& 4 5 S#8a ¥ 2
ok E LR ArE- AT ARBPADE LD FF oM ELENAEL Y Y
AR A Feis A G KL (FAFE 0 2015) - Sugawa et al. (2014) p &A% §
( Kamurijima Island ) } “%= 3 T A 2ok #5737 %R aEr L7 1 (site fidelity ) £
d14 3 &3 1 (natal philopatry ) o B™ p 2R R B R #F 6 iz & % 4% (IUCN Red
List) dp V31w FU B e e TG ( Felis catus ) fo#% 7B (Rattus norvegicus ) ¥3%
ST B & (IUCN,2018) » & & 2015 & #-H g & sjilm p & 113
/& (nearthreatened, NT ) ( Birdlife International, 2024 ) > @ % % & g = L 3 ZL4ks &
% 5 B R3T % (national near threatened, NNT ) # #& (k35 &% > 2016) - 8% ¥
EHNES N E G e RAEIEER g oW AT AP S WA
FEEE S FHB R ArpE AR > S & K 2§ 3w (Shirai et

al., 2013 ; Arimaetal.,2014) (Bl- ~ Bz )-

EIH R

fhicmpeot A P 2% (R0 25°29°6"N,122°6' 23" E) - dEd k5 A A
S YT E- BRAYL 122 F e d L LiEr ALA g dae . (g
WAL A 2 (M) 3R 192 & pid fdcE 50§40 E 3T
A SHOB LA F s B o AR 83 E AR FAPREI R e R
SR E SRR ARIIEFEHAERF e Lr T2 EE 4 p

FAEAPT N A REST IO RE S XA P TR A GRS SR
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Tefp Pl s p A RTHeERc RL g (RFF) WARS £E2 167 LR
BAfpFatf f §RTE P A B P EET ok E 30 I8
P R N U TR ES E A S S Y # X (Crossostephium
chinense Makino) % i o 4345 2023 st 2 A A A LA A D29 F 61 f45 3F (

34> 2023)

N
*F 3 % 7 Wildlife Acoustics Inc. = @ #:g 0 4 5 Song Meter SM4 &2 2

& SongMeterMini p # #4845 K ¥ c 2P AR R R E BRI E4EF -
FRFST DAY 250 pddks 58 2 i § chiedt (Buxton et al., 2013 ; Oppel
et al., 2014) > ¢ * d ESRI Inc. = & B4 e 1 F 20 % 24748 ArcGIS Pro (v
3.2.2) i T B AN fCen 75 2 © B FIRE 4 11 (bufferanalysis ) i
FEEE o EA B h e Rlan MIL~MI2 > A @lehMI3 ~ MI4 > & R]en MIS 22 & i

IMI6 (Rle ) H¢ MII-MI2 &3 R EFFFRED e o KESRREL

< (F B> 2023) PIREATT A RELRDRALR o SHALEXRT RS
BRI R B R AT 5 50 DA AT ET A4 TR0 2T Bedk

TR TSH2023 & 2 13 10 P EX P FEIP D B E T LR R
vt ('signal-to-noiseratio, SNR) % @_5 18 4 B » P~ % (samplerate) & 5 24000
Hz > $ 5 b 32:E8& p d 242453 %8 0 22 (build-in) & 5 b 7 12 wav #5565 40
Fod MFLTEI LG A AEP SFPTRBRET AN 45 - F

(#HTA gt

T~ p B FERES T
*F 7 * Go Go Owl Ranger ( https://github.com/Chendada-8474/gogo-owl-
ranger.git) 1T 5 $gP- <K § B3 hp B #E1 £ o Go Go Owl Ranger # %

python3.9.10 B2 > 01 ¥ 1w 4 5k (convolutional recurrent neural network,
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CRNN) 5 AAd#zE = > LEE ¥ 4 5 i (convolutional neural network, CNN) 3
z i % % (convolutional layer) £ 73" » = BE ARG €4 - B 2 x 1
B+ # (max pooling) > ¥ g skdc® > ¥ %% 50 % 7 dropout %
Jiv i R & (overfitting ) o & & = B X & I & rﬂﬁ? ¢ 4 m T it (flattened ) {4
AR A g g (recurrent neural network, RNN) 7 GRU 4 i& {77 =X 23
{63 6 >3 4% A (fully connected layer) fv sigmoid i G ficrd J& 187 B % FEiR] o o
WA WA RELRFES PR 4 GoGoOwlRanger - BiR

