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Acoustic surveys for Japanese Murrelet
Synthliboramphus wumizusume at Birojima,
Miyazaki Japan

HIFEMBE BT 3 H v LY ¥ I R XA Synthliboramphus wumizusume
DEEFAE (FEoFk)

Kuniko Otsuki!, Yutaka Nakamura?, Nina Karnovsky?, and Kazuko Kawagoe®

L2Marine Bird Restoration Group, 1-18 Ishida, Hokida, Fukushima-shi, Fukushima, Prefecture 960-8163, Japan.
2 The Wildlife Study Group of Miyazaki, Gakuen Kihanadai Kita, Miyazaki Prefecture 889-2152, Japan.
3Pomona College Dept. of Biology, 175 W. 6th St. Claremont, CA 91711, USA,,

4 Kadogawa Town Board of Education, 1-1 Honmachi Kadogawa-cho, Higashiusuki-gun, Miyazaki Prefecture 889-0696, Japan.

INTRODUCTION {ZU#®IiZ:
The purpose of this study was to characterize the vocal behavior of Japanese Murrelets breeding on Birojima in
Miyazaki Japan, the largest known breeding colony of this species (Fig. 1).
ZOWMEDHIE, AV LYY IAXADERDE I =— L LTHIL T\ 5 EIFEOHHE S CEIiT 3 Ao
FITEI R T2 Thorz (MD) o
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Fig. 1. Islands of western Japan indicating the location of Birojima off the east coast of Kyushu. Inset:
location of Birojima.
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Japanese murrelets are classified as vulnerable by the [IUCN because of their small population size and declines due to
gill nets, predation by non-native and native predators (Otsuki et al. 2017), as well as development. Their population size
is difficult to ascertain due to their nocturnal, burrow-nesting lifestyle. Understanding their calling behavior may provide
important information for efforts to understand their phenology and to determine the presence of predators in the
colonies.

AV LYY IARAE, UM LS E s o I X 2o 70 (Otsuki etal. 2017). A% 750> 2
E2BIUCN DLy F Y 2+ it vulnerable(ii55 ¢ 2 ) Ic I T\ %, AEOHITIE. 228 0B b 34
D o DI R RS 2 2 L IZREECH 5, KO DIGE 22D LITEI 2B 2 & L 13, A0 EYSfEY:
(7z/7aY=)&MREL, £/, 2u=—NOMRBEDHFELHELT 2720 OEEAHERFL 22 TH S ),

METHODS 7k
We deployed two songmeters (wildlife acoustics, SM4, SM2) during the 2019 breeding season (Fig. 2).
2019 ‘E DB, F7-B 12 BV v 7 2 — % —(wildlife acoustics © SM2, SM4) % #%i#E L 72 (X 2),

Fig. 2. Songmeter locations on Birojima (right). We placed the SM4 in a tree (top left) and the SM2 against a
rock (bottom left).
2. BB DY v A =2 —0fE (F) o SMA XAKICEE (L) . SM2IEECRELE (ET) .
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Each songmeter recorded for 15 minutes per hour, from sunset to sunrise. Abram Fleishman of Conservation Metric
(CMI) analyzed the recordings 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 (DNNSs) 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).

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, K. Otsuki also analyzed all datasets with Raven Probioacoustic
Software version 1.5.

INThDY v 7 A—2 =, H&»bHOHE < 1N#H 729 15 5fHisk L 72, Conservation Metric (CMID) @
Abram Fleishman 237 — % ofi##ft % 17> 7z, Deep Neural Network (DNN) 73#E7 v (L ¥ WE=099) ic k> T
7 7 THTONTTNTOA Y P2 FHTHER L., Bt GREEE) OE2{To%k, 74 —7=2—F44 > b
7—2 (DNN) 13, HHEE% WGEG% avea— 82—V a v i 272 TT57-01C% on s ng
WY —ncd % (Cichy, Khosla, Pantazis and Torralba. 2016; Deng, Hinton, and Kingsbury. 2013;
Fleishman. 2019; Min, Lee, &Y oon. 2016; Schmidhuber. 2015) ,

RESULTS #&%

The songmeters recorded distinctive Japanese murrelet calls (Fig. 3) for a total of 422.85 hours on 139 nights.
Vv x—x—it, 139RICEEF 422850, A v L) T IR ABEOERRERELE (M3) ,
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Fig. 3. Spectrogram of a Japanese murrelet call on Birojima.
3. MED S v LY T IARXADEERD R b us T L4,
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Calling activity peaked 2 — 6 hours before sunrise (Fig. 4) and calling activity appears to decline during full moon events
but appears to increase after new moon (Fig. 5). Calling activity peaked early in the morning (1.5 hours before sunrise)
during the early part of the season (Fig. 4). There were two peaks in vocal activity between 9 and 2 hours before sunrise,
one at the end of February/early March and another at the end of March/early April (Fig. 4 & 5).

AIFHOH® 2~6 HEfRTic v — 7L (X4) | mHO®ICiEd, FHO®IINT 2 X5 1cix2s (M5 ) =
— Y VY EENL, =X v oRwKERIL, FE (Holo L5 icv—21EL7Z (K4)

ZoHDHD 9 BHERTA & 2 BHERTE CORERTIC 2 oo =22 AAh b, 12132 AR~3AYAIC, 512033
AX~AA ficabnz (M4BL05)
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Fig. 4. Seasonal and temporal patterns in calling rate found on the two song meters.
4. 220V v A=K —TRONLFOEEG LEEOEHIN I L ORI <X —
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—» Date for new moon

= Date for full moon

Biro SMz2

Mean Calls per Minute

Biro sma

Feb-2019 Mar-2019 Apr-2019

Fig. 5. Nightly patterns in calling rate found on the two song meters. Purple downwardarrows represent full moon
nights, green arrows are new moon nights.

5. 200V v XA—=2—icHbhs, KEOFROEGD 2 —v, EORANLMAORER L, MOKANIH
HoW &S,

The first calls were detected on 19 January, 2019 at both locations (Fig. 6). It is unclear whether or not vocal activity
would have persisted after 23 April when this study ended. The primary predators of murrelets on Birojima are large-
billed crows (Corvus macrorhynchos) and carrion crows (C. corone) (Karnovsky et al. 2017, Otsuki et al. 2018). We
heard crow calls at both songmeters (Fig. 6). Crows called after sunrise and before sunset when Japanese murrelets were
quiet (Fig. 6). There were 2 instances when crows and Japanese murrelets called at the same time at dawn (Fig.6)
Bl R, 201946 1 A 19 Hicilif o citis sz (KM6) . i, Vv 7/ A—2—%ZBL-HATH 57
W, ZHLARTICEIE D a2 7 = —~OYIREDIE Z > T B a[FEMED BV, ZOMZEE T L7z 4 H 23 AL, &
PGB L 7208 9 I3 TH 2, MEDH Y £ ) 7 I XX EHEEIR. ~> 7 F 452 (Corvus
macrorhynchos) &~ KV 77 % (C.corone) <& % (Karnovsky etal. 2017, K#ifth 2018), 25DV v 7' A — % —
ZNENTA 7 AR EFHGIR ST 2 (X6) .
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Fig. 6. Firstand last calls of Japanese murrelets of the day and calls of crows at around the dawn and dusk.
6. —HORWILBREDH Y LY 7 IAXADIGE L LRI & HIXATHRD 77 7 ZADIGE A,

DISCUSSION *#%£2

Japanese murrelets are highly elusive and difficult to study but were successfully recorded by songmeters in this study.
While one song meter had fewer calls and stopped working earlier (SM2), both meters had similar patterns in terms of
when birds returned to the island and peaks of vocal activity. What we learned from this project are as follows:

(1) There were two peaks in vocal activity: late February/early March and late March/early April.

(2) Calling activity declines during full moon events.

(3) Calling activity increases after new moon events.

(4) Crows called after sunrise and before sunset when Japanese murrelets were quiet.
We infer that the behavior of Japanese murrelets is influenced by the moon phase. Two peaks of murmurs appear to be
between full moon events each month (February, March, and April) just after the new moon. Murrelets are quiet in the
presence of crows in order to avoid detection. Japanese murrelets also are influenced by crows which call after dawn
and before sunset. In 2020, we want to examine whether this result was only for the year or for every year. Then we will

discuss how this study can contribute to the conservation for the Japanese Murrelet.

This effort will help us set the protocol of Spotlight survey and variety of survey schedule, and it will also help people

plan any conservation activities such as murrelet watching event for this species.



2019 4E PIRTREE Y v 7" A — & —

HY LYY IZARAET 2003 THEL WAL, 2OV Y 7 A—2 =%V TS £tk s L
KN LIz LEDY v 7 A =2 —(SM2) CIREQREIIP 20T, BifED FIIFIEL TLE b DD, EHHD
Vv A—2—b BORBORE FHEEEIO v — 27 1ICBL TE, RO 2 — v EZIRLTWwz, fhizbd, o7 o
Tl MO FEAEZEIRUTOMEY TH B,

L 2ATH/3AEABXU3IATA/4AEAD 2018 =2 23h b,

(2) Wi H DI A EEIDNRD B,

() #rH DR, EFIEEIHEMT 5,

4) 77 2HFHOHELUBICBE IR, HEATNCBE LA, ShUdh v LY 7 I AX AR R CH -

7o

B=bid, BhEELTOH Y L) 7 I ZAXAD{TENT, ADfbRIFICHEI NS LHEHIL T3, HHDIERE
T#%H QH. 3A. 4A) omAOBIc22o0v - 235, A T7ALOEBEREEET 2D, AV LY T IAXA
AT ADERLTCOBERE»TH D, NV LY T IZAXATE R, WHIFRICEEZHD, HXANCEE ehn 7 X
DB EZ T B LI THh B, 2020 F1x, ZOREEMELELZTDD DD, HIEDD DD %L TFETH b,

ZOMH, ZOWRDH VLY T I AR ADRE~DEBRICOWTEET S,

COMYHAIZ, ARy P I P —_ADT 0 b arDHRTEIZD DDA, HAGFHETIRORTEICHHEIOTHA S
L, $72, AV LIV T IZRRAY 3 v F U ITARY IR Y, COBOEEHLHEEH OIREICLAEMERDLZTHA S,
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At-Sea Congregation Monitoring of Japanese
Murrelets at Birojima, Miyazaki-ken, Japan, in 2019

120194 EIREMMEICEBTEH VLI Y IRAADELECOE=2Y) VS

Darrell Whitworth, Kuniko Otsuki, Michael Parker, Yutaka Nakamura,
Yoshitaka Minowa, and Takehiro Yoshimoto

Suggested Citation: Whitworth, D., K. Otsuki, M. Parker. Y. Nakamura, Y. Minowa, and T. Yoshimoto. 2020. At-sea
congregation monitoring of Japanese Murrelets at Birojima, Miyazaki-ken, Japan, in 2019

EXECUTIVE SUMMARY  #E

In 2019, the Suntory Group funded the 2 year of Japanese Murrelet (Synthliboramphus wumizusume; JAMU)
research at Birojima, Miyazaki-ken, Japan.
20194, ¥ bV —HREEHE X0 MBS ICE T 25200 v 4 ) v I A X AFIEICBI A & R 72,
JAMU research in 2019 followed the protocols established at Birojima in 2018, including: (1) round-island
spotlight surveys on 3 concentric transects located 200 m, 600 m, and 1 km from shore; (2) spotlight surveys on 7
radial transects beyond 1 km from shore; (3) night-lighting captures of JAMU in the at-sea congregation; and (4)
nest searches.

20194E Dl 1d. 20184 DS OFIE CEZ S iz 7 m b anichit o TiTbiiz: (DRSS, 200m,
600m. X ULkmoFEic, 3oDELFHRD b 7 vt 27 b &< BARRCARERRFEEIR L 3 2) 28Ky b 74
b —_A QFED>HIkMM EEE 2 ZEFICIE, TROBEHRF 7 v 2 P EHWAEZARY P74 P -
4. QRMICE T 2JAMUDHE L, & X U@ ERHRETH 5,

Combined round-island survey counts totaled 1,612 on 6-7 April and 2,487 on 7-8 April (x = 2,050 £ 619 [s.d.]).
Combined survey densities were 416 JAMU km2 on 6-7 April and 642 JAMU km on 7-8 April (x =529 + 160
JAMU km?).

JEAREY — <4 05 v P oA, 4A6~THI131,612F], 4H7~8H1ci32,487F(x” =2,050 + 619 [sd.])T
Hote AEINI AV L) Y I A X OEFEEERE R, 4H6~TH 13416 /km?, 7~8H 136423 (x” =529 +
160 JAMU /Km?) T & - 7z,

We counted 42 JAMU over the 7 radial surveys combined on 6-7 April which yielded a combined density of 18
JAMU km2, Counts on the individual radial transects ranged from 0-26 JAMU which yielded densities of 0-80

JAMU km2, The maximum distance JAMU were observed from Birojima was 2.2 km.

Suggested Citation: Whitworth, D., K. Otsuki, Y. Nakamura, Y. Minowa, T. Suzumegano, and M. Parker. 2020. At-sea
congregation monitoring of Japanese Murrelets at Birojima, Miyazaki-ken, Japan, in 2019.
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AA6~TH DTRDBEHER DV — <4 T, Fa7zb i, JAMUZA2P AT v+ L7z, Ziud, [EREEER, 183/
km2e w5z b 725 Lz, COREHMRO 7 v 22 b coh vy FolFEix, 0~26HTHbH, Zhiz0~80}
JKM2 & 5 EARBEE RS 2 A L 720 BB 2> & JAMUBSHERR X N7z i b BV IET IR, B 52.2kmTdh - 7=,
Combined round-island and radial survey counts were generally higher in 2018 than 2019, but small samples
prevented statistical comparisons.

JE Y & A DFRE OGN, 20194 X 0 H2018F DT v 0 72 pd, MR DY v T Tl Fa L
R#ECH > 720

1

We captured and banded 35 JAMU in at-sea congregations at Birojima on 3-4 April 2019. The overall capture rate
was 8.2 JAMU h, Nine (26%) JAMU had brood patches indicative of breeding. No JAMU banded in
previous years were recaptured.

AA3~AH DM, HARELICEAT 2IJAMUD F2: 535 ) % il L BB % 0\ 72, filffERI, 8.27/IfllcdH -
720 OFI(26%) DIAMUZS, Behifi % HAH 1T 2 JaUIBE % (4G L T\ 7z, DT EER 255 & 7z JAMU O FHifise 13
LN h o7z,

Nest monitoring on Birojima discovered 57 active nests in 2019, including 47 nests with incubating adults, 5 nests
with 2 eggs, 2 nests with 1 egg, and 3 nests with 1 depredated egg. No hatched eggshells were found on the island,
confirming that surveys were conducted during the late egg-laying and early incubation period.

MBS coEEE=2Y v cld, 20191k, STHRTHENMER I iz, WAL, JaNA R S 7475, 201
DR T NABH, VAR I W18, 2 L <. MEDMRINAHEZR I W3R TH o 7o, MMLINDHER D /252 »
7T eE BRI, MR T H Y fIIIic T S h e 2 L 2 BT Tw B,

1

We discovered 7 nests on Kobiro, an offshore islet near Birojima, including 4 nests with incubating adults, 2 nests
with 2 eggs, and 1 nest with 1 egg. This was the first evidence of JAMU breeding on Kobiro since about 1963.
bt HMEED 513 EV IS TR 2R L 72, AR, 1N OS2 5 b N7z EAATE, 2005 ERE =
N=Dp28:, VDRI NDHBLETH 5, i, 1963FELk /Mt © D)o T DIJAMU D EJiEfEE
El ot

Extrapolations of the mean round-island and radial spotlight survey densities over the entire congregation area
yielded an average of 3, 922 JAMU (95% CI = 2,261-11,305) in the waters around Birojima in 2018-2019.
JAEPL L A D AR v b T4 b3 — A4 OEREEE DA% EoEAHIFSRICEAST 2 &, 2018~
20194F I AR s A I 5 £ 2 JUMU D %> 14513:3,922 ) (95% Cl = 2,261-11,305) & 72 > 7z,

We tentatively consider 2,079 pairs (95% CI = 1,198-5,992) to be the “best available” JAMU population estimate
for Birojima at this time although a final estimate of colony size will not be available until after completion of data
collection in 2021.

