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EXECUTIVE SUMMARY %

+1n 2019 and 2020, we deployed two songmeters at different sites (one wildlife acoustics SM2and one SM4 in 2019, two
wildlife acoustics SM4 in 2020) during the breeding season of Japanese Murrelets at Birojima, Miyazaki.
FA7zbiE, 2019 4F5 XN 2020 4FE D 1 v 4 ) 7 I AR X DEGEINC HIRR OB IC. 7Y LY 7 I AX X DRED
Hiyc2 B850 Y v 7 X — % —(wildlife acoustics SM2 & 4 % 1 £42 (2019 48). wildlife acoustics SM4 % 2 £ (2020
) % EIREMAR S ORI D 2 At A b L &4 b 2ICEKiE L 72,

+ Each songmeter recorded 15 minutes per hour from sunset to sunrise throughout the breeding season. We managed to
capture one long-term data set each site each year. We have analyzed those long-term data for this project.

INTNDY v A==, HE»OHOME LIRS Y 15 Rtk L 2 b oo, RIAMEE & 72b DI,
INZNOFA b THIEI NV L) T IAXRAD)DHRTH 0Tz, XDz, KR7BY 27 P Tk, T bR
P I N T — 2 DI E T > 720

+ Analysis of the data included the length, in seconds, of the calls of the Streaked Shearwater during a 15-minute
recording. The period used for the analysis does not include the period after the Japanese Murrelet's departure in order to

detect the correlation between the vocal activity of the Japanese Murrelet and this species.
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fprix, 15 & DA A I XFF N Y OF AL CFRIIL, BT 2 RO AFF 2 HRAL TRk L 72, i
PricHCZ AL, 7Y 20 7 I AX A OEFES L OBEN A 25720, h v L) T I AXAOEEBEOHMITED
Tz,

* The Streaked Shearwaters did not display similar behavior to the Japanese Murrelet, which tended to toward higher
vocal activity around the new moon and lower at the full moon.

AT ZE L CoAA I XFF ) OFHERL, # Y L) 7 IAXATRLN, FIANIRICE &0 AR
&L 72 B L S AR b e Do 7z,

+ As with the Japanese Murrelet, the vocal activity of the Streaked Shearwater during the Japanese Murrelet breeding
period was more active at site 2.

AV LYY I AR XA, BRI (D Y L) 7 IAXAD) i@ L COFFGERIL, AFIXFFFITHHA 20
JCEMIEEIONER TH o 72,

+ There were similarities and differences in the vocal activity at each site throughout the night. The peak of vocal activity
was commonly seen before sunrise at both sites. The difference is at site 1, vocal activity was active around the new
moon, whereas at site 2, vocal activity was almost uniformly active regardless of the moon phase.

KEZBL COHA b & OFFIGENCIIILER L HESA RO N, EFREBIOE— 213, Wy A b e b H@L C<H
DHTICE bz, HERE LTt 34 + 1 Cld. BTH CAICEFRISEINEA TH DI L, ¥4 b 2Tl A
fmici3d £ Y BIRZA CEREBIRISIEHRICERTH > LRk TH %,

+ Most of the vocal activities in February were confirmed around the new moon at site 1 and around the full moon at site
2.

2 ADEREHICOWTIE, ¥4 P L CIEFREABHAEIC, ¥4 b 2 TiIZE A LA EICHER I T,

+ Atboth sites, the streaked shearwater's vocal activity tended to be low during the period when the Japanese Murrelets
were vocally active.

WA P Eb, AV LYY IAXXOFEFEHINERLAMIE, AA I XFF R Y OFHEEHIHRHHEL A ST,

+ While our results showed strong patterns, due to there being only one available long-term data set for each site, more
surveys are needed to confirm these findings.

N3, FRRCERBHER I N2 DD, K3 A F—EIEH(h v ) ¥ I AX A DEIE) D ADT -2 TH % 7=
RN DD EWIET S LIITERY, S5Hi3. ZOWGEED 720, HEE IO 2HEI RO b5,

INTRODUCTION ZU®Iic
7 I XF% 1Y Calonectris leucomelas (3-Iti#eE 2> & /\EILFEE % © 0 BIc#il3 2 (Eilii 2020), SRR
T DR 521 134 1000 *H23 R LD LT3 (Pl 2015), LA L7adsn, BURTIE, MR coAt I X
FF F ) BRI OWCEFEMA b A o Tdnvy, 20194, 2020 5L A v 2 ) v 3 2 X X Synthliboramphus
wumizusume OFRED 7= DICHBBEICY Y I X =2 —%FKB L L ZAH, AV LY T IAXALSMCH 16 FHD B,
LY DIFRETEIT 244 IXFF P OFEBL (R IN Tz, A4 IXFF Y DE~OYIERDH X
2019 £1x 2 H 3 H. 2020 4Fix 1 A 29 Hicidsk < hucu» 72 (Otsuki et al. 2021).
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ALYy I AR AORMOE ECoORED, LELIZEBORIILEAERAFIXFF R AV LY T IR
A)CHRD IS I DT BB, 2D, AAHIXFFFIEAVLY T IAZRACLE, Ka—F R, T
N O BOBIHHORMICHEFIE» NS L) DT AR,

O TR, MBS CEIET 244 I X+ F V) oFETEI R R (Figl) . v 40 v I XXX OERE
Borrbh AT L 2HNE Lz,
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Figurel. Islands of western Japan indicating the location of Birojima off the east coast of
Kyushu. Inset: location of Birojima.

METHODS %

2019 FH XU 2020 FF D v 1) v I AR A OFFEIARL. FAZz B iE. 2019 FH L2020 FD A v LY U I AXA
DOEGEHICHIRR O IC, 71 v L)Y I ZAXAOFEOHN T2 H5D Y v 2" 2 — % —(wildlife acoustics SM2 & 4
% 153 (2019 4), wildlife acoustics SM4 % 2 (2020 4£)) % IR HUER S DB D 2 (34 + 1 &4 b 2)ic
HE L7z (Fig2), SM2 12 SM4 DlHA~—Y 2 voETH 2, Vv 7/ A—2—iF, HEP»LHOME ©LEMiIcO%
15 Rt E T -7z, Lo LAadsh, RS C& 23 0ld, ZhZhod 4 b o—EFlS (v L) 7 IR A
DEGEN) T O THoTe, 2D, KTV 27 FTIE, EV A b CRIARERE & iz 7 — 2 —55iHs % v Cfig
WafT-> 7,

2020 £ 1 v 1) v I AR X OE T & FIRkic Conservation Metric (CMID) i X 2@t & v 722572 b @
D, BRAMNRMEY O A — TN To Tz, TR, Lra—F 4 v 7 5 HRIcEE I NTw 344 IXFF R D
FERHATERIIL, 1B CTw 2RO AFH 2 HRALTRIR L 72, TICHWZlIRIZ, 7Y 40 7 I RX X OFHE
By & OBREIEZ RS 2720, AV L) 7 IAX X OERBZOWEIZED Tl (4 I XFF F ) O3] CHif
BEINTH~A VL)Y I RAX X OREDOEIER S NZHE T,
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Figure 2. Survey locations during the 2020 breeding survey on Birojima.

RESULTS & DISCUSSION #5%# & UE&

Survey Effort FHEZH

2019 4, 2020 4F, WifEE A4 I XFFF Y ot &z (Fig.d), 20194EIc44 P2 TT8®D I Bic
14,710 53fE. 2020 FFicid v 4 + 1< 105K D 5 b ic 19429 /ftilggs & n/-(Tablel), Z o 55, 44 IXFFFY
DEDERR S N DiE, 2019 i34 + 2 T 412,358 F(#) 6,872 43). 2020 4344 b 1< 372,326 #(6,205 53) T
BHote, 2019FDH A4 b 2 TOWREFOEIGDOTFHHILN) 2845+15.59 #/5r, 2020 Fo+ 4 + 1 Tidfy 19.98+
12688/ Th otz THUE, FICKBETIRARL, AVLI T IAXATHRLNEZXIIC, VY I A—Z—Di%
BIGFTIC X 3777 L £ 2 T3 (Otsukietal. 2021), 2 D7, ZOWMEHETIR, Lk, Vv 7 A—2—DFEF 4 b
TEICHHERRE T LD,

¥ Sound 1: $4A06438_20200318_232300.wav

Figure 3. Spectrogram of Streaked Shearwater calls recorded on Birojima.
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Table 1. Total survey effort by location during the 2019 and 2020 survey season on Birojima.

Total recording

Year Location Total nights - . Total calls (second) call/minute Mean SD
time(minute)

2020 Site 1 105 19429 372,326 2,098 19.98 12.68

2019 Site 2 78 14,710 412,358 2,248 2845 1559

Peak Activity i&Ejv— 2
SR EEL o —7

FAEHRZBL CoAA I XFFF ) olEEEHo v —2 % Figd 1nd, ¥4 b 1(20204F), ¥4 + 2(20194F) &
HIC, WEEGD 7713, AV L)Y IZAXADDICHRTARICEAGSNAVWE YIRS, HH4 Mgk
TWEEIGD 77 7 1HMZH 2 b DD, A LYY IZARXATRLN, FHNHRICESEESE L &0, il i
WKL 72 % L S AT A & e 2 - 72 (Otsuki et al. 2020 & 2021),

EEEIESOVEEIR, 4 P LT, #1oTHF IXFF P oFPiELE Nz 1 H 29 H 0 3B EZ 572 2
A 21 HEEIC 20 B/ iR m LIz Lo, ImKTH 58/ 5 2 Lidrorz, 4 P2 Tit. 2HA3HIC
HIDTDAF I XFF V) OFELMER S N TH o) 28R D 2 H 19 HURE, 4 Ahi) £ Tofy 2 22 1R, i
WEERLTWEHS RoNn 28, 203 40-50 /5L Eo@nizs% Rz sz,

KEZBLTOY—7 - Affic ks —7

Rz L COEFEREBO E—271CD20TiE, 34 FLEeV A P 2 TlHEVRALNZ(FIgD)., 7. #HHA. HHD
Ait% 10 Ao 7 — 255, AfOENICH T 2 S FEEI 0 ZBEE L 72 (Figb & 7).

#q k1

A 1Tl BEOEFEBICKN2 20— BA BNz, K& R —27I13HDOHHE 40 55~230 571 A B,
N7 e — 7 I HO T 650 47 & A1 b - (Figh), Ho T 340 4> &2 8, HEAlTEFREEMES . Ho
HHlEE T 2R LT 5,

A LTl A XY SHHREO A, EFRIEEIAESTH 5 72(Fig.6). 2 H Dl AR O EFEE L. HEHK
BDTHb, 2HIE. BT 2D Hoo ) 2 iR ~H oM E coREch b, HEFHETIRIZ LA LRI N
Ty, —J7, [ 2HTH, FAFIKIE. HoHHT 720 5 2 (12 KR~ H o HiFT 40 43 £ bkt L TR Z &2
SERI N Tz, S HOHHARIBRO T =213, 7Y ) 7 IR X DG L 72\ 720, SREIOHEHTICIZS IR E
INTWRN,

#A F2

¥4 b2 Clid, HEOEFEEZ R TEFEESED 77 71k, HoH 710 43#1~180 43/ £ TLHuikrFE 72 A < (20-30
B/, 2R BEHOHENES ICoN EF L Too7(40-608/57), ¥4 + Lickk~, 2FMICIBFEIAGEIEL, &
T L 7= S5 A& B T Vv B IR 232 72 (Fig.5).
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Figure 4. Nightly patterns in calling rate found on the two songmeters.
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Figure 5. Streaked Shearwater activity as a function of time from sunrise.



