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Acoustic surveys for Japanese Murrelet
Synthliboramphus wumizusume at Birojima,
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INTRODUCTION XU ®Iic

Japanese Murrelets Synthliboramphus wumizusume (hereafter, “JAMU”) are classified as vulnerable by the
IUCN and Ministry of the Environmental Red List of Threatened species because of their small population size and
declines due to gill nets, predation by non-native and native predators (Ono 2014; Otsuki et al. 2017; BirdLife
International 2018), as well as heavy historical colony harvesting by human beings (Otsuki 2013) Their population size
is difficult to ascertain due to their nocturnal, burrow-nesting lifestyle.

The purpose of this study was to characterize the vocal behavior and to understand the phenology of JAMU
breeding on Birojima in Miyazaki Japan, the largest known breeding colony of this species (Fig. 1). Understanding their
calling behavior may provide important information for efforts to understand their phenology. Recordings also helped to
determine the presence of predators in the colonies. In this report, we compare data from 2020 with those collected in
2019, and described trends of voice activities of JAMU. Based on these results we also attempted to find the best time
for carrying out spotlight surveys which we carry out at sea, in order to assess the population of JAMU on Birojima.

#1 v LY 7 AR R Synthliboramphus wumizusume (AR JAMU)E, AR & 2 BESH) 70 280t < D YP-CAUS D K&
ORI A. X LiE, JELAEE kA OHRE IC X 2HiiRD 72 (Ono 2014; Otsuki et al. 2017; BirdLife
International 2018)E{A%23 V72 < . % D7z® [UCN ®EHA DL v F Y & b ¢l vulnerable(fEss)ic s T 5,
ARRIEITHECTH Y. HORROBIC T b 2HEEMNZ & 2720, KO OMFBETZET 5 2 L IIES Tldk v,

oD HIIE, JAMU OfKO% iz v =— & L THI LTV 3 EIREOHMEE C O AMEO &1 TH) % Rt
Tzl Thor (M), HoOEHEH LIRSS L1k, AEOEYRESA(T =/ vy 2R+ LTh

D, Fl. fEERIE. 2 n = —NOMAEEOFEE LT 5 DI L o7, ZOWMEFTIE. f72b it 20194FL
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Figure 1. Islands of western Japan indicating the location of Birojima off the east coast of Kyushu.
Inset: location of Birojima

METHODS 75k

We deployed two songmeters (wildlife acoustics, SM4) during the 2020 breeding season (Fig. 2). Each
songmeter recorded for 15 minutes per hour, from sunset to sunrise. Olivia Vasquez of Conservation Metric (CMI)
analyzed the recordings from 2020. All events flagged by the Deep Neural Network (DNN) classification model
(threshold = 0.99) were manually reviewed to remove false positives (misidentified sounds). Deep Neural Networks
(DNN ) are a powerful classification tool used in many fields to perform speech recognition, image recognition, and
computer vision tasks (Cichy, Khosla, Pantazis, & Torralba, 2016; Deng, Hinton, & Kingsbury, 2013; Fleishman,
(2019); Min, Lee, & Yoon, 2016; Schmidhuber, 2015).

2020 FEOEHEW, Fh7=b 32 B D Y v 7" A — % —(wildlife acoustics SM4) % 3%E L 72(X 2), #NFNDY v 7 A —
Z—i%, H&2»oHOHE T 1 R#b 20 15 5508k L 7z, Conservation Metric (CMI) @ Olivia Vasquez 7% 2020
DT — X DFHT %17 > 72 Deep Neural Network (DNN) 73#HE 74 (L ¥ Wfii=099) IcX->T7 7 7 HChi
72T RTCDOA XY P EFHCHEAL, BEtE GEEY) OE%fTo/k. 74 —7=2—FA4%v +F7—2 (DNN)
3, EAERR, BGENE. 3 v a2 Y a YRRV 2 RITT 572010 OB I B A Y — v
T# % (Cichy, Khosla, Pantazis and Torralba. 2016; Deng, Hinton, and Kingsbury. 2013; Fleishman. 2019; Min, Lee, &
Yoon. 2016; Schmidhuber. 2015),
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Figure 2. Survey locations during the 2020 breeding survey on Birojima.

The analysis approach splits field recordings into 2-second clips and extracts measurements of 10 spectro-
temporal features typically found in animal sounds. A DNN classification model is then trained for each species of
interest using training and cross-validation datasets containing examples of positive sounds (vocalizations from target
species) and a representative example of “negative” sound clips (i.e., sound clips from the soundscape at all survey sites
that do not contain the species of interest). The DNN learns which combination of spectro-temporal features best
differentiates target sounds from other sounds in the environment. The trained DNN can then be applied to new acoustic
data from survey sites, returning a probability that a given 2-second window of field recordings contains a sound
produced by the target species (Fig. 3). A multi-class DNN model,

“Japanese Islands Multi 22May19 V06 _DNNmodel.mat” was used for detection of Japanese Murrelet.

ST Tu—F ik, B coiEE 2007 )y FicaEIL, BYoFicEE R o0 10 DR F VIR
OHEMEIHT 2, Ko, DNNAHETVIE, RV T4 790 v Foffl (=7 MVELLDHF) & (24T 4
71T Yy TORKRWLF (0F ), NREEZEERVETOFEY A POF Y Y FRT =T o037 v F
7V v 7) BAEL ML= v B XUCHARGET — %€y P AL T, HRoBILICL—=v &%, DNN
ld. A7 P RHEBERED E OB A bE S, BENOMOE,» L X —7y P EERD L AXMT202¥E T 5, b
L—=v 7 &7 DNN IZ, FEY A4 + 25 0 L WEET — XIGEH S ., BMNRE ORED 2 MDY 4 v Foic
WHRIEIC X o TERINAEPEIN T 2HEEEZRELTL 2 (M3), JAMU o#iiicit, w152 7 2 DNN €7
) [Japanese Islands Multi 22May19 V06 DNNmodelmat] #f#iF L 7z,
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Figure 3. Spectrograms of Japanese Murrelet calls recorded on Birojima.

The automatic sound detection program does not have a very diverse dataset from which to build the
detector, so if calls are very weak (quiet) or there is a lot of background noise (wind, waves, other birds, etc.), the
detector may not recognize the calls. In order to catch those missing weak calls and non-targeted calls (such as crows
and falcons), we analyzed part of datasets with Raven Probioacoustic Software version 1.6. We also made an effort to
collect the first confirmation of the JAMU in the water during the breeding season from the Kadogawa residents.

BERSHEWRIL 70 77 Mcid, T4 77 2 —%BET 220 0ERICEHE T — %2y FOHEL R0, FEOE
Hicye Fon) BH, @3Sy 2779 v F 74X (A 8 ZooRkay) B nlaid, @SS hsn,
REL TV BTFHOFLCHGRI DR ER (h 7 A% Y 7 ¥ L) %AhDl%720Ic, Raven Probioacoustic Software
N=Yav 6 &AL TT %ty F O—HOMT 21T o7, Ei. EhEIHD JAMU O L TofERIc 2w
T, FYNHTER . b DIEHINEICE0 72,

RESULTS #&3R
Survey Effort FEZSN
Acoustic sensors recorded 27.75 hours of audio representing 269 sensor-nights (Table 1). While one song
meter stopped working earlier at site 2, both meters had similar patterns in terms of when birds returned to the island and
peaks of vocal activity.
E#e vy —i3, 269 v H—F A FPIC 827 IS O EF ARG L (KD o ¥4 P2 TRV VI A=K —=H
BOICHKREL 2 3727 b DD, BRKBICKE > e EREBO ¥ — 27 1B L Tk, MFDX—%—T, [Fkko ¥
—VZRL TV,

Table 1. Total survey effort by location during the 2020 survey season on Birojima.

