2018 A v LY 7 I AR AT RESE

Marine Bird Restoration Group

M RIRE7 N—"7

17 January 2019

‘a MARINE BIRD RESTORATION GROUP SURVEY REPORT IN 2018



2018 4 )1 H] HEAEE

At-Sea Congregation Monitoring of Japanese
Murrelets at Birojima, Kadogawa-cho,
Miyazaki-ken, Japan, in 2018
2018 £F EIRRFT | TR DR HICEE 2 v L) Y IRXADE=X Y VS

Darrell Whitworth?, Kuniko Otsuki'*, Yutaka Nakamura', Yoshitaka Minowa, !
Takashi Suzumegano'”, and Michael Parker®

Darrell Whitworth?, AHIEST 1", FkfE |, Himzhs !, 27521, Michael Parker®

W4 7' v — 7" (Marine Bird Restoration Group): T 960-8163 1 5 U2 5 5 71 /7 K7~ H 1-18 (1-18 Ishida Hokida Fukushima-

shi, Fukushima-ken 960-8163 Japan); California Institute of Environmental Studies: P.O. Box 1185, Davis, California 95617 USA.

Email: boomam(@sa2.so-net.ne.jp

Incubating Japanese Murrelet in a nest on Birojima, Japan, 27 March 2018



2018 4 )1 H] HEAEE

EXECUTIVE SUMMARY (x2'¥27 4 7%= —)
In 2018, the Lush Charity Pot (March) and Suntory Group (April) funded surveys of Japanese Murrelets
(Synthliboramphus wumizusume, JAMU) at Birojima, Miyazaki-ken, Japan. Three complementary survey
techniques were used in 2018: 1) spotlight surveys on round-island and radial transects to better determine the
number and density of murrelets congregating around Birojima at night; 2) at-sea captures to examine the breeding
status of murrelets in the congregation; and 3) nest monitoring to determine timing of breeding.
018, TvvaFx VT4 Ky bEXUY Y Y —IRELGEOKEZZT, BREOMMETH v L) 7 2
AR A (Synthliboramphus wumizusume; JAMU) OFREAFEME 1172, 20184F 1%, 3D ORERMMEA TNz 2 D)
MARES RIS, HEICRAT 2L X OHEEL LY LCREDT 27200, F v s M EE—HT 2447
LR Z A TDAR Y b 74 P —~A, 2) HLEOBNHDH Y LY 7 I ZAZX X OEIERILZH~ 2 72D DiF:
i, 3) BIERHAZINE S 2w 0ERE= 2 ) v I,
The survey protocols used in 2018 were based on the results of previous efforts at Birojima funded by the Suntory
Group in 2011-2013.
2018E A I NE T v F I A(FIE)L. 20114ED H20134EICH v b U — R EELE X 0 BipiE 5 o CHUK
O L BRI W Tw B,
Round-island spotlight surveys were conducted on 3 concentric transects that circumnavigated Birojima at 200 m,
600 m, and 1 km from shore. Radial surveys were conducted on 7 transects starting at waypoints on the 1 km
round-island transect and radiating outward away from Birojima.
R 5 200m, 600m, 1km OFEHEICHAEE Z RIS 2350 b 727 P AREL, 20 ECRERBRAFEY + 7
AP —_AZEfG L7 BEPRDO P 727 M, FFEIkm D+ 7 v 22 b LORIG OIHE 2. HEEE D5
AMAG B~ S 7ToD b T v 27 + ECHEEREML 72,
Combined round-island survey counts ranged from 2,053 to 3,832 murrelets (X = 2,543 = 739 [s.d.], n = 5) which
yielded combined survey densities ranging from 530 to 989 murrelets km™ (X = 656 + 191).
2,053~3,832 (x=2,543£739 [s.d]. n=5) DIRICH HARERE Y —~A4 DH 7 v M L. ERBEERS30~
989 3Fl/ km? (%=656+191) H3F 5172,
The combined count for the single set of 7 radial transects was 343 murrelets which yielded a combined survey
density of 136 murrelets km. Counts on the individual radial transects ranged from 4 to 87 murrelets which
corresponded to 18 to 316 murrelets km™.
TODZNZNDOREHRF 7 v 227 b2 1 vy MICE L DAY Y PROGTHI343FTH Y, 2 Zh LI
136 ks LV I BHESE o N, L OREHRT F V22 F @AY v M I 4A~8T FIDHFHICH H ., T
i 18~316 P/ km? ICHHY $ 5,
The maximum distance JAMU were observed from Birojima ranged from 1.9 to 3.0 km. Based on these
distances, the at-sea congregation area measured 18.5 km?.
BV LYY IRARXE, KT 25 1.9~3.0km OHIFHCBIS S iz, 2 b DfftZ b Lic, FELTOHE
A LTS 185km2 &R S iz,
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Extrapolating round-island and radial survey densities over the entire at-sea congregation area yielded a total of
4,700 murrelets in the waters around Birojima in 2018.

SRR, BRI T OB 2 TE Lo RO RIHICIME LEHRT 2 & 2018 F oMM S ELEE T D A
YLV T I AXAGEEUL 4700 P L7k o7,

We captured and banded a total 32 JAMU in at-sea congregations at Birojima in 2018. Fifty-three percent of the
captured murrelets had brood patches indicative of egg-laying,

Fh7eBid, 2018413, BRSO LICE L 2tk AEIS2HOA v LY v IAX A Z i LEERE DT, £ D
2B, 53%D3PENN & BT B fUINBL &2 A LTz,

Nest searches on Birojima discovered a total of 53 active nests in 2018. Incubating adults were observed in 44
(83%) nests and eggs in 9 (17%) nests. No hatched eggshells were found on the island, confirming that surveys
were conducted during the late egg-laying and early incubation period.

BBE COHEREOMR., FIMMHER I NI BB EFIB3REA R I NIz, ZD 5 b, 445.(83%) TixHgi L CTv»
BRI N, Z L TINDADEMIRATIFERS Nz, ML L 72003ER S T, A% D
LU IEIRicEf T iz, L LGRS W,

Preliminary extrapolations of round-island and radial spotlight survey densities indicated that at least 4,700 JAMU
were present in the Birojima at-sea congregation in 2018. This data alone clearly indicates that Birojima hosts the
largest known JAMU colony in the world.

BREERL L BEHATRID 2R v b T A4 b — A O Z TNICIME L CH 7GR, 2018 I3 R 07
i, B 2l eb 4700 DA v L) T I RZAADBELEL TWE T EPRENZ, TOT—X 1DFY BT
7R Th, SRR TRAO N VLAY Y IZAXXDan = EE LT 2 EAHLATH B,
Detailed analyses of colony size and baseline population levels at Birojima will be conducted after completion of
data collection which is expected to continue in 2019 and 2020.

MRS T35 % 2w = — B L R RE D BERE T — X L~V OFEll 2 047 13 20194 & 20204 ICfiffE s FIE T Tl
27— 2NERICE T 2 TETH S,



2018 4 ) 11HT HEAKE

ACKNOWLEDGEMENTS (i)
The Lush Charity Pot (March surveys) and Suntory Group (April surveys) provided project funding to the Marine Bird
Restoration Group. In-kind support, equipment and supplies were provided by the California Institute of Environmental
Studies (Davis, California, USA). We thank the friendly staff at the Kadogawa onsen, Kokoro no Mori for their support
and exceptional service. We are very grateful for the assistance of many people, especially: (1) boat captains Tomoaki
Kuroda, Akihito Kuroki and Hitoshi Ikeda; (2) field assistance from Yoshimoto Takahiro (Patagonia) and Tomoe
Michiue (Patagonia); and (3) the town of Kadogawa, especially Osamu Yasuda (Mayor) and Kazuko Kawagoe (Board
of Education).
SvvaFxVT4 Ky PGHMED LV v M) —HARLESG AHED L. BREEEIV—T1C7T ey 27 b
D-HDOEGERMHE E Lz, 72, FIC, SREICLEREMEZ, 7Y 7+ 0= TEBIEITEA(T A Y 7ERIE A
V7 AN=TMTA )0 722 & F Lz, PUIELOOMRIRDO 7 Ly F U =R Xy 7 DEROEY) & Hi
L7z —ERICEHBEL £3, Beblid, ZL040E, L VDbIUTOH4ice THREH LT3 (D i
R BHEK, BARCK HECKR. Q@ SRMTER (S22=7) LEEAKRIK (X2 3=7) O7 4 -4 F
TyRZY b () MIE], FRicLHENTR &R EERER) .