Mean Calls per Minutes #/45 Second/minute

Mean Calls per Minutes /45 Second/minute

60

50

10

30

20

60

50

40

0

2021 4 E RIS v v 7" — & —

-800

b=3
<
)

Full moon

oo o o O O
o O X0 O = ol
— = T T i h
v '

J ‘ III-
o O O o
ol N o B =
n e

e
500
I —
-440 e ————

i  —
-560  m———

S O ©C o o o O
O T oS o O =
[ B oS N o N o A e

780
760
740
720
700
-680
660
640
620
600
580
540
-520
480
-460
420
-400
380
-280

New moon

=)
¥
w

o o
¥

mFeb.(28) Mar. (38) ®mApr.(4A) mMay(5H)

=R e = = = = e =1 o2
S X O = oo 0 O = o2
TISTITIT R a |

=3
=
o

(== = = = = =] [ = = =] f=1 o o =3 =R = = R = R
L= S o B =] oo 0 O o o o = L = A o B Rt
L e L b S = =] o \'IJ oo bl N (‘?l —_— = = = T T

Minutes from local sunrise

Figure 6. Streaked Shearwater activity as a function of time from sunrise around the full moon and the
new moon at the site 1 in 2020.
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FA 2T, 2HOAEGI L OoFFEHIL, 44 P 1L LEFOKTEEL T3 (Fig7), 4 F 2Tk, &
FIEHE 2 H O HRZICER T o 72, 2. ARSI S EHRTH 0 (40 /5). wHEohEciE
HTT22b00@B0#/47). HOoHHiZICA S LB ERLTWo7k(B608/57), 2 HOHAKNCIE, BEHEIEE)
BHRERLNT, EEIN TS b ik, HoHAET 370 2 LAE~T70 436l £ TORFR & H o I W ERFRTHF 0 &
TH o7z,

A +1E2TCORMBZBEL COFREED X — v D, FRHC 2 HICHEBREEWA R SN2, ZDJH
KiZERTIZ b2 5 7R,

AVLEITIRXADEEFEHOC— 27 DR (Bv AV T IR XOEHHEMEEL T)

AVLEY Y IRRALAAFIXFF ) ORERHEGIE, BT FEREZo TS, AV LYY IR XADIEMS
HEEZ, 1E IS oS T —2%20Z 02 ) vy 7ihH, 2O A v L) Y IAXADEREITLTH
722V TEEBA T 5 (Otsuki etal. 2021), —J. FF IXFFFYV ik, 150 0HET — 2N+ +
IXFFFP) ORGP EEGI LTS, FRIETREZDOD, 2nTh, BEAE#ICE> T3 C
Db, 2TMOEEEFOLEICIZ T TH o 72,

20204, ¥4 F1TIR1A22HIHDTAAIXFF VY oFESEEMEN LR, BEESIR, 2H22H
DRgic 208/ kAL, 3H12Hx 308/, 3AH LT HICc 3/ B/ mixidixlzob4ATHEC, 44
THECEHWMEZ T LT (FIg8), #YA) 7 IZAXXADEEEHGL L CTARE, HY LY T IZAXAD
BEEEREHL > TWE2HRHA2H, 3H26H, 4 H2HE) DR E T, A+ I XFF V) OEFEILGIME
TLTWwWh, KAfic, 74 IXFFF ) oWFEEHG2EVWHQ A 22H, 4 H2THFH) Ik, hv 2 ) v IZRXR
TlE, BEEESIIED LWz, F/2. AV LAY Y I RXADBEBBREEIEEHRIN T WARIICIE, 4
IXFFFP) OWFEEIZ., SEEZRL Tz, 4 APaMUFE, FcmiEolRsEEEG o E Ui %
RTEHAEDAOLNE DD, HAIC, H VLYY IAXAOEHEEMERLEL, A4 IXFFFIDZh
KLY, AV LYY IR AOEFEEHSNERAMIX, AA IXFF P Y clk, SR T 2 ERPEL
bz, i, SH20HBIVCA4A4AHDOKIZ, HY L)Y IAXA, A4 IXFF Y EDOESEERPE
LIETFTLTwEA, 2hHoHEY A 12548 10m Bz 85 ic HEE PERE O - o "IEHEL TE
D, ZOEERHLLDLEZOND, 4 ADBPICOPFEESWHEL CWEHA2RIA LN S A, Z oHARMIX
AV L)Y IRAXAORTEOBRIAICH 7 Y T CICFREAERSEHI L T2 enb, AVYLY T IRAXAD
BSOS IEBI QMM & 13— BRIC IR T X v D & E 2 Tw 3 (Otsuki et al. 2021),

20194, ¥4 F2TIE2HA4HICAF IXFF PN ) ORI UK, BEEEIZ, 219 Hic 40 7
/PECTLERE L2, FFHES 22 2 L 3A N TH IRILE L2 E o s h vz (Fig9), 44 b
LK, AV LYY IRXADEBREIHIRLTH B, AV LYY IZXADBEEAREL Z>TWw3HRA
24H-25H,. 3A1H-8H. 4 H1HFH DKL T, A IXFFFIOBEFEEBIET LTz, KAiC,
FAIXFEFFYOEEEHEAHCHQC HI9E) IR, A v a) ¥ I X AT, BEEHSZMILTwE, £
2o AV LY T IZAXADEBEEEIMECHIIZ, A4 I XFFFY TR, BWEEZRLTWE, 34 2Tk
NY LY TIRARXADT —2EBR S =0 ThA I, ZNLOMEANE, 34 b1 XY bEEHICRN TV IHIR
Th b,

10
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Figure 8. Nightly patterns in calling rate found on the two songmeters at the site 1 in 2020.

(a) Streaked Shearwater; (b) Japanese Murrelet.

|

60

f

L
|||||“|\||||||||\‘| MI (n\l "h”“ ||||I|||

I

v

o (@)

40

30
20
10

0

S ey,

/6

/v
0/t
81/v
L1947
vi/v
rAY44
ot/y

62/
€2/
12/2
61/2
L1/2
Sst/2
€1/
112
6/2
L/
6/e
£/2

(

|‘|....|

Figure 9. Nightly patterns in calling rate found on the two songmeters at the site 2 in 2019.

(a) Streaked Shearwater; (b) Japanese Murrelet.
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AIEFIZ, AV 2 )T I ZAXADEIEHMICE T E, AFIXFFFV EAVLY T IR ADEFHGH O
BEHWE L2z, A4 IXFFRN ) oFFREHOEEEZIBELzbIF iy, K7ev =2 FTld, AV
LYY I ZAXAGEIRIIERICARLZZA IV I TAAIXF XN ) OFEFHIMD T 2EASH 2 2 &R
ENF, AAIXFFP)OEFTEHR2AEE L VFELIEET 22010, A4 IXFFF ) ORI %2E L
TREPBEE 5,

AVLEYYIARXRALFAFIXFFFYOEFEHOE Y iIconwT, ZhZEhod A F T—EhEo s 0T —
2CiEHLdbo0, FETomziER cE AL ik, SO 2TEOERELHAET 5 L CII KX i
THAH, WI(H v 2 ) 7 32X ADENMM 2 L BLTD, AV LV T IRAXAEFFIXFF Y DfER
DI ROAEZTNTOLI BRITEHPR I o TWwb 2 L, EFHICHKEWEZE CH -7, SHIZ, hvrl vl
Z XX DEFENZ B L TOENICOWT ORI TE 2, AV AY T IR Ao TIE, THEI & O
BT —XABEEL R L e, FFIXFFF)OMBTTENERZ DD, CCETORIKRIITE 2o
Teo WEITLDEWOHIKT Z A TERZS, FAMHVERSHETL 258 Ltk WfEOEFE&ZF
UEHECIRT T, BB A E L ColRE ST ofic, —BNTORE ST LRI N, £ 2L EAIEE)
DY —27 R EANTEROMHLSTE 20 Lk,

Sk, RO X ICHIKRFECEROMRIITE b DD, FI 4 b (H v L) 7 I A X X OEGER)
DHEDTF—RTH B0, WEHRLDLEBIETEZLIETER Y, S%i1Z, K70 27 b TR & L7- EIkE
WIEROMEED 72010, BEUECOE ARk ONE, 2O, FiiBD X i, AV LYY IAXA, *F
IXFFPFYEDIRECHECHITENSE ZEDRLET L0, Z070I1Cit, B&NRMERH L, A4 IXF
FRYOFEIIKE L THRWZD, KER, A2 e 27 22 REEEWCIEEcE A TOITAES TH
20, AVL) Y IAZXADFEIFFOEEDL O TENNHE LV, 20720, CMI AV CwizFExAv
T, AFAIXFFVVVOFEEZWHNMCENRR L VDD, ZN%2T 22011, AFIXFFFY)OHEF N Z—V
ZANCRREES R 2LERH Y, ZRICFEEZMA 2 LA A IZXFFFY LHEICO T 70 THAlICREE &
2 7= 0WIR DR EE) ML 72 D,

FFIXFFFEIVEHAVLY) T IZRAZADKa—FATIRe L AMEEZ,. DA, HEOEELS, &
DO TR LV, ZORFOMME X, $2TC—20EMEDOLITHY, DT AT 2L IELND,
ORI -7 2%R L 7zoicid, 3 A TADOHDMAT, 5 KR~ 1 TS &b LNy, kb x
SEA VLYY IRAXADHEN L ORIGRHAICY 72 2O X 5 72 (Otsuki et al. 2021), 7 v 4 ) v I AX A
27— IR &I X o TEMIRICBIfE X T v 3 3Ok 2016). it B oME DRk — 5 2% %
LY T —%FCMASZEREITHAH, 2O AREPKIZIT IR, CMHBMELZTFTH s, Ay
o, AVLI Y IRRXRAFAFAIXFFFIDORIA=TABKYILDIEE, hV LIV T IRXADE LT o7
FEEL B TE 30k, X b MAP T, 2 IMBEZTZ056TH 5,
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Appendix: Seasonal and temporal patterns in calling rate found at sitel
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Appendix: Seasonal and temporal patterns in calling rate found at site2.
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BRI A I CHBELED 7 RHEHICX 3
BV LYY IR AOHE

L dmnzels - 2Nina Karnovsky - 34 ik & - LAHER - - °Harry Carter -
®Darrell Whitworth

ViR e s v —7, T960-8163 kL iE i s ARH A H 1-18

2Pomona College Dept. of Biology, 175 W. 6th St. Claremont, CA 91711, USA.

S el BB sE S, T880-0055 & If I ek Higa{E » B 197-3

ARUER R AT IE 4, T880-0841 IR i E IR T HTHT A48 HF 2008-5

S# A, Carter Biological Consulting, 1015 Hampshire Road Victoria, British Columbia, V8S 4S8 Canada.
6California Institute of Environmental Studies, P. O. Box 1185, Davis, California 95617 USA.

Predation on Japanese Murrelets by Crows revealed
using autofocusing cameras

LY oshitaka Minowa, 2Nina Karnovsky, **#Yutaka Nakamura, !Kuniko Otsuki,
SHarry Carter and ®Darrell Whitworth

Marine Bird Restoration Group, 1-18 Ishida, Hokida, Fukushima-shi, Fukushima, Prefecture 960-8163,
Japan.
2 Pomona College Dept. of Biology, 175 W. 6th St. Claremont, CA 91711, USA.

3Miyazaki Wildlife Research Group, Gakuen Kihanadai Kita, Miyazaki Prefecture 889-2152, Japan.

“Birojima Research Group, 2008-5 Magobori-ko, Yoshimura-cho, Miyazaki-shi, Miyazaki Prefecture 880-
0841, Japan.

Deceased. Carter Biological Consulting, 1015 Hampshire Road Victoria, British Columbia, V8S 458
Canada.

6California Institute of Environmental Studies, P. O. Box 1185, Davis, California 95617 USA.