SPID Total Nights Total Hours
Site 1 171 506.10
Site 2 98 321.65
Total 269 827.75
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The first and last calls for the 2020 breeding season (2020 F#5EHA D 5] & R DFE ORH)
The first JAMU for 2020 breeding season to be seen in the water was confirmed on 19 December 2019 (T

Kurogi pers.). Around the new moon night (26 December 2019), the first calls on Birojima for this breeding season
were detected on 23 December 2019 at site 1 and on 1 January 2020 at site 2 (Table 2). The last call detection for 2020
breeding season was on 11 May 2020 at site 1.

FE LTo 2020 FEIEARY O JAMU 12, 2019 4F 12 A 19 HiciER S Wiz (BRIME), SEIEHOMME Lok
YloEix, FrADOK Q019F 12 A26 H) DRitkTH 2 20194F 12 H23 Hicy4 b 1<, 202041 H 1 Hicy 4 b
2 TRz (R2), 2020 FoZIEHRORFLORIZ, ¥4 M 1 T20204E5 A 11 HickH S hiz,

Table 2. The first and last calls of Japanese Murrelet during 2020 breeding season on Birojima
and in the water.

In the water Site 1 (stairs) Site 2 (Forest)
1st JAMU 19 Dec.2019 (15:38) 23Dec. 2019 (21:12) 1 Jan. 2020 (20:18)
Last JAMU - 11 May 2020 (23:02)

Peak Activity 5B — 2

JAMU calls were detected at both sites (Table 3). At both site 1 and 2 the calling activity matched diel
patterns found on Birojima during the 2019 survey season, with a peak in activity 9 to 2 hours before sunrise and
increasing throughout the night. Thus, the period of 540 to 120 minutes before sunrise was selected to compare daily
peak calling rates (Fig.4). At site 2, calling activity peaked highest later in the night (80 minutes before sunrise). Calling
rates were highest at site 2 (0.41 calls min™ + 0.77 sd), while the rates at site 1 were lower and more variable (0.09 calls
min £ 0.20 sd; Fig.5). During the 2019 survey season, sites on Birojima displayed two seasonal peaks in vocal activity
within the designated nightly peak period and these peaks appear to be between full moon events each month. Calling
activity declined during full moon events (except for the one in late April 2019) and increased after new moon events in
2019. We also present calling activity by both date and minutes from sunrise as a way to visualize seasonal, diel, and
lunar patterns of JAMU calling mentioned above (Fig. 6). While both site 1 and 2 in 2020 displayed activity patterns
similar to the seasonal trends in 2019, (Fig. 7), overall, the calling rate in 2020 was lower than in 2019.

JAMU 055 i3l /7 D% 4 b oitid e R3) o EFEENL. 4 P 1Ly A F 20y 4 FickswT, 2019 4
ORI COREROHE <& — v —E L. HoH D I~2KHHAICiEBI O v — 2235 b . RREICHNE LTz,
Z Do, fEHTICiE. HOHETD 540~120 7 ORHERT 2R L. HiEoERIEE0 ©— 27 ofle% ik L 72 (X
4) o ¥4+ 2k, EFEEBERELS (HOHD 80 011 ICKkd @ Rote, EFGHIOEIGITY A F 2 CTiRdE
< (04lcalls/3+0.77sd) . ¥4 b 1Tld, EHIEHOEIAIIK S LB K % 507 (0.09calls/73+0.20sd; 415)
2019 FEoFEEHMH, MMEOTEY A F Tid, 2 20FHiaE o v — 7 235 5 iz (Otsukietal. 2020), =i b oD
v—2k, HH. WHOARY OIS 2 L5 TH 2, 20194F1CiE, WiiHE (2019 44 H MR ZBRL) ICESIG
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BN L. FTARICEFREEAEML T 5, £/, Eido JAMU o &HEEOFE, HIE, At & — v 28151
b5 275FEL LT, HOW»HbDHMNT &, 432 L HFROEH % MR L72(K6), 2020 FiE, ¥4 +1& 205k
b, HEIEE ORI 2R X 2019 F Db £ —HLTWw3Icb bbbt (M7) . SHiEHOEIAIZ 20194 XY
DD 7z

Table 3. Japanese Murrelet activity during peak calling time (540 to 120 minutes before sunrise).

SPID Calls/Min  Nights SD SE

Site 1 0.09 169 0.20 0.02

Site 2 0.41 98 0.77 0.08
Sitel
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Figure 4. Japanese Murrelet activity as a function of time from sunrise.
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Figure 5. Japanese Murrelet call rates during peak calling period (540 to 120 minutes before sunrise).
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Chick %

We examined the acoustic data to find the chick calls. It was very simple analyses to check whether or not
chicks were confirmed at night. At site 1, we found some chick calls. The first chick calls occurred at 20:35 on 3 April
and were confirmed almost every day until at 22:01 on 29 April. We reviewed the data recorded in 2019 and found
chick calls at site 2, at 23:34 on 28 March 2019 and were confirmed almost every day until at 20:47 on 22 April.
Unfortunately, the 2019 record ended on April 22, so we couldn't confirm the final chick calls.

Sl Fhte b 13O DT 2 ik A7, ZhUt, 2 OB OO O IAHEL T 2 REOIEF Il o Tch o
7zo B4 P LItk THioRBER I N, BHOHEOR L4 H 3 HD 20:35 12 & i, ZDth, REOFD 4 A
29H®» 2201 £<, RIEBHEREI N, 2019 F0o 7 —2%lfER L7z 2 A, 20194E3 H 28 HD 23:34 ic¥ 4 + 2
THEOFE MR I, B 0 4 A 22 Ho 2047 £ ClRIgHELT 2 2 L3 C& 7z, Bahdis, 2019 Foit
T4 H 22 HOS e CH o 77230, FIHIEINOBMD R 23 2 C L I3 CE o7z,

At both sites and in both years, the time that adults returned to the island was similar: before family departure,
JAMU returned the island 1-2 hours after sunset, then a few days before family departure, they returned to the island at
sunset, and it lasted a little over two weeks, then shifted to 1-2 hours from the sunrise (Fig. 8).

S EICR B REIE, WT03 4 Micknc, 249 e b CMHAZR LTz @ B2 b oz, JAMU i, H
Bt 1-2 RERIC BIC R Y . A2 B OBHATIC R 2 &, O IXHR EFERHCIR 2 & 917 572, Z DIRAEAS 2 AT
Wiztkic, BRI ABED S 128G~ 7 P LTeo7z (X8),
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Figure 8. Calls of Japanese Murrelet around the dusk in 2019 and 2020.
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CrowsandJAMU H I 2EEEH VLY T IAXA

The primary predators of JAMU on Birojima are the Large-billed Crow Corvus macrorhynchos and the
Carrion Crow C. corone (Kamovsky et al. 2017, Otsuki et al. 2018). We heard crow calls at both sites (Fig. 9). Site 1 had
more days with crows present than at site 2 at both dawn and dusk. Most of the days, crows stopped calling at sunset
and started calling just before/at sunrise. On the night of 10 January 2020, Carrion Crows calls were recorded after
sunset at site 2.