Photograph of the Japanese Murrelet model sitting on the ocean outside Kadogawa Harbor during tests to determine
the visual range of murrelets observed with spotlights in 2018.

2018 FEDAK Y b T A b F—_ABHCBIERE N2 A vV L) 7 3 AR A DIEFRHIIA % RET 2 720 OB % 1T -
TS id, BUBESED SIMNC CRELIFO T2 A Y L) T IAXADET A,
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Japanese Murrelet spotlight survey team conducting a survey from the bow of the Asaebisu-maru at Birojima on the night of 4-5
April 2018. From top to bottom: D. Whitworth (spotlight observer), K. Otsuki (data recorder), and T. Suzumegano (data recorder).
2018 4F 4 H 45 H. ICHIARMNOMISED D AR Y b FA b —_A 2E{TT 27V L) 7 IZARXZEY F T4 b —~4
F— 2L, B2 5 FHIIC: D. Whitworth(Z E v b 7 4 b TOBEE), KGR 2 » BFGELER)

Members of the original Japanese Murrelet Population Survey Team after at-sea captures at Birojima, Japan, in April 2011.
Standing in the back row from left to right: M. Takeishi, D. Whitworth, K. Otsuki, H. Carter, and F. Gress. Leaning in the front
row from left to right: S. Sato and Captain T. Kuroda. Not pictured: Y. Nakamura.

2011 4= 4 A, L RoITHA v 4 ) v I AXMAREEIE T — 4, BDICL o T3 N bt~ T. A, D.
Whitworth, K. KX, H.Carter, F.Gress. i DF|THEZIT-> T2 A:SAERE, T BHME, TEICIZWARWD, Y. FF
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- _— '
Members of the Japanese Murrelet research team after at-sea captures at Birojima, Japan, on the night of 28-29 March
2018. Standing in the back row from lefi to right: M. Parker, D. Whitworth, K. Otsuki, Captain A. Kuroki, and Y. Nakamura.
Leaning in the front row from left to right: T. Suzumegano and T. Michiue (Patagonia). Not pictured: Y. Minowa.
201843 H 2829 HOW., HUE TOFE EIfiER D7 v L) 7 I ZAXAT|EF — LD A v 3—, FEfhD @ M. Parker,
D. Whitworth, K. AHl, iR A AR, Y. i, #iEbHIC i T2 8Fe T L Osx==7) . HHEARL :

Y. FHi,

Y. Minowa painting the Japanese Murrelet model used to conduct range tests of murrelets observed with spotlights at

Birojima in March and April 2018.

2018 4E 3 Y 4 HICHMBE CRIEL 722 F Y b 74 b =<4 DA v LY 7 I 2 XA OHERIRGU#HER 7 2
FFB70DA Y L)Y I AXADET NVEARTRO Y. Eli,
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INTRODUCTION (ixU®ic)

The Japanese Murrelet (Synthliboramphus wumizusume; JAMU) is one of the rarest members of the marine bird
family Alcidae (Gaston and Jones 1998). It has been designated as a “natural monument” by the Japanese government
(Hasegawa 1984) and as a “‘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). The small global breeding
population is thought to number less than 5,000 pairs at 41 colonies on islands off southern Japan and the Republic of
Korea (Otsuki et al. 2017a). However, efforts to assess the overall status and distribution of this species have been
hindered by their rugged (often inaccessible) nesting habitats and nocturnal activity at the colony; thus, it is likely that
some small (< 100 pairs) and medium-sized (100-200 pairs) breeding colonies have not yet been discovered. JAMU
populations are believed to have declined significantly over the past century due to a variety of anthropogenic threats,
especially terrestrial predators (primarily rodents and feral cats) introduced on breeding islands, egg and bird harvesting,
oil pollution, gill-net fisheries, and enhanced predation by corvids attracted to breeding islands by human refuse
(Kazama 1971, Takeishi 1987, DeGange and Day 1991, Ono et al. 1994a, Piatt and Gould 1994, Otsuki 2013, Choi
and Nam 2017, Hamada 2017). To address the serious threats impacting JAMU populations, research efforts should
focus on: 1) fully documenting their breeding and at-sea distribution to identify potentially important management and
conservation issues; and 2) developing and implementing effective monitoring techniques that measure population
trends and reproductive success at important colonies.
HY LYY I ARX A (Synthliboramphus wumizusume; JAMU) (. ¥EEHEORCHIRD AP 77 I 2 X AR} Alcidae (Gaston
and Jones 1998) @ 1fECH 5, HABUFIE [RIGL Y] ICHEE L TH Y (Hasegawa 1984) . HADEHIH I X U
HARBEAIUCN)D L v F Y 2 b Tl TR A (hbb, BEORBRICE b3ns Y 27 055E) I
EINTw 5, MRICET 2/ IR ZEIEMEARIE, OARLEEDO 41 Dav=—T5000 7 UTFLIEEINTVS
(Otsukietal. 2017a) o L2>L72A3n, Z OFEORMFIILBUR & 04 2 5HE$ 2 720 DHLY AL, 5 DR L WEHR
H (LITLIET 7 2 2AATRE) B XU an =—TORITHEDITENC X o THTIT SN T &7, fEoT, Wi D20
INBIEE (100 =7 Kl B X OB (100200 < 7) O%Jlia n = — 3 A KR SN TRV IEEED BV, H v A
Vv I AR X OMAEL, Bk I NBHIR B, FRcEiic R bid - e bR (FiC - s K 0Bt
2) | B XN, Wimg. BILMEEIC X > T, £/ AHOZHic ko CEIEIC T ¥ e o i T R
HOMEEDRIMND 5 b, # DA E K E (P T 4Tv3 (Kazama 1971, Takeishi 1987, DeGange and Day 1991,
Onoetal. 1994a, Piattand Gould 1994, Otsuki 2013, Choiand Nam2017, Hamada2017) . 7 ¥ 24U 7 I ZAX X DfEFEEICH
B RIT TR BB 2 72000, THFEO Y AU T ORICER 2B RETH S 1 1) BEINLEEAL
EE X OREMEORED 0 Ic, Fhiths X O Loz ik L XENT 5, 2) B kav=—icsT
2 AR OB & B0 ) % FHEi T 2 7201, FhERNRE=X ) v 7Bk B L EET 5.