BIRFR ClE, 207927 (95%CI =1,198~5992) ##tAE D [oize | JAMUBREHEEIECTH 2 L BER
ICEZTE DD, Bt OBIEORHHEE E & L CTid2021F 07— ZINENTE T35 F TIREMTIE RV E

FzTn3,
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INTRODUCTION ZU®ic
In April 2019, the Suntory Group provided funding to researchers from the Marine Bird Restoration Group (MBRG)
collaborated in collaboration with California Institute Environmental Studies (CIES) to conduct studies of the
Japanese Murrelet (Synthliboramphus wumizusume; JAMU) at Birojima in Miyazaki-ken off eastern Kyushu, Japan.
Birojima currently hosts the largest known JAMU breeding colony (Otsuki et al. 2017) and has a longer history of
research (beginning in 1990) than any other colony in the world (Ono and Nakamura 1993; Nakamura and Ono 1997;
Whitworth et al. 2012, 2014a; Carter et al. 2013). Most knowledge of JAMU breeding ecology was gathered during
nesting studies at Birojima in 1993-1995 (Ono and Nakamura 1993, Nakamura and Ono 1997). Additional research in
the 1990s included censuses of JUMU gathering at dusk in nearshore waters around the island (Ono et al. 1994) and an
ongoing mist-netting study initiated in 1990 (Nakamura 2017). In 20112012, the first JAMU spotlight surveys were
conducted to examine spatial and temporal patterns in nocturnal congregation attendance and night-lighting captures
were conducted to determine the breeding status of individuals in the waters around Birojima (Whitworth et al. 2012,
Carter et al. 2013). In 2013, nest monitoring was conducted to examine JAMU hatching success, timing of breeding,
and predation on murrelet eggs and adults (Whitworth et al. 20144a).

201944 A, ¥~ b Y —HRFELI, WEHAE7 V-7 (MBRG) 234V 7 4 =7 BihEZeRT (CIES) & H[H
TET 2, JUNFHROEREOMME o, 77> 40 ¥ I 2 X 2 Synthliboramphus wumizusume; JAMU)  ©#ffgE o
7=oic, BRI T S o7, IHEAOME Y, BIE, MHSI3&RKD JAMU 0%z v =—%2fF LTk Y (Otsuki
etal. 2017) | HAOMD L Dam=—L ) HROIIFEDELSH 2 (1990 4£225)  (Onoand Nakamura 1993;
Nakamura and Ono 1997; Whitworth etal. 2012, 2014a; Carteretal. 2013) . JAMU 0B RRICRE T 2138 A L0
Fla#ki3. 1993 ££~1995 £E DHUHE ¢ D E HARERHCINEE T 17z b DT H % (Ono and Nakamura 1993, Nakamura and
Ono1997), 1990 fERMZEICiE. BT Fic & EnkficEE 2 JUMUS o+ > 4 2 (Onoetal. 1994) & 1990 4
(ChRG E NBUED ETh O A 2 IR v C ORI A E £ 1 5 (Nakamura 2017) 23 & ST 2,

2011 4~2012 4, JAMU IC & o> THID TDRF Y b T4 FH—~_4 238, KE DO LI F 2 ik 2/ E X OF
[ S 2 — v B PR 2 7201 TNz, Ez. KEL Hex AW ESThav, MRS AL OMEE CiER S 2 ko
BHEIRIRDSPE & 7= (Whitworth etal. 2012, Carteretal.  2013), 2013 4, JAMU DBHURIER, B2 4 2 v
7. JAMU DIl & S OB E 2 T~ 2 72010, EiE =2 Y v 7 A% S iz (Whitworth etal. 2014a),

In March-April 2018, following a 4-year hiatus, MBRG with CIES resumed at-sea congregation studies at Birojima.
This was the 1% year of an effort planned to extend over 3 breeding seasons (2018, 2019, and 2021) to better estimate the
size of the JAMU population at Birojima and establish a reliable baseline data for monitoring future population trends.
Because population estimation and trend analysis are more accurate when multiple years of data are available, we
anticipated additional funding would be made available for similar surveys in April 2019 and March 2021. The survey
plan for 2018 was built upon the knowledge obtained at Birojima in 2011-2013. Three primary tasks were identified in
2018: 1) establish more extensive and efficient spotlight survey transects to better estimate the total number of JAMU

attending the at-sea congregation; 2) night-lighting captures to obtain a larger sample for determining the breeding status

11
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of JAMU in the at-sea congregation; and 3) nest monitoring to determine timing of breeding. We successfully
completed all three goals in 2018 and the results were presented in an annual report (Whitworth et al. 2018a). In April
2019, we conducted the 2™ year of this multi-year effort using the standardized techniques established in 2018. In this
report, we present the results of spotlight surveys, at-sea captures, and nest monitoring conducted in 2019 and briefly
discuss a few of the analytical methods we plan to use to determine JAMU population size and trends at Birojima.
Detailed discussion of survey methodology, colony size, variability in spotlight counts, baseline population levels, and

the power to detect trends in the JAMU population will occur following completion of data collection in March 2021.

4 FERoFEOKRE D, 2018 4 3 A~4 Az 13 <, MBRG i CIES & & b ic, SR FEZ O EoffhicownT
DR L 72, Z4ud, BUEE© JAMU OfEAEBHIE % X 0 EMEICHEE L, FERo @@ m 28053 5 720 0
BHCEDIR—RATA VT =22 T5Z L2 ENE Lz, 300%5E (2018 45, 20194, 2021 4F) FHEOH

PIDETH o oo BEEED DT — 2 HFIWRERSE T, AABHEE L @ iros X 0 IEE L 72 2720, 201944 H
& 2021 4 3 HiclFIfk T ISEMOEE GO N2 Z L 2 HF L Tz, 2018 EodErs I, 2011 4E~2013 4

U 1% b M HRRICHE D W CER S 7z,

2018 FEicit, 30D FER XA BRFE I NIz, D) LICEET 5 JAMU ik X 0 IEEICHEES 272012, X1
JREIFA A OB R AR Y b TA M —_A D+ T e s bR 2) FEEICEE 3 JAMU OEGERE R FiE T 5 7
DD, XY RERY VYIRS 5720 OWHEIAE W Cofilifg 3) BIHo 24 I v 7% RET 5 7-00HDE
=2Y v /0%, 2018 FI1E3 0T R COHEELER L, Z OFERITERREE BT 7z (Whitworth etal.
2018a) , 201944 H. 2018 FiciEf#E L I - Fik e W<, BEEICE XM HAD 2 FEHORAZITo 72, &
oI, 2019 ICEMES NAZAR Y F 74 P =<4, FELTOME, BXUOEET=2) v/ OMRE IR
L. JAMU O fIEAEOE & B E © DR AEIRTT OHRIWHC SR 23T E X 21T 3 9047 /7350 v RIS LIS i
T35, 20213 HO T — ZUENT T Lizth, FEHIE, an=—H#E, 2Ky P74 MIOEH, R—274 v
72 A OB, JAMU OEEB@EN A I 31 2 BUE 10w CoFEl Adamn Th i 2 .
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METHODS 7k

Study Area and Logistics  FAEEHbIs X UFHEM 7 A S G HE

Field studies at Birojima and 3 associated islets were conducted between 2-8 April 2019. Birojima (32° 279’ N, 131°
43.9’ E) is a small island located less than 3 km off the eastern coast of Kyushu, and about 7 km east of Kadogawa
Harbor (Fig. 1). Birojima is surrounded by several smaller satellite islets, most notably Kobiro, Nakabae, and Setsuribae
islets, that appeared to have habitats suitable for breeding by JAMU. These 3 islets are located between Birojima and the
mainland shore of Kyushu, about 200 m NNW (Kobiro), 1,400 m NW (Nakabae), and 2,500 m WNW (Setsuribae) of
Birojima (Fig. 2). The fishing boat Asaebisu-maru (Captain T. Kuroda) served as the vessel for spotlight surveys but at-
sea night-lighting captures were conducted aboard a smaller fishing boat Yusei-maru (Captain A. Kuroki) because the
bow of the Asaebisu-maru was too high to permit efficient dip-netting of JAMU from the water. Transport to Birojima

and outlying rocks for nest searches was aboard the vessel Tomoyuki-maru (Captain H. Ikeda).

W E B X O3 D2D/NGTD 7 4 —0 FFifEE, 201944 7 2~8 HicEi S 7z, #UAkE (b 327 27.9', Hit
131° 43.9) k. fuMoFEES S 3km A, FUIRED S HIC Tkm IichiE 3 2/ 3 e ETch s (KD , HEE
& JAMU IC & o TEIHICE L 724 B35 2 L b2 w02 o/N S efvNG, & 0 b /MU FAh5x,
VAR EDNGICHEN TR S, ThbD 3 2D/NEIE, MRS & JUNARLORICAZEL, 2hZth, HHED
#1200 mAeders MR . 1,400mdkid (FAho5x) o BXO2500m e (v Vs iih s (M2) , AF
Y F A=A RO EAOL CRERR) <, WEE R, SO LinE A E T E < JAMU &k
53K S BRORHI A v MEERTE R izo, NI CH ZEEL (BAINR) TfTo7, B ToERHEERD
WS & LA DA~ E)NE, el GEHNR) <f7 o7z

Spotlight Surveys RFv b 74 b —_4

We conducted nocturnal spotlight surveys using a standardized protocol developed to count Scripps’s Murrelets (S.
scrippsi) attending at-sea congregations in near shore waters at islands off southern California, U.S.A. (Whitworth and
Carter 2014). The only modification needed for the spotlight technique at Birojima was the use of a larger wooden
fishing vessel rather than the smaller inflatable craft used in California. The boat captain used a GPS unit to navigate
between transect waypoints at a speed of 7-8 km h'. The observer used a handheld spotlight (Q-Beam Maxmillion®)
powered by a 12-V marine battery to count JAMU as the light beam was slowly passed along a 90° arc on each side of
the vessel, starting abeam and proceeding to the bow on each scan. JAMU observations were tallied and called out to
the data recorder at the end of each scan. The data recorder(s) entered all observations into a waterproof field notebook
and took a GPS waypoint (Garmin GPSmap 76CS GPS receiver) for each scan when murrelets were observed. Data
recorded for each scan included: 1) total number of murrelets; 2) murrelet behaviors (i.e., sitting on water, flying, or
flushed); and 3) the GPS waypoint. All JAMU observed were included in counts regardless of behavior. Date, time,
location, and conditions (i.e., wind, sea state, cloud cover, and moon) were recorded at the beginning of the survey and

updated when conditions changed.
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Fukuoka Sea

Kyushu
Nagasaki PaCI_.fiC
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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.
LJUNRIBR OS2 GO HAD B 2, AR : [T & HHEE.,

Nakabae
; A --",'T 3 : 'ﬁ
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&
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Figure 2. Birojima and the surrounding islets where nest searches were conducted on 3 April and 4
April 2019.
2.2019 £ 4 A 3 HB X U0 4 HICHBEFRE 2 FNE & N7k 3 X ORI O B~
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KEA Y 7 4 =T HEESClE. Fx OIFRBEDHE LICEE 2227 ) v 727 IAX X (S.scripps) ZH(Z 5 729
ChF E Nz, Bz 78 P arEHGTEBIAR Y b 74 b —~A4 %F7>7- (Whitworth and Carter
2014) . MBS DOAR Y F 74 b DT 7=y ZICHERME—OEETIE, A7) 7 A= T THEA I LT B/l
ERoMCiZR . ROARE AT 2 2L Th o7z, MR, Mz o GPS %L, + 7 v+t7
b EoJEEER % T~8km/ h O CHifT L7z, BIE#H I3, 12V o~ ) vy 7 ) =2 0EilH%E & 0, THL omEaeg
DZFRy 74+ (Q-BeamMaxmillion®) #fEH L7z, ZAFEy + 74 FOE—LAMOMY 4 F20RE VilvtE T
il 90° DIz 5T, Wo K b LT B, JAMU O AR A Tz, v LY T IZAXADA Y v MERIZE
R, BEAF v v OD D ICEEBFICKFE TR ONWRD 7 A X03H 5 7-9), k& X, Biko7 4 —nF 7 —
MIZTRCOBIEGISREATI L, AV LY T IAXADEEI N L ED, 2F v g0 GPS EE (Garmin
GPSmap 76CSGPS L v —o3—) HEtgklL /oo AF ¥ VIR I N7 — 21Kz, UToborngEEns 1) #v
LYY IAXADHREL. 2) ZOfTE) GHHICHE>TW3, MATYS, ERIIRI-7) . 3) GPS O EDH
o B n22To JAMU 3, ZOTEIC»2b oY v MCED bz, JAEFIREICHA, Bl 5T, &
fF (a, HOIREE, EIREE, AORKT) 25 E N, T DEMINIED o7z & EITIFFEREEH L 72,

Round-island spotlight surveys were established on 3 concentric transects that circumnavigated Birojima at 200 m, 600
m, and 1 km from shore (Fig. 3). Round-island survey transect lengths and areas are presented in Table 1. To determine
the rough boundary of the at-sea congregation at Birojima (i.e., the maximum distance murrelets were observed from
the island), we also conducted 7 radial surveys (SW, S, SE, E, NE, N, and NW; Fig. 3; Table 1). Each radial transect
was surveyed just once on 6-7 April 2019. The radial transects started on the outer (1 km) concentric survey transect
and extended outward at fixed bearings away from Birojima. The length of each radial transect varied as we continued

traveling along the transect bearing searching for JAMU until 4-5 minutes had passed without observing a bird.

FEROZR Y b T A b =41, 3ODFLIHRD b7 v+ 2 b, B DR 5 200m, 600m, 1km ok
CHDETves o RicBES N (M) . AEED M7 v2 2 FORE LHifiz% LIORd, SO Eo
FEOREDPHER (FThhbb, AV LYV IAXAPHR I N B O DRAIEHD 2IET 5701, T >0
W& DITo7 (SWL S, SE. E. NE. N. ZLTNW;K 3% 1D . T ZhoifHik s 7 v+ 2 Mt 2019 4
4A6-THEPFCLEDAEMES N, BEHKE 7 v 227 MMl Lkm) OFELDFHRDO P Z v 227 +TIRE Y,
HUARES 20 & [E7E X M7= J5 A COMIIC BN A TE CIER L CTwo 72, BIEHA F 7 v 22 FoR i3, JAMU Z 5§
KA~ DFEBTBETH I v 2 MTiho TBEILEIT 20T, Zhé & bt Ll 7,
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Radial Survey

Figure 3. Concentric round-island (red) and radial (yellow) spotlight survey transects used at Birojima in 2019.
3.2019 IR T b 7z RO PR D AR GR) & BEGHRE @)D AFE Y + 74 P —_f D+ TV

7 b

Table 1. Length and area of the round-island and radial survey transects used during spotlight surveys at Birojima in
2018-2019. Radial transect lengths were based on the distance between the start of the transect and the last murrelet
observed during surveys in 2018 (see Methods). Transect areas were calculated using the length multiplied by a width of

250 m (0.25 km).

# 1.2018 4F~2019 £, MR CTORA Y b 74 FRETHEN SN2 JHEEE X OBEHARE N 7 v 227 POk

X LR, BEMEF S v s FoEX 3. 2018 F o,

FF vk P ORBHE EREDOH VLY T I A AL DD

FREE IS W Tnw2 (72D o b7 v 2 P ofiiiE, RIICE250m (0.25km) 22 it anE L7,

Survey Transect Length Area

Round-Island 200m 2.8km 0.70 km?
600 m 5.1km 1.28 km?

1km 7.6 km 1.90 km?

Total 15.5 km 3.88 km?

Radial sSw 1.0 km 0.25 km?
S 1.4km 0.35 km?

SE 1.9km 0.48 km?

E 1.8 km 0.45 km?

NE 1.3km 0.33 km?

N 0.8 km 0.20 km?