BHBE <D JAMU 0 F il # (3. > 7 b # 7 2 Corvus macrorhynchos &~ RV 777 A C. corone TH %
(Kamnovsky etal.2017, Otsukietal2018), WiffD% 4 +TH 7 RO E HE MR TN (K9, 4 b 11k, &
HITE L OHERFE BIT, ¥4 2 X0 b0 7 2BOBEPMER I N HBDN S D072, 13EAEDH, 717 RITHET
B DoxL, HOHOER/HOHCIREIa0n 72, 20204 1 A 10 HO®, HEEIC K Y 77T 2D E & 3 HHER

AN LD o7z,
JAMU calls started 1-2 hours after sunset at both sites for both 2019 and 2020, but it occurred at/around
sunset during the fledging period. JAMU calls stopped 20 minutes -1.5 hours before sunrise before crow calls started.
JAMU o F=1%, 2019 4 & 2020 fEOMFE, My A F THED 1~2 FiftRIChlla T Tz a8, B s R I,
HER S S E L Tz, JAMU OF R, 7 7 2O EFEEIGE 211, HOHA S 20 0~1.5 FifElFTic kAT

W7z,
2019 Site 1 2019 Site2
25.00 500
20.00 ° L ' ... 8 & ° 20,00 ° me - th »
0.00 o 20.00 s mebumgl = m
GE.) 15.00 g 5.00
= 0.00 = 1o
'g"""':':“'g":ﬂ.’c‘:go":l“‘“” -
r o 5.01 . o el
0.00 . 0.00
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Figure 9. First and last calls of Japanese Murrelets and crows around the dawn and dusk.
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Other species fth DTEH
We recorded 16 species of birds (including one Anas species and one Tirdus species) (Appendix 1). Japanese

Grosebeak Fophona personata was the first record on Birojima. The Streaked Shearwater Calonectris leucomelas
started to call on the 29" of January at site 1 and on 10" of February at site 2 in 2020. In 2019 they started calling on the
3" of February at site 1 and the 4™ of February at site 2.

ftho 16 O LM fEo i, 1oy 7/ IfdEatnbiEEI sz (% 1. 4 7 Eophonapersonata 1%, it
BE ORISR TH 572 AA IXFX VY Calonectris leucomelas DF)H T D%, 2020 4FiC 1 H29 HiH# A4 b 1
T, 2A 10 HicH A b 2 ciggkah, 20194813, 2A3HICHA P 1T, 2H4HICHA b 2 TREBRI LT /e,

DISCUSSION %%
General Trend —f&# 7 {HA

The 2020 acoustic surveys detected the presence of JAMU at both Birojima sites (site 1 & 2). Calling rates
were highest at site 2 (0.41 calls min + 0.77 sd), while rates were lower at site 1 (0.09 calls min + 0.20 sd). Both sites
displayed diel and seasonal peak patterns consistent with the 2019 acoustic analysis, with a nightly peak of 9 to 2 hours
before sunrise and a seasonal peak beginning roughly in early February and extending until May.

2020 O FEFEIC BT, B OmA O 4 + T IJAMU OFEIBRE E Tz, BEOHEIEIL, ¥4+ 2
T (04lcallymin+0.77sd) . ¥4 + 1 {2272 (0.09callsmin+0.20sd) . Hi/Fo34 + <, 2019 FoFH
T LR CHE S K OFHiov— 7 82—V &R LTz, HOHO 9~2 FfETcEfo v — 2535 0 FHi ;e
—27iEBBLZ 2 AT Y SHE Tl T,

The overall calling rate in 2020 was lower than 2019, which suggests that the colony might have been less
active in 2020. It doesn’t directly mean the population of murrelets is getting low. It should be helpful to continue the
songmeter project for further understanding the trend of JAMU breeding population.

2020 FEoEREE)E 2019 FED b D L W {ERWEAZ R L TE Y, 2020 £ JAMU Dif#) A% 2019 4RI FL~ARTEF
ThomREEZ R LT 5, Zhid, JAMU OfRFEGED # EHEICEIRS 2 & D Tld v, JAMU OEJifiE{AL D
g, XOVHERETLRDIC, VY ITA—Z =T 2 PRI EDNLETLWEEZ B,

Calling activity patterns at both sites (site 1 & 2) and both years (2019 & 2020) show similar trends: (1) there
were peaks in calling activity in between the full moon events of February and April; (2) calling activity declined
significantly during the full moon events; and (3) it peaked around the new moon. The Ancient Murrelet, shows a
similar pattern (Gaston 1992). According to the 2020 survey for the whole breeding season, JAMU already returned to
the waters around Birojima around mid-December in 2019 and landed onto Birojima around the following new moon
night. These facts also suggest that the reproductive activity of JAMU may be in line with the moon phase, so it makes
difficult to discuss about the seasonal trend of JAMU based on the solar calendar month due to the differences of the
moon phase on the solar calendar every year.

WA M (A b 1&2). B X OM4E2019 4:&2020 F) D EFIEH| D¢ X — v ZFERkOMEHA 2R L TH Y ()2 A~
A HojiiiH ORICEREBIO v — 27535 0 Qi HRHCIZEREE2E L KT L. GFTHMECIIESERO v —
7 HRMZ TS Z LW Tz, ERFED Y I AX A BRERED X — 2 %R LT % (Gaston 1992), A%iEkAH %58 L

11
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TR D B % 2020 SEOFEFEE A 13, 12 A HEIC Iz CIic, MR QRLIIIHRICRE > TH Y, % DETDOH
DR DJEADIAENC R 1c LREZFAIG L T2 2 L7z, ThbDZ e XY, JAMU i Hlmcin - TEImEH)
ZHGE L T 3 AREEDSRR S iz, Hilinld, KIBEDOED LTt BFELET 5700, KBEoHL v X —T
JAMU DZFEEf 2 [FFTICOWCram s 2 DL W X 9 I L bz,

There is a large difference in calling activity rate between sites 1 and 2 throughout the two years (Site 2 was
higher than site 1), which appears to indicate a low population / breeding scale at site 1. Probably, the presence of crows
at site 1 was related to this low calling rate. More analyses are needed to confirm the effect of the crows.

2FMEML T, A4+ 1E20MDTIE, EFREBOEGICKE RELHLNEH, TUIYA + 1 Ccofiifs
BIBYESERIE DS 2R L T B X2 2, 25, Y4 b 1 CHEICHER S Wi A 7 AEDOEICH
B ZOTRARVDPEEZ TS,

JAMU breeding calendar JAMU QO#5fA L v X —
As a result of analyzing chick calls, the first and last dates of the family departure period were identified for
2020, and the first day of the family departure was identified for 2019. From those dates (of the first and the last chick
calls) and the call rate of adults, we inferred the breeding calendar of JAMU for site 1 (2020) and site 2 (2019) (Fig. 10).
SENL. Mo offTofbR. 2020 FiconTlid, BB HHOWIH & mEHD 2019 FFicownTld, Ha7 5 HilH
OHIHDBRFECTE /2o ZNOHOAMB L, JAMU OFEOT— 256, h Y LYY I AXAOEGES L v X — &
L72(FA P LIo0 T 2020460 b o, 4 + 21220 Tid 201940 b ) (X10) .

JAMU arrival:  The 1% day of the 1% JAMU in the water in the pre-2020 breeding season was confirmed
by T. Kuroki on 19 December 2019. The first calls on Birojima were detected on 23 December 2019 at site 1, and on 1
January 2020 at site 2, which were around the new noon night, 26 December 2019.