Like other Synthliboramphus murrelets, JAMU nest in concealed sites (i.e., crevices, burrows, sea caves), often in
breeding habitats that are difficult or impossible to search (i.e., cliffs, steep slopes, and offshore rocks), and are strictly

nocturnal in their above ground activities at the colony (Higuchi 1979, Nakamura 1993, Ono and Nakamura 1993). As
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aresult, nest censuses and other land-based survey techniques are generally not practical as population estimation and
monitoring tools at many islands. Fortunately, JAMU attending nocturnal at-sea congregations are conspicuous, easy to
count (out to 125 m), and do not appear to be visibly disturbed by the passing survey vessel and light. Furthermore, the
number of murrelets attending at-sea congregations has been correlated with the number of nests on the adjacent
shoreline (Whitworth and Carter 2018). Thus, spotlight surveys are currently the best method for estimating population
size and monitoring trends at Synthliboramphus murrelet colonies like Birojima, where a large portion of the population
likely breeds in inaccessible habitats.
fid 7 I 2 X X JE Synthliboramphus D7 I AR AR, H v LYY I RAX A3 BhECIE, BEhEET (B, 28
. HEOERE) CEET 2720, hb0REFETHROFIC v, Z LT, oD aw=—Tol LiFB)TEe
WEITHECH 5720, LCTHREDIFI< v (Higuchi 1979 . Nakamura 1993, Ono and Nakamura 1993) , % OfEHR, &H
TR Z O OPEHI TCORFETEIL. S DBLICEWTA Y LY Y IXX A DEFEHEECE=2 ) v 7DV —1
& LTRERTRER Y, il bic, ®H, FELofhofic w2y Y 7 IZZXXFHALL, BALTW)
ZIC (125m ¥ CHEZAIRE) « FAM L RIS X o THIFEZ S T T3 X5 iR oz, bl v ki, ¥k
ICEE o T3 7 I AX AHOMABUL, BEET 2RO B0 LML T3 2 L2825 T % (Whitworth and
Carter2018) o DX 5, MMFED X 5 1IC K DA D KA DI NFDIEF N LT CEIEL T2 B4 TlE, ¥
I AR B OB EHIE O E L BilmoE=2 ) Vv FRE LTk, BEO LA, AKXy F T4 P H—<41T
REDTETH 5,

Summaries published since 2000 have indicated that the two largest JAMU population centers occur at Birojima, in
Miyazaki-ken off eastern Kyushu, and the Izu Island archipelago off southeast Honshu (OSJ 2012, Carter et al. 2002,
Otsuki et al. 2017a, Tajiri et al. 2017). Birojima is the only JAMU colony with a history (since 1990) of sustained
research and survey efforts. In fact, most knowledge of JAMU breeding ecology was gathered during studies at
Birojima in 1993-1995 (Ono 1993, Ono and Nakamura 1993, Nakamura and Ono 1997). Additional research in the
1990s included censuses of birds gathering at dusk in nearshore waters around the island (Ono et al. 1994b) and a long-
term mist-netting study initiated in 1990 (Nakamura 2017). In 2011-2012, the Suntory Group sponsored an
international team of seabird biologists from the U.S., Canada, and Japan to conduct the first at-sea nocturnal spotlight
surveys and night-lighting captures of JAMU congregating around Birojima during the breeding season. These
preliminary surveys examined spatial and temporal patterns in at-sea congregation attendance and determined the
breeding status of individuals captured from the congregation (Whitworth et al. 2012, Carter et al. 2013). In 2013, this
same team of researchers conducted a single year of nest monitoring to examine JAMU hatching success, timing of
breeding, and predation on murrelet eggs and adults (Whitworth et al. 2014).

2000 SELAREDFERDOBIE T, 7 v LY 7 I ZAZX X DA O & 72 2 5A3 2 AP O N TH Y . ZHFIUNE
O BEIRROMMPE & AMFEHRTEOFTFEETH 5 (0SI2012. Carteretal. 2002, Otsuki etal. 2017a, Tajiri et al. 2017)
REBBE 1. (1990 4ELLR) ke 72 ige & AL DIE L 2 FfoME—D A Y LY ¥ IRXADan=—ThH b, R
BE, v L)Y SRR A OHGEERRICEIT 513 & A L ORI 1993-1995 SEORUBE TOFIFEHICINE T 17z (Ono
1993, Ono and Nakamura 1993, Nakamuraand Ono 1997) . 1990 fERD & & 72 2ff%EICid, BEAOE LicyEnictEx
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55D% %2 (Onoetal. 1994b) . 1990 4 IChlls S 7= RIAN 72 7 2 I % W 71558307 (Nakamura 2017) 236 &
NTW 5, 201155 20124FIC 1 TH v b ) —HRE RIS 5 KE, X HEOWEEYFED L8 55
BRF— L3R 22, A ORI S EILICEE 2 v ) 7 IAX RO T, BEAEY F 74+

—_ A LB O FENER S Wiz, D O TPIVERE CIE. FERIcEE 2AKICOWT, 2 DZE B X U

Ml 723 2 — v B EENOIIE X @ik & [ ZFTEORDETEE LT % 207022 PUE L 72 (Whitworth
etal. 2012, Carteretal. 2013) o 2013 4FiCiE, [T — L DWIFEED. 7 v L0 v I AR X ORHLDOBIIEE, FhlD R,

BLOINE G OEEZFR 27201, 1 FHlOEDE=X Y v 7 %{To7z (Whitworth etal. 2014)

Following a 4-year hiatus, the Lush Charity Pot and the Suntory Group resumed funding for at-sea congregation and
nesting surveys at Birojima in 2018. We identified three primary tasks for 2018: 1) establish more extensive and
efficient spotlight survey transects to better estimate the number of JAMU attending the at-sea congregation; 2) at-sea
capture of JAMU to determine the breeding status of birds in the congregation; and 3) nest monitoring to determine
timing of breeding. Because population estimation and trend analysis are more accurate when multiple years of data are
available, we anticipate additional funding will be made available for similar surveys in 2019-2020 as we work toward
our 2 primary goals: 1) accurately estimating the size of the JAMU population at Birojima; and 2) establishing reliable
baseline data for monitoring future population trends. In this annual report, we present the results of spotlight survey
counts, at-sea captures, and nest monitoring conducted in 2018. Detailed discussion of colony size and baseline
population levels will occur following completion of data collection in 2020.

MO T v 70, Tyvva Fx )T 4 Ky by b Y —HRELEE S ORI Z T, 2018 FFIHL
WS LA D P B D & HHETE 2 L 72 2018 4F D720 D 3 DO FE A RHE L72: 1) FELICEAT S
ALY T IARAOEE XY IEHEICHED 272010, X O AEIPAD OENR ARy P T4 P-4 D b Tk
7 N ML B, 2) TEEON Y L) T I AR ADEIHORI LIS B 720D v K ) 7 I AR A O L, 3)
PR A IRE T 2720 0B 0E =2 ) v I, EESO T — 2 Mo 72350, EREHEE & B o523 X 9 IEiE
Lz, Bhizbix, ROFERD 2 0DHEEEERD7201C, 2019~2020 4 b AR O T ISEMN 2 &R S h
ZZEEMIFLCVS: D) BUBEICE T2 A v L) Y I AX X OEEEHIEE FiECHEST 5. 2) SHROEFREOH)
MAE=R) V7T 50IMEHTEZR—ATA VT — 2 %M T 5, TOFERMET T, 2018 FFICEmE 7z
AKXy b TA PP —_ABEDO AT v M, FEETOMERS XCERE=2Y v 7 OfEREZRR L7z, 2020 41,
T—RZWEDTET L7ztRIc, an=—HHE =27 4 v & 2L ~viconwCoF il A#HERZ T TETH
b

METHODS (5i)

Study Area and Logistics ~ GRAZEML¥ X UG 4 SRE a5 HED)

Birojima (32°27.9’ N, 131°43.9’ E) is a small island surrounded by several smaller satellite islets that are located less
than 3 km off the eastern coast of Kyushu, and about 7 km east of Kadogawa Harbor (Fig. 1). Field studies at Birojima
were conducted during 2 trips between 25 March and 8 April 2018. The fishing vessel Asaebisu-maru (Captain T.
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Kuroda) served as the vessel for spotlight surveys on the nights of 25-26 March, 26-27 March, 5-6 April, and 6-7 April.
At-sea captures on the nights of 27-28 March and 7-8 April were conducted aboard a smaller fishing vessel Yusei-maru
(Captain A. Kuroki) because the bow of the Asaebisu-maru was too high to permit efficient dip-netting of murrelets
from the water. Captured murrelets were transferred to the Asaebisu-maru for handling and banding. Transport to and
return from Birojima for nest searches on 27-28 March and 8 April was aboard the vessel Tomoyuki-maru (Captain H.
Ikeda).