NW 1.0 km 0.25 km?

Total 9.2km 2.3 km?
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Spotlight surveys were conducted on the nights of 2-3 April, 6-7 April, and 7-8 April (Tables 2-3). We departed
Kadogawa Harbor to attempt spotlight surveys on the night of 5-6 April but rough conditions in route to Birojima
forced us to return. Spotlight surveys started as early as 20:40 h (JST) and finished as late as 03:56 h (Tables 2-3). It
required about 2.25 hours to complete a survey of all 3 concentric transects (hereafter “‘combined” survey or count).

ARy FIA4 =413, 4A2~3H. 4A6~7TH. 2L T4 7~8 HoMucftbh7(E2~3), 4 H5~6 HD
WIZAE Y b 74 b —_A %52 720 YIEEZ BT L 72 00, B ~D L — b DREXTEN Tz 720, it
BERERL ENTZ, ARy b IA P =413, B Did 2085404 (ST HAKZHERE) 1T 0, EBWbDix 3
56 i T Lz (R2-3) . 320DFRLMROTRTCDO M T v 27 F TOREETT T 513, #1225 gt
ot

Table 2. Number (and density) of Japanese Murrelets counted during round-island spotlight surveys at Birojima in

2018 and 2019. Count means, standard deviations (s.d.), and Coefficients of Variation (CV) are provided for each

round-island transect (200 m, 600 m, and 1 km) and the total for each set of 3 combined transects.

2. 2018 45 L U 2019 EDOMMS TORERIZA R Y + T4 b F—_ATHY vV FENZEA VLI T IZAXAD

B (BLUEE) . vy b oVFHE, FERE (sd) . BXOLEHRE (CV) X, FRETFZ v 22 b
(200m. 600m, XU 1km) HBXU32DEAT 7 v 27 b OfiEEFEOAFHIREEI NS,

Year Date Time 200 m 600 m 1km Combined
25-26 March 22:04-23:50 218 (311 km??) 906 (711 km™?) 1,369 (721 km'?) 2,493 (643 km)
03:19-04:12 486 (694 km?) 803 (630 km™?) - -
26-27 March 00:46-02:46 674 (963 km?) 1,441 (1,130 km?) 1,717 (904 km'?) 3,832 (989 km?)
2018 03:08-05:09 154 (220 km?) 1,226 (962 km™?) 801 (422 km?) 2,181 (563 km?)
4-5 April 00:58-03:04 195 (279 km?) 776 (609 km™?) 1,082 (569 km?) 2,053 (530 km?)
5-6 April 21:39-23:39 501 (716 km™?) 735 (576 km'?) 922 (485 km™?) 2,158 (557 km)
371+211 981 + 287 1,178 + 369 2,543 739
Mean = s.d. 2 2 2 2
(530 + 302 km™?) (770 + 225 km™?) (620 + 194 km™) (656 + 191 km?)
cv 0.57 0.29 0.31 0.29
2-3 April 20:53-21:49 - - 1,277 (672 km'?) -
2019 6-7 April 23:14-01:37 340 (486 km?2) 822 (645 km™?) 450 (237 km?) 1,612 (416 km?)
7-8 April 20:40-22:51 451 (644 km™?) 1,219 (956 km?) 817 (430 km??) 2,487 (642 km)
396+ 78 1,021 +£281 848 + 414 2,050 + 619
Mean * s.d. 2 2 2 2
(565 £ 112 km?) (800 £ 220 km?) (446 £ 218 km'?) (529 £ 160 km?)
cv 0.20 0.28 0.49 0.30
Overall Mean + s.d 377+181 991 + 265 1,055 + 394 2,403 * 696
- (539 £ 259 km??) (777 £ 208 km™) (555 + 208 km2) (620 + 180 km™)
cv 0.48 0.27 0.37 0.29
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Table 3. Number and density of Japanese Murrelets counted during radial spotlight surveys on 7
transects at Birojima on 25-26 March 2018 and 6-7 April 2019. Maximum distance refers to the most
distant murrelet observation on each transect.

#3.2018 43 H 25~26 HH L 1F 2019 4E 4 H 6~7 HICHARS CHEMB I N BUHRA KRy F F4 M 7
KDLl P EOAY LYY IRXADEEFERE, KRERL. &FFve2 b ORbECET
fERE Nz h v 1) v I AX X OBTHEZ FE T,

Year Radial Time Count Density Maximum distance
SW 21:47-22:04 27 108 km2 1.9 km
S 00:31-00:44 62 177 km-2 2.5km
SE 00:59-01:15 57 120 km2 3.0km
2018 E 01:33-01:48 50 111 km2 2.9 km
NE 02:09-02:21 12 37 km 2.5km
N 02:38-02:45 2 10 km-2 1.9km
NW 02:57-03:07 6 24 km2 2.0 km
Combined 216 94 km2
SwW 03:50-03:56 0 - -
S 03:31-03:38 1 3 km2 1.6 km
SE 03:03-03:15 4 8 km-2 2.2 km
2019 E 02:44-02:49 11 24 km2 2.0 km
NE 02:18-02:27 26 80 km2 1.7 km
N 02:03-02:08 0 - -
NW 01:48-01:51 0 — -
Combined 42 18 km-?
overall Combined mean + s.d. 129 +123 56 + 54 km2
Ccv 0.95 0.96

Density Estimation —We used the spotlight survey counts to determine murrelet density (km-) for: (1) each survey on
the individual concentric and radial transects; and (2) each “combined survey” or complete set of all 3 concentric
transects or all 7 radial transects. We determined density using a strip transect width of 125 m on each side of the survey
vessel (250 m total width) which tests in 2018 indicated was the effective visual range for JAMU in the spotlight beam
as observed from the bow of the Asaebisu-maru under optimal survey conditions (Whitworth et al. 2018a). Because the
length of radial survey transects varied each year (depending on JAMU distribution; see above), to obtain comparable
densities we used the lengths of the radial transects during surveys on 25-26 March 2018 (Table 1) to calculate density
for all radial surveys in 2018-2019. Radial surveys on 25-26 March 2018 represented the maximum extent of the

congregation area during our research in 2018-2019.

EHEEEEOHTE -7 v 2V 7 I AR A OMREEEETEES 5 20 (kmd), ARy F FA4 b =4 DAY v b &fd
AL7z: (D) 4 oROHRE XOHBER N 7 v 22 b 2) 2htho [HEOGH] . 7213 323 X ToOFLL
KrIvez r2fldbezdn, LR TOTRTOBENRE 7 v 27 P EfHAGDEZD D, 2018 Fic, BAZK
HOME D DT 5 A THL 21T 572, ARy b 74 =212 X 3 JAMU OF2hHHHAM, 7 v+2 Mg
Th 5, FEMAHE 125m (FiE 250m) % HvC (Whitworthetal. 2018a) @ T CEAREEE % sk 72, HUFHRTHA
b T v s P ORIGEERS S0 (JAMU SRICRE, FitSi) | BEOHKEREL 35 7-0ic, 2018 43
A 25~26 HOFAE T ORBEHR F 7 v 2 2 F ORI ZEH L, § T OREGHATIA © 2018~2019 4 DAL % 5
HL7 (KD , 201843 A 25 H~26 He kI E L. 2018 4-~2019 oA Ic 51 5. BEh K HiFH
ERLTH5,
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Extrapolating Densities to Estimate Population Size — We extrapolated mean densities (and 95% Confidence Interval
[CI] limits) for each round-island and radial survey (all surveys in 2018-2019) to estimate the mean number (and 95%
Cl limits) of JAMU over the entire at-sea congregation area at Birojima. Mean survey densities for the 200 m, 600 m, 1
km, and radial transects were extrapolated over the inner, middle, outer, and radial congregation regions, respectively
(Fig. 4; Table 4). The number of JAMU (and 95% CI limits) in each region was then summed to obtain the total number
of JAMU (and 95% Cl limits) in the congregation which was in turn adjusted by the proportion of JAMU with brood
patches in the at-sea capture samples (53% in 2018) to obtain the total number of breeding JAMU (and 95% CI limits)
over the entire congregation area. We used this final value as an estimate of the size of the breeding population assuming
that: (1) incubation had begun in all JAMU nests at the time of our surveys; (2) mates of incubating birds visited the
congregation nightly; and (3) negligible levels of nest failure had occurred during the egg-laying and early incubation

stage of the breeding season.

BEBREEHEE T 5 720 OBEOINF — £ FH 08 b X OBEHATIE (2018~2019 ED LT o DHE) 1o, FHHHE
(I L 0 B%EHXHCIRA) Z4MFL <. ML RN OfiaiIcE £ 2 JAMU o5 (3 X 18 95%
CIREE) ZHEE L7z, 200m, 600m, 1km, X UHEHRF 7 v &7 b OFGFEEE L, Zn2nmfll, o, 44
fil, & XUBEHROEATIICH o TUIMFI Nz (K4, £4) . Ric, X JAMU (B XU 95%CI BRE) o
BaeaaitL <, £a5oho JAMU (5 XU 95%Cl ofillR) ofsir ko 7z, EAHT ) 72ATEHL T3 JAMU

DEFHL (B X F5%CIHIFR) 1%, L CHiE X h-flifko 5 b1tz 5> JAMU ol (2018 413 53%) 1<
Ko T I N7z, o MEZ, UTOMREDS &, FIaEAREHEOHEEME LR LZ : (1) &R
HIZBWTETO JAMU ORISR E 5 Tz Q) 1l 2 Bo<T7 0 HAERES LT 5 5 (3) FhE
OIS X OO Tk, SO TR LN OREOMBIED AR S iz,

“Night-Lighting” At-Sea Captures

We used the “night-lighting” technique (Whitworth et al. 1997) to capture JAMU in near shore waters off the west side
of Birojima on the night of 3-4 April (Table 4). The capture crew was positioned on the bow of the Yusei-maru and
searched for JAMU by scanning around the vessel with a high-intensity spotlight. When a single or small group of
JAMU was observed sitting on the water, we approached at moderate speeds and kept the spotlight beam focused on the
target bird(s). When the target bird was within range, the netter reached out with a 2m long dip-net and attempted to
catch the individual as it sat on the water or swam just below the surface. Many birds were captured on the 1% attempt,
but multiple attempts were made if JAMU evaded 5Scapture but could be followed with the spotlight beam. Captured
birds were transported to the Asaebisu-maru for banding. JAMU were banded with an aluminum leg band and
examined for presence of bilateral brood patches which develop in both females and males before egg-laying (Sealy
1976).
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KERA % A7 5 L

bt 4 A 3~HO®, MEOWIOWERMLIT, YA )Y IRXA%MO 25700, [TRHEEH] Bifliz
A L7z (Whitworthetal. 1997) . i 8 IXEALDOMSED S, SREDAK Y b 74 b T Z2AF ¥ v Lix
Do, FLITHNDI AV LY T IRAXARE L, 1V L) T I AR ADOBERE 7213 DEANE L ICIF O T 2 DR
Enz e, bILEEREECELIL, ZOBICAKRY 74 P EER kT 2, BEEL 32 BAMHIETRE 2 FibH
MWIZA>TELGE, Ay P EEFET 23013 20m ok S O c, ¥ Eiciov o 2 ikeirio 3 < T a2k Cf
REfliE x 7z, %< ofitkit, BYIORATEL K DEPHES NIz, RBKELTAEY P74 FokiErbLT
L& o 7258 PRI L 72, S 2R, SRl RERES 72 0 1A B S iz, ZNZNDRIET LT
=9 ZEORBRE O b, 1INt EEINRT O M & MO MF OO 4 FIcENn ) OFMETAR Sz, FaiibEiE
Sealy (1976) I & > TZ DH A4 ZDBEERAT T T hT w3,

Inner

Outer
Radial

Figure 4. Boundaries of the 4 at-sea congregation regions used by Japanese Murrelets at Birojima in 2018—
2019. Mean round-island and radial survey densities were extrapolated over each region to calculate the
number of murrelets attending the entire congregation.

[ 4.2018~2019 fFicHtiE T A v 2 ) 7 I ZAX AT X o TRl Tz 4 D0 FEAI OISR, §
BAERDH v L) 7 I ZZXAOREHET 22012, RS X OBEHA O TS E O FE % W E
NOTICI MR X N7z,
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Table 4. Mean (95% Confidence Interval [CI] limits) densities for the round-island (200 m, 600 m, 1 km) and
radial transects used during Japanese Murrelet spotlight surveys at Birojima in 2018-2019. The mean number of
murrelets (and 95% ClI) in each at-sea congregation region was determined by extrapolating the mean transect
densities (and 95% CI) over the 4 congregation areas.

KAMBEIC BT 5 2018-2019 FEDAE Y b 74 bH—~AIc X 3 EEEl (200m, 600m. 1km) 35 X OHBEFHA
FIvRZ PDAY LYY I RARXEEDOTIEE (B5%EHIXE)  FHEICEE oA v L) 7 IAXADF
Bl (L BSWEEXE) 13, 4 2DKIBOF 7 v 2 VEE (& S%EMEXE) 24MFds & THEL
770

Transect Mean Density (95% CI) At-Sea Congregation Area Total Murrelets (95% CI)
200 m 539 (323-755) km™ Inner = 1.02 km? 550 (329-770)
600 m 777 (603-951) km Middle = 1.86 km? 1,445 (1,122-1,769)
1km 555 (382-728) km™ Outer = 2.12 km? 1,177 (810-1543)
Radial 56 (0-539) km™? Radial = 13.4 km? 750 (0-7,223)
Total 18.4 km? 3,922 (2,261-11,305)
Nest Searches

We visited Birojima on 3 April to conduct nest searches in JAMU breeding habitats in caves on the southwest side of
the island and upper island boulder fields under the forest canopy. On 4 April, we also conducted the first nest searches
on Kobiro, Nakabae, and Setsuribae islets (Fig. 2). Nest searches were conducted using small hand-held flashlights to
inspect suitable crevices, burrows, and other sheltered sites for evidence of current breeding, including: (1) incubating or
brooding adults; (2) whole unattended eggs; (3) broken eggs; or (4) eggshell fragments. Incubating adults were observed
briefly with a small flashlight and occasionally photographed but were not handled or prodded to reduce the possibility
of clutch abandonment. Most of the nests had been marked during studies conducted at Birojima in 2013 (Whitworth et
al. 2014a).

HHEHE

4 A 3H. FA b IS i, EoEAElloES L R EHOERL S 2 koBE . Av L) v IAXAD
HEREEITo72, 4 A4 HIKIZ, /MUE, FH 2, €Y ) ANTOKE CTRYIOEOHER LTz (K2) . Fied
. AV LYY IRXADEIEOHEE 2155720, NE T4 PEFEHL T, BCEY)LEZ SN H50ZRITH, W
N, BLOMDOEEN TV G ERR L 72, BHiOHLE L CRUTob o2& TN 5: (DI e F2{anTw» 5K
BOFIE, QNI NTOAVATERAREDIINS 2 2 &, QENIAH 2L, @INEEH &, Il
LTWBHREICOWTIE, 74 P CHRRHOAEE L, RHICIEERFE LT o7z, W& OIEIC X 2filoEED ]
REEZ B L. o EZFO0As, b LIEEP»HHD 32 & 38T 72, BIEAMHER X 12O RKPITE,
2013 FELARE, B TRET b h T w3 EEFEDOHIZ DI Tz (Whitworthetal. 2014)
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RESULTS #%

Spotlight Surveys XKy +F 54 P —~4

Round-Island Surveys —We completed 2 combined surveys covering the entire set of 3 concentric round-island
transects at Birojima in 2019 (Table 2). The combined surveys totaled 1,612 JAMU on 6-7 April and 2,487 JAMU on
7-8 April for an annual mean of 2,050 (+ 619 [s.d.]). Variation in the combined counts was relatively low (CV = 0.30).
Combined round-island counts yielded densities of 416 JAMU km on 6-7 April and 642 JAMU km on 7-8 Agpril for
an annual mean of 529 (+ 160) JAMU km2,

FEE Y —~ 4 —2019 4, #FECHEMith D 3 SDRILMRD F 7 v 7 F&2ikE =3 5, 2EoffAaROFHE
2fTo7 (£2) . AMOPFETIE, 4 A 6~7 Hix, AFF1612%. 4 7 7~8 HIZAFE 2487 H., FHPFFHIL LT
#% & 2050 (£619[sd.]) *HThot, fiEHh Y v b OEEIHEHN Vs 072 (CV=030) . HFERDAH Y |
ROEH 2 &L BRBEEEIE. 4 0 6~7 Hizi: 416 B/ km2 4 A 7~8 Hic i 642 P/ km? <, 4EfPF 529 (+
160) Pl/km?ic7z 5 7=,

Counts and densities on the individual round-island transect are presented in Table 2. Counts increased on all 3
concentric surveys between consecutive nights on 6-7 and 7-8 April, although the count on the 1 km
transect on 2-3 April (200 m and 600 m transects were not surveyed this night) was higher than the
later counts on that transect. Variation in counts was lower on the 200 m (CV = 0.20) and 600 m (CV = 0.28)
transects compared to the 1 km transect (CV = 0.49). Higher variation on the 1 km transect was mainly due to the high
count (1,277 JAMU) on 2-3 April when poor conditions developed that prevented surveys on the 200 m and 600 m

transects.