JAMU DfFa& 2020 ‘o ZhEiic JeBikir, 201945 12 A 19 Hic, BARKIC X Y. #tiEiER o 2020
=X P10 JAMU RS iz, B0y v 7 A =2 —Tld, 4 12019412 H 23 Hic, ¥4 + 2T
20201 H 28 Hicfk&E I Twd, 2ibidb x5 &, HHR0194E 12 H 26 H)DE DU TR Z - Tz,

Based on the first and last chick calls, the egg-laying date and copulation date can be determined. The range
of the egg-laying period and incubation period in 2020 were indirectly determined by subtracting 42 days from the first
and last chick calls. For 2019 data, we only determined the initiation dates for the egg-laying and starting incubation, as
no data were available for the last timing of the breeding season. The 42-day period took into account typical
Shynthliboramphus murrelets breeding patterns: (1)7 days for laying 2 eggs; (2) 2days of neglect; (3) 31 days of
incubation (Sealy 1976; Murray et al. 1983; Gaston 1992; Ono 1993; Whitworth et al. 2020); and (4) 2 days in the
burrow with chicks (Gaston 1992, Ono 1993).

B L REOHMOR D LEEIIH E RREAAIET 5 2 L3 TE 5, 2020 EDFEIIHAR] & MU O &R 13, &Pl L
BHOBMOEDPD 2 HEE LG itk > TRk b, 2019 FE0F — 213, B OREOWIMO 7 — 2 23K
L TW2720, FEUN L IRINBIE OBIE H O A2 PUE L 72, 42 HiEE. #8875 Shynthliboramphus murrelet o %%
ANx—v (D 20NHOEIE i TH, Q) faiibdtas <o 2 HEoAYE,  (3) 31 Hitofadl (Sealy 1976;
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Murray et al. 1983; Gaston 1992; Ono 1993; Whitworthetal. 2020) . (4) #f& Sl 3 2 HiEl, %% L 7%
(Gaston 1992, Ono1993) .

Eqgg-laying & Copulation: The earliest chick calls were recorded on 3 April 2020, which suggests a date of
first egg-laying of 22 February. The latest chick calls were recorded on 29 April 2020, which suggests a date of the
second egg was laid about 26 March. In 2020, the period from 22 February to 26 March was confirmed as egg-laying
period (Fig. 10). Those seem to be started around the new moon (February) and finishing around the new moon
(March). Ono observed one probable copulation in the nest in 1992 (Ono 1993). The period from this observation to the
confirmation of the first egg was 7 days, so we subtract 7 days from the first egg-laying date, which suggests a date of
copulation for the 1% fledging family was around 15 February and for the last fledging family was around 12 March.
Peaks of calling activity between February and March matched the predicted timing of mating and egg-laying.

B - 3 2020 4 4 A 3 Homplo#oilixs bHEE SN2 PNHIE. 2H 22HTH 2, 4H29HD
BIEOMEDFE D LHEE XN 2 REDENHRIPHOEINH)NI3H 26 HCTH o7z, ZhbDZ b, 2020 FFD
JAMU ol 2 H 22 H~3 H 26 HTH 3 C L AyREa iz (M 10), Thnid, b ) EFHHR A)ichaE v,
HHE@ H)ici&b 5 X 5 itz 5(F4), /NEFIE, 1992 FICHERERO/NIRIC T, 2L Bbh 2178125 7 HiRIC
1INEH DFEINZTEREL T\ 2, 207, Bibi4 H3HOXTOJRIE, 2 A 15 HEE, R b 2419 HO~T
DREIE. 3H 12 HEEHEE I Wz, 2 HA~3 HOBICA SN W D00 EFiEEo v — 27 1k, KR, o —2
IC—E L Tz,

In 2019, since there are no data on the last period of the breeding season, only the first egg-laying date and
first copulation date could be estimated; the egg-laying period and fledging period could not be estimated. The earliest
chick calls were recorded on 28 March 2019, which suggests a date of first egg-laying of 14 February and a date of
copulation of 7 February. In 2019, the pattern of calling activity at the timing of the new moon event showed the same
pattern as in 2020, but it seems that copulation (not egg-laying) had started around the new moon event in February
2019. This may be due to the different timing of the moon phase (Table 4).

These two-year data indicate, JAMU have tended to start reproductive activities such as copulation and egg-
laying around the new moon event in February.

2019 “F ik, BIHEID T — X HFHE L e\ 7z, EEINIEL, Sz b IM 7R &, B e L CofEllizcE and oD
HINH. YRR IIHENS 2 2 L3 C& 7, 2019 )OO SR S N DIE3 A28 HTH Y. ZDHH
5, YIHIZ2 A 14 H, RYIOKEHIZ2ATHTH 2 Z e fEEEINS, 20194FEDHAD X 4 I v 7/ CHAHIEH)
DEFETAERIE, 2020 4F L RO B o 7223, T DAFEIE, 2 HDFHMHE TR, FEIICIE 7R SRR R T T
Wiz K57, ZhiE, FiIc k2 AloAOENIC L2 b 0hdh Ltk (E D),

o 2EROFERS O IEE, JAMU X, 2 HoH A oI, Rl B8 % fla 3 2 Hmich 2 2 &
DHER X N7z
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Figure 10. Estimated breeding timing from the first and last chick calls in 2020, and partial ones from the first chick call in 2019.
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Table 4. Moon phases in 2019 and 2020

Moon phase  Year January February March April May
2020 25 24 24 23 23

N L £ 0 I
2019 6 5 7
2020 11 9 10 8

Full moon e
2019 21 20 21 19 19

Family departure: The voice of the first chick in 2020 was confirmed on April 3, and the voice of the last
chick was confirmed on April 29, so the family departure period in 2020 was around 3- 29 April. In 2019, Site 2 did not
have recordings at the end of the breeding season, so only the first date of family departure could be determined, 29
March. However, since the patterns of calling activity in 2019 and 2020 show similar trends, family departure likely
ended around the new moon event in late April - early May in 2019.

Hirs 2020 SFomgIOOEIF 4 H 3HIC, REOMOEIZ4H 29 HiclgznTts b, 2020 0
P BRI, 4 A3H~4 A 29 HIBHETH % L\ ) Z &R, 2019 4Eico\»Tid, Site2 ick T, kiR
MOF—23% 2% b DD, FIHERED T — 2 BARELTnE 720, B U3 HTRGH 29 H)Th 5 2 & AE-
REETH B, 7277 L, 2019 4E, 2020 HEOEFEE DS X — v FFEFEOMEHRE R L T 5720, 2019 FE0H b
2. 4 ATH~5 A LA ADEICHE L T DT ARWES I 2, HFEZTW5,

In 2020, calling activity increased after the 1% family departure on 3 April (Fig. 10). Since the full moon
came after the start of the family departure period, calling activity declined once, but increased soon after that. After last
egg-laying period, eggs cannot not be observed, so it is thought that calling activity was active due to fledging. Ono
(1992) observed that the pair gathered in the nest and starting to call about two days before the family departure, so he
inferred that JAMU might return to the island slightly earlier than the family departure and decided the timing of the
fledging. We think that the peak of calling activity after March 28 could be due to the increase in calling activity just
prior to family departure.