AR CILASE 32 B2 27.9 73, BEE 131 £ 43.9 79) 1, SUMIOPE Sk, 1T CENIREL) O P11 D> H ) Tkm A I
BT 21, MScoEsEREIR. 3H 25 HA5 48 Hofic, 2 MFEMS 7z, BIA(REMRE 25, 3H
25-26 H, 3H2627H, 2L T4 H6-THDAK Y + 74 b H—~4 DFRicir et 7272 72, 3 H 27-28 HIB U 4
H7-8 HicHE i & i B L, IOLIEAYE s < KA D H v L) 7 I AR A 243 2BRIC, 4 v b AVKIE
CEZF IS WD, NUDEBL(BAMERE) TEf L 72, i hihy 2 )y 32X 0%, FHIIL TREZ ST 572
OICHIAEAUCE RNz, 3 27-28 HI X 1F4 1 8 HICHNE S MBS ToEHRER, A2 (hHEmER) O
XV EfE N,

Japan

Honshu

Osaka
Hirgeaduima

i Shikoku

Fubsiaka Nap

Kyushu
Milgasoki Pacific

Kadugawa

Ocean

East
China
Seo

Wi Nirajima
+ 0 300 km ' i km
D ] ..

Figure 1. Islands of western Japan indicating the location of Birojima off the east coast of Kyushu. Inset: location
of Birojima.

B 1 SR O E 2 ST HARD B4, AR : 1T & RS o
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Spotlight Surveys (RHEy + 74 bH—x4)
Nocturnal spotlight surveys were conducted using a standardized protocol developed to count Scripps’s Murrelets (S.
hypoleucus) attending at-sea congregations in near shore waters at islands off southern California, U.S.A. (Whitworth
and Carter 2014). The only significant modification needed for the spotlight technique at Birojima was the use of a
larger wooden fishing vessel rather than the smaller inflatable Zodiac craft used in California. We conducted surveys
from the bow of the fishing vessel Asaebisu-maru. The boat captain used an onboard GPS to navigate between transect
waypoints at a speed of 7-8 km h'l. The observer used a handheld high-intensity spotlight (Q-Beam Maxmillion®)
powered by a 12-V marine battery to count murrelets as the spotlight beam was slowly passed along a 90° arc on each
side of the vessel, starting abeam and proceeding to the bow on each scan. Murrelet 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 number. All murrelets observed were included in counts regardless
of behavior. Date, time, location, and conditions (i.e., wind, Beaufort sea state, cloud cover, and moon) were recorded at
the beginning of the survey and updated when conditions changed.
BEIAER Y P T4 P —_ABEMI NSz, AEY P T4 I =AMk, KEA Y 7+ V=T IHEEHICS 554 D)
FOHERICEEFDZIAIZ Y TAY I ZAX A (S hypoleucus) %A 57-0IChAF I, LIz vrarsFHdT 53
FiETH5 (Whitworth and Carter 2014) o MG TDO ARy b T4 L DT 7 =y 7 IC BB M DHREERAT L, 7
Y74 A=T CHEAINCOS/NIDERAD V7 4 7 v 7ficldza . XY RERARBOWM AL 728TH
%, Fh7zbid, BHALOMISEA O, HEZFML 72, iRIE, it Lo GPS ZfEH L, F 7 v+ b+ Lo
R % 7-8 km/ h DIREECHIAT L7z, BIRE X, 12VO~ Y v Ny 7Y = b&EHE L b, FHRLOEBEDOAFR Y b
74+ (Q-BeamMaxmillion®) ZfFH L7z, ZFY F 74 F DY —L2ROMY 4 F2 SR F 0 Alde £ cilfl] o0° o
MCZ 2T, Wol Y LEBTZHIC, AV L) T IRXADKER ATz NV L) T IRAXADAY Y FERITE
FEh, FR2AF v v OKD D ICRIEE ICKFECTIRA O NIZMhD ) A X03H 57-9), tik&d. ko7 4 —LF /) —
MCTRCOBERREATIL, AV L) T IRXAPEEINZL ED, 2F v D GPS JHEE (Garmin GPSmap
76CSGPS L o —o3—) bithk L7z, AF ¥ VISR I N7 —2ICid, UFOb0»EEN 1 1) AV L)Y IR
ZADREL. 2) ZOfrH) GHHICHE> TS, RATWS, £R2RUZo7) | 3) GPS DEEOHRS, BlEsh
EETDAY L)Y IRAR AL, ZOTEIC»2bOTAY Y MCED bz, FEHBRHCHA, KL BT, &%
fF (i, € =—74— MERIC X 2i0IREE, EOREE, Hokky) M3, Chb D& Ebo7z & ik
LBk R L 7,

Round-island spotlight surveys were established on 3 concentric transects that circumnavigated Birojima at 200 m, 600
m, and 1 km from shore (Fig. 2). The length of the 3 combined round-island transects totaled 15.5 km (200 m transect
=2.8 km, 600 m transect = 5.1 km, 1 km transect = 7.6 km). We conducted round-island surveys over 4 nights with
surveys commencing as early as 21:39 h (all times JST) and finishing as late as 05:09 h (Tables 1, 2). It required about
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2 hours to complete a survey of all 3 concentric round-island transects (hereafter “‘combined survey” or “combined
count”).
BAERD 2Ry b 74 P —<AE, 30DFELIHRO b Z v 27 b, BB OWEFED S 200m, 600m. 1km D
hd 7 ves bohicgEINE (M2 , 320G INEEARRD + 722 FRIZ, AFF155km TH -7
(200m F 7 v+ 2 F=28km, 600m b 7+t 7 b=51km, lkm } 7> +£7 F=76km) . fA7zbix, BFEEROFHE
. VREL 21 139 (HREHAEHER) (B L. 5:09 IC13# T3 2 L I BT, 4Bc» T CTfToz (R 1L %
2) o 32ORLMROEFEERD » 727 M 2 TORELTT T 270K 2MHHZH L 72 (BB, THeau
H| TR ATV ET5)

Figure 2. Round-island (red) and radial (yellow) spotlight survey transects used at Birojima, Japan in 2018.
2. 2018 SRS TREFAL 22 F 7 v 2 by BRRBEIAKR Y b 74 b3 —~AGR) EBEHRAF Y b 74 b
‘H- —~ /f (ﬁ)o
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Table 1. Number of Japanese Murrelets counted during concentric round-island surveys at Birojima, Japan in late
March and early April 2018. 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.

K L20BFEIATHBLN4H EAOA Y LY T I ZAX X OME TOBEREY —<f DFRIch Y v F S
eV L)Y I AX XD, VIE, FEREZE (d) BLOEBIRK (CV) 1. ZhZho SRR 7 v
227 b 200m. 600m, lkm) IZ2WT, AFHCOWVTIE, 32DHA N7 v 2 b Dy F T EITRT,

Date Time 200 m 600 m 1 km Combined
25-26 March 22:04-23:50 218 906 1,369 2,493
03:19-04:12 486 803 -
26-27 March 00:46-02:46 674 1,441 1,717 3,832
03:08-05:09 154 1,226 801 2,181
4-5 April 00:58-03:04 195 776 1,082 2,053
5-6 April 21:39-23:39 501 735 922 2,158
Mean + s.d. 371 +211 981+287 1,178 +369 2,543 +739
Ccv 0.57 0.29 0.31 0.29

Table 2. Density of Japanese Murrelets (km?) during concentric round-island surveys at Birojima, Japan in late March and
early April 2018. Mean densities, 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.