EXECUTIVE SUMMARY #}%

* To identify predators of Japanese Murrelet on Birojima, we set up motion sensing cameras in the forest
on the island. Two cameras were set out on April 9, 2016, and data were collected until April 29, 2016 and
March 3, 2017. The cameras operated for a total of 263 Camera Trap Days, 8,354 photos were taken.
BSICE T2 v L)Y IXAXXDHRELRET 5720, BALETOMNICHERE 7 A 7 2 %E L.
2016 F4HOHIC2B0A A7 %EEL, 20164 A29HE 20173 A3 HIcT — 2 %L 72, 263
Camera Trap Days, 8354 OB E 1 Rk I iz,

* The cameras recorded 6 cases of predation on adult Japanese Murrelets and 3 cases of egg predation by
Carrion Crows, and 1 case of egg predation by Large-billed Crow.
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NYRYHTALE DNV LY T IAXARSOMED 66, NOMBERIH, N> T rHIRICLEHh VLY
7 I ZAXAGNOHED LllE s sz, METH VL) U IZAXADHEBENIMR CRFI N0 X ]
HTTH 5,

+ The period from April 12 to 20, the adult Murrelets were predated, was incubation period for Japanese
Murrelet. It seems that Crows attacked in the Murrelet's nests.

NV L)Y IAXAEEOHEMRE I NZ4H 12~20 HEZ AV 2 ) v IAX A0 h 725720, BN
Kwp b rzfigIniztErzond,

+ The predation on Murrelet eggs occurred from late May to mid-July, and it is suggested that they were
feeding on unhatched eggs.

AV L)Y IRAXANOMEIZS ATAH»S 7T AR, KIMUINEZIZIFBEL CHh o M2z BT B2
bhd,

* Most of the photographs were of Carrion Crows. This may be due to the fact that the study area was

located in their breeding territory. It is estimated that one pair of Carrion Crows and two or three pairs of
Large-billed Crows are nesting on Birojima. The recent increase in the number of nesting Crows may affect
the breeding population of Japanese Murrelet.

W INBLAEPANY RN TRATH 27201k, WEHP TRV N T RAOEHMIRY O IcH otz b
HEzond, MBTEEST AR YA TRZ L0, AT PH TR 2~3 2B EHEESIN, 71T R
HOEHFEROBMIE A v L) 7 I AR A OEFEAREIC b8 % 5 2 5 WTReltEn & 5,

INTRODUCTION ZL®Ic

B TIE3~5 HICA v 4 ) v I ZAXABHBINEN, +72b 5 BEOECED 5, HE, IS
BLIFLIER22 2, MEEBICHE T2 A v ALY Y IZX A0 TEAMAE IR, 77 2E2 I Lo LT3 AMEME
EEZLNTE, KEEZMRT 2D+ Y77 2 Corvus corone £+ 7' + 77 2 C.macrorhynchos,
% 7% Falco peregrinus, 7 7 = v Strix uralensis & #£:8l = 2v (Whitworth et al.2020) . ERgic~> 7+
HIABENOA Y L)Y IRXAEEGZEI PR HEI LW S (NEFS 1994) , JHORiRE LI %
INBIRD» B H 7 ABHOWRENREM I Cw 3 UMNFS 1994) , LarL. i Tl o & EEg1%E
L7k, Al E 72 2RI b T et o 7,

FEHD MR EEVO»ICT B 720, 2016~2017 FFICHEMRFE 7 A 7 2 BNICRET 2 R LT 2L
7o FERO—IIF T CicFR S (2016) . Karnovsky etal. (2017) . ##wo (2017) . Minowa et al.
(2018) ICk o THME L CTE 2, AME T, AT REN A Y L)V IRARX A AT 2ME03% {55 izt
T B AL VE S DR PR D ARBLIC D THRIT T %,

STUDY AREA & METHODS FA&EHiE X UhH

TN E IR R EFFARFIET OB S (Ibig 32°27.9°, 4% 131°43.9°) <fTo7% (K1) . HUEEE (XM
DS TKkM IChrE S 2 A S, HREREEDO A v L) 7 I X X0 e Lcbh 3 (Otsuki et
al.2017) . #AEHE LT, 2T THEBDREIBR D2 > T 23 EOILTEE O R 238 E L 72, RN D g
A 2 WA E O, £ 1I0m i< 2 5o BB A £ 7 (No.1l, No.12) #HEL- (K2, 3) .

il #4113 Bushnell #:o BB 7 #  Trophy Cam model 119636 (X4) <., PIR & v —28% o>
TN RY OB EICKIG L CHEIMICEE T 2. BRI BA L A, RE2EREI N, HR oL T T
2, WEOBEWIRRHTD LED D7 7 v v 212k b 3~14m OHil CHIREARETH 2, AV LY 7 I ZAX AN
WRMMECTHBINZZEZEL, A A7 E 1M HEOBARICHCEE L, iz BT AT AEICKE
L7ze 2BDOH A 7132016 F4 HO HICER@E L, 2016 £ 4 H29 HE 20173 H3 HicF —&2 # XL 7=,
FLERIE G & MR & N LA R FEE AR TEN S R L L 7,
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1. /A7 ORELT

2 A 3 Mk DT
HFIROMAICH A T HFE L 72, TR EHE TR 2 %ER—IC o TWw 5,
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RESULTS #&R
No0.11 & 12 %&b+ T 263 Camera Trap Days. 8354 MM SNz, 205 bEBEHOZIMERTELH
WAL 3572 1. A1 7 ABIC X 2 MEBTENIE 326 Bisw s hi (D .

1. #HS o & Camera Trap Days. ##K

H 7 RBOREITERENE

2 e HAR Camera Trap Days IR BRI )
(hy aAREH Y LY 7 I ZRIXDRHE)
No.11 20165F4A9H~6H25H 78 7407 3063 315 (45)
No.12 2016F4H9H~10A10H 185 947 509 11 (3)
AEt 263 8354 3572 326 (48)

I BIBRERBIERBEDENE > TW e e RT,

-\ INEE

AR 3572 D 5 b, 2765 MO EE A5 9D B HIIA L. 807 #ic 2> TIZWUR 2SI C
FICBESd otz (K2) o WIRFAFIATEYHIREATT I AHTRAD2EBEBL, ~v KV H T R34
HIF O TR D%\ 1529, ~> 7 P A7 R I0KdEd iz, £/, A v o) v IAX A F2HFBICS
v 893 MUy & 1 rz,

2. WML & MUK

B o
A & No.11 No.12 me
HhSRI\k Columba janthina 37 48 85
FA3IXFXKRY Calonectris leucomelas 4 4
AU LYIGIRA A Synthliboramphus wumizusume 699 194 893
NRYHASRA Corvus corone 1,385 144 1,529
INOTRASR Corvus macrorhynchos 10 10
DFNIE=a) Locustella pleskei 128 128
SANS Turdus pallidus 105 4 109
THIND Turdus chrysolaus 1 1
FAILY Cyanoptila cyanomelana 6 6
Mt 2,365 400 2,765
HhRE Corvus spp. 447 70 517
VIR Turdus spp. 32 4 36
AXAEFRERTE Passerine 138 4 142
THRHE Unidentified birds 81 31 112
/Nt 698 109 807
&a&t 3,063 509 3,572
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cAVEYHIFRICE A VLYY IR AREDHE

VL)Y IZAXAREPHEINGHFIZ4 H 11 H~20 Hic 6 flffi S -, ReRFIEICK 5~10 <R
T, HEEZEITRTCAVERYHFITIRT, EETCVBEHVLAY Y IR AR b22% (M7, 9 SHETHOE
T (X8) . BFRITE (N6) kAT z, IhoDfTEIIHPRFEEh, 7:16 225 17:19 F CTOHFH T
Hol,

X5 201644 H 11 H 13:36

Hisf 0 No.12
HWEE: oKy HFIZ 1)

PRI H ECHEERD WA VLAY T T R
AADIAEE L bR T3,

6. 2016 4 A 11 H 17:19

i 2 No.12

RE v Ry IR (LF)

Wil AV LY T I A ADHEEED
EIcZE L ANT W3, 14 BBOFET
1A < b 2TV Wiz DI TE) &
FINB, M55 3R 43 5% T,

SV L)Y I AR XA DOFREMED B
B, FERIREEIC R A 2 2z o Ik L
W L 7=,

X 7. 2016 £ 4 A 12 H 16:42
Mgt @ No.1l

HEE R YA IZ (1)

Rk : H v )7 I AR A RS OFEERAT
BxESDbATHnE, AVvLY Y IRXR
WELEEZCEVRZENL TS,
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21

8. 2016 £ 4 H 13 H 15:11
Mgt : No.11

g v Ry HFITR (LF)

Wit B ETChY LY 7 I AXARE %
RBTHIZTWwW3, Ava)y I AL
DESBERD L, HEAKDbIL T
%,

X9. 2016 4 H 15 H 12:15

M : No.11

WEE:  ~vRYHFIR (1F)

R AV L)Y IZAXAEE RS b2T
W3, AVLAY Y IZRARXXIERHE, B
nTw3Xoicizs,

10. 2016 4 H 20 H 7:16
His : No.11

HRE: ~oRYHFITR (1H)

Wi 2 2oBEEOF] (7:11) i i3 HhmE ic ]
b HED o 728, T:16 AR P E RS 8E D
TEH (KH) . AV ERYHIFTADOHICH
PEBTELTHDII L, AvLYY
IARXARESERTE LWL 2,
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CANVRYIBTREAVTIHTARARZE B A VALY Y I ZAXAIIOHE

NV LYY IAXAGOHEIZ 5 A 2L A~T A 16 Hic 4 Pl & e, BERIIAICK 11~14 157 ¥, <o
SHAYRYHTABIPL AT T AT ABLHITH 57z FEIC X > TRFEFICHIET 544 I X F X F
VIR E DRI AEEL A, IHROBREL 34 X BT L 72,

B 11. 2016 45 A 21 H 15:04~15:08
s No.11

WEE: v Ry HIR (BA3IN)
Rt L ECil R oo % hEEIRET
LT ER TR S LTz

12. 2016 %5 H 30 H 13:32
His5 : No.11

HEE Ry IR AR
WKL iZ L baTn3,

13. 2016 46 A 8 H 9:17

Higi : No.11

aEE v RYHFIR (BAIH)
WETiEoo0%, hFHERERAEL T
%,
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14. 2016 427 A 16 H 15:59
Mo 2 No.12

HBEHE : ~v 772 (1R

N T IHTABHBL 2%, A ki
BN 72D E > Tz (RHD

< I 2RBEDORENE

BEHEPGHIAL 724 7 RFOHBNE T3HIZRIICTT, TOIBATYERYATTRICLEDDRT2H], »~v
T HTRFLIHITH - 72,
NCRYHTADRBENED ) LEFIZOFT, AV LYY IZXAWEGH (5~10) & 7~=v 2 1H]
(K15 | BEARHO 14l #v o) v IXX 20834 (K11~13) #&a&En s, fudfdH, FgE. BH.
DB EENT T, AP L L7z 40 BHIEE AL CRABNE S HBT cE 2vw b o T, WA, MUuNdtiko
DDEREGEND, NP ERYHTRIIH VLYY I ZAXALISNC S B ORISR kT 2B R A L
TWARZEDWIRENTZ, BB, AT HIRFA VLYY IR XADONZREL 161 (K14) OAELHFEE
"z,