Az oEER N 72 s r DAYy M ARBEEEZR 218, 4R2~3HD 1kmo 2 vk 7 roA v v b
200m & 600MD 7 vt 7 MIZDRIGHEI Naho72) 25, ZDHBROAI TV ML Y 3% o720 0D, 4
H6~7H& 7T~8 Houf L 72& M, 3 2DFLIROFARE S N Tick T, A vy ML 72, 77 v Mo
ZEN3, lkmt7v&2F (CV=049 (gL, 200m (CV=020) X0'600m (CV=028) +Z7v&72
P07, Lkm b7 v s FAL D KREAEHERT O, 4 H 2~3 Hoomway v 8 (L2773 12k

330TH3, 2OHIF. 200mBLE600M F 7 vt 2 MconTid, KgEtbEoBL oS c& b o7,

During the complete combined round-island surveys, JAMU were distributed rather uniformly around Birojima on the
200 m and 600 m transects, but a large gap was noted on the northwest portion of the 1 km transect (Figs. 5-6). A
similar gap in the distribution of JAMU was also noted on northwest portion of the 1 km round-island transect during
the incomplete survey on the night 2-3 April (Fig. 7). JAMU numbers were clearly highest on the east side of Birojima
on 6-7 April but numbers were higher on the west side of the island on 7-8 April.
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JEEROFEDOEE, JAMU 13200m X 600m o + 5 vt 7 F CEEZICH R D IE—I2afm LTz, 1km o

FT v b RS TIERE ¥ v v THAD N (M5~6) . JAMU O fic s 3 RkO ¥+ v 7id, 4
A2H~3Ho®OHIEICR>TCLE o 72f &0, 1km R 7 vt 7 b ot s cbiERs iz (®7)
JAMU 0%, 4 H 6~7 HICHBRE ORHEI TS 2 IciRm TH o 7225, 4 H T~8 Hic iz BowufllcEd ro 7z,

Radial Surveys — The combined count for the single set of 7 radial transects on 6-7 April was 42 JAMU, ranging from
0JAMU on the SW, N, and NW transects to 26 JAMU on the NE transect (Table 3; Fig. 5). Using radial transect
lengths based on 2018 radial surveys, the combined radial survey density was 18 JAMU km ranging from 0 JAMU
km on the SW, N, and NW transects to 80 JAMU km? on the NE transect (Table 3). The maximum distance JAMU

were observed from Birojima in 2019 was 2.2 km on the SE transect.

BERY—<=4 - 4H6~THDO 7T 2ORHR 7 v+ 2 b D2 NZho&FH0T 42 0C, ZolgEiE, SW, N, &
UNWDOLZ7v22 b Co0F2HNED T V&2 FTD 26 HOHHTH -7 (3, [X5) . 2018 FEDfisthHik
REICHED P T v PREMBHT 2 &, BEHREEROMEEEEE O A5HE 18 P/km? T, Z DiEi: SW, N, &
JUNW FIv 22 b 0B/ km?25NE F v+ 2 @ 80/ KM EcTchorz (E3) ., 2019 £Eic JAMU 78
Blx - m Az, SEO 7 v 2 b ET22km Th o7z,
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26-50
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76-100

101-150

>150

Figure 5. Distribution of Japanese Murrelets during round-island and radial spotlight surveys at Birojima on 6-7
April 2019. Yellow circles are scaled to the number of murrelets at each survey waypoint. Red boxes indicate
the end point of radial surveys.

5.2019 44 H 6 H~7 HOREMME X OHEHRHEDO AR Y + 74 b —_A DAV LY T IZAX XDy
i, HEOMIE, EFEY = AFA Y P TOAV LY T IZAXXADEICHEDETREINLENL T D, K
PUff L, SRR O R Z IR T,
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Figure 6. Distribution of Japanese Murrelets during round-island spotlight surveys at Birojima on 7-8 April 2019.
Yellow circles are scaled to the number of murrelets at each survey waypoint.

6.20194 4 A 7 H~8 HoEM s X VIO 2R Y + 54 v —~_AHFDH VLY T I XXX D, #
oMk, FHAEY 2 AKRA VP TOAV LY T IZAXADEICHDRETREINENML TS
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>150

Figure 7. Distribution of Japanese Murrelets during the incomplete round-island spotlight surveys at Birojima on the
night of 2-3 April 2019. Yellow circles are scaled to the number of murrelets at each survey waypoint.

7.201944 A 2 H~3 HORI s L VHEHRIED R Ky + 74 P —_AHFDH v L) 7 I AR A D5, #h
O, FFEY 24 KAV FTOAV L)V IZAXADEICHDE TRE INPLEML T 5
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Temporal Comparisons 2018 vs. 2019 — Small sample sizes prevented statistical comparisons of spotlight survey
counts between years, but the annual mean combined round-island count in 2019 (2,050 + 619) was markedly lower
than in 2018 (2,543 £ 739; Table 2). Similarly, the combined radial survey count in 2019 (42 JAMU) was markedly
lower than in 2018 (216 JAMU) with lower counts on 6 of the 7 radial transects in 2019 compared to 2018 (Table 3).
Annual variation in the combined round-island counts was similar between 2018 (CV = 0.29) and 2019 (CV = 0.30;
Table 2).

2018 & 2019 O KFHIHEL — ¥ v T ABIBIA NS Wiz d | FEDORAE Y b 74 =<4 TOA Y v M OFEHY
iz 2nd oo, 2019 F DR —~ A Ko AEH#L (2050£619) 13, 2018 F X Y bEL {{Kh o7

(2543£739:%2) . [k, 2019 FOBEHRFERi O AFHEL (42°F) 132018 F0b D (216F) LY FEL D
. 019D TODBEHKF 722 D5 H 601k 2018 F L il L Tk o7z (R3) o FEMY—< 4 D&
oA L, 20184 (CV =029) & 20194 (CV=030;%2) THIMLIL Tz,

Density Extrapolation and Population Size — Extrapolating the mean densities (and 95% CI limits) for the 200 m, 600
m, 1 km, and radial transects over the inner, middle, outer, and radial congregation areas, respectively, yielded an
average of 3, 922 JAMU (95% CI = 2,261-11,305; Table 4) over the entire congregation area at Birojima in 2018
2019. Adjustment for the proportion of breeding JAMU in the congregation (53%) yielded 2,079 breeding JAMU (95%
Cl =1,198-5,992) over the entire congregation. Assuming all mates of breeding JAMU in the congregation were
incubating (see assumptions in Methods), we considered 2,079 pairs (95% Cl = 1,198-5,992 pairs) to be the “best

available” population estimate for Birojima at this time.

FREESME S X ORI — Ml ok, SMAL 35 X OERHR O EAHE Fic, 24 Zdic 200m, 600m, 1km,
BLOWERO b7 v e s + O FgHEE (L 95%CIHIREE) #fAT 2 L. 2018~2019 4, MR LA0%RAET ) 7
2fkco JAMU DfEFE DT iE. 39227 (95%Cl =2,261-11,305F; % 4) Lz o7z, EAEND JAMU 0%JH
DEE (B3%) ERES 2 &, BN oElisEiz. 2079°F (95%Cl=1198-5992) LHfEE Iz, FEHNO%E
JEL T2 JAMU O3 RTORT O34l L T3 LIGET % & U5kl 2 SH) . 2079 <7 (95%Cl =
11985992 ~7) 2B COMME T [l ] MABHETH S LEZX T2,

“Night-Lighting” At-Sea Captures

We captured and banded 35 JAMU over 4.25 h (20:06-00:21 h) in 2019 (Table 5). The overall capture rate was 8.2
birds h™ but varied widely from 2.0 murrelets h* at 22:00 h to 15.0 murrelets h™ at 23:00 h. Only 9 (26%) captured
JAMU had brood patches. None of the JAMU captured at-sea in 2019 had been banded during night-lighting or mist-

netting efforts in previous years.
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TR % R 72 F R

2019 fFic, #UE o, 425 IKE (20:06-00:21 B 1cb72 v JAMU, 35 P&l L BBRAEE L7z (R
5) . 2FRNAERIL 82 PN TH 57228, 22:00 @ 2.0 I A& 23:00 Kg 150 FIMKHH £ TR & 52 k235
bz, il n7z JAMU TN RATEERIL 9 F (26%) DA TH o7z, 2019 FFicif L CHiif & 7z JAMU
FEnd, BEOKREIRIIFE CERMEZ W - HERIC RER 25 S 0 flik 2 G A Tldwird o7z,

Table 5. Summary of Japanese Murrelets captured in nocturnal at-sea congregation at Birojima, Japan
on the night of 3-4 April 2019.
#5.2019 £ 4 A 3 H~4 HOwEH, HEOF Eofh eI iz v 20 7 I AX X OB,

Time Hours Total captures Rate (h'1) Brood patches (%)

20:06-20:59 0.90 10 111 5 (50%)
21:00-21:59 1.00 4 4.0 0
22:00-22:59 1.00 2 2.0 0
23:00-23:59 1.00 15 15.0 3 (20%)
00:00-00:21 0.35 4 11.4 1 (25%)

4.25 35 8.2 9 (26%)

Nest Searches

We found 57 JAMU nests with evidence of breeding at Birojima on 3 April 2019, including 47 (82%) nests with
incubating adults, 5 (9%) nests with 2 intact eggs, 2 (4%) nests with 1 intact egg, and 3 (5%) nests with 1 depredated
egg (Fig. 8). Most nests (48; 84%) were found in the upper island forest boulder fields with fewer nests (9; 16%) found
in or just outside 2 caves on the southeast shore (Fig. 8). No hatched eggshells were found on Birojima during 2019.
However, we did find evidence of possible predation, including 6 broken eggs found in or below JAMU nests (4 eggs in

the forest and 2 eggs in the caves), 5 JAMU feather piles, and 1 JAMU carcass in a nest.

HERE

20194 4 H 3 Hic, B < JAMU ZJEA TR S N2 3L 57 i CTH o7z, £ DOHERIE, 1AIIh D3 5 Hins
47 (82%) . MEZD 29003H 250350 (9%) GO LI H 250320 (4%) . B 1oDF(LL 7290A3EE
INTHE B 3o B%) THD (M) ,
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Figure 8. Evidence of Japanese Murrelet breeding found during nest searches at Birojima on 3 April 2019.
Clockwise from upper left: incubating adult in cave nest; depredated egg on cave floor; incubating adult in boulder
field nest; nest searching on the upper island.

8.2019 4 4 A 3 HIcHASE COEMEHFETICR oD o h v ) ¥ I RAX X QEFHOFL, 7 EA> & g |HE]
b R ORI OB, FEOKICH 2RI, BEAoKEORCIaiithokf, Lo coE e,

We found 7 JAMU nests with evidence of breeding on Kobiro islet on 4 April 2019, including 4 (57%) nests with
incubating adults, 2 (29%) nests with 2 intact eggs, and 1(14%) nest with 1 intact egg. This was the first report of JAMU
breeding on Kobiro since about 1963. We did not find any evidence of JAMU egg predation on Kobiro, but we did find
a presumed Peregrine Falcon plucking station with at least 2 sets of JAMU wings (Fig. 9) and 3 additional JAMU
feather piles, one of which was near a crow nest. In contrast, no evidence of JAMU breeding or predation was found on
Nakabae or Setsuribae islets.

2019 4£ 4 A 4 B/ cBGEAEE & 7z JAMU 0823 7 SR S iz, Zodiciy, {aIirF o235 8728 4
2 (57%) . 29BMER I N7 H 320 (29%) . LIIBHER I =B 1o (14%) THho7z, Zhid, 1963 FtH
Dk /Mtc oo <o JAMU OEFEOFHLCTH 5, /IMUEET JAMU DIRDHHE OFEILILHER X 1Lz o 7253,
DIl b 240 JAMU oF (9 Tl onsz JAMU ORI EICR-72bD03325H 0, 205 b0 1o
77 ADEDE TR S Nz, WIS, JAMU Q% E 72 (Hf R OFEHUE, FH ST E 32y )V NTO/NGT
BRI N 572,
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Figure 9. Evidence of Japanese Murrelet breeding found during nest searches on Kobiro islet near Birojima on
4 April 2019. Clockwise from upper left: incubating adult in crevice; 2-eggs outside nest site; breeding habitat
on the north face; depredated murrelet carcasses at plucking site on the north face.

9.20194F 4 H 4 HICHUMBELT < /Mt coE FiE T IciiRl I i v ) 7 I A X X OEGEDFHL,
FE b HWEHE Y ¢ B o Nt oS, Rodhicd 2 200, ALl gE; Jbortm cR R S il E
O L 25T ClER S Mt I iz v L) 7 I AR X DHELK,
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DISCUSSION #%

Estimating Population Size ~ (fE&$ D HERE)

Estimating the size and population trends of Synthliboramphus murrelet colonies has long been a difficult task, mainly
due to these species’ concealed nest sites, rugged breeding habitats, and strictly nocturnal colony visitation which make
nest censuses impractical (or impossible) at most colonies. Over the past decade, spotlight surveys have provided a
practical method for assessing the status of murrelet colonies and has been used to estimate the size of Scripps’s,
Craveri’s (S. craveri), and Guadalupe (S. hypoleucus) murrelet populations at 13 islands in California, USA and Baja
California, Mexico (Whitworth et al. 2014b, 2018b, 2018c, 2020; Whitworth and Carter 2014, 2018a, 2018b; DLW,
unpubl. data). Previous assessments of Synthliboramphus murrelet populations in North America used a spotlight
survey correction factor (CF) that correlated the number of nests in a well-defined area with the number of murrelets that
congregated off that area. Unfortunately, a similar CF has not been determined for JAMU (but it was developed in
Korea. see Park et al. 2017). Birojima is not a feasible location for determining a CF because it is not possible to
accurately census nests over all or even a defined section of the island. However, efforts to determine a CF for JAMU
will be conducted using concurrent spotlight surveys and a nest census at Kojima in Kochi-ken off southwestern
Shikoku in March and April 2020. If a reliable CF is determined in 2020, we will use it as one of several methods to
estimate JAMU population size following completion of this round of surveys at Birojima in March 2021. We believe
the CF method of determining population size is preferable to other methods because the CF yields a statistically
rigorous estimate (point estimate) with a range (95% Confidence Interval [CI]) that is broad enough to account for any

uncertainties regarding the data and assumptions.