K23IATR» L 4 AT T S TITONZZFRLIHRO BEERA Ry + 74 b —<_A41CB T 5 H v 4
Vv I ZAX X OEABERE (kmd) o SEEAREEZ €2 F 200m, 600m, X 1kmIcDWT, FEHE, 12
MR (sd)  ZENRE (CV) %25RT, AFHcowTiE, 3200A N7 v 22 Foey F ZLITRT,

Date Time 200 m 600 m 1 km Combined
25-26 March 22:04-23:50 311 711 721 643
03:19-04:12 694 630 - -
26-27 March 00:46-02:46 963 1130 904 989
03:08-05:09 220 962 422 563
4-5 April 00:58-03:04 279 609 569 530
5-6 April 21:39-23:39 716 576 485 557
Mean =+ s.d. 530 + 302 770 £ 225 620 + 194 656 + 191
Ccv 0.57 0.29 0.31 0.29
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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 (West, SW, SE, East, NE, North, and NW; Fig. 2). The
radial transects started at GPS waypoints on the outer (1 km) round-island transect and extended outward at fixed
bearings away from Birojima. The length of each radial transect varied as we continued searching for murrelets along
the transect bearing until 4-5 minutes had passed without observing a bird, except on the North and NW transects
where the endpoints were determined by proximity to land. The total length of the combined radial survey transects
was 10.1 km with individual transect lengths as follows: SW = 1.5 km; SE =2.0 km; East =2.0 km; NE= 1.5 km;
North = 0.9 km; NW = 1.1 km; West = 1.1 km. Each radial transect was surveyed just once on 25-26 March.
BB IC BT 2 EOEEDORE L HRIER(H v L) ¥ I AX A PRI NIALE D EH S ORKIEHE) ZHEET 272
b, FA7ebiz 7T o0EHK Y 7 v s P coFiEREML 2 (F, FEPE. mE. H. JbE, b BXOAE R 2) .
RO+ 7 v 2 Mid, Ml (lkm) BREIEI L Z v 22 b Lo GPS IR E b . HE 2 HE I 2 HAIC
LT %, EEBHEHICESE L T 2L LD+ 7 v 27 P EBRE, AV L) 7 IRXAZ RO HLNFIC 4~5
AHREETHET, P IR FOFTAICH o THRLET DT, EF T VeI PORIIRLATH ST, BT H
7 HEHR 7 v 227 P ORI 101km T, 4D T v 22 FEIFLUTOMY TH o7z ¢ FEPH = 1.5km; FH =2.0
km; 5= 2.0km; JLE = 1.5 km; b=0.9 km; LPY = 1.1 km; Pi=1.1km, 3 H 25~26 HICEHBENR b 7 v 2 2 + % 1 B0 AFHHE
L7z,

Density Estimation and Extrapolation — We used the raw spotlight survey counts to determine murrelet density (km)
for: 1) each survey on the individual round-island and radial transects; and 2) each “‘combined survey” or complete set
of all 3 round-island 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 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. The area covered by
each round-island transect was: 200 m = 0.70 km?; 600 m = 1.28 km?; 1 km = 1.90 ki?. The area covered by each
radial transect was: SW = 0.38 km?% SE = 0.50 km?; East = 0.50 km?; NE = 0.38 km?% North =0.23 km? NW =0.28
km?; West=0.28 km?.
BEOWE LIMF — B/ bid, ZDOREY I A4 2 oAY v MERWT, UTOHEDOH Y L) v I AX A OffEEK
BEE CHlkmd) ZRGE L7 D SERBREBEHR T 7 v 2+, 2) & [HEHEHRE] 23320080 7
Ve P ETEEUTESHAEREF 7 vt 0y b, b LLRBERDO N7 v b 7o T, fAkblik, BE
EPUET K. BEMA DR 125m D N 7 v 22 MiE (20§ 250m) ZEA L7z, 125m &) D, Hal e diES T
TT. BHRADIEDL DARY b T4 PONTHY L)Y IAXARERINZEMARO L ThH 5, FEFBE
N7V FAAAN— LTSRN, 200m=0.70km?, 600m=1.28km?, lkm=190kn? TH o7z, FHEHHIK 7~
7 PCX o THAA=S N DRI, PP =038km2 FAH =050kn?, H=050km?, JLH =038km?, Jt=0.23 km?,
I =0.28km?, PE=028 km? TH -7z,

We used the mean combined round-island survey density (z = 5 complete surveys) and the combined radial survey

density (n =1 complete survey) to estimate the total number of JAMU attending the at-sea congregation at Birojima in

14
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2018. The at-sea congregation area was determined using the most distant murrelet observations on each radial transect
to construct a congregation polygon. We extrapolated the mean combined round-island density over the area from
Birojima extending out to 1 km from the island (4.2 km?), then the combined radial survey density was extrapolated
over the remainder of the congregation polygon (see Results). We provide this extrapolation analysis as an example
illustrating how this method can used to estimate the total number of JAMU in the congregation. More detailed
analyses using a variety of different densities (e.g., mean density vs. maximum density) for extrapolation will be
conducted after 3 years of data have been collected.

2018 FOMMBE D LICEAL T2 h Y L) 7 I AX A DREENEE T 2 72010, HHATE RO % — < 1 offitk
RO A (n=5 DT RHREE) LHATIBEHREE S b offfREEE oMat b (=1 D7E2HEE) %EH
L7z, FELOEAHFOTME X, ZoHFENL AT INE0Ic, FEHRF 7 v &7 FoRbEFDH v L
U7 I AR R OGRS A G CTIRGE Stz BUBE 25 Tkm (42km?) DR ICHE AR Y — < A TOPEAEL
BEEIMEL 72, Z Dtk MATBEHMRTIEOMEBERE L, 1KY 0% MAIcIMES N FERSH) . CoJiks
Lo X i, BAETEH VLYY IAZX X ORARBOHEE IEHTE 2023 Hle LT, 2 DIMFoT 2 12t
%, SMED 7230 DA I35 2T (Bl FEEE N R 27z X0 EEl ez, 3FHno 7 — £
DPIPESINIRICERBI N D FETH 5,

“Night-Lighting” At-Sea Captures (KRR Z A\ 728 L8

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 nights 0of 28-29 March and 7-8 April. The capture crew was positioned on the bow of the Yusei-
maru and searched for JAMU attending at-sea congregations 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 2.4 m long fishing net and attempted to catch the individual as it sat on the water surface or swam just below the
surface. Many birds were captured on the first attempt, but multiple attempts were used if they made shallow escape
dives which could be followed with the spotlight beam. Captured birds were transported to the Asaebisu-maru for
banding and handling. Each bird was banded with an aluminum leg band and examined for presence of bilateral brood
patches which develop in both females and males before egg-laying. Brood patches were scored after Sealy (1976).
fh7ebid, 3H 2829 He 4 H 7-8 HOW, MR OPEMIOWRINLIT, A Y L) 7 IAXAZO 2 57201, [
[EIBERA ) B2 (I L 72 (Whitworthetal. 1997) o i E I ERALOMSES &, EHRED R K Y b 74 b TR Y %
AF v v Laho, HFLCHNDE Y L) U IAZXXERE LT, 1Y LY U I AX X DKL e 3B R ITF
TWEORMEREND &, FzbILHEREETERIL, ZOBICARY F 74 FEERIEhid-, L3235
DMHEFTREZRHPANIC A > CE GG, v P BT 2D D124 A— P L ORI DWMT, FLIFE TV Ak
CWH O T 2k ClEfR 2l E 272, % < ORI, BAIDAAL TS DL S N7225, ROBKE L TAR
v F 74 P DNEDPDLTLE 5 GAITEIPER L 72, IRk, 5Hll & RBREEE 72 o ICHAILIC IS B &
Nz ZNENDOFET N I =y LD REZ DT b, fIIIBLEIIRTDME & D iiE DIEE O ¥ 4 FicHNn 5)D
HEZFON72, FIIIBEIZ Sealy (1976) I & » TE DH A MR TF TN T3
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Nest Searches (& 5F4E)

On 27-28 March and 8 April, we visited Birojima to conduct nest searches in JAMU nesting areas in caves on the
southwest side of the island and upper island boulder fields under the forest canopy (Fig. 3). We used small hand-held
flashlights to search suitable crevices, burrows, and other sheltered sites for evidence of current breeding by murrelets.
Evidence of breeding included: (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.
Incubating murrelets were not handled or prodded to reduce the possibility of clutch abandonment due to researcher
disturbance. Most of the active nest sites had been marked during nesting studies conducted at Birojima since 2013
(Whitworth et al. 2014).