#3. GEIOHIAL 7250 7 2FORANE

_ meE EERE No.11 No.l2 &5t %
NORVASR B%E WO LIS RAXARE 4 2 6 8.2
TIUINA 1 1 14

PN 1 1 1.4

H LIS R AN 3 3 41

R ETH 7 7 9.6

B5%5E A=, TF LD 6 6 8.2

BREa 33X 2 2 2.7

MEEY w=LBbHhnd 1 1 1.4

= ETH 1 1 1.4

&Y BT .BREx% 4 4 55

EH 39 1 40 54.8

NVINASR B H L ISR ZXAGE 1 1 1.4
&5t 69 4 73 100.0

K15 7=y A%l brl
NYERYIHT A
2016 F5 H 5 H No.11 ¢

e
570
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- h 7 ZEDOHEIRK

NYRYHTTRAFIA4HI0H2»S 8 A 2L HEcHIEL, A5 1029 a sz, v L) v IZAXADE
SEHRRIE D 4 HR~5 AW IR Y 77 2B L7-25, 5 A LA, SHUBEML 72, Hic, 5
H18H7»5 6 A 18 HE Clighls 32 & LRI I L T BiBstg 2. 5 H 27 Hicw% o 127 %5
FL72 (16, 17) . 6 ATH2 S IHEHEEDNED L, 3 A EH RS o T,

N TIAIABHRL =0 THI6HE 91 HD 2 Hiflo A<, &t 10 KdRE s iz,

AR (B0

120 -
mNYRYASR
100 DL JIAZA
, HEMERE
(May 18)
80 4
?
60 419
40 1|14
' 4 5258 Uune 18)
r
' |
0 - i Il. 1 . ;
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16. AV LIV T IRRRXEANTERYH T ZAOEEKE DL

tH FIvzre C L3 20 2076 51025

17. ~v Ry H I 2DHE 3
2016 5 H 20 H No.11 iRz,
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DISCUSSION %

s H VLYY IRAXXDFHREFICONT

WS CHFEMERINDE AV L) 7 IRAXADHELITRICONT, TNETHATYRIATAEANTT AT
20 X A ORI S N C & 228 (thil S 2016) | BAERIC X - CTHIRHE 2HE C & 20 135 A »
Tehd, k., HHEORME CTIZ 2016 44 A 16 HICIIZHR T2 > 7+ 77 228 Ll & iz iz
(Otsuki 2016) . ftioZJEi©d FHTTHHTITE (FI55 2016) | #EEARMHTERE (4G5 2019) <7
AL ZHREP R INTE Y A7 ABEFHEHON VY L) 7 IAX AL o CEERHBHELE X 5,
YD X BITECHET 22 3AHTH 52, B INTHRHSH v L ) Y I ZAXADIIICH - 2H, v
RYATAPEECLEA VL)Y IZAX AR DA TGREATHREL L, HIRETORWE R LR & ol
RO ZE & W IBT R LCib 2 2%, FHEQEHMIGEATHREL Tz eI N5,

- HEBORERIL A I AOEHWEAT V2 —n

NEFS (1994) 13 3 HEA~L5 A L coFEHMF, 7 v L) v IXRXAREOWAHRENEEZ4H2H~
5H8H., Ultx 3H 28 H~5 H 18 HicHEiA L T3, ASHECIRHKEOHAIT4 H 12~20 H ciffha—E L
2B, BT OWTIE X VB S ATH~7T AR E TR EC LRSI NI,

FV LYY I AR DENEADK D o 721 THi DId. DIZEFE L Twizh, BNICE S - R %
RELTWAEDLEZONS, AT RHEIA VLYY I ZAXADEHHNICKE L INEHRE L., 2 0%IZINEH
BI22LT, RICHOAEV IV L)Y IAXAZFALCTWAR[EEELRD 5,

SEOFE CHERI N RY BT ADOFHREEICOWT, FINHE 18~19 H. BEEIR 33~34 H (1L
1934) . $1EPWEE N5 A 18 HEHEbHET S L, FEINE 3 H 26~28 H, Mftiz 4 A 14~15H., #
b5 H 18 A, AT~ 0But 6 A 18 AL HEE S WD, ~v R Y 77 AT EGER T, fainiigsEs, o
HHNEHHICH v 2V Y IR 2AOREE, BABHIHICAH v L) 7 IAX AL TE Y, HELEY
BRELTHY LY T IZAZXARFALTCnBEEEZLNS,

HBOEICONT

WEMEEINEZ 10605 b, AT RYHFRFIA VLI Y IZAXADOKE6FILINIHF, ~v T+ HI R
IR L BN D o Tndey, THREFATEY AT ADHBEDOEI ZRTIDOTIE R, AATBEN YRV AT R
DOHIR D MICHKE I NFBRIGAE R\, N RY T TR ENT T I H T R FEGE R CHERR 2 MR 0 %
oz tpmbh w3z (Matsubara 2003) .

WA ICE R T 2 7 7 ZRBOMEEEII A T BT 2A07708% < (KL 2018) . EHHEEII AN TP T %
2~3 223\ (Karnovsky etal. 2017, Otsuki et al.2018) ickf L~ Ry H 7 2iZ 1 o WIRELHEE I N D,
F 7z, 1993 F v R Y H T AORDER S N/ MUBCIxChNEF S 1994), 2019 4Fich T A FHDE L A v 4
VY I 2R X DIEIRASHERE X uTw % (Otsuki et al.2020), /MM CEE L Twizh 7 RO ORFEIZ TR
TRV, MIEERIZ, HUERE 22 55 200m D RE#EIC 5 3 720, /IMRICIRS B O 7 v L) 7 3 A XX 2
BT L REED BHECTE v, ME CEBAET 2 H 7 2 X, 2~3 20T, F/] 60~150PdH v LY v 3
AZXARRT S LTI T 5720 (0tsukietal. 2018), # v 24U v I 2 X X OfiiikEKic S 2 2 E I K%
Vo T ZFOMINEZE OBIEZED, AV L)Y I AR OMEEEMFF R ELR G 2520, HHKE -
MR B 20 7 ZAHOWBA =2 ) v 7T 3R EDEBLAMLETH 5,
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EXECUTIVE SUMMARY %

° In 2019, the LUSH Japan Charity Bank and the Taisei group funded Japanese Murrelet Synthliboramphus
wumizusume (hereafter, “JAMU”) surveys at Ko-shima and Biro-to, in Kochi-ken, Japan. These surveys
were originally scheduled for March 2020 but were postponed until March 2021 due to the COVID-19

pandemic.
2019 4E, LUSH v v Xy F % U 7 4 N v 7 L KRB E AR - RGBS 2 b SRR OEETOH v 4 )

7 IRARXADOT Y 22 (2020 F)ICBIEE R RMEE G2, FEIED &b L 2020 3 AICEETETH o %
B, HMaeF o4 NADRVT Iy D70 2020 F3AE T L o7z,
®  The main goal of the JAMU surveys was to determine whether a reliable correction factor could be
estimated based on the relationship between the number of birds counted in nocturnal at-sea congregations

around Ko-shima and the number of nests found on the island. This correction factor could be used to
estimate JAMU population size at breeding islands where a large proportion of nests occur in inaccessible

habitats.
AV LYY IAXAPFEOFELZANIE, BERLICKBE. FLcET B0, BTRO» > Hofke oY

fRicEo%, BHETE AMERBPHTTELD»EI W TE2 L THoTz, T ORIEREIZ RIS DHE
2. T 7k AREERIGATICIE S T B ATREME S @ W ETEL(B) T D A v 4 ) v I A X X DRI D HEE I i
MEns k53 THsr5,

® JAMU research in 2021 followed the spotlight survey and nest search protocols established at Birojima

(Miyazaki-ken) in 2018-2019, including: (1) round-island spotlight surveys on 3 concentric transects
located 200 m, 600 m, and 1,000 m from shore and 1 round-island spotlight survey located 600 m from
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Biro-to; (2) spotlight surveys on 1 straight transect between Ko-shima and Biro-to; (3) night-lighting
captures of JAMU in the at-sea congregation around Ko-shima; and (4) comprehensive nest searches in all
accessible habitats at Ko-shima.
20214FDAK Y b T A4 P —~_ A4 L EBEHRHE IR, 2018-2019F oM B (EIRE)ORE TS T m b a
> Tithbnrz: (L2 5. 200m, 600m, X 0°1,000mo i<, 320DFELFRD 7 v+ 2 t %<
JAEEIZ R Y b 74 b Y —_ A LR > 5600MDJFERIZ Ry b 74 b =4 (2FE Ll EHOER
WZx ARy b 74 =4 QEMICE T 2EEFLTDOA Y L) v IRAXX DL, X U@)EED
T 7 AWEERT Y T TOWREN R ERAE, Th 5,
The distribution of JAMU around Ko-shima suggested that nesting occurred more widely around the
island than indicated by nest searches conducted by the Ministry of the Environment (Hereafter, “MOE”)
every 3 years since 2008. Therefore, we expanded the nest search area to include areas of the island where
MOE were not able to find nests.
AV LYY IRAXXAOEEFAOTE LTOHMITIA L . BIEA O TR F (20084 LUk34E 4 1< E ) 3R L T &
U EoREToOEEMORREEL R L T\, 20720, HHRFAEOHHIT, BEAS T CICHEERRAL
TWARWZ Y THEDIRIND L Lol
Combined round-island survey counts around Ko-shima each night totaled 221 JAMU on 15 March, 144
JAMU on 17 March, and 293 JAMU on 23 March (x =219 + 75 [s.d.]). Assuming 250 m strip transects,
the combined survey densities were 91 JAMU/km? on 15 March, 59 JAMU/km?on 17 March, and 121
JAMU/ km? on 23 March (x = 90 + 31/km?). No JAMU were counted on the Biro-to transect on 15
March.
FEETORMEEY - oy v M Eo&FHT. 3AL5H X 2210, 3A17H X 144, 3A23Hici% 293F(x =
219+ 75[s.d)TH o7z, F T v 27 FDIEE250MEFE L, AFtENzHh v LY v 32X X OEEEEE
¥, 3H15H 3 9LH/km?, 17 H1iZ 59F/km?, 23H 1% 121F/km? T& - 72(x =90 £ 31 /kmA)TH - 7z, %5
DY TREIPOH v L) T IAXRALERTE D572,
We counted only 4 JAMU on the straight transect between Ko-shima and Biro-to on 15 March. These
birds were counted 677 m from shore off Ko-shima. No JAMU were counted around Biro-to transect.
SHISHDERMN Y —x A4 Tld, FAZebld, v LU IRXAZLAT v P L, 2hblid, FE2 LK
680MO A& CHERR I Nz, HEBDO M7 v 7 P LTI, AVLAI Y IZAXRAFAY VY F I ko,
We captured and banded 6 JAMU in the at-sea congregation at Ko-shima on 15 March 2021. Four (67%)
JAMU had brood patches indicative of breeding. No JAMU banded in previous years were recaptured.
SHISH DK, EEFLADTE LICKFE L 2MEZ6PHHIEL 72, 2D 5 b DAP(67%) 2Lt 2 H L Tz,
DRTICBRIRPEE I N AV L) 7 I AX A DOHMEIRA LN o7z,
Nest searches on Ko-shima discovered 212 nests in 2021, including 125 nests with incubating adults, 84
nests with 1-3 eggs, and 3 nests which contained dead adults. Four nests with depredated eggs and 3 nests
with dead adults had already failed by the time of our nest searches. No hatched eggshells were found on
the island, confirming that surveys were conducted during the late egg-laying and main incubation period.
As shown by the spotlight result, more nest sites on Ko-shima were able to be confirmed than the MOE
report.
2021 47, sEETIE. 212 AR I Nle, WERIE. BRI N2 808 128 B, 1-3 DI D H @ it 84 B
ThHote, MAEFEMIFRTIE, 212 P 7 HOIPHEINTOZZE S 4 E, BEIRI N T2 HE0 3 H)THl
TARRINBAHE I N T, THMLINREZRE S NAa D 572720, HAEFFENZRE @ iox 4 vo s 4 I v 7T
FEMI N EBEMNTONTZe AR Y FIA P —_A OFABMENR LY, BEBHOHRE LV %D
LT CEREZHER T2 TR,
JAMU nests were found in most of the accessible habitats on Ko-shima, mainly in areas dominated by
sedges and bunch grasses, but we did not search small patches of difficult habitat so we probably slightly
underestimated the total number of nests on the island.
HY L)Y IAXADREIT, FEDOT 7w AA[EERIT L A EDERT, FICATEHL MO ERNEE T 2 LT o
REINT, T 7 v AW b T o G HHBITAE CE b oD, BOROREE D3 5 18/NHl L 72 7]
REMED D B,

28



2021 4 IR KA v L) 7 IAXR

Uncertainties about the number of JAMU nests in areas not searched prevented us from determining a
reliable correction factor in 2021. Therefore, we followed the protocols established at Birojima to
tentatively estimate the size of the breeding population by extrapolating spotlight survey densities.
Extrapolations of the mean round-island spotlight survey densities over the entire congregation area
yielded of 347 JAMU in the waters around Ko-shima in 2021.