AHEORHETH 5. W0 2 DA WEERE BEAT, L WESE, £7213, 3t ALDan=—CTHROL Y FAZJER
e 32 (FAEARTEEE 32) BITHEOWEREICan = —I1cRek 3 2) 070, a1 = — O L EidE@n %
HET B Lit, ROMREEREETH -7z, @E 10FMIcENT, ARy FI7A4 P —_f L, 7IAXAHHD2
0= —OHIRZ U 2 720 DFEMW TR L, R) 72, 257 =Y (S.craveri) . BXUHEAL—< (S
hypoleucus) &\> o727 I AXAHHOMABEREE T 272012, KEHY 7H4A=TI, AFva ) 7r1=
THICHER T TE % (Whitworth etal. 2014b. 2018b. 2018c. 2020; Whitworth and Carter 2014, 2018a. 2018b;
DLW. unpubl.data) ., 4t7 2 U 5 2 E <o Synthliboramphus 7 2 2 X X DEAKGEHE©I3. PEICER SN
VT OEEEE ZDT) TICEE DY IRAX DR EBROT 22Ky T4 I —~ 1 OffIERE (CF) %]
LTWw3, FEahns, JAMU CitEfED CFARE S Twinny (LA L7AaRS, BmECRRI T3, Park
etal. 2017 2 . BOT R CTOXEE 72 TER S NAXETE X, IEMICHEERELZT) i3 TE vk, it
%, CFAZPET 2 DICH L 25T Cld v, 72721, JAMU @ CFUVEDHLY #Ai%, 202043 HE 4 Hic,
PUERPEEROEmAIR DG T, ARy 74 ¥ —~4 LEHERE LT L CEMT 2IEcEMEI N2, 2020 Ficf5
HTE 2 CFAREINIL, Zo—dOFAA, 2021 4 3 HICHURE T T 2l 2 72881, JAMU D fdFEiEiD
WESED Lo LTI NG TETH 5, EARBHIEE REST 5 CF Tk, okl ) IFFLwEFEZL T
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%, ZiE, CFid, 7—& T IcBId 2 R EEM: %I 2 D ic+o3AWEiFE (95%EHEXREICI) oHitEHfic;
BIRMEE (FA v MEE) 2179 25 Th %,

In 2018, without a reliable CF, we relied on a less statistically rigorous method to tentatively estimate 3,318 breeding
pairs of JAMU at Birojima (DLW, unpubl. data). This estimate was based on extrapolation of maximum spotlight
survey densities over the entire congregation area (Fig. 4) followed by a rather simple series of calculations and
adjustments. While we subjectively felt that this population estimate was reasonable given our experiences at Birojima,
we also realized that the accuracy of this estimate relied greatly on assumptions that were difficult to validate. Thus, we

strongly cautioned against accepting 3,318 breeding pairs as a “reliable” population estimate at the time.

2018 “Fic, f5#HC% 2 CFMEL C, #EHYIC T IR EEE Cla e WiEe v C. S JAMU 0%z, 3,318
ST LEERNCHEE L7 (DLW, 7—%) , ZOHEEfEIR. AFY b T4 b —_AMORKEELEAT ) 720k
L7 VIMET 2 L vy TR WTE Y (M4) | 20k, 278 Y Hilia—EOFR L FRE» TON, b
1. C OEAEBHEEMS, MRS CORRD O, Y TH S L FBINTE T T35, T OHEEEDONEE IREE S REE
THDIPOEICRESMIFLTRD T EOHEL Tz, o T, ZOWET [fEHTE 2| ARKOHEE L LT
3B EIERT A ZIFANS Z LI LT, ISR H - 7=,

Following the 2019 field season, we explored the use of more statistically rigorous mean spotlight survey densities to
estimate population size. We did not explore mean densities previously because we could not calculate mean radial
survey density with only 1 set of radial surveys in 2018. The use of mean densities required the same series of
calculations and assumptions as those for the maximum densities used to (tentatively) estimate population size in 2018,
but with one major advantage; mean densities provided an estimate with 95% Cls which the maximum densities could
not provide. The population estimate using mean densities yielded 2,079 breeding pairs (95% CI = 1,198-5,992) at
Birojima in 2018-2019. The maximum density point estimate was considerably larger than the mean density estimate
(3,318 vs. 2,079 pairs) but, given the relatively small survey samples and uncertain assumptions, we considered these
estimates to be in reasonable agreement. More importantly, the maximum density estimate fell well within the 95% CI
limits of the mean density estimate which we considered to be a much more realistic assessment of JAMU population

size at Birojima using spotlight survey data.

2019 FD 7 4 =N Py =Xy Dt Fhl-bid, X OHEHUCTEEE R AR Y b 74 b3 —< 4 OEEDVHEE FV
T B HEE T 2 72 a7z, 2018 FITIIBEHRY — <A 23 L& v F DHDFEMTH o 72 DT, Bk
HEEEO VG E T 2 LR TE b oTe, 2070, FIENLIPHIHEZKD 5 2 L13kh o7, PIHEOHM
T, 2018 FicfEAREIIEE (i) #EET 2720 I AW RKEE & FEO —HOFHE L EDBETH 7705, 1
DORERMESD 5, ZHUF, TIHEER, RAEE TR CX 2h - 7 95%Cl offEfEz it cx 22 L Th
%, EEEREHT 5 &, M T o 2018 4:~2019 E o fEiREdtEE 1. 2,079 0%JiE~7 (95%Cl=1,198-
5992) Lo, RAFEEOHEMIL, VFEEOHTME V) D2k YV REAMEER LA (3318 52,079 ~
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7). HESRYUNE RIEY Y I E R EDL RIE R EET S . InL DHEEHEITAHEN A —ETh B e EZ T, &5
ICERSE 2 2. KB EHEEE S I EHEEE D 95%CI FRENICINE o722 L TH 3, Zhii, AEY FF4 L
H—_f F—=22HTD, HHED JAMU OEFEFED & W IRENRFHMETH 2 E26N5,

The rather wide range of the overall 95% CI was mainly due to high variation in the extremely small sample of radial
surveys (n = 2) used to calculate the mean density. As a result, the radial region had a very wide 95% CI (0-7,233)
which, at the upper end of the range, accounted for nearly two-thirds (7,223 of 11, 305; 64%) of all JAMU over the
entire congregation (Table 4). We expect the range of the 95% CI will narrow markedly as the sample sizes used to
calculate mean densities increase following the last round of spotlight surveys in March 2021. Thus, while we have
more confidence in the accuracy of this “mean density extrapolation” estimate (especially the 95% CI), we still consider
this estimate to be preliminary pending completion of data collection. Ideally, in 2021 we will be able to compare
JAMU population estimates for Birojima derived from 3 complementary techniques: (1) a CF determined at Kojima in
2020; (2) extrapolation of mean round-island and radial spotlight survey densities (2018, 2019, 2021 surveys); and (3)
extrapolation of maximum round-island and radial spotlight survey densities (2018, 2019, 2021 surveys). Concordance

among the 3 techniques would increase confidence in the accuracy of our population estimates.

959%Cl &fkD 572 b N CEiFRIL, FICFHEE ORI I W3 BEHRRED 3 IABVNE K (n=2) 6D
EPREVLZDTH D, ZOMEE, BEHRMEKD 95%CHIFEH ICE < (0~7,233) | #if o LIRTi3, EA&MkD
2 JAMU 01313 2/3 (11,305 DND 7,223;64%) % 507z (Fd) , 2021 F3 HORBD AR Y b T4 b I —~4
®%ix, VFEEEOREICHH T 2 3 v TAEDIEINT 57290, 95%Cl OHIPHAE L {2 d LHfFL T3, L
2o T, T [FHIEESME] HEEME (Kric 95%Cl) DREICIIAEEH 2 b 0D, ZOHEEMILT — XIEDRTET
TELECTOYENLRDDOTH S LEZL TS, HHERICIE, 2021 Eic, 3 > DMEHiN 7 Fike LB, SO
JAMU DfEIAEHEE X IR TE 2 X S 1chd 2 & Th 2, (1) 2020 FicERTcikiES NS CF,  (2) “FHaEmis
X UBEHRAR Y b T4 =<4 OEEOIF (2018, 2019, 2021 %) ; Q) FEEEE X UHEHRAKR Y + 74
b — A B OEAREEE D RO M (2018 4E, 2019 4E, 2021 4EDF#E) . 3 2DFiEIC X AKfEO B X
Y\ EEEHEE DRI T 2 EHER R £ o T TH S I,

At-sea captures and nest monitoring both provided important data that helped us to refine our population estimate and
assess the validity of the required assumptions. The primary purpose of at-sea captures was to determine the proportions
of breeding and non-breeding JAMU in the at-sea congregation. This information is vital for population estimates based
on extrapolation of spotlight survey densities. Thus, at-sea captures were a key component of our research and should be
continued. The proportion of captured JAMU with brood patches was 26% in 2019, roughly half of that from those
captured in 2018 (53%). We did not consider the JAMU sample captured in 2019 in our analyses because banding
personnel were not confident in their abilities to detect brood patches; thus, the proportion of JAMU with brood patches

captured in 2019 may have been biased.
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TR & E A L b, EFREBHEEDUGE L. ZNICLE R FUEDZ YL TS 2 720 DEE R T — X Z Rt L
Twb, i ER ML, W RIcEE 2%, JEEIHIAMU OFIEZIRET 2 2 L TH o7, Thid, AFy
AT H—_A 55 OB DIMFICED AAFREHHEEIC & > THERFRTH 5, Lcdio T, LIS D
MREOEELZEHRTH Y, Miisns~ZFThs, HifEIn7 JAMU © 5 bIIto A TEEOEIEIZ, 2019 £4£13
26%CHbh, 2018 FicHifEI iz b DK (B3%) THotz, NV T 4 v ZHLUFEORINBEZEE L T HE IR
LB oIz, 2019 4ED JAMU D% > T2 Wricfilifl 5 L i3I 72, L7228 T, 2019 i T hiz
HENBE % > JAMU OEIE IR D 23% b - ATREMD S 5,

Our brief inspection of JAMU nests in early April 2019 confirmed that our research was conducted early in the breeding
season after most (if not all) eggs had been laid but before the hatching period when family groups depart the island and
attendance in the at-sea congregation ceases. This information strongly supported our 1% assumption that incubation had
begun in all JAMU nests at the time of our surveys. The relatively small numbers of depredated eggs and adults we
found also supported our 3 assumption that negligible levels of nest failure had occurred by the time of our surveys.

Thus, nest monitoring also was a key component of our research and should be continued.

2019 4E 4 H EAJic JAMU 082 FIE L 7245580, 3L A LD (BTTRARWICLTY) FEIB T, KiEsr— 7058
O EORENICART 2 LRI TH 5. BIHHO R WIHICGHES TN CnWiz 2 LRI Wz, 2Ol
Wiz, FEOKHAL, 2TD JAMU DECILISIEE > Tz v ), FAZ2 b OFE—DRRZHRL THT 20 TH
%o VRO EIN & SRR X N7zt Thd, HEORKRAEATE 2L VTR o Tz w), 53
DIRFHDXFFL T2, TDXHic, BRE=Z) Vb, TROEERERTH VT o ETH 2,

Unfortunately, we have no data to support our 2™ assumption that mates of incubating JAMU visited the congregation
nightly because there is very little information on the daily or nightly movements of individual JAMU. Telemetry
studies with nightly tracking of a large sample of JAMU would be needed to accurately assess the proportions of
breeding birds which visit the at-sea congregation each night (and perhaps the factors that affect visitation). We would
support such a study at Birojima. However, the 2 assumption is probably less important for population estimates
derived from “mean density extrapolation” compared to “maximum density extrapolation” because the 95% CI

associated with the mean density estimate probably accounted for most of the variability in congregation attendance.

Wz hio, filx o JAMU O Hrb k72 (3R OB) 2 1ICBIS 2 AT & A EIFE L 72\ 72, JAMU DfadifiEfk o~
T ORITBEEICHENDHIC 5 L3 25 2 DIEIZ T 5 7 — 237, JAMU ORFELEIFO KB 29~ 7' v
EELT LAY —WgER, HWHL HLICEE 2BIHSOHE (B X UEZ b RIS E ST 2 WIK) 2 IEMEICRHES
L0ICBEL ING, bt MBBETOZO XS B2y F— 32, LaLAado, H206E0E. [RK
WEAME] LI L., DPEIEEIME] 2 HHEE S M EEBHEEMIC S T, 25 2R EEHEETIEI 2,
UL, BZH L, FEEEOHEEEICBEEAT T b iz 95%CI 25, A L T KO ZB) D KERS % 9 2 WHE
RS TH B,

32



2019 4F ["])1[HTHEHS 25

We considered our efforts in 2018-2019 and our proposed studies in 2021 to be an important start toward better
standardizing spotlight survey protocols for JAMU at Birojima. The standardized round-island and radial survey
transects are clearly a major improvement over those used in 2011-2012 and have already demonstrated their usefulness
for estimating the size of the JAMU colony. However, we still have limited information regarding the optimal timing of
spotlight surveys at Birojima. The maximum combined round-island count at Birojima in 2018-2019 (3,382 JAMU)
occurred on 26-27 March 2018 (between the 1% quarter moon on 24 March and full moon on 31 March), although a
relatively low count occurred later that same morning (2,181 JAMU). In contrast, the lowest combined round-island
count in 2018-2019 (1,612 JAMU) occurred on 6-7 April 2019 (1 night after the new moon on 5 April). In fact, much
of the disparity between the round-island annual means in 2018 and 2019 (Table 2) was due to this extremely high
count in March 2018 and this extremely low count in April 2019. Interestingly, all the other combined round-island
counts in 2018 and 2019 ranged very narrowly between 2,053 and 2,493 JAMU (Table 2).

2018 4~2019 £ 2217 CTOHY MA K U 2021 FICTFE T N T0 A58, S JAMU DR Ky b 74 + 34—
RAOT v b ark X VEHE LT 2 -0 0EEAHFAER TH 2 LFE X T 5, LI N ERE S X OBEHRO b Z
Y7 MiE, 2011 F~2012 FicfEHE 22N oD b7 v 7 XD SIHL2ICRERYSGERTH Y, JAMU 21
Z— DY A REWET B0 DOEMED T CICEIEEN TS, LaL, TLAIZE7E, B TOREY P4 FH—
RADFGERZA LV ZICBL T RONERL 2R D H b4 Ty, 2018 4£~2019 FEDHREIE Y — < 4 TDHR
ReatEaE (3,382 1. 2018 43 H26 H~27H B H 24 Ho Li%oH & 3 H 31 HojiH offl) 1c3EL 72
23, BlEFEfTbhz[E CREOHT HORFE Tk, BN RWER Y v a3 (2181F) . 2l idniEm
iZ, 2018 F~2019 Fic 2 CoAEBFHE coAFHcom/MEI: (1L612%F]) 13, 2019456 H~7H (4A5
Ho#Ho 1 H%) IKREL R, EEoL 5, 2018 4L 2019 FE oY —~< 4 TOEMPEIED 7O KD
(%2) 1%, 201843 HoIEH IcE AT v b e, 201944 HDIEF IR A Y Y FIZK 5 DTH o7z, HRZE
Z ki, 2018 & 2019 o fthd T T ORI Y — < 4 OAFHEIL, 2053~2493 P LiEWEEZRL T B
2) .