3H27~28 HE 4 H 8 H, fh7z b 3R o mivEfl 0 3 X OB LOBMOEL T, A v 4 ) 7 I AX X DY
HEfiore (M3) , hzbld, AV L)Y IAXXAOEIEDHEGE 2155 7280, /N iR 2 L <, Hic#Ey)
LEZOLNDEDOETH, R, BLOMOREN TV 25 2R L7z, FHOFHLICIZUATO b on&EN5: ()i
At F 2 Tw R E. QEEINI TN TR AT RIREOINNS 5. QEINI0H 5, IHEH 5, sl
LTI, R ELTCRRE O 28I S . RICIIFEEGE S SNz, IREOPEIC X 2 1N oEE O WHE
MEEZEL, NP ORGEZTFO0A S LCREL LI 9 2 LI 72, BIHEL T2 oKD, 2013 FLL
R, BUERE TRt ST 2 HEEE OO b T 7z (Whitworth etal. 2014)

Upper island boulder fields
under the forest canopy

Figure 3. Japanese Murrelet nest search and monitoring areas at Birojima, Japan in 2018. Top right inset: the research team
in boulder fields under the forest canopy. Bottom right inset: murrelet breeding habitat in Cave 1.

3. 2018 FiHE TRy 1Y Yy IXXAOESFIRELE=2) v /2 )T, ik MothoRE AT
DIEF — 10 G FROPTEIAT 2H v 1) 7 IR A,
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RESULTS (&)

Spotlight Surveys (R F ¥ b 74 FH—~<A4)

Round-Island Surveys — We completed 5 combined surveys covering the set of 3 concentric round-island transects at
Birojima in 2018, with 3 combined surveys completed in late March and 2 combined surveys completed in early April
(Table 1, Figure 4). The mean combined count was 2,543 (& 739 [s.d.]) murrelets and ranged from 2,053 to 3,832
murrelets. Variation for the combined counts was relatively low (Coefficient of Variation [CV] = 0.29). The 3
combined counts in late March were all higher than the 2 combined counts in early April.

B —~ A —Fh7= 51k, 2018 F IS IC B C 3 DDRIOIHRO BEERO b 7 v 27 b &2 1Ry P e LT
boz, AT 3E, 4 H AN 20m], G 5RIOREMMEZET Lz (K1 K4 . Aatdhizhy v Mo
1% 2,543 (£739[s.d]) HT. % DIEIZ 2,053~3832 1 CTH o 7=, BElH T v M EROEEIHIKINIZ VA d o (ZE
BIRECV]=029) . 3HTHD3EDHEAER A Y v ML, 4 A LA 203 D XY b TEVEEZRL Tk,

= 101-150

Figure 4. Distribution of Japanese Murrelets during the maximum spotlight survey count at Birojima, Japan on the night of
26-27 March 2018. Yellow circles are scaled to the number of murrelets observed.

4. 20184E3 H 2627 H A4V Y MEABEONAEHOMBECOA Y 4 ) 7 I AX A DI, EEOM I,
MR NIz AV LY T IR ADEITHHIT 5,
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Counts on the individual round-island transects ranged from 154 to 674 murrelets at 200 m (X =371 £211, n=06), 735
to 1,441 murrelets at 600 m (X =981 + 287, n = 6), and 801 to 1,717 murrelets at 1 km (X = 1,178 £369, n=5). We
noted much more variation for survey counts at 200 m (CV = 0.57) compared to 600 m (CV =0.29) and 1 km (CV =
0.31). We did not examine differences in survey counts among the 3 transects because the great disparity in the lengths
of each transect made such comparisons invalid. Comparisons of survey density among the 3 round-island transects are
described below.

il % DB L 722 2 Oh Y MUIBTOX S b DTH -7z, 200mD b 7 &7 FTid 154~674F (z=
3714211, n=6) . 600m Tl 735~1441°F (X=981+287, n=6) . lkm Tl 801~1,717°F (3=1,1784369. n=5) . itz
iE. 600m (CV=029) XU 1km (CV=031) @} 7 v+t2 M~ 200m (CV=057) DAY FEOZEA LY
REWZ LA, 320072 MEDA Y Y MOHBICOWTIE, &7 v27 ORI AKICKRE X
HORH B b, KT ZRICZ L, BEHTh AR 07, 320BEER N 7 v 27 EOREEERE O
%2 AR,

Small samples permitted only general comparisons of survey counts within nights and between survey periods. Within
nights, the 1% (earlier) count was higher than the 2™ (later) count for all 3 transects on the night of 26-27 March and at
600 m on 25-26 March, but the 2™ count was higher at 200 m on 25-26 March (Table 1). Between survey periods, all 4
counts at 600 m in late March were higher than the 2 counts in early April, but results were mixed at 200 and 1 km. The
annual maximum counts for all 3 transects were recorded during the 1% survey on 26-27 March. The annual minimum
count at 200 m and 1 km were recorded during the 2™ survey on 26-27 March, but the minimum count at 600 m was
recorded on 5-6 April (Table 1).

Yz T =23 vy It BN OREEZ LB RN A Y v VOO A EWREL T 5,
ICHB e, 3H2627THIE3DRTO 722 P T, ZLT3H2526HIZ600mD + 7 %27 MckwT, 1HED
B9 MEOFTH 2RI XY b EEZIR LTz, 3 H 2526 HICOW T, 200mD + 7 ¥ &2 FT2HEIED A Y
Y MBOT B EAEZR L TW (R 1) o FHEHRO 3 A THO 600m o 404 Y v M EUzeT, 4 L0 2
FlDAH Yy MY DECEERTR LTz, 200 & 1Tkm OFERIFEEL Tz, 320D 7 V227 bRTICET S,
FRIRAD A Y v MU, 3 H 2627 HO 1 A H OFE TRk S L7z, 200m & 1km TORMEIC DWW TIE, 3 H 2627
Ho 2 [HOHA TR E 225, 600mic2WnT, 4 H 56 Hicitdkanrs (F 1)

During the maximum combined round-island count on 26-27 March, 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 and

murrelets were relatively sparse on the southeast portion of the same transect (Fig. 4). Numbers were clearly highest on

the eastern portion of the 1 km transect.

BRAY v MEDFEE L2 3 A 26 H~27 HO B AERFEDR, #v 4Y 7 I ZAXXE, 200m & 600m D + 7 ¥ &2
FREIATIE, BV E—ICOE L T2 b 0D, 1km b T V2 F OATEERCIEA & RREIIES v 4 ) 7 3 2 X A
RN, AL FZ7v27 FOREERTO I Y L)V IAXADHAIIHIRNE XS THo7e (K4 . hov
FEIZL Tkm BT V27 F OFETH O 2 ICRETH o 7z,
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Round-Island Survey Density — The mean combined density for the 5 complete surveys was 656 (£ 191) murrelets
km? and ranged from 530 to 989 murrelets km (Table 2). Density on each of the 3 round-island transects ranged from
220 to 963 murrelets km at 200 m (X = 530 £ 302, n=6), 576 to 1,130 murrelets km? at 600 m (X = 770 £ 225, n=6),
and 422 to 904 murrelets km? at 1 km (X = 620 + 194, n = 5). Because calculating densities from raw counts required a
simple data transformation, variation (CV) and temporal trends in murrelet density for the individual and combined
surveys were identical to those described above for the survey counts.

B S — A BEDMHAEEESE - 5 19153 034 CHil o 7= SE R e e AT R O BRI O 1L, 656 (+£191) Y/
knm? TdH O Z DIEIE 530~989 P/ km? DHFHATH o7 (£ 2) o 320DRFEMD T V22 b DENENOMEREEE
DIFEIE, 200m (X=5304302, n=6) T220~963 F/km’, 600m (X=770+225. n=6) T 576~1,130 F/km?, 1km (x=
620£194, n=5) T 422~904 Fl/km? TH - 72(F 2), Hd L L IHABFETOH v LY ¥ I AR X DIABEEE D
ZH) (CV) LB, T CIKidEhizh v v r e kR3 e, 2{FALdD L o7z, TNIF. FEDOAY
v M SRR R AT BB I i T — 2 D A L B L SNV HTH D,

Sample sizes were small (n = 5), but we detected no differences in murrelet density among the 3 round-island transects
(Repeated Measures ANOVA F2,14=3.07, P> (.10), even though general comparisons noted higher densities at 600 m
during 3 of the 5 surveys (Table 2). A paired comparison of densities between the slightly larger sample of surveys at
200 m and 600 m (n = 6) also did not detect any differences (Paired s =-1.8, P> 0.13).