HY LYY IARXDEREEICO T, HEPEMTE TRV COEBHRORMHEREMED H Y, 20214
EHD H 2 MIERBZHEETE R o, £D 72D, S, MEE CHZI N 7w b arvicfin, ZFy b
TA M —_A TOFERIMES 2 2 & CEEMICEIEAEROBE ZHE L 72, BELTWw ) T2afRIC,
ARy P TA M —_A DV EFERHNET 5 2 & T, 202LFEICEEFAOWHTICE F - T/ EfEEix, 347
PEHEE I NI,

We considered 184-232 breeding pairs to be the “best available” JAMU population estimate for Ko-shima
at this time. The upper limit of this range is close to the number of nests we found on Ko-shima in 2021.
SN, EENIC 184-232<7 2 B CTOEGEEHEE L Lz, COHEEMD FRIZ, FEBRICHER L - EofLin
WHDTH o7z,

A nest search over the entire island and larger samples of spotlight surveys will be needed to calculate a
reliable correction factor at Ko-shima; therefore, we recommend continued research efforts at Ko-shima
which, to our knowledge, is the only JAMU breeding island where a correction factor can be determined.
EECEED ZMIEREEZHET 272012k, BEAETOEEFETEL, LOKEARZARY 74 P-4 DH
VINBHBREL T2 D, 2D, ThebDHISRY | FHIERKZRETE 2HE—DH v LY 7 I AX X OEE
BTH 3R TOMBN LIRS N EREL 2\,

We discovered 4 nests with 3 eggs, probably due to JAMU pairs competing for the same nest site. This is
the first time more than 2 eggs have ever been documented for a JAMU nest.

/o, FEHTRICSWAD 2 R EARE ST 7, —HIC2M X Y B WIIGMEM L) SERERER I 2 DIZE L
W,

Eggs of birds that were locally called “Umisuzume” were harvested on Biro-to until the mid-1960s, but
there are no historical records of Ancient Murrelets S. antiquus (“Umisuzume” in Japanese) occurring on
these islands, so we are confident these harvested birds were JAMU.
1960 FRHEE T, WHEL T, WALV IZAXXUTH L HOMBREIN T2 L MERI N, BEICY
I AX A S antiquus DEIHFLRBFAEL e\, ZOMEREIN T RKBIEIA Y LY v IZAX AL HCHE
Wit ThH A9,

INTRODUCTION EL®»IT

A1 v LY v 32X A Synthliboramphus wumizusume i, S OHCTH R D HP 7Y I 2 X AR Alcidae
(Gaston and Jones 1998) @ 1ffiTd 2, HAROUTIZ [RALEY ] fHEL TH Y (Hasegawa
1984) . HADBEE 3 X CEEHAMREEA(IUCN)DL v F U 2 Fcid, THBEETE] (R akic X
LANB ) AIZPBE) KIEEIhTw, R co/NUEZEHEEAEE, AR ®HED 4l oan=—
<5000 ~7LUT EHEE T3 (Otsukietal. 2017) . L2>L7Adis, Ziud,. BWENZE D 0T, ZOHEE
WCHIH L 723Gk o Ao HEE R IX, RS o TL Wiz s, WA R Sk, 2011-2012 FEICFHEfE
Niehv )y I ZAXAMAGREEREF — 201, BEHREINV—-7)OREOHE. TAVHTY IZAXAHOH
FRAAEGREICHONT WD [AEY F 74 P =4 BAV LYY IZAX A OMAFEFAECIETH S
T & 2SR = u(Whitworth et al. 2012, Carter et.al 2013), = @ Tk, BWEEHOE =4 ) v JHEHREE T
LEAINTHE, LELALL, Fi—(badnz7otarBEELAVED, Z0RAAERAHEGEILTY
%,

TAYARAX Y aTik, v IAXAHOMERBHEE I, ARy P I7A PP =LA TOREDOAY v M
MHIERE] 220 Gbe CREIN T2, SROREED BN, FETE 2MIEREOHEELSTHERL L S 5
WIS 5 L THh ot WIEREUIT, BEHELOFE ICKRMET 2 B0 e . BN o BB OBRIC X
DIREINDG, TOMIEREIT, BOREDPHEEDT 7 ABRABERBGAICELN S 7 I A X A O ERK
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DHETE & AIREIC L T % (Whitworth and Carter 2018a. Whitworth et al. 2018), #ilEf##iz. 2 v =—H DI
IEREERBAIECE 230 =—CoARD B LB TE S, BEEOE=2 Y v 7HERSEEIC I, =5
DIEVHIFACHELZ LML 2d 00, BoItHMHOF NS L CMiiOF O co A, HEEK 140 HoH v
LYY I AR A DERLBHER TN T\ 5(BIODIC 2018), #farlic pE B o3 v I Az iz L, EHitho
ZIE R T BETREZR ar = — X, HRTIIM—, SHROEETHL LEXONEED, YHico, FHIERE
B 7y =2+ 25 H L 7,

METHODS 7k

Study Area and Logistics F&EHLE X OFEM = FEEREE

EAR o EEFEAEE N AFICAIE T 5325 (32° 45. 21N, 132° 37.33'E)+ X UNili2EE(32° 44.47'N,
132° 36.02°E), 202143 A 13-17 HB X W*3 H 21-23 HIC T, AFy F 74 b =4 B X OEHEH
HEEMLAXD., MEIEER, RIEEHEEBRREX ORHIREIXICHIEEIN T2, EHIE. M5
DOFEPEH 700m ICfrE L, B 300m, R 150m, 5k 50m oA ST, Bo Fifizx 7 *
Machilus thunbergii. * + U v 34 Rhaphiolepis indica var. umbellata 7z & D ¥Rt O A FET 5, Bodk
HITIXAEC 27 e 7" 25 Carex wahuensis var. robusta, % v v 7 v Peucedanum japonicum Thunb. var
japonicum 7z K ML o Tk b, 2008 LK Z C CREROE =X Y v IREAEI LTS (M2),
BREROE=2Y) v 794 b 3EYOMESZ I EHTIE AL, KT L ST WERETH 5 72, #AET.
REVARY 77 BREIR T 2 HTTERBA ICHE 5722, T=2 ) v 7 A FPRICH R Y 7 7 2 RELZE
BERONT, EHREHOBERIIME S 27205, ADBAVAALEEIZA LT, HMOMKED % Th - 72,
LR I3, EE580m, JEf 430m, [ifEK) 170,000 m, SR x 140m oM AL T, TEVHEY) O %
B2 AEAELCwE 2 e BEHROHETH 5 (lkeda1999), A4 IXFFFY &y IXa0EEIBHONTED,
1996 Fic KEIA X I o HEHI S & 5 (BIODIC 2009),

ARy P TA P —_A B X ORBEEL##IZ, £4 ey ZHF— b Fairy (19 F v, ZFRE) © 2Ky
FIA P —RADEDOTH, BXUOETOEEREROBEIL, REMAL (10 by, BHER) <ff-72 (X
3

Kyushu

Birojima e

Kashiwajima
Okinoshima gy

* Ko-shima
4 E
=< Biro-to
o

Figure 1. The location of Ko-shima and Biro-to off the west coast of Kashiwa-jima, Kochi-
ken, Japan.
1 SMEM SHIX 0328 & e O E
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Figure 2. A researcher searching nests at the monitoring site at the north site on
Ko-shima, Kochi-ken, Japan.
2. BAEEEodtlloe=42Y v 794 + THEEL X T IHER

Figure 3. The vessels used for the project in 2021.

Left: The vessel “Fairy” owned by Yanaka was used for the spotlight surveys and at-sea capture. Right:
The vessel Ryoeimaru” was used for setting transects and landing to Ko-shima. Kochi-ken, Japan
3AREICHI L 72/

o XAV IR FRFEHRE, 2Ky P74 b —<4 LELRCOMBICER). 1 RELEH
Rk, AR - EHEOMER) .

Spotlight Surveys RAFvy F 74 F¥—_4
KEAY 7+ =T HEGCIE. BT 2 B4 0 RICEE 2227 ) 727 I AX A S, scrippsi 22 5 729
i, B fbI N T e a v ERACTRBARY F 74 F =<4 &2fT-> T3 (Whitworth and Carter
2014) ., EEBIVHEETEBINSEZZARY F T4 b —A[ LDE WL, AV 7+ AT THEHEINTHD
INUDIEROM(S T4 T v 2)Clia . XAy ZHOMEHHT 22 L Th-7-(13). FHbo GPS
(Garmin eTrex®30X) %fEHL. + 7 v &7 b LoREER% 7-8 km/ h 03B CHifT L 7z, BlEH L, 12V 0
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=V RNy F)—hbEREEY, FHLOEBREDOZXEY F 74+ (Q-Beam Maxmillion®) %L 7=,
ARy FTA PO —LBMMOMY A FAHIEE D E oMl 90°DilIc % 5T, Wwo K Y LT 5 HRIC,
AV L)Y IRAXAORER A Tze ATV MEUL, HEE B ONERINA, TREE, Biko7 4 —1 F
J = MCFRTOBELIREATI L, FRICAH Y v RO GPS BIED fifk L 72, ik /=7 — &Iz, T
DYDOHREENEL) VLYY IAZXADAY Y ML 2) T8 GEEHICEFEVTWE, RATWS, 723K
ULo7z) . 3) GPS oEfFE0F S, AR B, BRI Sr. &F (8. ok, ZEoRE. Hokk
T) AiefkE ., TSR Eboz L FiIEFcEHEE LD,

ZrI7ve/roREIERLICRT, BRIBORKRy b 74 b =413, 5OV T, B2 5 200m,
600m. 1,000m offifficdh 3 3207 vk o ICEREI NS, 1,000mo 7 e 2 MicowTid, &
EHOABUERSIC 205720, ZO—HEZKLEZ (K4) . HESCE, F226600mopez3ict 7
Y7 PR LKRRITES, TNEHER COEMOWREN 2 TIN50 CTH 5, WEEELTIE. FES
2005 4EDREY FFA4 b —_A4 BERLEZEEIC, 10PREO A Y LY Y I ZAXARMRI LTS,

T GHESMO M7 v s MEL WEBICH VLYY IZAXAOBIEERE L G, Tt hoan=—
DN R TR T 5 217k T 72,

HY L)Y IARADEBOEENC X, KEDH B X 2BBHRT % 720 (Gaston 2002, Otsuki et al. 2021). #i
Aiciiv 3 A aICTHE 2 3%0E L7225, MR (EIRE)co Yy v 2t —2—2fwi#Er» o, 3 ATH-4 AL
FAMEARBFIE OB & Vv I FERIR I N720, 3AKDMHOHIOWIRICH 2Ry b 74 b —_ A ZFKIF
776

Figure 4. Round-island (red) and straight (green) spotlight survey transects used at Ko-shima and
Biro-to, Kochi-ken, Japan in 2021.