Clearly, conclusions cannot be drawn regarding optimal timing of surveys within and between nights based on these
results. Preferably, spotlight surveys would be conducted during periods when congregation attendance best represents
the size of the colony. Thus, surveys should clearly be conducted after most or all breeding pairs have laid eggs (usually
mid-March) but before clutches begin hatching (usually in mid-Agpril) when family groups depart nests and cease
visiting the at-sea congregation (Whitworth et al., in prep.). However, the optimal survey periods within this mid-March
to mid-April window depends on several potential factors (e.g., day length, moon phase, wind, cloud cover, and prey
abundance, prey abundance, prey availability and foraging ranges, among others) such that frequent surveys (once
or twice weekly) over several breeding seasons would be needed to assess which factors have the most effect on at-
sea congregation attendance. We have scheduled our surveys in 2018-2021 during different periods to sample under

different day lengths and moon phases: (1) late March and early April (between 1 quarter and full moon, between full
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moon and 3 quarter) in 2018; (2) early April (between the full moon and 3" quarter) in 2018; (3) early April (around
the new moon) in 2019; and (4) (proposed) mid-March (between the new moon and 1% quarter) in 2021. Scheduling
spotlight surveys months (or even years) in advance, we obviously cannot control for other unpredictable environmental

factors such as wind and cloud cover that may affect JAMU colony visitation patterns.

o pic, BIROERED S 13, "H(Z oW E 213K E - O DREOREA 2 4 2 v I TRz 5 2 g c
LiFTERV, THETHIUL. EAEL TN an—— 0k R LR 2PRICAR Yy 74 P —_4 %
EMT LI BEELTHA S, Lo T, &I, LI, 1ZLALERITRTOBIE~T AL 7212 (Gl
3 HAMH) T, FESEEHNE FoEEE PO TLE Y GEE 4 A TMLoBitainc i3 2 HE1H 5
(Whitworthetal., inprep.) . 7272L. Z® 3 Asfj~4 A A OHiff < Dl FAHARIE. W <0 h OFTER 7 %
W (Zzezid, HE, Alin, B E&, EYolE s, Yo AFleetk, REEHZ L) IRkFL w5, 207k
B, EORERIPTELOEAITHRDHE LG5 2 2O WTEHIi 21T 5 2013, BRI b - 2% e G
W1l E /213 2[0) BB b, 2018 F~2021 FEcod I AaMMic, STITAHREL ATy 7Y v
TE S L) ICHEAREZIGEL T 5b: (1) 20184 3 H MA)~4 A LA (LikeimH o, A & Tizo) o (2)
2018 4F 4 A LA) GiiFl & ko) . (3) 20194E4 A LA GirAWE) ; 4 &%) 2021440 3 Adf) GiiA»
L EET) o AFRY PIA M= EZFHET 201, FE2 S8 ARI(E 723 8UERD o, JAMUD o=
— DI R — B 5 2 2D B 2 ML ER R L o FRIAAREABREERICOWTETay ba—u

TBILIEFTERY,
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APPENDIX 1 #i

Survey to determine multiple occupancy in Japanese Murrelet nest crevices at Birojima,
Miyazaki-ken, Japan, 1 September 2019

201949 H 1 H, EIRFEMBEICBIZI VL)Y IZAXAERRTICLS
Bo b 2H#E

Kuniko Otsuki

In September 2019, | conducted a survey of Japanese Murrelet (Synthliboramphus wumizusume; JAMU) nest crevices
to determine the presence of crevices which potentially contained multiple nesting sites. This post-breeding season
survey was conducted for comparison with nesting surveys to be conducted at Kojima, Kochi-ken, Shikoku where
attempts will be made to determine a correction factor to estimate JAMU population size based on spotlight survey
counts. Hidden nests and nests in inaccessible habitats are both impediments to determining a meaningful correction

factor.

201949 Hic, BEOEEEL T L DTN D H 2RO HMOMER L T2 72DIc, AV LY T IAXR

(Synthliboramphus wumizusume; JAMU) o3 o0iE % EEL 72,  OZBIEEOMREE X, WERAIRESTTEL
TR EBEFE L O D =D fTo72b D TH 5, EHTIE. AFY b IA4 M =M DAY v MEEIC JAMU
DIRABEHEE T 2 BT 2 FIERB 2 BT T 2 TETH 5, L ODRPMICHICHEIC Y 5 ZENALZEMPH 585
B e, T e ARNEZAERHORIE, £H 5 bEKO S IMIEREERET 2BOEETH 5,

To check for hidden sites in monitored nest crevices, 3 officials from the city of Kadogawa and | conducted a survey on
1 September. This survey could not be conducted during the breeding season due to potential disturbance to incubating
JAMU which may have obscured additional sites. We inspected 11 monitored nests chosen at random. Nests were
located in boulder fields under the forest canopy atop Birojima. Ten (91%) of the 11 crevices we inspected had no
additional sites suitable for nesting by a second JAMU pair, although 1 nest was too deep to see without special camera
equipment. | concluded that there was little reason for concern that multiple pairs of JAMU were nesting in crevices at
Birojima. Furthermore, | considered it unlikely that multiple pairs nested within a single crevice because antagonistic
behaviors between pairs would likely result in nest abandonment by both pairs. In any case, it would be impossible to
locate all the JAMU nests at Birojima because many nests are located in crevices where incubating birds and eggs are

completely hidden from view and most nests are located in habitats that are inaccessible to researchers.

HEE=2 ) V7DD R 7DONEDREIC, ftcBickh b 5 2035 5 0L 5 »EF2 YT, MJIETH
BD3ANLFAT, OH 1 HICHFHERIT o7, HIRMNAZEMAH -7 LTh, ZIEMEIL. it o JAMU iciEh T
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RARCTTREED S 5, FHEARIE, S0 SIaMEERZYE 3 2 TR E 2 b b 7D, ZOHEDOFNE T 7,
ERY VI TR R e 7 v X aac IEALT, Bid, HEE EEoMANIC S 2 EADMICSH 5, 11 Hh
108(91%)Tid, FE2RTICL > COHEBEBRBICHEM L 720 2 5, MR RZEMIEA LN h o7z, LEITOWTIE,
BITEPET EC, FETRICHERT D LR TE b o7z, ME T 1 ooREICERD ISMU 07 23EH L
TWBAREERIE L A &7, LT 72, & Hic, RTEORFIARTEIC X V. WO~ T AREKEES 5 e
M E 720, EEOST HBHE—DRREICEHE L C0 2 ATREMEIIME WS D L& X 72, WIhIcLTh, % DBEHIc
W3 ERIIAEAD O ERICEI N THAREICH 2 9 2, 13& A EDRBIIEE DT 7 £ ARAHERIGATICS % 72
B, HEDFTXTo JAMU 0% B2l 2 D3 ARHEETH 2,

Figure AL. Left: depredated Japanese Murrelet in shallow crevice where the carcass was found. Right: close-up

of the carcass. (Photos: K. Otsuki)
Al FEIESHER S NIRCEIICH2D 2 h v L) v I AR A, 5 7 u—XT v 7T E N AE

Concern about Rats on Birojima

On 3 April 2019, we found a depredated JAMU in a crevice (probably not a nest) during nest monitoring. The head of
the carcass was missing but it did have a wound on the right side of the chest (Figs. A1). M. Takeishi thought it might
have been killed by an avian predator, but we were still concerned about the presence of rats or mice on Birojima. In fall
of 2019, S. Sakamoto (pers. Comm.) informed us that motion-sensor cameras recorded the presence of a rat on Birojima
in 2018 (Fig. A3).

B TOX X I FICT 3 &

20194 4 H 3 H. Fh7=b i3, HUBE oo afEE K ) 1L Poffi vz JAMU 258 L7, & DIEKICIZE
iz s g, GIICIIMELR A b2 (KAL2), REKIE., Zhid, 326 BHEICL IR THAI LEZTE
D, B bd ZNICFEIFT D00, B TOAX I DFEICT 2 &IIEI NS, 2019 Fofk, AKX

H. 2018 4Eic, HEMREH A 7 THIIEICE W TA X I DEHEEZIE L Tz 2 & % TRETEW 72 GRAR FAR) (K
A3),
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Figure A2. Rat (Rattus spp.) detected by a motion-sensor camera on Birojima in 2018.
(Photos: offered by M. Yoshikawa & S. Sakmamoto from Miyazaki University)

A2.2018 4Fic, MR DE—v a3 v v —Hh X 7T I 724 X I8 (Rattus
spp.)
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Estimating the breeding population size and the status of invasive
rodents and crows at the newly discovered colonies of
Japanese Murrelets, Mugi-cho, Tokushima Prefecture, Japan
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EXECUTIVE SUMMARY

The Japanese Murrelet has been designated as “vulnerable species” (i.e., at high risk of endangerment in the wild) by
the Japan Ministry of the Environment and the International Union for Conservation of Nature (IUCN), and
conservation efforts are required. In 2018, our investigation at Mugi-cho, Tokushima Prefecture, we observed
incubating adults on two islands, confirming breeding at these locations. In 2019, our investigation documented
incubating at 2 islands at Kotsu-shima (North Kotsu Islet (Nazanohane) and South Kotsu Islet (Sadeba)) and Kainage-
jima. In addition, carcasses were found at Tsushima. Therefore, Kotsu-shima and Kainage-jima have been confirmed as
breeding sites and Tsushima has been considered as a potential breeding site. During night-time spotlight surveys on the
water around the islands near Mugi-cho, 965 murrelets were counted in 2018, and 656 murrelets were counted in 2019.
The breeding population size in 2019 was examined using area size of night-time congregation, density and the ratio of
breeding birds captured. At Kainage-jima, where incubating murrelets were observed, a dead murrelet suspected of
predation by rodents was found in 2018. We also documented feces considered to be of small mammals at this island.
We attempted to set wax tags and automatic cameras to confirm the presence of rodents but failed to confirm the
presence of rodents. .Additionally, there were many eggshell fragments scattered on the ground despite the early timing
of the breeding season for this species. We attempted to set automatic cameras at the entrances to nest sites and we

confirmed egg predation by crows. The effects of crows on this species were also examined.

X C®ic INTRODUCTION

71 v L) v LA X A Synthliboramphus wumizusume ( HAS & #E o Bl C B85S 2 /N0 <., [ERR AR RE
#E (IUCN) v F Y b cid Vulnerable ic (BirdLife International 2018) | BeEEL v F ) 2 b CldfidfEiE
¥ (VU) cigsich R4 2020) |\ 72, FPEORARLSCDIEEI N T2 CULT 2019) , PUERHEER
DIEFEFHRCON v 1) 7 I ZAX X OERERICOWTIE, 2000 4ELFTICIFIZ E A EBON T AL 572X 5 TH
% (R 1973, [k & 1974, /v 1978, 23k 1981, 1) 1982, H AT K o 2l 5 13735 1985, H AT K o 2l 5 B 335
16 1988, 151 1999, FIAFG 0> 2885 WS 2006, FEEVELS MR 2000) o LA LIEAEIC 7o C. [N
T OWE T2 Bt 5 HIC A CHMDA v B 9 L AXA SRS < & A5t (B 2003, 20134,
2014, 2015,2016,2017,2018) 4 v & —* v b EHELTHIOND L5 iIck Y, HoH 4 2 bt iR ARD
BEER a5 2019) ZEL T, AR coh v L) 7 I R X OBGEAHEME Y { R & uiz, Otsuki etal.

(2017) 1Z. HA - EA DA v L) Y I 2R ABHEHIC O WCRETT e, RIRETEHEIC I ERIE SR L D L iz

RETEAIE S 5 L LC, BT OMEN 2L L. 22T, 201840 4 -5 RIClRHREIN—TL ) 7 %
o= 7B (Califomnia Institute of Environmental Studies) 1334 FIZ#EZS2HEL . 75 & HEHER < 1)
7 I AR AR R, TN FTRY IAXAEEEZ SN ENIIEEREL ., RBITEE O v L) 7 I AKX
ADEGEEMEZE L - A S 2019) .

BE, v oY) v I 2XXoMRORERIT 5200~9,400 3F & T2 (BirdLife International 2018) ., 2Rl T
g co 2018 FE o4 OFE T, RRENICESENE EICEE 2T I XX AFOMEEE Lt v AT ARy b7
AP —_ACEoT, B5FHDA VLY T IZRZARAY v FEnz (RE5 2019) . oI R4 B
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DRFUC AT, BTRERREIC N3 2 E D TR E Vv, RIAEE O ZJEtc o4 X IFHOELRR 2 THES 5
it FHEO A v £) 7 I AXXEIREREE ORI L o CRAOIE L Bbi, SR 4 X IHOFIEMERIC S0
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Figure 1. Islands off Mugi-cho, Tokushima Prefecture, Japan.
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Figure 2. Islands off Mugi-cho, Tokushima Prefecture, Japan.
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Figure 3. Teba-shima and the brackish pond (Teba-shima O-ike).
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H& 9H 4 HIcKRAIBR 20 5 & 21 523 IRATE X OREEEIc ERE L@ L 72BRic, -9 -~ ALl o b0 f o3
—EHRTE L 720 MERROCICEILOHEREBRESHELL . AV L) U IR AT Y o TH - 7o E IR OSTERL & A7 WRENE
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FHF I AF LI TAFHTTTOUMTH o ¢, E LB 2 7 5 T4y LHPIX TR Cldilis & &b CONEE
LRIy, [FESOWEHY | FESFE20130) <k, zhzh NEE db) 1 & DUNEE
() | EERFEINTE, ZOWMEETIE, HITLTOAMRIHEST, FH/ ~F L FTFADIEHEZA 2,

[

4.F 7 ~F (vl & 2019 45 4 H 12 H) LifpREo & HEREE (201945 2 H 21 H, R IFHIFE).
Figure 4. North Kotsu Islet (Nazanohana) and Japanese Murrelet breeding site on the seashore.

5. BEVEE T H ¥/ o~ FILPsH O AL D O—HR A3 L 72 (EfH o T OB EEH). 7 v L) 7 32
R A D7 I E BB S I 1L hd L (2018 48 10 A 11 Hifse).

Figure 5. A part of the cliff fell away by the passage of the typhoon in the fall of 2018 at North Kotsu Islet. For
Japanese Murrelets, new breeding environment may be created there.
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6. %73 (el 2019 4 3 A 16 H) & o e (2019 422 A 21 H).
Figure 6. South Kotsu Islet (Sadeba) and Japanese Murrelet breeding site on the seashore.
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Figure 7. Tsu-shima. Figure 8. O-shima.
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Figure 9. Kainage-jima.
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FETE METHODS

D#EEEYH=R
(@ B EX v ¥R
ZRIGHTHHR C X EHEAD L i v 1) 7 I AX X OB RS (K10, b4 KAME, 57 KEME,
HAESH 2019) . 20194 2 A 22 HD X J7 i1k 52 & RS T a0 o T BRI Z o ERNICEB L 72D T, 2D
JEAS Y D & FERRIC OV TR i A 7z, E720 FE3H 29 HOY icid. BilHE & AR+ & offloipsic,
JNELAR A L CEEEE 15.8km oL — P T v 2 ER{TRo 72 (K1D) .

10. ¥ /o EicEE2H v L) 7 I 2X 2 (201844 H 30 H). B RHTHE.
Figure 10. Congregation of Japanese Murrelets around Tsu-shima off Mugi-cho in the evening on 30 April 2018.

11.20194E3 H 29 Ho 4 Ao bt v+ z2pr— . hy I —n 3D [EEiA] 275 5 FHEIK
[Bk25kMat.dim] #3£icm3 (BUTFHEL).
Figure 11. The routes of diurnal boat survey on the sea from Teba-shima to Kainage-jima on 29 March 2019.
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(b) BEDRFE Y + 54 b ¥—~4
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NuEFT5FiETH % (Whitworth and Carter 2014)
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HFz (K12 o F/2, BPETH B L2 200m xR ERTEL—FTRAEY F 74 b =4[ %2fTho72 (X
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BT B L kb, RS OREEEZ GPS (Garmin Rino 750) icid#kL 7= (Whitworth and Carter 2014)
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1220193 ARDAK Y + I A4 P —_AHICKEI Nt T v+ 7 + OffE.
Figure 12. Spotlight transects off Mugi-cho, Tokushima Prefecture, Japan in late March 2019.
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N

X 13 HPEDZAKR Y b T4 b ¥ —< A OfFoBKE) 2 — < (20194 3 A 30 H).
Figure 13. The route of spotlight survey around Teba-shima off Mugi-cho, Tokushima
Prefecture, Japan on 30 March 2019.
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Figure 15. Locations of wax tags set at Kainag-jima (left), North Kotsu Islet (middle) and South Kotsu
Islet, respectively.
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Figure 17. Locations of automatic cameras set at
Kainag-jima in 2019.
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Figure 18. Location of Japanese Murrelet congregation in the evening on 22 February 2019.
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Figure 19. Distribution of Japanese Murrelets during the diurnal census off Mugi-cho, Tokushima
Prefecture, Japan in the evening on 29 March 2019. Small and medium solid circles indicate 1-9
murrelets, and 10-99 murrelets, respectively.