72 & A — k7 T U SR OFED 9 B 3ENCEHE VT, 600m D 7 V&7 b Th Y ECEREEE SR I NZICD
Bbod (£2) . 728D %uho7b0D (=5 | 32OFBHAEMF 7 V22 FETE, AV L)Y IAXR
DIFFEEERLIC OV COE R I N a0 o7z (RIEAE ANOVA F214=3.07,P>0.10) » DT ALY Y T34 XDK
12 200m & 600m (n=6) DEFEEEEDONIEGETH R I nar o (hfts=-18. P>013)

Radial Surveys — The combined count for the single set of 7 radial transects was 343 murrelets, ranging from 4
murrelets on the North transect to 87 murrelets on the West transect (Table 3, Figure 5). The number of murrelets
counted on radial transects quickly declined beyond ~1.5 km from Birojima to the point that only small sparsely
distributed groups (1-5 murrelets) were encountered (Fig. 5). Using the transect lengths specified in the Methods, the
combined radial survey density was 136 murrelets km, ranging from 18 murrelets km on the North transect to 316
murrelets km on the West transect (Table 3).
BHRDZF y P 54 F#—_A—fEFHRF 7227 P T10% 12y FCE LD 72 b DDEFH T v FIZ 343 31T,
ZciHdLlio b 7 v 22 b0 4HR LTI 7 VR 2 PO TR E W IESA LN (K3 K S5) , BEHRE 7 v
€7 P CHYY PINA VL)Y IRAXADAY v MU, MBS A 580 1L5km 2B A 725720 55 20 I L,
TSI TNE BRI N—T (I~5PFDAH VY L) T IAXR) IEET 720 THo7 (K5 o [Method /i
DIHHTHHEZ Lt 7 v 27 P ORI ZMAT2 L, AR 7 v 227 + COMEFEEEOAGEHE 136 F /km? TH
. %DM 18 F) ki 22 & PEHID 316/km? IC ATV (R 3) o
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Table 3. Number and density (knm?) of Japanese Murrelets counted during 7 radial spotlight surveys at Birojima, Japan
on 25-26 March 2018. Max. dist. refers to the most distant murrelet observation on each transect.

#3  20184F 3 H 2526 HICHE S TfTb Nz TRIDBEHR AR Y b T4 P —xATAHY Vb EINTA VLY

7 I AR A O EARBEEE (k) . BRI, &P 7 V7 PORDIECHA VLY T I ZAX AN
DHDEIRT,

Radial transect  Length (km) Time Count Density (km?) Max. dist. (km)

West 1.1 21:47-22:04 87 316 1.9

SW 1.5 00:31-00:44 76 203 2.5

SE 2 00:59-01:15 78 156 3.0

East 2 01:33-01:48 69 138 2.9

NE 1.5 02:09-02:21 23 61 2.5
North 0.9 02:38-02:45 4 18 1.9
NW 1.1 02:57-03:07 6 22 2.0

Combined 10.1 343 136

Figure 5. Distribution of Japanese Murrelets during radial spotlight surveys at Birojima, Japan on the night of 25-26 March 2018.
Yellow circles are scaled to the number of murrelets observed and red boxes indicate the radial transect endpoints.

5. 2018 4 3 A 2526 HOMUMBEIC BT 2 REDBEFHRDZAE Y b T4 b —<_A DBED, AV L) T IZAXADS
fii, BEOMIL, HERINH Y L) T IZAXADEUTHBI L, FRAPUMIIBEIR 7 v 2 27 b OfftiR 2R3,
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The mean combined round-island survey density (656 murrelet km?) was almost 5 times greater than the combined
radial survey density (136 murrelets km™). Dividing each radial transect into inner and outer halves, we found that
density on the inner portions (244 murrelets km?) of the combined radial surveys was almost 9 times greater than
density on outer portions (28 murrelets km?). Much higher densities on the inner portions were especially evident on
the West, SW, SE, East, and NE radial transects, but relatively low densities were noted on both the inner and outer
portions of the North and NW radial transects (Table 4).

HATLEE A — = 4 O PIEARBEEE (656 P/ km?) 13, MERBEIRY —< 4 Db DD (136 F/km?) #7515
Thole, HABEIRE 727 b 2RSS LAMIPESICHEIT 2 &0 NIIOMEEBEEE (244 R/ kmd) 13, SMEEE
DbDD 8P/ km?) DHIfETH D Z LicKM T, WRICIAEEAIEFICE O, PH, FHE, BIR, W,
R DOBEFHA 7 27 P CRUCBEETH D, dLEALFEOBGHA F 7 v & 2 b Cid. I &AMl 307 T HERIE
WEENZD O R4,

Table 4. Density (km) of Japanese Murrelets on the inner and outer halves of the 7 radial transects during spotlight surveys
at Birojima, Japan on 25-26 March 2018.

# 420184 3 1 2526 H B TORK Y b T4 M=~ AhD 7TODMFHR T 7 v 2 27 + OAlE X USRSy
By LYY I AX X OMEFEEE (km2)

Radial transect Density Inner (km™) Density Outer (km™)

West 625 7
SwW 379 27
SE 268 44
East 240 36

NE 117 5
North 18 18
NW 0 44
Combined 244 28

Using the distal murrelet observation waypoint for each of the 7 radial transects (Fig. 2), we estimated that the at-sea
congregation around Birojima encompassed about 18.5 km on the night of 25-26 March. The maximum distance
murrelets were observed from Birojima was 2.9-3.0 km for the East and SE transects (Table 3). The most distant
observations on the SW and NE transects were 2.5 km, and just 1.9-2.0 km on the North, NW, and West transects.
BEHRE 7 Y22 b 70 (M 2) ZhZhiconT, Euoh v L) 7 I 2R A OB VT, 3H 2526 HD
BOMBREG LD LEDFEAIIHT 185/ km* IC K ED D EHEE LTz, A1V LY Y I AXADBBEINIME D5 D%
KEFHEL, B XOFED P 7 €27 PT2930km THo7e (K 3) , MlHEIED P 7w 7 MIcBIT 2D L
WEIEE 2.5km TH Y b, dbE, ZLTHED T Y27 P Tldbd 1.92.0km TH o 7z,
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Density Extrapolation — Extrapolating the mean combined round-island density (656 murrelets km?) over the 4.2 km?
area encompassed by the 1 km transect yielded 2,755 murrelets. Extrapolating the combined radial survey density (136
murrelets km?) over the remainder of the at-sea congregation area (18.5 km?— 4.2 km? = 14.3 km?) yielded 1,945
murrelets. Combining the 2 areas resulted in a total of 4,700 murrelets in the at-sea congregation at Birojima.
BEDIF - 1kmD b 7 V€7 PICHENALT Y T 42k’ 1, AT AT O MEAEEE O FE (656 F/km?)
BHMET B &, 2755 e WO BIES RO Nz, ELOREDERY O Y T (18.5km? —42km? =143km?) 1T, HEAHKL
FHR Y —~ 4 OffiEEEE (136 Fknd) ZAMFT 2 L. 1945 P e I BEREO Nz, 2002 ) TOR[EE b2
5 e, MERDOE EOFENMICIZ, AEF4700 DA v L) ¥ I RAXARERE N2 LTk B,

“Night-Lighting” At-Sea Captures (“GEIHEHA" % i\ 7- ¥ L)

We captured and banded 32 Japanese Murrelets at sea off Birojima in 2018, including 23 murrelets over 2.3 h (10 h')
on 28-29 March and 9 murrelets over 1.2 h (7.5 h") on 7-8 April (Table 5). The overall proportion of murrelets with
brood patches was 53% and was similar between nights on 28-29 March (52%) and 7-8 April (56%)(Table 5). None of
the murrelets captured at-sea in 2018 had been previously captured and banded during night-lighting or mist-netting
efforts in previous years.