4. 2021 FiomaRoEL LHER THY b FREGR) L ERBEEHOZAE Y F 74 =<4
DrIF7vEI
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Table 1. Length of each transect spotlight transect at Ko-shima and Biro-to, Kochi-ken, Japan in 2021.
# 12021 FFICEABROEE LHEED AF Yy F 74 PP —xACTHEHLEZ P 7 v 7 O

Transect Length (km)
FE (Ko-shima) 200m 1.8
600m 4.1
1000m 4.7
Total 10.6
ZE(Ko-shima)-&Z£ & (Biro-to) 600m-600m 1.1
H22E (Biro-to) 600m 5.2

“Night-Lighting” At-Sea Captures REIMBEA%Z v 7= ¥ L
3HL1THo®, EBoffllo e, [HERE] HEfizEHALD v L) v I ZAXXDHEERTT- 72

(Whitworth etal. 1997) . 54 MEYOHEEIZ. MOMEL LEBREDZFKY F 54 F CHOEY Z#2F %
VIAEDPL, HFECHNEZ A VLAY IZAZXAERE L, AV LAY T I ZAXADEKRE 3B ERICHENT
WBDHHERIND L, BELEECEEL, ZOBICAEY F 74 r2Eh T, BEL 2 5 iE
TREZRBEFANIC A - 72354, HEEY 0TS XN 2.0m oE X o<, #ELiIcFwTw 3RS ELDO 3
TRk CEERZIHEL 72, ffifRIE. HosHll, REROME, 1aINBEEEINHT 2> O fa INHART < i & i oo T o K
Ol 4 FICHN B OH DM AT 272D B L 72,

Nest Searches E#FH#E

SHIAH@EE 3 AN). I5HE#AEE4AN). ITHFE#EAEE 4 AN). 22 HFAEE 3 AN). EEICLEL, BB
BERARERTY T T, AV L)Y IZAXXOERFERIT- 72, AR, £HE BB L% 10:00-14:40 T
Hot, AHBIWIS HIZ, TICBIBEEADE=2Y) v LY THTORELTo722, IbHED ARy + 7
AP —_ADER»S, 17T HB LU 22 HiZ, B X2 NSO GRT~E WA 2K L 72, EIHORERR
. NS T4 P EFERLC. EYORRONRCAHADOEITEH R AR L 72, R LEZRICE, v AF v 77—
7T, fhiofh ice—%v 7% L, AEEBRALOT —20EES S U7, BHHOGHIE LTRUTOobD
REEINL: (DI »HEZIEnCw I REOFE., QNI TR nATRBIREDINRL 2L, )
TR BH L L, INENRDH DL L, AL TWBIREICOWTIE, 74 b CHERKMEOARBE L, FICIXEER
WbITo7z, MEHEOWEIC X 21UINOMEOWREME % EE L., IWIlFORE*Fonki, dLAIFELLID
W3z &3 72, BRI LI, TR D A o270, BOWEE LR 5 720, AR X, FAEARM
., ZNZTN 1 EOR DML Lz,
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RESULTS &%
Spotlight Surveys XKy b 74 b —~4

ARy P TA MY =413, SHISHEEDOR), 17T HEER, #HEE, =5-%ER). 23HEFEEDOA)DK
fibhiz, EBEO3AD T v e b COREIR, FHLZ 20M 4052505 1 RHERE TR T L25, 3
A 15 HoA, GPS v — o< LRI R < 20 5 72,

EERLEETO SEDAF Y F T4 I — A DfER, FHEMD M S e FATOA Y v M DEEH,
WARIF 23 HD 2933, A3 17 Ho 145 0ch v, 3 HEOFHEIE 2190 (#75[s.d.]) TH -7 (F2), #
VLAY Y IZZXADFELTONIE. HickoTiEs o2 libo~d oo, 1,000m + 5 v &2 F JLPaEs & 34
BIHE OO —HaZReCid, BEBREZWMYBHT X 5 1CHn L Toz(X5), mFEo R 7 ) 727 3
Z R A E, EENCE BB 2 EICE T 2 2 L A5 TE Y (Whitworth et al. 1997, Whitworth and
Carter 2018a), ar=— FOHEBEHMDONFERL T b, SRIORAFR Y b 74 FH—_f OfERIZ, v L)Y
IRRXE, BEROVET XS el teh, BFADE=2) v 7iiETHEI LT 2 ot coE #
DALY, BERTOHEOEEL2RB T2 bDE ko,

HEBLEEROL— M, WEDB00M D LS5y 22 b EabiE > T3, FED 600m 28 %757
D CAPIPHERINTHEDATH 72, MEE2»L0MD T v27 bTlid, SEE. L) 7 I XX A
BHER I N o7z, Lo LIFAEREIMCHZEE 25 540m o i <, 1A v L) v I AR AR I N T
w5,

“Night-Lighting” At-Sea Captures RREIMEIA%Z v 723 L

3 A 15 H o7 21:40-23:20 e RIBIHZ VT, Ay L) 7 I AX A O FfifEx il A7z, HERAE
. TS e TH o 7208, AVEEIHHEL /2 22:45 2505 5 0 SR 6 PIH % i L /- i
. 74 MRIEFDICODEDIE Lwve, T4 MRESHEEE o 2 O FERK T LTz, Tl N7z 651
D5 H, INBEE A L C ik iE 4 H67%)Th - 72,

Table 2. Number of Japanese Murrelets counted during spotlight surveys at Ko-shima, Kochi-ken,
Japan in 2021.
#2202 BHIBEETOARY b 74 b —_ABFCA TV FENEH VL) T IZAX XD

Combined Kojima- Birojima

Date Time 200m 600m 1000m

(Kojima) ' Birojima  600m

20:45-22:40 47 127 47 221

15-Mar-21  22:45-22:54 - - - - 4

22:55-11:25 - - - - - 0

17-Mar-21  20:40-21:40 91 31 22 144

23-Mar-21 20:45-21:50 8 234 51 293

Mean*s.d. 49442 131+£102 40+16 219%75

Cv 0.85 0.78 0.39 0.34
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15 March 17 March

23 March
S 1
>4 b 200-1,000m LSty hEE-EEE
1-5 ®1-5
6-15
kSt s FEEN
16-30 1-5

Figure 5. Distribution of Japanese Murrelets during spotlight surveys at Ko-shima, Kochi-ken,

Japan in 2021.
X 5. 2021 FFEAIRERETOARY b 74 b —_ABKGOH VL) 7 I AR X DHH

Nest Searches & IE#E

SHILLHDODRERY P74 P —_RADFER, H v L) 7 IXRXAREBL2ERTERL TV 2 A[REERRE X 72
Ni7-o, BERBICHERZIEARL 72, ZofE, REHOE=2 ) v 7 CTIEI LTV 2HA L Y. XY
JECHIFE T, AEF212 AR T2 3T (M6, K7, K3, £4), Wi, Mok LI LRI
T2HEAR 128 B, UL EED LB DAPHRIN-HIIZ B4 ETH -7/, 205, HED L RIIAHE
INTHBIT 7 BRI, 23 Lho 3% Th - 7z,

MRS N R oBIZ, AT A ED ICON, FINOEERE RoTEY ., BioEfT 2 LKL T3
(% 3) ROWERHIWICH S RBICADRVDIF, PIICEBECRZ T ) THoHE Y. REZEEFEI L
RERREE R ) 7T TCOEMTH o 72720, BRI T 03T E2ER N,

Figure 6. Incubating Japanese Murrelet
at the south side of Ko-shima, Kochi-
ken, Japan on 22 March 2021.

6.2021 4 3 A 22 H &F1 R 5 o il
TN DL
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Figure 7. Areas found Japanese Murrelet nests at Ko-shima, Kochi-ken, Japan.
7. BAIRFEETAY LYY IZAXAOEPER SN ) T

Table 3. Number of Japanese Murrelet nests that had eggs and/or adult during nest searches at Ko-shima,
Kochi-ken, Japan.
3. FHREL CERRAERICHERINZ, WoAd LLIEEEZELAI VLY Y IZAXADHEDH

Date Only Egg Egg + Adult or Adult Total
14 March 51 (76%) 16 (24%) 67
15 March 49 (60%) 33 (40%) 82
17 March 24 (49%) 25 (51%) 49
22 March 4 (29%) 10 (71%) 14

Total 128 84 212

Table 4. Location and number of Japanese Murrelet nests at each site on Ko-shima, Kochi-ken,

Japan.
K4 BHREEFOH VLYY IZAXADEBFTE Z DY 4 F T OEEE
A B C D E F G
Site Rock in Rock + Sedge +  Cliffwith  Total
Sedge Rock Rock
the forest Sedge other plants sedge
MNumber
184 1 3 1 1 6 16 212
of nests
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Toz )7 B, BEEo®e=4) v 7#lE T, 2014 £1213 9 #2728 (BIODIC 2015), 2017 fEicix 58
DHER ST N T 25T TH 2 (BIODIC 2018), S mlid. FERRORRIMGIFKC. 1 R 2R L& 2 A THRHEIKT
L7z, BO®2EEX, BB EHTH L5720, BEADOE=X Y v 7GR SR T Lo KIERE R 0N
BHRFCE R X S I b7z, Cit, BEHOIUEMECS 255 TH 5, EHICLTEIB LW -2tk
55, T CHER I N 3BT, THEORIKRTHE Iz, F. G REoMlcHE Iz, AFETIH
LEflloT ) 7Tdh 22 ®WAMER I N T WD, MilloEHEMD, bl EEBEE, Ficx 7 HcED DI TW»
o Git, A%MHICH 2720, HEEFBEREAHFAOEONTL 2, Do 183, dtfllofim o g
WIB O EIS TR I NS, £72. BLWr—RE LT, —HIC 30D - -9 4 B(EomEafic 1§, b
HEIC 3R X Nz (X 8), EEICiE, —HIC 3IIBMER ST Tz & v 9 6 b A7z 23(Otsuki 2013), %
NUBETIEHI VLYY IRAXATD, ZOXInELFEo72TD INMOEOHIIIVIOTTH S,

Figure 8. One of four Japanese Murrelet nests with three eggs found on Ko-shima,

Kochi-ken, Japan.
8. BAIEEZE T, 3MAHRINL4EDI LD 1

Correction Factor and Population estimate FHIEfREK & A%t E

BIHEA A DT AP 1T 5 [HiEfR % (Correction Factor)] @BHFICIZ, 12ITETOEEKZHET 3
PERD D, SEIIEESEREHBIL, 5., BEXATETwhn ) TEEL T 2 (R 2 BE o
BEEHM LB OEHRAZITDLD2THD), 20720, BIFEOBME CTH W2 FEEE Lo E
&L AR DR EREOE G 2V 2) % v TR OHEE 2 3l H 7o, BAREHEE IV 27 Lo Y
Tix, AV LYY IRXAPMER I N -7-1,000m D b F v 2 b odtlEEE AWK 9 IR TEET

FHAZT) 7@2.87ki)& L7z,
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Figure 9. Area for estimating population of Japanese Murrelet
B9 Ava)y IAXXDMEHEWNEST 272002 ) T

I3, ELICET ZAREREAHTE T 27201, ARY I T4 2 F—RADAV VB L T vk M E
DA GBEEE % Ko 72, [AFRREEORHEEICH W& 7 v+ 27 F Olifid, 2018 Il E T s h
SR DDA v L) v I AKX A o BEFRERIFA A 125mEifil < 250m) % FH v T HEH L 72 (Whitworth et al.
2019), Z ofER, FEHBOMAEEKZE X, 3 H 15 Ho 91 H/kn, 3 A 17 Hix 59 F/kn, 21 Hix 121 Fl/kat
L7 o72(%5), Xic. SHHDF—2D5 b, ATV MEBE SN 3 H 23 Hor ot #k(121 F/km) % H
TR RS DHEE 2T o 720 MEARBHEE ICH v 210 2.87 kilic, CoffizifiAd 5 &, 23 Ho¥ ECcoH
AT 347 P HEE T Nz, SIS A ER O EIA % 22 T T, HE EICEA LT 2 il ik o B 4
BT EIN L2, SHEOMRMEEKIL6FT, 20550 4 PO67%)HBFIZEE L TdwiEzbon, v 7L
KoY IBBRINT, 207k, CoWREFCTIX. BERNIC, 2018 4 o BRI 5 &2 © o fayusE
RAHTEEOE A 53% L. 20 67%DM %222 L & L, HINBHEAE A 53% CEE L 728541
184(368)F125, 67% TRl L 72356 1% 232(464) 288 E 0 & o h o TR AE & HEE S iz, EENDOET
DRTO—FHREIIL T3 LRET 5 &, 184-232 = 7 (368-464 )23 HRF 15 C D ol 7 BB A CH % &
ZFibhd,
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Table 5. Density of Japanese Murrelet during spotlight right surveys at Ko-shima, Kochi-ken,
Japan in 2021.