4 HIHICHDOBENL LA E 2 & EFIEEIONEFEIC R 5 (X110), B2 bR ORI A28 272, ERIEEIX
VoA TR HDD, TNEBE D LT CHIML T2, REDEIOD & 13, EINEIAONGRL 5D, EF
IEENIRD DD ISR IR > T2 b D L b7z, /NF(1992)ix, Ha7 5 D 2 HIRELHTD b~ T 23T Z 2,
WERDLEKDZOEHBEL TSI 25, JAMU IRV HBH XD ETROICBICRY, Bibos4 vy
ZHED 0T LHEAIL T2, 3H 28 ICDIEOEREHIO L — 713, BZbIc X 5I1C X 2G50 L OMhNC X
2HDLEZ TV,
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Timing for the spotlight survey R b 7 4 b ¥ —_ 4 MR

Spotlight survey should be conducted when all breeding pairs (from the earliest pair to the last pair) are
incubating eggs on Birojima (Fig. 10, the yellow ellipse). During this period, the pairs that laid eggs earlier are
incubating eggs, and the pairs that started laying eggs one month later from the earliest ones also start incubating eggs.
At this time, all breeding individuals should be incubating eggs, but the period is surprisingly short, roughly about only
one week. The calls of the chicks were not recorded very often, and it is almost impossible to find the peak of family
departure. M Takeishi, who spent the breeding season in 2020 in the JAMU colony in Tokushima has confirmed that
adult birds sing actively to lead chicks during the family departure period (Takeishi personal communication). He
suggested that spotlight survey should be conducted before 10 April.

ARy b IA P =AU, BIICEIEEZFIG T 527 b, RO ENTEIHZHIAST 227 b, RTOEIH~T HH#L
RS CHuilZ L T 2 REHAE E L (M 10 s g chlE = 857). < oA, FHRICHEINZ 1T 5 72~ 7 1E
e, o0 1 2 HIENWCEINEFG L 2 RE0 =7 A%z find 2Rlcd 3, ZoRichiul, £To
BHEMARAAINF &\ 5 Z ki 2203, HIRIEESNCE K LEMRE ©b 5, B0 I13055 CSEHE DT,
e FDOENEDY -7 %KD D EIHIFIEAARETH 5, 2020 FE0 JAMU o%iEfi%, figoan=—CTRZI L7
R, Brbolifid, #A2HET 2720, KEPBAICEL 2 L 2HERLTE ) (@RA M) 2Ky FF4 by —
~ A oERHAE LT, 4 A10 H X Y dFIOEMESEE L EFELTw 5,

Comparison with the past &5 & @ LB

Based on the results of the 1993 and 1994 surveys on Birojima, Ono (1994) reported that JAMU family
departure at Birojima began around mid-April, peaked in late April and continued until early May. Otsuki also observed
several chicks on 1 May 1994 while helping Ono's investigation. As of 2020, family departure started from late March
to early April, and most of the departure was already completed by the end of April. Although the current peak of the
family departure period is unknown, it is clear that family departures begin roughly two weeks earlier than past records.

Nowadays, there are concerns about global warming, but what we are concerned about is the decrease in
JAMU population or the disappearance of their habitats. If the habitat of the fish that feed JAMU changes due to the rise
in seawater temperature, JAMU will have to change its breeding colonies. Population monitoring is necessary to
maintain the world's largest breeding ground for JAMU. However, the annual implementation of carrying out the
census is costly. Calling activity data from songmeters seems to be very effective as a supplemental tool for the
population survey.

/NIF(1994) 1%, 1993 4, 1994 FE DRSS T OIRERR DR, LUFRrOMISE D JAMU 0¥ H 13, 4 HhE 25
ICHRE Y, AATHZY—27Ic S H EREThed b L T2, EE KD NEFOFED FEV % L 72fRo
1994 4E5 H 1 HicECHOBE(RIE TR b)Y HE L T\ 3, 2020 F8IfETIx. $07 513 3 A T ~4 A Lfjicsy
ThtaE i, A HDOTAICIE, B IFREMBKT LTw5, BlkTld, Bzbor—2#lizbrbhnd oo, Eiibo
FllhZ ROk e KT 5 &L K2R oTn b Z e HLHTH B,

MR L OSUHEN B WESTH 553, Frh ST 2013, 2R T 2 JAMU offiifoid, b L IxER
BoOWETH 5, HKRO EAIC XY JAMU D & 72 2 o ERIRIAZD 2 Z & T, JAMU b BIfi D250 2 2 fik
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7w ENn5, HRRAD JAMU O & 4R Lt 2 7201, fAfioe=4Y v 730 ETH B, L LAD

5. AAREFHIEOHED LML, REOEHAKE , VYV I A—-RZ—C X2 EHE#»ban=—DT 774 THEE
WEAFEAIY | AR OB O B & IS 2 © L, [AAREFIEER S v - e LT, IERICHMTI R
e Bbhi,

Future tasks should include (1) quantifying the calling activity of crows in order to prove the low calling
activity of JAMU at site 1, (2) verification of the daily calling time of JAMU and Streaked Shearwaters, because the
peaks of calling time seemed to be different; and (3) verification of the spotlight survey timing by conducting the
spotlight and songmeter surveys in parallel.

SHBoOFEL LT, )Y A+ 1o JAMU OEREHOK T Z5HHT 5720, 5 7 RO HHIEE 28l 35
&y QIAMU A4 IXFF R I —HD S b TOEMIEEIO Y — 7 H87 25 X5 IRz 7270, ZDWEE. %L T
PAEY FIA b —_A LY VT RX— 2 —FEDOUATEMRIC L 2 ZAF Y b T4 F ¥ — <4 FIERHHOWGEE. 23515
bz,
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Appendix. Bird species confirmed in the songmeter recordings.

Species

Binominal Name IUCN* Red List

MOE** Red List Note

Anas sp.

Japanese Wood Pigeon
Streaked Shearwater
Pacific Swift

Black Kite

Perigrine Falcon
Carrion Crow
Large-billed Crow
Brown-eared Bulbul
Japanese Bush Warbler
Warbling White-eye
Styan Grasshopper-warbler
Turdus sp.

Black Rock Thrush
Oriental Greenfinch
Japanese Grosebeak

Columba janthina
Calonectris leucomelas
Apus pacificus

Milvus migrans

Falco peregrinus
Corvus corone

Corvus macrorhynchos
Hypsipetes amaurotis
Horornis diphone
Zosterops japonicus
Locustella pleskei Vulnerable (VU)
Monticola solitarius

Chloris sinica

Eophona personata

Near Threatened (NT)  Near Threatened (NT)

Vulnerable (VU)

Endangered (EN) 1st call was on 20 April 2020

* - [UCN: International Union for Conservation of Nature

** MOE: The ministry of the environment
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TR RARIHT D B 4 T 1,500 FhEL DA v 4Y 7 3 22 2 (Synthliboramphus wumizusume) 23ZJ5E L T 3,
2019 FFICRA ©  (2020) (FPRIKATO 2 DT D /NS WIS IC B WC, A7 2 (o~ 7 b7 = Corvus
macrorhynchos & -~ + v %77 2 C.corone) icX 35 v L) 7 I ZAXAGNDIHBAE AL A TELTWS Z & 2R
L7z BCONBDIFIEDR A T AFHC L 20V L) 7 IZAZXATNOFB RV IR DI 0E I EAD -0, Tl
2020 4¢3 H bfJA: 5 6 H LRI 0 CRERESICHITE L CIE 21778 o 720 2020 fFICHERECRIL S Nz T /=00
¥ (1790) 1E. 20194EDz (550 X b 69 Wik o7, WEHEED X5 /NS RBICELTIR, —~ADHRES
DIFEIR. A7 ARUCE B Y LY U IZAXAYNOHBZBY T2 L5 THB, LiL, TOMRPEEICDR>T
—HLTROND D& hok [l 2 7201 d, WNEHIR coiEEd 50T, X VL DWIREAUHE IND725 5,