(b) BREDRFE Y + T4 b¥—~4
2019 4 3 H 29~31 ADRRICHTE o7 2 H v b 74 b —~A ORRARLIC, ZOBOHY LY Y I AR
A D5 20~ 23 1R T, WL 7Y S AXAMD 5 bARERMII SN, BTHY LY Y IAXATH
oo HICOBERROEET 58, SOV LY Y IAXADHMENTS 5 L AT STz,

FKLEEARY b 74 b —~1 OFER (2019 4, AiEHT).
Table 1. Number of Japanese Murrelets counted during spotlight surveys at Mugi-cho, Tokushima Prefecture, Japan
in late March 2019.
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: (7 EhSOERMm | .o BfE (5) (Time | §E&E (km) | R XA fBIFRE
H ¥ (Date) B %) (Time) 1BFF (Transects) TDistance from ;"{"é’:i} in minutes) | (Distance) | (Number of
the shore) k murrelets)
21:41~22:03 /N2 E (F[E) (Round-island survey at 200 250 92 9 68 461
) ) Kotsu-shima) )
gty | MR SRR Coten 600 250 70 10.32 127
3529-308 shima~Tsu-shima~Kainage-jima)
93:31~23:45 #1425 (AM[E) (Round-island survey at 200 250 14 1 48 68
) ) Kainage-jima) i
00:05~00:33 /N2 (FE) (Round-island survey at 200 250 28 9 64 323
) ) Kotsu-shima) )
21:29~21:52 HFE (AE) (Round-island survey at 200 250 2 343 0
38308 ) ) Teba-shima) )
99:11~22:35 /N2 (FEE) (Round-island survey at 200 250 24 2 66 194
) ) Kotsu-shima) )
21:53~22:18 |/I'#% (AED (Round-island survey at 200 250 2% 2.73 635
38318 ) ) Kotsu-shima) ;
22:25~23:07 |/NEBE~RZBI GEPTHL) 600 250 4 507 294
(&ch k) | (Kotsu-shima~Tsu-shima) :
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Figure 20. Distribution of Japanese Murrelets during the spotlight survey count off Mugi-cho, Tokushima
Prefecture, Japan on 29 March 2019. Small, medium and big solid circles indicate 1-9 murrelets, 10-99
murrelets and 100-190 murrelets, respectively.
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Figure 21. Distribution of Japanese Murrelets during the spotlight survey count around Kotsu-shima off Mugi-cho
on 30 March 2019.
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Figure 22. Distribution of Japanese Murrelets during the spotlight survey count around Kotsu-shima off Mugi-
cho on 30 March 2019.
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Figure 23. Distribution of Japanese Murrelets during the spotlight survey count around Kotsu-shima and
Tsu-shima off Mugi-cho on 31 March 2019.
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£ 2. RIEATHHED 4 BCO A v LY 7 I AR A BHHE OISR
Table 2. The records of active nests of Japanese Murrelets found at islands off Mugi-cho during February and May
in 2019.

1ATE [IAkE | IATE | 4A%E | SATE
B/B | 2/ [3/17.18] 3/31 4/8, 11 | 5/24,31

HamEeE [ 0 2 2 19 0
2] 158 0 4 4 2 0
258 0 1 1 2 0
&t 0 1 3 23 0

A/B_| 2/23 | 3/16 - 4/12 5/25
A BR{E & 0 0 — 3 0
FHInF[ 1B 0 0 — 2 0
2508 0 0 - D 0
& 0 0 — 5 0

A/B | 2/213 | 3/18 3/31 4/12 5/31
HaEEE [ 0 3 B 16 0
CRA 158 0 [ 2 0 0
258 0 3 0 2 0
Bt 0 10 10 18 0

A/B | — — 3/31 4/9.13 -

faBREE | — = 0 0 —

25 158 = — 0 0 -
288 = = 0 [ —

et | — | — D ] =

24. 71 5 7 I AR AFIMER DRSS, fo b b, Wk (20194 4 H 9 H), 7% ~F (2019 4E 4 A 12
H), %73 (2019 4 3 H 18 H).

Figure 24. Incubating Japanese Murrelets in nests on Kainage-jima (left), North Kotsu Islet (middle), and South
Kotsu Islet (right) in 2019.
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Wo L DD v L) v I AXADIREFE 3L Mol o7z, PTCIRATHHOWE E»rLH Y LY T 2
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Wrg-duiE, WEAR & RIBRICERE TIZEIHL T 5 X 5 ITiEB A b o 72,
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(b) VLYY IR X DOBEREE
201940 2 HFA)2b S AFAICH T CEREL 2 45T, AY L) 7 I RAX X DIRR P E L 72, %

RENTIWEH TR & I EARBIC R L T2 Df R &K 3I1TUR L7z, R, 7%/~ 7 5Tlik
2 A 21~23 Hici3IWh 3 o2 b 57245 2 H 23 HOH T TIEA v 40 7 I AX X AEFHHRE O i<
S OBIUA LB R oD o7 (K25 . ZHIRCBE~D EEMTONTWBE I L ZRBL D, b, ZD
AR ISR T S 7z, 3 H 16~18 Hicix, 3 B3 _CTIMh 2%58® b v, EINFIG & 1
TWB I LRBINT, Z D% 5 A N & Ol 13 EEFRD b2, STk 3A Ta»S 4 Hic%ho
7= (X26,K27)

K3 AV LYY IRARX OIS LA (5 UG OFERRDL (01942 H 21 H~5 A 31 H : 1#
Bl FF I F TN EHE).

Table 3. The records of carcasses and eggshells of Japanese Murrelets found at islands off Mugi-cho
during February and May in 2019.

5% BFE 28 T4 3A G4 3ATA 47 4] 58 T4 a5
A/8 2/22 3/17,18 3/31 4/9,11 5/24,31 =
& 0 8 36 11 3 58
ﬂt
BEE e EIAN 0 0 2 0 2 4
% 0 0 2 (B, FED |1 EHRREEK 0 3
|
A/ 2/21.23 3/16 — 4/12 5/25 &t
sy | ma 2R e ‘ = 9 ! .
EEN 0 0 — 1 0 1
137 0 0 — 0 0 0
A/8 2/2123 3/16,18 3/31 4/12 5/31 &t
P, o ik 0 5 4 0 4 13
ERN 0 4 1 1 6 12
FER% 1 (£ 5@K) 0 0 0 2(EF) 3
A/8 — — 3/31 4/9.13 — &3t
& — — 0 0 — 0
’ Opa%
25 ERA — — 0 0 — 0
9 (AR{A1, 384,
Rk = = £ 1 (ZEB) — 10

25. 71 1) 7 I AR ABERER (2019 4 2 A 23 H, ¥ 7 WP A IC ).
Figure 25. A dead Japanese Murrelet found at South Kotsu Islet off Mugi-cho on 23 February 2019.
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26. 71 ) 7 I AX A 0YRR (2019 4 3 A 17 H., %)
Figure 26. Japanese Murrelet eggshells on the ground of Kainage-jima on 17 March 2019.

o L)
e )

200 Y B )Y I AR RADYRF I 73 ~F (2019454 H 12 H), 45« 973 (2019 4 3 H 31 H).
Figure 27. Japanese Murrelet eggshells on the ground of North Kotsu Islet (left) on 12 April and at South
Kotsu Islet (right) on 31 March 2019.
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Frid. znzn 348, 118, 4M8CTdh o7, FHCHERE TIRIMLRELIETIC, R T%  DIlRh AR o,
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KA FEERRBITOW ECR LA v L) v I AX AFIERE O,
Table 4. The records of family groups of Japanese Murrelets found in the water off Mugi-cho, Tokushima Prefecture,

Japan.

ERH B FREAR BEE ER
2003558198 |£BREOMEL Skm (FRB2H, $#EPEe+23 |HpEHF Y
200458208 [B.L RRIH, SWHETIH |AREE aY
201545838 | U7/ D2~ 3km BEIR, KBEeFIH REFE L
2015458268 | KEORIkm BRIF, EF1H FREAE L
0155582718 |XB~2BM RBRIH, £520 REFIE L
015558288 |RBTE RBIH, AEESIH |BAPE% - REFE &Y
01844 A208 | FY/ F0dtlkm  |BBIH, $HEBEF 1R |[#EACERHER) - FEFAE | §Y
201854 A308 [#BOIEEIKn RBIH, YMPES T |RELE - REAE 'Y
201954A8178 | YT \OFEAEL BREH, MEeF1H REAE |\
201958258 |HBPEDHE BEIH B 1P RELE - RHAE Y

HECo FREFAIE, 3H3IHE 4 9HKAW I3 HIciTho72, BIEhTdh 2o 3B L 1R Y . JIRT
FRoNED» o7, BV L)Y IARXXGEE LME L, BEHRIED Y I AR AL P L 8 ProHAER oD o7 (K
3, 28) . SO NI Z L LEFETORIHADFREMEDERE I N5 ~E Tldd 525, WD HE D7z
ool b, N1 T RERNY T EOKMA, BT 27 N F 0T N O R LR IGE
ATECRERTW AR D ZE 2 b5,

28 R CUUE S NSRS J2 0 A v 2 ) 7 I ARG (2019 4 4 A 13 H), wh : BEIED 7 I A XA S
(201943 H 3L H), A+ v I AX AR (201943 A 31 H, ).
Figure 28. Japanese Murrelet carcasses found at Tsu-shima in 2019.
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D, RELRITORD, BETOOpNT W) Lz GEEX29) , 7y 722 klikol b7y 7k, #FIC
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KEMAR T 7 v 7D v 7 ZADFELEIRIL.
Table 5. The wax of wax tags set at islands off Mugi-cho were lost all or partly in 2018.

S |1~ 42 | 1/50mm | BVRT | g
Bgirs 7 0 5 2 14
A 7 4 0 0 1
HFN 8 1 0 0 9

0. WHAEF 7 v 70T v 7 AnEL B o T35 (), KESKEL T3 ().
Figure 29. The wax of the tags set at islands off Mugi-cho were gone all or partly in 2018.

30 M TR F 7 v 7OfFICw S e (72 2018410 H 12 H) &~ RV #7 % (F : 20184 10 A
21 H).

Figure 30. A Black Kite and a Carrion Crow photographed by the wax-tag at Kainage-jima off Mugi-cho in
2018.
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(b) BB X 71 X 3B RER
RS0 4 w0 QMisico BB ©, 201942 3 2 H2bR/RETT7 A 12 HE cofilic, 1i#isiconwT
300 R5fE] 00 732> & 2,224 K] 11 53 IS, 4,992 102> & 37,591 M Dtfse 23T 7e b, #ErTl 172,210 o
Hifg2fF oz (E6) . EeEoREC. MiCHEHEToMNE . Lot cdbEEIzHI v L) 7 IAX
A DR I NIz, TN OREBN kT %X 31-1 26K 31-9 ISR T,
AR THBBEINCRE I N 2 A 22 HORRICIZA v Y 7 I AX XA DE Mg S i, BUCR B0 FRERfThh
Twiz (R7,K32) . 7z AV LYV IAXADEMERIES AL HoRTh o7z RT,K32) . &b, ik

IR D 5 BEIAAEETH 5727 I AXABHIFTRTAV LI Y IZRXATH 577,

% 6. MR co BB A A 7 Df

ELEL

B

R (2019 4E 2 A 22 H~T7 H 12 R).

Table 6. Number of images taken by automatic cameras at Kainage-jima off Mugicho from 22 February to 12

July 2019.
5 R #Am BRI A
, 7 18:00~06:30 D55 . & E1
A B31-1 |2/22~3/23,5/24~6/5 72165065 E
| EERE AR S RRX I3 B 55 HiR
B B31-2 |3/31/~5/24(4/10% k<) 125981165 | #& B 15 FIFRX (%4& B 55 iR
: » 7 18:00~06:30 D5 RFAR 34 B
c E31-3 |2/22~4/11 T25HH1053 | o e
D B31-4 |2/22~4/11 600B$RA0043 | % 18:00~06:300D553 Relb
2. FaE R EHA
E B31-5 [4/11~5/22 993E$RI3543 | ¥ B55 MR
F B31-6 [4/11~5/31 11998£R15043 |4 B 553 IR
G m31-7 |2/22~3/18 300B$R10043 | Z&F18:00 ~06:3000543 FAIFR
3. LRk AE
H E31-8 (3/18~7/12(4/7 - 8%R&<) 1983852053 | #2 B 543 R
4. T EERHPI R R [ B31-9 |2/22~5/31(4/1~10%R<) 222485115 | BSARBRIE £ Y —RIEDH
&t - —  [2/22~7/12 10,00685R1284> —

L — ¥
LN @ s3F11e

31-1. FEVEMIRERAAYT - Hisi A (2019 4F 3 A 15 H).

03-15-2019 04: 38: 45
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31-3. FPEILREARA - i C (2019 4F 3 A 13 H). 31-4. pavaflREARA « #ixi D (2019 4F 4 A 10 H).

. 04-13 zn|§t§ ‘ : 8 i ( . & n‘d-z\-msan:u: 13
31-5. FVEREARA - Hisi E (2019 4 4 A 13 H). 31-6. FVEIREARA - Hisi F (2019 4F 4 A 21 H).

ol ENFTRERN a

31-8. JLMRRT - i H (2019 4E 4 A 9 H).

p——— men an an. nn

31-7. LRy« M G (2019 4E 2 H 22 H).

31-9. TH FARP s « #h 1(2019 4 4 A 26 H).

Figures 31. Japanese Murrelets photographed by automatic
cameras at all sites (A-1) at Kainage-jima off Mugi-cho in
2019.
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K TS coBERE A 2 7 Osgaist (201942 H 22 H~7 A 12 H).
Table 7. Results of images taken by automatic cameras at Kainage-jima off Mugicho from 22 February to 12 July
in 2019.

B i AR #X 3 EER AL ™SI AZ A B
R |22~/ 5/24~6/5 ®L  |2/2-BEIZBWBBTOH VLYY I XX AOBIOES,
B [3/31/~5/24(4/10% 8 <) |L |5/11-2BISBEBTOH LY S I AL AOBRERMR,
¢ [2/22~4/11 L
D [2/22~4/11 "L
WERNERA —Tn~s2 L
Fla/11~5/31 WL |A/26FMIZHSRMH D VLY DI AXAREEHE,
| 6 [er22~3/18 WL |2/2-DEEEBTOH LY DI XX AORIOHE,
ARESBR [T 18~7/1204/7 - 85 <) L
2/22-BBI-WBEBTOH VL) DI AL ADBNOHE,
HEHARE | 1 [2/22~5/314/1~10%8<) ML |3/ 2F®ICHS RSN VLY S I AXAREIBERE. 4/27
FRICASRAFEN D L) DI AXAEBIPERS.
it — [e/22~7/12 wL o |—

7

M 32 GO IR COA Y L) 7 I AR X OYIRE (i A 20194 2 A 22 H 22 1R 10 77) & #:2
(MhriB: 201945 H 11 H 23 01 47).

Figure 32. Left: The first photograph of Japanese Murrelets on 22 February 2019. Right: The last
photograph on 11 May at Kainage-jima.
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22077,
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macrorhynchos 23388 & 17z, TH EOMRNEURIC H 2 EIRDRICIC TE 72 XD Tk, 201943 A 22 Hico v
RY A7 A LPRPROIE L% < b AT E§3ME S e (M33) o 7z, [HLEKRIRITORDOHTT, [
FAR2THITEAYRY AR LFRY I AR AL Bb ik % 8 5 T2 DG Z < b 2 T\ 2R
ANtz X3 . &b, HHTREIRT 2 250E4E4 A 11 Ho LEEFAERRC IR, C OBIKRIRITO R0 547 Sm i 7-
iR, SR L7ZY I AX AHOWE L AR N (K35) » 202 Hiiio 4 H 9 H 12K 24 5icqhn
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723 Z SICHERLIZ R SN D o 72, FERLIZAER D L TEAD EH LICR o TWw 325, B ss5mn
THEHBINTVWB I Eh b, F XA IFCIBHBLIIEZOLNGR Y, ZOEKIBICORICOWTIZ, HERICH
VLY I ZXXDYNREE RS A h o 7285, WRNCIEROA Y ORRITH Y LY Y IR A0

UEE I N T, B LTI N ORI, 2R, ZOE TN R Y H T RICE T, A
VLYY IRAXADIREEBHBEIN Tz D LEZLLND,

= % : ~ ’*5
51F10C 03-22-2019 13:33: 01 | AN ! al

M 33. 2R Y AT R (ElwFRIERIC X 2) 23D Z < b 2T 5. AIKIE 2 DIRK. AR TH AR G D3l
I, 20194 3 A 22 H 13 I} 33 7.