. 200m 600m 1,000m Combined
Date Time , i i A
(0.45 kni) (1.03 ki) (0.95 kni) (2.43 kni)
15-Mar-21  20:45-22:40 47 (104/kni) 127 (123/kn) 47 (49/kni) 221(91 kni)
17-Mar-21  20:40-21:40 91  (202/k) 31 (30/knf) 22 (23/kni) 144(59/kn)
23-Mar-21  20:45-21:50 8  (18/kni) 234 (227 /k) 51  (54/kn) 293(121/kf)
49+42 131+£102 4016 219%75
Mean + s.d. s s R R
(108 = 92/kni) (127 £99/kni) (42 +17/knt) (90 % 31/kni)
Cv 0.85 0.78 0.39 0.34

Zofh, FEPIC, EECEHLCWAWEE 2/ (ALY Y7 IZAXA A4 I XFF Y Calonectris
leucomelas) &5 5D H D TH v 2FEHOH WINK(B % b { HFEOINPHER SN 72(X10), Tico 220D
WHOGEED SHEE L7249 4 ik, A28 30.7mmx20.9mm, 525 47mmx35.7mm ThH -7z, ZDH 4 X b,
rThEh, e A7 m v X Oceanodroma monorhis, 77 U Bulweria bulwerii o alggtE2SRIE &
oo TRV DOBDEFEZONZIEFD L OMR I NL, &H 5O THBIHPHERE S X, SHIENTOY]
ZIHGELEk & 72 5 (The Ornithological Society of Japan 2012),

RS0 ik, 3 A 15 Hicroftfio A oRE <7 <> -3 2 Apus pacificus O #BHlas iR s vz, 22
Hicik, #EMEEZ N2 DT 2AMEYREWAT N TN,

Figure 10. Two types of old white eggs of unknown species found at Ko-shima, Kochi-ken,
Japan.

B ZELY & Historical information

3A17H., BEEHFATORTIC, FETHEZENIN T 2FIBEATFEKASB0FE 1L HET )25, BED
HY LT IARXRXDEFICOWTHER Y AE LT o 72, PIBKIC I, Mk dsh 1o 7 2 DIATIZ, B0
DERLTELT, VIAXXL XN TS0 OfZEHICR 2 L, L DR L Z OB ERE
DIREMT, WHEBTICITENEZRY, HTHTTRRITWEZ ) TH S, FIBKOYRKFOFEIZT ATH Y,
LA 12 HREERZCOVEREIN T LS Th 5, JIHRER, FIRK PRI A Y (1963 4F), BINDS
ERF 2 LRaIATONEL oD TH o7z, FIBKIZ, STODEDOH VLY Y IZAXADBHELT
BIHL T B0 TREBRVZESLIPLFHEINT Wz, YHXTOINETOY I AX A DBEIHFEFRITHFIEL 7\ &
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b, FIBK G2 Y I AX XV LIFATHIRIE, AV L) 7 IRAXALEZ CTRHEVRWTH S S (0no
1995, BIODIC 2018),

DISCUSSION =%
Spotlight Survey RX+Fy 74 ¥+ —4
AEOFHETH 2, RESREERE R, ML WEIE, 7213, ®ITHEoEEERICc 2w = — ok s
2)D 7z, EEBHIE L 2 0B A HEET 2 2 Lk, ROBKNEAFETH -7, #E 20 FRlIcsW» T, AF
YETIAPF—RAPR, RV TRYIAXA, 77V )T IAXAS. craveri, BLXUPHE L -y IRXR
S. hypoleucus &> 572V I AX A OB EREE T 27201, KEAD 74 L=TFTM, AFvax~h)7
=T ITHWS T E 72 (Whitworth et al. 2014, 2018, 2019, 2020a; Whitworth and Carter 2014,
2018a. 2018b; Whitworth unpubl. data) .

Round-island survey of Ko-shima F&o/FEHEXFy FF4 F#—~x4

SEOREEBBAR Y b 74 PF—_ADFER, AV L)Y IZAXXAOEMBOFE LM E. BORY ZHY A
T, THE, WV L)Y IRXADBERTOEROAFERZRBL T3, =7 L, 1,000mo 7 v+
7 PO CTIEA v L) v I A A G HERINT, Eillo 3RLETo b ve s b Fo—fIXHETd. 1F
CALTERINE P 57-(H5, ®M9), 1,000m F 52 F OJLIUER AR B HIZ, B AMIK & g7 v
VD TIEEVALEZ S, EEO—EXEICoWTIE, BOMTER 7 &8 L C v 2 A[REERE 2
b, BHEOGEE2AL L, BODHER NG o) TICHET B GROALTHAZE) 3.
MAED DR, BPAV AR MARKE G k- TEY), BEMICHEAMZOBREOI IR I FbN
3 (4 11),

T2, SHORARY F A4 P —_XATAEOHER, 7V L) T I ZAX X DEMEDOHE LS ORI 720 SRPUE
DF2ZenTEL, Bzbid, 2T T, BEREOMME, EEROBEINOBL, 2L T, TIELETAK
YR IA M —RABZEBL CELR, AV LYY IAXAR, b ek, #EoEr A HiFE600m-
1,000m LU E)ics3 i LT 3 2 & 23R - T % 7-(Whitworth et al. 2019 and 2020b), = 7Lz, %R, B2 5.
200m DPFEECIZ L AL DBEEE R 27 ) TR Y I A X A ITE A bR WHiEEE T H % (Whitworth and Cater
2014),

Figure 11. South side of Ko-shima, Kochi-ken, Japan.
11, &SEESEEomEloSl
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Round-island survey of Biro-to and Ko-shima — Biro-to transect

HEEDRETHZF Y b F4 FF—_A (825 600m) &L IER - HHEDFZ €2 |

W@ 600m DARIMD 2K Y b 74 b=~ A OFFR, AFECTIE L HOA Y L)Y IRXX BRI
mhroH. b7 vk s+ OHPESGHEZES S 5 540m Hisi) T 1 PR S iz, MR T, 2015 F o 3
HA2LHOZFE Y + 74 bH—xA4T, ~HIC10PEHIY v FLTEY(AEHEDS KRR, HEETOIBDO7N
VL)Y I ARXAPEIET S AREMEIZ B ETE v, 72, HIBK 25 D, 1960 FOHH TAHETD, AV L
VY IAZXALEZOLND BOIERINL 71EHA» S b, AEODHMOBETHOREED ZE 2 b5,
HWELEEEMO600MD 7 27 FEBIRERN 7 22 b EiCiE, FE»S 730m ((HEE» 55
1.5km)oithshi # Bkic, WEBANHETIEA Y AV Y I ZAZX A ZMRT I 3 hb o7z, Thid, BB CEIE
FT2AVLY Y IAXAE, REFEEORDVICOREHETZLA2TRBTE0THS ),

“Night-Lighting” At-Sea Captures KB % 725 EdE
B D T 20 72 - OWIEIX TE vt JUIEORAREOH ST 67% L muEIG2 R L Tnwb T
Do, BIERT ORI AN L 20 Tld v, L) HEICIR R - 72,

Nest Searches & ¥ FH#

BAILSHDRAKRY F 74 b —~4 OfEREER L, HHRFEOHPA% BIITILK L 2R, Batkc
QL2 PBAERT 22 3T E T2, EEOEREIOTE L BV ORITDOIR(I7%, n=206)ThH > 724, —H#, HD
BEICEE S 25 0 b R o7z (3%, n=6), HOILMIlEST 2EEADE=X) v 794 b CIRIEEIRICHED
Bo%ws, 2OV TR, RRVy Ry 7 vk COWEZRING 2 ADOMAY 235 2705, K, HITHH
ZThh, AEIRGICTE S, TN OFEHIT, ALK L, ABoSTE2RHEIC L 72, ML dtiio o
BRIFOEN, ZNETOE=X) v IHERICOFBELZLIIL T TH S I,

R I N R ORI, FAEOHBDEG ICoN, HWNOEIERE Z-oTE Y, FIHOETZ I(KRL T
7oo 1A HITIE, UL TV 2 B OE A1 24% TH - 7225, KD 15 Hic i3 40% & I ITfE L Cw 3, FEFHE
ONTVNE/NEIRTO A v L) ¥ I AX X DFEIC X, REO—IEINEBULER 201CH 528, 20NH %R EA
TE CICFER IR ICEITT 2 DT Tlda . 2MBEEREMOLDIIITH o 2 e BMEI N TV D
(On01994), F/. AV L)Y IAXRAFE, HAOKRICEIMEE)HIEFRALT 2 M2 H % o < (Otsuki et al.
2021), 13 HOHAKICS K DR CAEINSKET L, 2 HERER CH LM EHIB L2720 Th A5, WMHD 2 H
Bho, INL TV AREOEANEL Ao TWE I b b, FAERIZ, AL OB~ 7 23 g% Flh L T\
R ch o b, HWITE LA TE B,

Correction Factor and population estimate #HIEAR%K & [EAEHET

7 AV 7 ¢ix, Synthliboramphus J& o 7 3 2 X A FHOEABGEH I 5 v C THIERSY 2EHLTw3, <
N, ao=—HNoOEEKL Zz0 a0 = —FAUOM¥ FICHBET 27 I ZAXAFOR LRGSO T 20D TH 5,
ENOH Y L) T IR A TRERENODHIEREARE SN T v, BECTRFE ST 5 (Parketal.
2017), #ERBOPREICIE, 20 =—HNOLTCOHEMA B I Z ONI G COHEER L, 2O THO AR
YIEIA I —RADAY v M EBREL TS, HETVLHE T 5720, HEREOY v IV ME L D,
A7z bid, ZNEAIREL T 2811k, BZ O HRATH -FEDATHA S LEZ T,

Slalid, 212 BEHEE L 7= d 0D, KR ARG O B0l o T ic it 2 & 0), WER A HIR (a7 s
B EoRKIDED, RERMEAHERT 2 L3 TE Al o7z, BRAEE TR, BEEROMEIINETS 5 7
O, L PR L 2RO 212 BB EEBEHDIFAD—H O, TREBRELTHRODZ DEGEE,I®
DRERBD o7z, 2D, AKY FIA M =AM DFERP S, HIREOMME CEEL - FEEHWTER
BOHEZAD Tz, BZ 6L, HEMEIL EROEFHLEZKREL LB TL 30 THS S LEZX LB LDFEAT
Hoted, ERRICHER I NARIZ, 212 8(~<7). HEEM X 140-177(67-267)~ 7 (95% @XM [Cl] )Th
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b, BoFonzRofui, ZoEEoRD O ERIGEVWEZ R L Tz, KefiiZafiliRo 720 B #iX o i
BERIREAETE otz b, EREHWILZE 25 TOBEIZ. SEIIEIEIT 22 &2 5, FEERO R
BAR2BINVED o722 L BPAL P TH B, HEEMED LR & FAEDS I WEZ R L T2 &b, Sl
TEZR L 72 B A3 72 W B B U W AT REYE. 18 & A & DL AR 0 B S AT HE 2 B P I B B ATREEDS R S
72D TIER\NTEA D D,