Summary

Nearly 1,500 Japanese Murrelets (Synthliboramphus wumizusume) breed on several islands off Mugi-cho in
Tokushima-ken, Japan. In 2019, Takeishi et al (2020) documented high levels of crow (Corvus macrorhynchos and C.
corone) predation on Japanese Murrelets at Kainage-jima, the smallest of the Mugi-cho islands. To determine whether
the presence of humans might reduce crow predation on murrelet eggs, | stayed at Kainage-jima and conducted murrelet
nest monitoring from early March to early June in 2020. The number of crow-depredated eggs in 2020 (n = 17) was
69% lower than in 2019 (n = 55). At small islands like Kainage-jima, the presence of an investigator appears to be
reduce corvid predation of murrelet eggs, but more studies (including nest monitoring on control islands) would be

needed to determine if this effect is consistent over several years.
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1.IFC®IC

71w 49 v I AR A Synthliboramphus wumizusume (3 H 7 & #3E o B c%5H3 2/ N oS ©, ERRAREE
A (JUCN) v F U 2 bcix Vulnerable i (BirdLife International 2018) . Bt L v ) & b CidAuipfziR I
#(VU) il i (BREEE 2020) « 7o, BAEO KRGS HIEESI T2 CULT 2019)  PURERTHRE
DA B/ Tl v 1) 9§ AR ASEFHL T 15 (R 5 2019, 2020)

BUE, 71V 500 32X X DR O E#REI 5200~9,400 F & 1 C\» 3 (BirdLife International 2018) . %
FEMAIC ARIRATHBICER T 2 v 4 ) v S AR AT CIE, 2019 FFHA < IR E A 2,150 3, 20 5 5 1,490
DEGEER L HEE S i A5 2020) o C oBfEIFHROEREOPCEWEISEZ R L TH Y, PIHNER COR
HEIEM O BRI RR I NS,

RIHTHHRTD 7 v 2 ) ¥ I AR A ELEHD —DTH 2R Tl 2019 4E1Ci2 99 D3 WIREAEIHL T 5 &
e nz WAES2020) . LA L. A7 2BIC X 2 ECIIDIERE 20 S, FICINC oW CIRHEEREIIR
BD 28% &5 27n ) EBWEIEBHREI N TV TRAVR L WIRED I TwE (HE52020) , 2o XH%
77 AU X DIHHBWE RS ¢ 5 7201id, A v L) v IAX A OB, BB, I & fgiic H7- %
SALf»55H EaETn 2 » A& Y ofific, Biitho B~0BHE ORLESH R 2O TlEk i & DIREL
ahz RAES 20200 . EREEIZ. ZLIELC100mX60m Iz D7 D /NS WETHZ DT, ZD X5 LA
. HHhoBEHRBOREVICX>T, A7 RBCH VL) 7 IZAXADROERZWIRI L2 L HPAHETH L LI I
ExbNTZ»bTH S,

Z 2T, 2020 FOFIEINC, MR ICE T, ADIHED A 7 ZFD 71 v 1Y 7 I ZAX A JNOHEEENC G 2 5%
HICOWTHAEL 72,

2. HEH

S A L AR R B T T o 72,

< DI A4 &> 20~4.2Km S A OHEHE & 5oL, HIb, Timbii~, F9 7 ~F (I
DILDE) . H78 UNEBOMOD) | B, kB CREKE) . 2 LCRIESMiFs (FD)

s (M2 i3meEiEs 23m (bi& 33 38 7 53 F), iR 13415294y 42%)) . K¥ X3z LIE L < 100mx

60m 13 & DEBERD BT, RHE & TE L HES I~ Y HEE & DR O e o T 3,
W5 B D B 1T | T I 650m CTHEA B O KRB H 5, KB (X3) (3mEiEE 215.8m (db#E 33 F 38 7> 03
. B 134 52 294 46 7)) | JRIFHER 8km., TR 1.O9km? calsEsik e bt 3,
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Figure 1. Islands off Mugi-cho, Tokushima Prefecture, Japan.

2. K% s (FAvaHIA> & 2020 4E 4 A 4 HHi).
Figure 2. Kainage-jima.
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¥ 3. KB (Rt B 5> 6 2020 4E 4 H 27 Hi®).
Figure 3. O-shima.

3. HETTE - HEHE

2020 £ 3 A kA)22 5 6 A LAjic i €. EF - ACEAR OIS ICHEL <. BHENZEREID . 7 7 2FoD
8% F = v 2 LoD, MIRTIERI NV L) 7 I AR X DYGEH CHARDRERICEE D 72, $ 72, [FRHCH v 4
Y7 I AR R OB AR T EIEIC OV T HEE LT,

SO FOTHEE () 20m) o7 v P RERE L, HEE» SMHETIch» T TRV — P 20E L 7, BE
. FICEEET 2 KE~O RIS L2, BOMMOEE DO/ 7 AHORKRRIE F = v 7 Lz, 717 ZAFHORE
RIBEFIS T, BRNEBEIL Ch 7 2B~DHEE A7z, 72, BH, BE LA — b ZFES T, I HFoRE
RIcB® 7z, IR 2RI X 2 b o»Mic X % b o207z Whitworth etal. (2020) 16t - 7z,

202043 A6 H2H5A 15 HETO 7L HIICDWTIE, 72 R E Gl L CHET 2 2 L icE®, 2D
FEHE 62 HRE (BLi) b -> TRNTORRIY %177k ) 23 TE 7z, TR, THE X8 HEfEE &35 H
22H. 5H30H. 6 A6 HiciEH#E I LEEL CRROFAE 2T o7 ER1ISH) .

rLd, 202043 A 11 H oM FUREEE] (WHO) Xk 2 5iflanr v 4 v RO VT Iy 2386, MEAAT
HoEY 4 V2B 2 B2FEESOFH QA LAS RN ( 4 H 16 HoR2FEEso2E ., ZLT5H
25 HOR 2 HEE 5 O RN 2 EMPRORHA L 5 7228, FHEMRHIIEALE (RIS ToilifEz 3L LT,
—FRHART X RIS B OV T C DR RS SR I B T e,
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4. 5

(1) A 7 REEFOHEFFEL

1 AR IR B ClfERR & 7z A 7 A JER ORE S (e Milvus migrans - < 4= Pandion haliaetus -
* 74 Falco peregrinus) OfERFEE HIICR L7z, H 7 ZBHIC DWW T, BE WA EERE, LRFLL oM
% BT HERR R OB R R L e, E 72, FRHCHERE S N PO RKER . 7 7 2B L RERICO W CHBNOR
L7z

717 AFHICOW T, RREICHEIFITE S 2 EERIERD S ie 07z, A7 ABD D DL EZ LN L HA L,
BETRONED, RIS MEONTHE7ZFThH Y, 3H 6 HOmYID LRELIEIC A 7 A OB 132 g LTH
PN o7, N7 b7 & Corvus macrorhynchos, &Y 77 = C.corone & »#FMIC 1326 23 TkE
DORKLTHKL ZEBIFEALETH Tz, 72, REKL THLDOETOMRAERIIFL, 2bHD0E%2AD /20T
B2, TCEMET B ENLIELIETH o720 N T I HITZRTIRILIPLL 63, N RV HTZTIH 1M
225 2 VDHPATORKTH o7z, [FRHCHER CTE 727 7 ZBOPEUE. 105 9 PETTH o7, 9FDEiE (3
H26H) 1Tid, ZOHERIZAS T M HTRAGH, ~NoRYHATR2P, 717 ARRELHTH -7, HNRTITEIL T
Wb Tk, ENEN2PFE 2 LPTREL TRT, BN EETELATEWETTR > %I, BfEICKES
~NEROCE ST o7z,