LR FRERAE D o E Y RS FRRL L -

LN

PAEES @ % Audacity § N iEHH (v342) + 142 % Go Go Owl
Ranger £ {73 R{S BT P HREF HRl - Sr B3 MEeFb 2 EF L
FAFP U TEBOHIENFT AT H- BEAFNF SR 5 - 7 8-Go
Go Owl Ranger ="'t i¢ * 7 Adam i £(Kingma & Ba, 2014 )> ¥ ¥ & (learning
rate) % % 0.0001 - Go Go Owl Ranger & * = = 2 % ¥ (binary cross-entropy ) i%
% 4F 4 S ¥ (loss function) o &3 REAZY 5 TP LVREFBRRE > T AHREN
AR T ] ESRAEL c R TRYA ZIRE 1200 £ 2 %R
272 & > 12 50 B3HEEH (epoch)~ 1 B £ (batchsize) #7315 -
EEVIRE > NP RHRFE TR SRR E 0 K E GoGoOwlRanger ¢
i (threshold) 5 0.1 -] FFE& (minduration) 1 /i 7R3EE 5 hp & 1o
Go Go Owl Ranger #-3 43 B~ 18 i& {7 {1 & > ¥ g & (fast Fourier transform, FFT)
AR i flkch 5 =848 (window size) 512 B~k 2k 0 peEE (hop size )
256 P~ 8L - 80 115 i #F ¥ (Mel frequency bin) o #-1 ;B 5% % & 4 — B %3 e
Fho R P e R R R s S A PR 2 7 4F 4 #( confidence score )
EFEMKFEE 0.1 FEFLEAR 1A 001 A8k - RFEF L AFBFR
BN LS~ & P-4k (stratified random sampling) 5 B4 > HF L @& *
Audacity § M IEHHE T A AP AERLE M RIE S AE L S REL v B (H

T )e
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%ﬁfth s AR P g o BB BT 2 B (true positive, TP ) ~ & B 4 (false

positive, FP ) ~ E [£ {4+ (true negative, TN ) % ix [£ 4 (false negative, FN ) &3 #ic &

E
B9 TP 4y 1 AR K o B FP 4B plent KA S o TN fp0

FEARRI 2R KRB K+ B0 FN R G a5 S iRl ehizh % AR G v B o 4350 38 05 5 A

2+ 8 7% 4B (confusion matrix ) {8 ™2 R # 3% (R Core Team, 2022 ) = PRROC %

2 (Grauetal,,2015) 3+ & Z 3030 % e 13 4 » 8B &7 af £ 5 (precision )

grz % (recall)r & & 238 4o

iR
R
precision = rp——p
TP
reCAt = TP I FN

bt #Fq {2+ 8 Fl 4 #k (Goutte & Gaussier, 2005 ) % & H-A| 325 (% ¥ a‘;]
oo FI 4 3 AERES 92 2 0 F it o S 0 2 4T

2 X precision X recall

precision + recall

F1l=

A ARB R Fl Adcs b i s A4 M B K i A BB

B iafFaifica % T4 37 o

I~ RPEAH
(1) % %= % (vocal activity rate, VAR )

AR M F R SRR REE O AR FRES S L H R
BEINOFET PRI SRPFRFERINFL P OT NEASH - Bomd T £
P& 7 (Pérez-Granados etal., 2019 )o A7 5 3 B b 5 T &% 5 & | e e = fico
(2) B & &R & #7) (general linear mixed model, GLMM )

A7 5 Go Go Owl Ranger ###enF4lis R 422 £ F R & * Imed
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THieo A I RFEL % 445 L4 FEE AR s s W G 382 & 63 F o4
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(Actitis hypoleucos ) % 2 s A =X £ 5. B s 4 4£(639% ) 112 Aw#ihea 3 £(4.8
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fI* R 2 PRROC it f7ernm 4781 > § K EF E 5 02362 pF > F1 ~ 8~ #

FESfer w F 385 09058 > BA R G T A E s i b E (- ).

S~ AREE REEEE
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