SROHFEICSMTETH 272 2AEY F 74 b F—< 4 0ELDHO— A, Whitworth K253, UToER
ZTEG: Db 2 REOHLE b > THEEASIE SN AVIR Y HERKIks bhnn, QHYIEED =
Do — 2B L WD T, BRCOERBEREETOA Y L) 7 IR ADERBEMET S 2 L I3HL v,
QL HOPHEDIERD S, EEDITLALDHED LI TOREER T2 L FAHETIEAVAEZ TS,

Slald, fHIERBROBRE ICHE R HRED, #EEO ERIGEWS OO d DD, ¥ T ok
Yo 2tz HEEICH - FIHARBOEEN D LR &, BX U, —HEREHBLZZ) 7T
OHERERL 20722 &b, HEEE D > THEBEPREST L L3 TERr o7, T2, SEIIX, 5
HHTOPDTDRARY F T4 b= DRBETH o 72720, FHEHHICHLE LT — 25icid, R+HoTh
2, L2Ladb, WENTIRSZ2b00, HEREEIMHEDT I PRI NEZ LT, FHE, FEICHY ML
FHEROEL TS, SRIERMHAEZ T2 LB TEAP» o) TEBEET 22 & TL Y S L OE B
frxh, HETH I LE L OB AEMNIET 2 2 & CEHBAROEI AP ETELS 2 2 LB ff s ha(F v 7
NDIE 2 WIS IEEIERAR DG D %K 2 2 DD LRE), d L. ZTOTHPIEL FiuE, HEoRHIE & EEREE
FEA 53R - FIHR(E EE) O 13 E v . Whitworth Ko w9, TH23BEDMHEL b > THEMEZRET 3
o] BTEZOTEHBEVLALEZONS, FEORT. BIFHOE=2 ) v FEUNO LY T o EREME
AINFEZ LT, A7V VOEERFHO LT THEDN, BFIA4T3EREE LTV,

ACKNOWLEDGEMENTS #&F
A7y 2 i, LUSH Y ¥ v F % V) 7 4 NV 7 B8 X ORBUERBR - JERBREES D LG 72720 T
FEhi 7z LE Lz, RERE# L TEY £3, FAEHROHM. fEhriEic s v ¢ Darrell Whitworth [k X O
Mike Parker [Kici3% < oS %#THE ¥ L7, 7. Darrell Whitworth X & Scott Morse [Kic iz, Executive
Summary OIEXKIEER L TWiz 2 E £ L, AWM O —&EIX, A ) 7+ V= TERENER CKEA Y 740
=TMTAeR) 2oREINE L, HLDALXDLBLZLBICHEINT L2, &Y bIFREORTE:
KB LCHRHR—K, Ch2EORPHETFRICE, LrLEHAZLTEY 5,

LITERATURE CITED §[RCHit

BIODIC (Biodiversity Center, Natural Conservation Bureau, Ministry of the Environment).
2009.[Monitoring site 1000 seabird project report in Heisei 20.]
https://www.biodic.go.jp/moni1000/findings/reports/pdf/h20_seabirds.pdf. Accessed on 5 April
2021.

BIODIC (Biodiversity Center, Natural Conservation Bureau, Ministry of the Environment).
2015.[Monitoring site 1000 seabird project report in Heisei 26.]
https://www.biodic.go.jp/moni1000/findings/reports/pdf/h26_seabirds.pdf. Accessed on 2 May
2021.

BIODIC (Biodiversity Center, Natural Conservation Bureau, Ministry of the Environment).
2018.[Monitoring site 1000 seabird project report in Heisei 29.]
https://www.biodic.go.jp/moni1000/findings/reports/pdf/2019 seabirds.pdf. Accessed on 2 April
2021. [In Japanese]

Carter, H., D. Whitworth, Y. Nakamura, M. Takeishi, S. Sato, K. Otsuki, & Y. Watanuki. 2013. Surveys of
Japanese Murrelets (Synthliboramphus wumizusume) at Birojima, Miyazaki-ken, Japan, in 2012.
Unpubl. report, Japan Seabird Group, Hokkaido University, Hakodate, Hokkaido. 27 p.

Gaston, A.J. 1992. The Ancient Murrelet: a natural history in the Queen Charlotte Island. T&AD Poyser,
London.

42


https://www.biodic.go.jp/moni1000/findings/reports/pdf/h20_seabirds.pdf
https://www.biodic.go.jp/moni1000/findings/reports/pdf/2019_seabirds.pdf

2021 4F mHARAETSES AV L) 7 IAXA

Hasegawa, H. 1984. Status and conservation of seabirds in Japan, with special attention to the Short-tailed
Albatross. Pages 487-500 In: Croxall, J.P., P.G.H. Evans & R.W. Schreiber (Eds.). Status and
conservation of the world’s seabirds. International Council for Bird Preservation Technical
Publication 2.

Ikeda, H. 1999. Granite Tafoni Topography on the Pacific side of Birou and Kou Islands in Southwestern
Kochi Prefecture Western Japan. Memoirs of the Nara University 28: 95-1009.

Ono, K. 1995. Japanese Murrelet. In: Ono, K.(ed.). [Status and conservation of rare alcids in Japan.] Japan
Alcid Society, Tokyo, Japan.Pp.117-124.

Otsuki, K. 2013. Historical colony harvesting, at-sea hinting, and local fishing bycatch of the Japanese
Murrelet at Birojima, Miyazaki-ken, Japan. Pacific Seabirds 40(2): 59-69.

Otsuki, K., Carter, H.R., Yamamoto, Y. & Park. C.U. 2017. Summary of the breeding status for the
Japanese Crested Murrelet. Pages 15-32 In: Otsuki, K., H.R. Carter, Y. Minowa, V.M. Mendenhall,
M. Takeishi, S.K. Nelson, D.L. Whitworth, H.Y. Nam & P.N. Hébert (Eds.). Status and Monitoring
of Rare and Threatened Japanese Crest Murrelet. Publication of the Marine Bird Restoration Group,
Fukushima-shi, Fukushima-ken, Japan.

Otsuki, K., Minowa, Y., Karnovsky, N., Nakamura, Y., Yamashita, S., Kai., M., & Kawagoe., K. 2021.
Acoustic surveys for Japanese Murrelet Synthliboramphus wumuzusume at Birojima, Miyazaki
Japan. Page 1-20. In: Otsuki, K., & Y. Minowa (Eds.). Japanese Murrelet Surveys in 2020.
Publication of the Marine Bird Restoration Group, Fukushima-shi, Fukushima-ken, Japan.

Park, C.U., S.G. Seo, H.Y. Nam, & C.Y. Choi. 2017. Current breeding status of two sympatric
Synthliboramphus murrelet species on Gugul-do, Republic of Korea. Pages 67-72 In: Otsuki, K.,
H.R. Carter, Y. Minowa, V.M. Mendenhall, M. Takeishi, S.K. Nelson, D.L. Whitworth, H.Y. Nam,
& P.N. Hébert (Eds.). Status and Monitoring of Rare and Threatened Japanese Crest Murrelet.
Publication of the Marine Bird Restoration Group, Fukushima-shi, Fukushima-ken, Japan.

The Ornithological Society of Japan. 2012. Check-list of Japanese Birds, 7" revised edition. The
Ornithological Society of Japan, Sanda.

Whitworth, D., H. Carter, Y. Nakamura, M. Takeishi, S. Sato, F. Gress, K. Otsuki & Y. Watanuki. 2012.
Nocturnal spotlight surveys of Japanese Murrelets (Synthliboramphus wumizusume) at Birojima,
Miyazaki-ken, Japan, in 2011. Unpubl. report, Japan Seabird Group, Hokkaido University,
Hakodate, Hokkaido. 44 p.

Whitworth, D.L. & H.R. Carter. 2014. Nocturnal spotlight surveys for monitoring Scripps’s Murrelets in at-
sea congregations at Anacapa Island, California. Monographs of the Western North American
Naturalist 7: 306-320.

Whitworth, D.L. & H.R. Carter. 2018a. Population trends for Scripps’s Murrelet following eradication of
black rats. Journal of Wildlife Management 82: 232-237. doi:10.1002/jwmg.21370

Whitworth, D.L., & H.R. Carter. 2018b. Scripps’s Murrelet at San Miguel Island, California: status of a
small population at the northwest limit of the breeding range. Western North American Naturalist
78: 441-456.

Whitworth, D.L., J.Y. Takekawa, H.R. Carter, & W.R. Mclver. 1997. Night-lighting as an at- sea capture
technique for Xantus” Murrelets in the Southern California Bight. Colonial Waterbirds 20: 525-531.

Whitworth, D.L., H.R. Carter, T.M. Dvorak, & L.S. Farley. 2014. Status, distribution, and conservation of
the Scripps’s Murrelet at Santa Catalina Island, California. Monographs of the Western North
American Naturalist 7: 321-338.

Whitworth, D.L., H.R. Carter, M.W. Parker, F. Gress, & M. Booker. 2018. Long-term monitoring of
Scripps’s Murrelet and Guadalupe Murrelet at San Clemente Island, California: evaluation of
baseline data in 2012-2016. Western North American Naturalist 78: 457-473.

Whitworth, D., K. Otsuki, Y. Nakamura, Y. Minowa, T. Suzumegano, & M. Parker. 2019. At-Sea
Congregation Monitoring of Japanese Murrelets at Birojima, Kadogawa-cho, Miyazaki-ken, Japan,
in 2018. Pages 1-32 In: Otsuki, K., & Y. Minowa (Eds.). Japanese Murrelet Surveys in 2018.
Publication of the Marine Bird Restoration Group, Fukushima-shi, Fukushima-ken, Japan.

Whitworth, D.L., H.R. Carter, E. Palacios, & F. Gress. 2020a. At-sea congregation surveys to assess the
status of Scripps’s Murrelets Synthliboramphus scrippsi at islands off western Baja California,
México in 2002—-2008. Marine Ornithology 48: in press.

Whitworth, D., K. Otsuki, M. Parker, Y. Nakamura, Y. Minowa, & T. Yoshimoto. 2020b. At-Sea
Congregation Monitoring of Japanese Murrelets at Birojima, Kadogawa-cho, Miyazaki-ken, Japan,

43



2021 4F mHARAETSES AV L) 7 IAXA

in 2019. Pages 9-35 In: Otsuki, K., & Y. Minowa (Eds.). Japanese Murrelet Surveys in 2019.
Publication of the Marine Bird Restoration Group, Fukushima-shi, Fukushima-ken, Japan.

44



2021 S v LY v I R A A RERES
Japanese Murrelet Surveys in 2021

8 o KW, Hilmaels

5 B IAYRYNTA, AVLITIRAXA AFIXFFFNY
(Ehm o)
Carrion Crow, Japanese Murrelet and Streaked Shearwater.

¥ 17 Pt iBEfR4E 2 v — 7 (Marine Bird Restoration Group)
i W B T T R~ A H 1-18
https://marinebird-restorationgroup.jimdo.com/

HT Rl BT EATPTICE C

FATHEHH 120222 H27H 1

2023410 H7H 2l




<

Marine Bird Restoration