Figure 33. A Carrion Crow holding a murrelet egg in its bill at Kainage-jima off Mugi-cho on 22 March 2019.

M 34~ R YT A BEREEKIC X 2) 2857 22X AL Bbn 2 ik BT %Z < b2 T 3,
WA S TH AR B o i 1, 2019 45 4 A 27 H 07 I 44 3.
Figure 34. A Carrion Crow holding a murrelet in its bill at Kainage-jima off Mugi-cho on 27 April 2019.
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[ 35. i S TH LM SR O EIARIRITT D /A H 1 Sm B 75T TR o v v 3 R X A D FE#E. 2019
f£4 A 11 H 13 5 16 i,
Figure 35. A murrelet carcass found on the top of Kainage-jima on 11 April 2019.

201944 A 26 Ho 10 W7 1343 & 1185 33 53> 2 [u], FEPaflRHHI O RN OBEARDIRDM D% (7 v ) 7 2
AR X)) DRIT, N7 b AT Z LRI BT BEESRE I N (M36) . & DZEROE-CIIFEYE 4
A1l HiciaiL#oh v 4) 7 IZAX A LPBHERINTHEDT, AV LIV IAXADINEAL T I H TR
PHELEZEEZOND,

P36~ 7 b AT R (ERERIEIRIC K 2) 237 v L) 7 L AR A @%2: 752 T BARER DR D
HICOlZ T 5. #@T&%T‘ﬁ@ﬁﬂﬂﬁ%ﬁﬂ DI F, 2019 45 4 A 26 H 10 I 13 53 () O
[FH 11 33 23 (F).

Figure 36. A Jungle Crow eating eggs was photographed in front of a Japanese Murrelet nest on 26
April 2019 at Kainage-jima off Mugi-cho
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BB, NYRYATANHY) OFEHMAOAFT IHECOA T L 201945 H4H (HiH « LEH)
iR I T (KM37) , R TIRFOELLREOEHIH VL 2 >TwT, flZiX, FE3IAITHD
HIEH I 6 7 FTOASCAHEIC 12 AD#) ) A0S T, BITICZEE oA 7 IFMPBIEL Tz (X
38) . cho DRI, BHET 2 REN» S A Y L) v IAX A EMA~D A 7 ZAHEOFER R L, H T AL D
WEHEL MRS E LI ARENHEZ 5N 2,

1. AT RYHTABHY O EEHOA *7 IHHZ b AT 2 M OTH LM RO LA T, 2019
5H 4 H (#iLH) 14 1§ 38 5.

Figure 37. A Carrion Crow holding a krill block of fishing bait was photographed on 4 May 2019 at
Kainage-jima off Mugi-cho.

3B EEToOH Y A (), BRIt & & o4 £ 7 IFEPEET 2 (4).2019 43 A 17 H () .
Figure 38. Fisher men at Kainage-jima off Mugi-cho on 17 March 2019.
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BY, BEEERFED? [V y—] LHREVETEN, P4 X020 R TR BHZWEHAE-> T d L5 T Flk
WES O BHEMCEE N D0 E ) BIIARHTH 5,
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X39. 55 1oH - Wikl e - 2267 2 v ) v S AX AR 2019 425 H 25 H 16 K7 54
S, PR 2> & B~ 1.2 km@ifg Fic .

Figure 39. A Japanese Murrelet family group (an adult and two downy chicks) found at 1.2 km
southwest off Teba-shima on 25 May 2019.

(5) faoEE T h 34y
(@ # ¥ = v =Y Tadarida insignis (&)

A b RARCREHTHT, HMIRE SR EHOTHIT () KRV HLTW2 2L et
FE2TC, AeFxave)chHs5, 201945 H 25 H 21 I 55 it B ALl oM N c R CEIc~IE D Dn»
T3 EZA%HBMRE I N (K40) , BEEL v FY 2 b cigdEif I8 (VU) icdgiishcw s, FUH
JNNT, 2019457 H21 W49 L FAES A 23 H 19K 44 53 i 19 Ke 45 3ic b = v D 3R (R
i) A 1EERcgIh w2,

40.FeFavey  EEAUERAN, 2019 45 5 H 25 H 21 K 55 53w,
Figure 40. An East Asian free-tailed bat photographed on 25 May 2019 at Kainag-jima off Mugi-cho.
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(b) 7 7 ¥ <+ == Locustella pleskei
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DWWk, 600mit 7 vk s MIBEARHAT 5, IS DOFFIC X o THE O WARE Lo FERIHEF % X 41 [k
FHCR L 72, A HF O AMINIC SRR DSA DS > T B ATRERE IR RV IS5 5 DT, Sl OEAKHEE I Z 7
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R TERDO L 727 FRFREL, vV I AT— 220 FEROSH#HEZRIE L, ZL T, P72
WO (BRI L T v+ 2 b EEHR N 7 v 227 McoT 3) i EER O/ L CTEMY 4 X%k
2o

SEOWEIEHAT 7 v roT—2ik, B0 200mif e 600m o4 —~=4 28 LRICHR L CEES
72y DICRo7z, BB, NEEICOWTIR, 3A29HE 3 A3 HOTF—2TdH Y, fHERBIcowTiz, 3A29H
DT —RTHb,

41 /ARy (Fefll) LAtk (1) o i - EHIOGE & iz s mdiie Ry, Bz 20194 3 H 29 H
DHY L)Y IZX DN (M20) ZRT

Figure 41. For the estimation of the number of Japanese Murrelets it was supposed that the at-sea congregations in
the night were included in the red polygons.

KB T v s FHTHEINAMAK, £9IC I vE s FNCTOEE, % 10123 HEM OHEEMEAREE
R L7ze RGE & rziff RIS M3 5 i o BRI, ANREEL Tk 2154 km?, iR E AL T1E 1.340km? &
otz 200mZ 4 v 600mi7 A v DT vl PEBELTRDZ 7 VR FNEEIL, NEREREATIE
354 3F/km? (3 H 29 H) i3 566 F/km? 3H 3L H) . HEEEMA<TIZ 139 F/km? BH29H) ko7,

Ric, G 7 v s FPNEER, E S Nizilf EERIORIFE ORI /ME L il EEERIOERE ko 5 & /N
HEEATIZ 763 3A29H) Xk 1219 A 3LH) | #%EREAciz 186 (B3H29H) & olz, /N
5 &R O BHEEFIENIC 13 S A O 3 HIEClaBEh2 b D L IET 2 & RIKATHRD 7 v 20 7 I A X A8
SR (AR o T ESEM O AR0E 1,405 %] (=1219+186) & H#EEx N7z, miboidE by . wiliE - EM oA i
Fi4 DM X o TEET 2722 5 45, S EOHEEME IV 3 A 29~31 H) o 21:40 Lz & 23:45 i % T ol
W COHEEETH B,

68



2019 4F PSR D B %

KB FIVvEI PNTAY Y FENFH VLY T I A DML
Table 8. Number of Japanese Murrelets counted during spotlight surveys at Kotsu-shima and Kainage-jima in late

March 2019.
2242k (Transects)
WA Oate) 250m#E (i dth)
200m;s 600m;4 454 (Combined)
A/8 (Date) | BF%|(Time) 2. 68km# (Length) | 3. 38kmf (Length) | 6. 06kmf (Length)
3/29 21:41-22:39 461 76 537
: 3/30 00:05-00:33 323 - -
'(’,;ﬁi_shima) 3/30 | 22:11-22:35 194 2 =
3/31 21:53-22:58 635 223 858
EH)+IFEFZE Meants. d.) 403+189 1504104 6984227
cv 0.47 0.69 0.33
wss A/H (Date) | B¥Z (Time) 1. 48km$ (Length) | 1. 92kmf (Length) | 3. 40km (Length)
(Kainage-jima) 3/29 23:10-23:45 68 50 118

KOLTVvRZTHDH Y LY T I AXADEE (Fl/km?) .
Table 9. Density of Japanese Murrelets counted during spotlight surveys at Kotsu-shima and Kainage-jima in

late March 2019.
k35242 bk (Transects)
I ZEFIA (Date) 250mdE (Width)
200m;% 600m;& #&4& (Combined)
A/HB (Date) | B§Z(Time) 2. 68km#& (Length) | 3. 38km#& (Length) | 6. 06km#& (Length)
3/29 21:41-22:39 688 90 354
i 3/30 00:05-00:33 482 - -
ot arinad [ 80| Erii-22s 290 - -
3/31 21:53-22:58 948 264 566
FEIRERZE Meants. d.) 602+282 177123 460150
cv 0.47 0.69 0.33
BiEs B/H (Date) | B§ZI (Time) 1. 48km& (Length) | 1. 92km& (Length) | 3. 40kmf& (Length)
(Kainage-jima) |  3/29 23:10-23:45 184 104 139

#10. 77V 29 7 I AR X O ER OHEE AL
Table 10. Estimated number of Japanese Murrelets attending the at-sea congregation at Kotsu-shima and Kainage-
jimain late March 2019.

SEEEHR (k) HELSUEY VAR |BLEAYA X
B/8 (Date) | B5%I(Time) (Sea area")' B (F1/km?) Density in |(H) (Estimated
combined transects) [number)
NEE 3/29 21:41-22:39 2.154 354 763
(Kotsu-shima) 3/31 21:53-22:58 2.154 566 1219
BES ) .
(Kainage—jina)| 3/29 23:10-23:45 1.340 139 186
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By L)Y I AR A ORI FERICIR, ERHORRE R SEE T, BHHCSML T aEE LS Tuik
AR E TN D, TSI IZEHEIC SN L T B AR IR L S TIIBES R S N5, EIREAEEE O e -
THIGIBE & R oMk ix. 2018 45 3 H 28-29 Hici: 52% (n=23) . [ 4 A 7-8 Hicl: 56% (n=9) <. *F¥53%

(n=32) th-7- (Whitworthetal. 2019) , Z O VFHfE%EH T 2 &, RIEHTNEEOEE LM<t 1,405 Flo
53% @ 745 A EHESNMEA, 5% 0 © 660 FIXEIEASIEG L HE SN2, F-, FIHICH > Tldo v o—)F
DN TR T H B ATREME DS S, 4T L D L O BB IER & FELE b S wEInT, 2 oEGORPES LI L
INb, T, WIIRRPAEHL T TONE DI TY RV T, BIESIEA I E# . #EEMIGIThs EbF 0
PINE, B o 2 EGEEOEIEORE D LE L D, ThLOEIAEERAIICHHEL <o hzElE, BIbHHE
REBOFEPHE L b, FHIEREIL. AR Y FIA4 PP —_A X o TAV Y FENZY IZAZXAHLPLEZ YD
BOEEE A R THETH B, COBMERILT AV ADOR I Y TRY IZAXATRELNTWEE, AvLY) 7 IAXA
TIE LTz (Whitworth and Carter 2018, Whitworth et al 2019)

RUIGHTHEE O 7 v 50 7 I AXAMEEEHC O WTiE, SlEl, & R cofifgut. EsiiEd Gasists
) 3745 F, RBIMEG FIIIBEZR L) 725 660 Fl & fEE X Nz, WHIERBULEMCE 2V O CIEREMICES 525, B
TR O EIESANEAE (745 ) 2SENTHINIL T2 EET 2 &, B0 0EIZ 745 03w L HEE S
%o BNICH BTSN L TR WEERSTEICL 2 ATREME IR B 2 28, #EE T % 2 013 Eo Ao 660 F1721J Th
5, 22C, ULollL ofUExR I E 272 LT, —ICOHKZDfEE LTiE, RIHTHERO 5 Clx 745 22323858 L
TWC, ZIul, BhbEERE 4 X132 L4903 (=745%2) <H Y. BEIHASIMERE 660 Flx &ofh v a ) v L
A X MEFFORMEAEENE 2150 (=1490+660) iEExN 3,

(2) AX I FDERDAEEMEICDWT

2018 £ 4 Aotk D EIC X - T, HERECTOEKOMIC A X IHICHBE I N EEDH 2 v L) 7 I X
A ALPBRR I N (M42) , BIHAREE~DOSHOWEDMAIPHE I N0 T, T34 X IHEOER D
xRz, WAREN Ty 7PHEIRE S A 7 OREZTT R\ WA X I HOAEBRERICE D 72,

W, <
£ SRS

42 AR I X BIBPEEDND S v L) 7 I AR X DI e 1c T 2018 4E 4 A 3 HilR.
Figures 42. A Japanese Murrelet carcass suspected of predation by rodents was found in rock crevice at
Kainage-jima on 3 April 2018.
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WRAIE b 7 v IR E - Y T - 3TN 2018 F 10 AICRRE L 72203, YR Y AT AR b eic X BHiEL%
T THREL 72> 7o HEHRGE I A 71200 Tid, RIS WTA v io QMIciE L <, 201942 A 22 H
D oRETTH 12 HE cofffic, ##172210 oM z1G72, L Lanb, X IHOMRIIELGFonkd o
Tro 2Dz, B TIE, BREBICEOTEAX IFHIERL Tuhvd, AR LTWzE LT HED TSRS
N3X5Thsd, 5HDAXIFHCONTITHEEPMGE S N LB LD 5,

B AFREICEBH VLY T IR DIRVREDHEHEEICOWT

2019 EDRBEIIC BT 2 HEHRE D A 7 OFEIC L > T, 7 ZHNEF 3O H v 20 ¥ IRZXAEHRT 3
WY, v L)Y IAXAEE LR ES To2EEPR O N, $7/2, 3H 16 HLRIC I3, %S - 79/
T FTANCBT, AV LYY IRRADINE AR b, RIS TR, HIERTOINET OBTE
DEEFICH 0, 201943 A 17 HA 5 5A 31 HE coflic 5853 DINcHS Lz, 5 bEMLIAX b LATE &
2 bid 4 H 12 HUARTNICHER B ORI/ O 720 130N 55 flllrcd o 72, b id, ARt OBl 6, F
ICA T AT KR L EZONI, —fRIC, 717 ZBEHBFEARHOINZR L 7FRic, 432 ol 04T % 551
THERTE 2 LB bhk v, BEIC K > T, HENDOFKREN SONEEDLZEDL H 20d Ltk (B £
%) .

AR DEIHEE AR 4 X OHEEMEZEA 3 IUL, RSO RIEEIL 99 o253\ (=186%x053) eHffEans (&
10) . #¥ L)Y IZARAD 1IEIEKILEY 200CH 2 DT, iEINATHEEOE - B5INIE, R CREI X h
I 28% (=55+(99%2)) 1ch7/-2 2 Lic/khd. TROHDUN, DCide FoiEkiE, RO ZhEEAE I &
STHRVRKRERWETHL T2 LI, T/, 2019 FITIILBSDOICHA, e « FH /T - T NIz Tt
BThRLNATVE (I , FHAERKIE 2015 EICH 7 ATY I AX A O E I5 gL Rz DT L THD
(A5 2019) . $99 NOIEEEHL A v LY 7 I AR X ~D 71 7 2FHOFET %A L, HiRpE L MiES 2 Tw
sty EAoNn S (M37,1X38)

A v LYY I AR X OEGERAM . BIS . EEDNHA & fAENEIc Y725 3 A A6 5 A FRIE T 2 5 A4 Y o HAR
IS, AT AFC X BB E LRV I ICT 272010, B~DEHBEOREBENTERWDDTH S 5 2, Ko 35
FoInb 27 /hNE o T, HRFOERBOREIDICX > T, #7RAFICH VLY 7 IRAXADHEOBFERP WSS ¢
2T EDARETH D KO I b, DX ) BEMTONIUL, RIKIERO » v L) 7 I A X X OBEIHEFE AR
A ZOWEMERTZ B TE 20 Livh\w, SBROREROHHIPLEENG,
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