LB DA Y DB OATEIZE D e o T, B H 14 RREEICHE LIRDSSIAZ BN L iIce > TRz, Z L
THIADF L 72 ERIC, $IDIBICY RIS N ACEEHA L 200 o TH 7 RERKELORK L (M4D) . §
ANDEHETO NBIFER LICHANCRE L TH 225, L A5 10 NoFIFHTH 572, Z OREHISMC S, FEliciz s 7
RIS IR L 7o

HEH T, P e LRSS 4RS8O B EN S 2 B K K b, 172D 10 HAs B Bl D
MEICHEE o TR 2B o7t BHIH) . THIIPIASEY B2 THIE LA CE o ZzEf&IC, YIRS nizfa
HrhbolzbDTHote, IV T Y 73Tk VIBREORFIC LN EBHENIBETH o7,

M489 OFRA v FOEMEE TR Y T AR EICT 2020 4E 4 H 15 HiH).
Figure 4. A carrion crow at the fishing point.
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LA SRR B C 0 7 7 2RI OERRLHk (2020 4F).
Table 1. The number of crows and raptors found at Kainage-jima off Mugi-cho in 2020.

7 7 ZFADHERE.

PR EE D a2 IR E LR L ORI Z B /e

= =
AOlRE R

N

clB & 5 LR, vt b - B L, Cmany 7 H T X, Cen v R Y AT R, Cspa /1 7 AR

FEOMEAEEE SR L 7.

A/8 L ERZ~, R P H (Number of birds) BAHEZEFI% Maximum number of birds) ADH
~EERZ | INVITRASAINVRYHASR| HS5AFERE hSR$E rE SHd NYIY
Month/day Time Corvus Corvus corone | Corvs sp. Corvus M'I|VUS Papdnon Falc_o .N°'°f
macrorhynchos migrans | haliaetus |peregrinus| fishermen
3/6 09:33~ 1c 1(C.c.) 8
3/1 ~15:35 te. 1fl; ic 1(C6..) 5f 9
3/9 09:11~ 2c 2(C.c.) 10f1, v 3
3/10 2f1
3/11 1c; 16, 2v 2(C.c.) 3fl 1fl 8
3/12 |~16:53 21 9
3/13  09:10~ 1fl 2f1 2(C.sp.) 2f1 1fl 2
3/14 1c, 2fl 2(C. sp.) 3fl 1fl 6
3/15 1c, 1c 1(C.c.) 1c 1c 10
3/16 1c 1(C.c.) 2f1 1fl 2
3/117 2c, 2fl 1c, 1v, 2fl 1fl 4(2C.m., 2C.c.) 1fl 6
3/18 1fl 1(C.c.) 4f| 8
3/19 ~10:05 16 ‘v 1fl 1(C.c.) 4f| 3
3/21 14:10~ 2fl, 1c 2(C.m.) 1fl
3/22 1c 1(C.c.) 1fl 6
3/23 1fl 1(C. sp.) Af1 0
3/24 2f1 1c 3(2C.m.,1C.c.) 3fl 1fl 0
3/25 1c 2c 11, 1fl 3(1C.m., 2C.c.) 4f | 0
3/26 261, 6f1 1o, 2fI 11, 11 gs(gc,)m,,zc,c.,m 211 0
3/21 2f1 0
3/28 1c, 1v 1(C.c.) 21 0
3/29 0
3/30  |~15:34 2f |, 4fl 4(C.m.) 21 0
3/31 09:07~11:15 1fl 0
4/4 14:24~ 1fl
4/5 2f1 2(C.c.) 1fl 1
4/6 te, v, 1c  |2fl, 2 4f1 7::)0‘)’“-'26' 0. 4C lo¢) 7
4/1 1fl, 1l 1(C. sp.) 3fl 21 5
4/8 ~14:40 2f1 2(C.m.) 1fl 1fl 0
4/9  |10:26~ 4f| 4(C. sp.) 1f1 1f1
4/10 1fl 1fl 2(1C.m., 1C.c.) 1fl 0
4/1 1fl 0
4/12
4/13 1fl 0
4/14 1fl 0
4/15 ~16:03 1c, 1c, 1v 1v 1(C.c.) 2f1 4
4/16  109:30~ 2f | 1fl, v 2(C.m.) 1fl 2
417 2% le. 1c, 2¢ |ic 3S(§C‘)’""‘C'°~‘° 3| 2
4/18 2¢, 2c 2(C.m.) 0
4/19 1fl 1
4/20 1fl 0
4/21 2f1 2¢ 2f1, 4fl 4(2C.m., 2C. sp.) [2f] 1c 0
4/22 ~13:05 2fl, 2¢ 2(C.m.) 2f| 1fl 0
4/24  [15:23~ 1c 1(C.m.)
4/25 2¢, 2c, 3c 3(C.m.) 1c 1c
4/26 2c 2(C.m.) 1fl 8
4/21 ~13:02 Ic 1(C.c.) 1c 2f| 0
4/28  [13:23~ 21 2(C.m.) 0
4/29 1c 1(C.m.) 1fl 3
4/30 2f| 1c 2(C.m.) 2f1 0
5/1 1fl 1fl 1
5/2 1fl 10
5/3 2c 2(C.m.) 0
5/4 2f1, 2fl 2(C.m.) 3
5/5 4f | 1fl 10
5/6 2f1 2(C.m.) 1fl 3
5/1 1fl 1(C.sp.) 1
5/8 |~12:57 21 2(C.m.) 4| 1fl 4
5/12  109:20~ 2f 1 2(C.m.) 1fl 2
5/13 1fl 3
5/14 le, 1fl, 2fl |2f] 1fl, 1fl 4(2C.m., 2C.c.) [Ifl 2
5/15 ~13:19 1c 1(C.m.)
5/22 109:28~14:04
5/30 [09:16~12:24 1
6/6 09:16~12:40 1fl 4
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) RFTRD bl v LY T I RAX R DINRK R UFTEL DI

K2 IR EOMEICRRO bz v 1) v I A X A DY L FER%IC DWW T, IR RO L LT, Fic 10
Hg oMM R L7z, EINAIN0IVRA1Z. 3A6H25 4 H 4 HE colffilfic 17 Y /o5 7z, B4Ry
wid, EREEE L HHE® 3 A 6 HiC 6 IS oI 25380 b, BUCEMMHREI N w3 e bh» 5 (K5 , i
BINMNoBHHEZHIZ4 A 4 HT, LIMEY OINH CTh o7z, BfbkoilghicowvTit, 4 A 11 Hic)H T
RO, e FORLAIRE o7 Lt b (X6) . 2Dk, MLEOINRAIL#EFEIc5 A 30 HE tido bt
726

W (&8) icowTid, 3A6H. 15H, 16 HIcK L AR Y FH S ENIREE F 72 13I0FHT 25K %
CHEZbNIREET, WMOHAL bALNTHEINEDDTH o7, KO L K-> TV, 3A6HD
1720 c, EREMEIE-> T E7ETTH -7,

K27V L)Y IARXAXDYNET LICBR DR (2020 4F, HEHRE) .
Table 2. The number of eggshells and carcasses of Japanese Murrelets found at Kainage-jima
off Mugi-cho in 2020.

SAEH(A/B) | #HEI PREBRE: | BERE (2 5) | & (B85)
predated hatched carcasses carcasses

g thyday eggs eggs (body) (part)

3/ 6~3/15 8 0 2 1

3/16~3/25 6 0 1 0

3/26~4/ 4 3 0 0 0

4/ 5~4/14 0 4 0 0

4/15~4/24 0 5 0 0

4/25~5/ 4 0 1 0 0

5/ 5~5/15 0 1 0 0

5/22 0 3 0 0

5/30 0 1 0 0

6/ 6 0 0 0 0

&t (total) 17 15 3 1
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5.7V LY v I AR OffifE E h7Plh (RS 12T 2020 4F 3 H 6 Hife
Figure 5. Depredated eggshells of Japanese Murrelet on the ground at Kainage-jima on 6 March in 2020.

6. 71 L) 7 I AX A OWHLHE DI SIS H VLD (R 1 € 2020 48 4 H 11 Hif).
Figure 6. Hatched eggshells with membranes of Japanese Murrelet on the ground at Kainage-jima on 11 April
in 2020.
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5. &%

(1) A1 F REEDTHET P

K LIRS NI 7 ABORHE COMEREIE, LOBFER Y72 Thi e, ~v T FHTATLIP, ~vK
VHIATLIFL b, HETON T2 L2V L)Y IAXATNCNT 2HHBIEIREVD OB S L5 I
FZzohdn (a5 2020) . ZNCBAG5T 50 7 ZAOMAFEIE. BB AT T IR IREANTEY AT ADE]
RT7—EDLITH D,

INHD N T ARG 2 A 2 HA E LT, (hEDERDEHIFI Y DFA4 v Mk oTn5 2 &K
FnEA 5, ERETRTIE IRIFEHO X5 ICH AL, ERICITETEICI Y BRI h - e E 2ilE ko C
H 5 ZEHBREDOMRKT 2 (M4 . S DH VL)Y I AR AEHEMC, e EoMEE LT nsbichs

Do

@) B v 8y IR AP T B HBEDERICOWT

W11 5 2019 SEOFAETIE, 2 A TS5 5 H FRICA T T 8 MO EREA TRb T, MRk I hiz
AV L)L ARRADYERIT RIERAR X L, I MEARBIC RIE L 2R S hvCn s GR35 2020 o
3pofhi) . zhick s, 20 22 HICIRIEA 1ZRo0 5 e h - 7225, 3 H 17 - 18 HIC 13U 2538 b, 3
AR E CIZEINSBIR I T b 2 b d sz, 2%, 3H31H. 4H9-11H, lU*5H24-31H®
AT IS IR bz, HU, 2019 SE0FHE TR, RSN, HRICH - 7290 opI L L 72
BOI DDA TN T Iad 0Tz, £ C, RIHNE L To@Eko v F@En Kk 10 floFRH (4 H 17 Ha
b5H28HEC) #&FicL<. 49 11 HECIKALNAIEA 13, MMEICES o Tldw eIl L7z, 2L
T, 201942 H 22 Ho» 5 4 A 11 HF CORNCHR B O © R S5 -8l (55 50F:Y) IHfigic k2 b 0T
H29EHEE LT, 2019 SEDRBLECOHEMGE A A FIC X BIETIE, NS TR TRENSRY H T AR IV L
Y7 IRZANEL DAY, BRZD LTOBHEERIE, NV RYFTTARA VLY T IAXABEER DL T

i LG oz, 2D b, HERRIC O NBiRBROINEN1E, A7 AMICL2bDTHL S LEALN
7= 5 2020) .

R3AV LYY I AR X DINEA L FCEEO%(2019 4, R E). iU 5 (2020) D% 3 2> bl
Table 3. The number of eggshells and carcasses of Japanese Murrelets found at Kainage-jima off
Mugi-cho in 2019.

AEB (A/H) IRa% R (£25) | R (ES)
month/day —_ carcasses | carcasses
(body) (part)
3/17,18 8 0 5
4/ 9, 11 1 1 0
5/24.31 3 0 :
l:l u+ 58 1 2
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4[a] 2020 £ DR B COFE T, WMLINoINA 12 4 A 11 Hicwlo CRR I -, 2019 45&Rio 4 A 11 H
IR ININR GSIIHEY) RSN L AR LDk, 1ZIEZYTHoLEXLND,

2020 FFE ik, 3SHG6 Ho LB LHEICK, RS n0imh 6UIHY) 25720 bh, BUCEN AT - T

W lpbhb, X1ITHI0HMHICZLwbNTWE2, 3A6H2L4H 14 HETofc, RZICHERLIL
TAE I nIRs (LIMEY) 24 A4 HIc@Zo bz, OO INIMOAFHL ITITH 57, Zhid
2019 FoHEH QH2H~4H9-11H) s hziig B590) @ 69%ID 31%IcH7-5 LIk b,
2019 FF ot iZ. 2020 FE iz HOFE (3 H 6 H~4 A 14 Ho 40 HfEHicix 35 HRESEME) & ix%abn, 23 H
i, 13HM. 9HME Vot HER B COE~D LEHETH o722 26, Z DDA IC X 2 908t © AR
HED b o CWATREED H 5, ZO8EICiE, 2019 FICERICHIBE I NI L W S hoizs itz b, Zh
&R L €0 2020 FEDJHARIZHEICK Z Wb DTH o - AJREMD H 5, F72. 3 A 6 HICIIBLICEI R T T
722 &b, BHICFROEREAD L B~OFEZHIG L T b, Bz iX 2019 FofERR iy 2 H 22 Hiciz 7
WRIIZAD LN TORNI b, EL LD 2ATALLIEL Tk b, CORDIRIFFEICKEVLDDICAR-
7= HEED B % o

BB TDH Y LY 7 IR A DEKIEZHIZ. 2019 13 BEMREZHETE 25 5 H 11 HO® TH -7, 2020 i
DWW Tit, 5 A 12 Hic 1 7 Fro R cHuSIZREA D RS 035780 b, £ DB TIE 14 HICHMbZ Ui 2 s o
T, HHICHE T ->-b o bW E iz, ZORBHOEICIIA Y L) Y IAXADWEERIIFMZ 25 &3 o72D
T, EEAEDA VLY T IAXAREEREE ST b0 L Bbhiz, —J, R COM LI ORI,
2020 fEIC DWW TIIEFRITH 5235 A 30 HE TR bz, Thas, % DR E CEIEERTEO ML 2550 T
W2 LR LTI VA E I PICONTIISEROMFBLETH S 5, £ 2T, BHEGCRBNTORN Y 135 Hhh)
TRFET LN MERH L LS ICEbiL,

b L, 2019 & 2020 FEDEETDOH v L) 7 I AR A DHEIHRRAAZ T ERR DD Thhr otz Lizb,
FIEPR I~ AD NI B ~EEET 2 2 LI X o T, /1 7 RBHIC X 2II~DIRITE 2 27 ) RS0 5 2 L A3 TH
el lilind, LL, TOMREPEIEICDZo THLTALNE 2 E S 2% B 5 7201013, Mg c oz
bEDT, SHOELRLHE - RV E ENDEES I,

Eif33

JREAZRICIHERIC X 2 B~D ZERN L [HE~D TSIMNE W27 E F L, WO EAKIC ITHoE e SRR 2 i
HLTWA7EE T L7, Darell Whitworth [ & ABIE - IC XTI 2 EIEL T2 F L, 2RO LI
LELCELAR L B E 3,

SCHR

BirdL ife International 2018. Synthliboramphus wumizusume. The IUCN Red List of Threatened Species 2018:
e.T22694899A132580332. https://dx.doi.org/10.2305/1UCN.UK.2018-2.RLTS.T22694899A132580332.en.
2020 4F 2 H 23 HEIE
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TN—T fEE.
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7 I AX A PEWREE BRIV — 7 .
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