2018 41, HUMBEEIHEC 2 D h v 20 7 S AX A ZH#EL 72, 2 OWFUE, 3 H 2829 HD 2.3 I < 23 3}
QO FV ) & 4 A 78 Ho 12 K8 93 (7.5F) i) %2 &T@ER 5) 1WIMEEZREL T2 H v L) T IAXR
DRARDOEIEE 53% T, 3H28~29H (52%) & 4H7~8H (56%) Db L{Lhlio T (K S) o 2018 I L
THES N v L) 7 IAXAOHICIE, S E CHEFREEEC 7 2 I Z e iE P IcgE S . Rk n

TARR O FHIE X2 b e b o 72,

Table 5. Summary of Japanese Murrelets captured nightly in nocturnal at-sea congregation at Birojima, Japan in late
March and early April 2018.

3 5.20184E 3 A M) X V4 A EAICHI B I o Lo h CREICHEI N2 h v 20 v I A X X D,

Date Time Effort (h) Total captures  Brood patches (%)
28-29 March ~ 21:45-00:03 23h 23 12 (52%)
7-8 April 22:50-00:04 1.2h 9 5 (56%)
Total 35h 32 17 (53%)
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Nest Searches (& 5F4E)

We found 53 active nests during searches at Birojima in 2018, including 40 nests in the upper island forest boulder
fields and 13 nests in 2 caves on the southeast shore. Incubating adults were observed in 44 nests (83%) but only eggs
were observed in the other 9 nests (17%). A summary of nest contents for determining timing of breeding is as follows:
22 nests (42%) contained incubating adults during the 1% visit on 27-28 March; 4 nests (8%) contained 1-2 eggs during
the 1% visit and incubating adults during the 2™ visit on 8 April; 5 nests (9%) were empty on the 1% visit but contained
1-2 eggs or incubating adults on the 2™ visit; and 16 nests (30%) contained incubating adults on the 2™ visit in early
April, but were not checked during the 1% visit. Monitoring data were inconclusive for 6 nests (11%) where eggs were
found but it was not clear if they were laid in 2018. No hatched eggshells were found during either visit. Eggs found in
3 nests during the 1 visit, but not found during the 2™ visit, were probably depredated.

2018 FE OB By o HIE <l BIESHER S Nz Bt 3R S iz, Z oWz, Bo LEoFMNOER D
HBEG TR, FHHOIPFED 2 00D 3852 EA TS, HIL T 2SI 45 (83%) TBIES Lz
25, D 9F (17%) TIRINDADBBIERE Nz, FHERHORFEIC O W T OREOME IR T ) TH 5 3 H 27 H
~28 HOZ 1 FAIRHC X, 2288 (42%) CHudid 2 2R S e, 5 1 A C 12 D A0 & 7z 4 B
8%)TiE, F2RITIIAKSE DRI N, & 1 BIH CTIID 720572 S H(D L @, F2EHETI 1200, 3
L IHER3 2 SR S iz, 3B 1 BIE Il b R I Wi d o 72 16 7T T, 56 2 W E TN 2 5 250
REINTD, =2 ) V7T —2NOIIPBHERI NIz 68 (11%) 1CDWTIE, 2018 FICEI I N2 d DD Y
S HE, MEETE o7, WINOFEHMCOIMLL 7ZIWRIZR o N o7z, 1 HEHOFHECHEEI Wiz 3 H
DY, FH2MFAECRBIRINAr o720, BZLIHRINZ O EEZ LI,

DISCUSSION (%)

Spotlight Surveys (AFY k74 FH+—=4)

Protocols for our spotlight surveys at Birojima in 2018 were based on the results of previous surveys conducted in
2011-2013 that provided important information on spatial and temporal features of the at-sea congregation (Whitworth
etal. 2012, Carter et al. 2013). One of our main tasks in 2018 was establishing more extensive spotlight survey transects
that better determined the overall number and density of JAMU attending the at-sea congregation. The spotlight survey
transects used at Birojima in 2011-2012 were based on the results of many Scripps’s Murrelet spotlight surveys in
Califoria that demonstrated birds were more numerous close to the island, mostly within about 300 m of shore
(Whitworth and Carter 2014). However, following some preliminary radial transects at Birojima in 2012, we
discovered that JAMU typically congregated much farther from shore than Scripps’s Murrelets (Carter et al. 2013).
This discovery raised concerns that spotlight survey data in 2011-2012 did not accurately reflect JAMU congregation
attendance patterns at Birojima. Therefore, in 2018, we greatly expanded the spotlight survey coverage by establishing
3 concentric round-island transects at 200 m, 600 m, and 1 km from shore. Because the JAMU at-sea congregation
extended well beyond 1 km from Birojima (as far as 1.9-3 km from shore depending on the direction; Table 3), we
considered adding another round-island transect at 1.4 km from shore. However, we determined that the time needed to
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complete a set of 4 round-island surveys within a night (roughly 3.5 h) and the physical demands of such a long survey
were excessive, especially considering that densities beyond 1 km from shore were much lower than densities within 1
km (Tables 3-4). In addition, longer surveys increased the risks of double-counting birds if significant numbers moved
around the congregation within nights. Instead of an additional round-island transect, we decided that less frequent
surveys of 7 radial transects were a more practical and efficient method of determining JAMU density in outer
congregation waters. Radial surveys also were useful for determining the boundaries of the at-sea congregation area by
measuring the distances at which murrelets were no longer detected around the island. Measuring the size of the
congregation area will be vital for accurately determining the total number of JAMU visiting the congregation and the
size of the breeding population. As such, we recommend including occasional radial spotlight surveys in the JAMU
monitoring protocol at Birojima.
2018 FFDORBE CDORE Y b 74 P —_AD 7w b aid, 2011 55 2013 FICFEN S TR ICE N TE
b, L, FELICEET 2RO 2B X ORI B3 3 R S e 2t L T 72 (Whitworth etal.
2012, Carteretal.2013) o 2018 4F DR L D ERFED 1 213, FFLICEAT AV L) T IAX A DKL %D
BEALD XQRET 27200, LVEHRARY P74 P h—_AD 727 O TH 572, 2011~2012 FD
MBS CHERAINEZARY P74 P =MD TV 7 ME, AV T7AAZTHORZ Y 72T I ZAXACHERAL
T3 RAEY b 74 Y=< DFFRICHES T D, Zhud, BOKETDE DR O 5> 5 300m DREEEC /3R
LT3 Z ENEIHEAD D DTH -7 (Whitworth and Carter2014) o L 2> L72285 . 2012 4 IS S < T 2= et
RO Fves bEFEBLE, b, AV L) T IZAXRARATZ Y TRAY IR A XD DHEDSIX 5 2@ <
ICHEE->TWB T L 2R L7 (Cateretal. 2013) o ZOFERIE, 2011 4FD 5 2012FDAF Y b T4 P H—~f DT —
2lE, MBS DA v L) 7 IAXRAEAD X = ZIEHEICKRL TR0 O TEBR VB2 W BEE b 725 Lz,
Z TC, 20184EICIE, #EAEDH 200m. 600m, 1km @D 3 DDA BREEIEIO 7 v+ 2 b &fETT 5 LT, AR
v P 7 A P —_A DFIFHAEKIEIHIR L Fze BV 20 7 IRAXADFELETOEAE, MRS 1km P EICE 5
Tz TSI U TR S 193km £C; % 3) | Bz b3#FE2 S 14km DL 22512d 5 12D EHRRO
FIvRs FRBINT SRR Lz, L Lad o, iebid, —HIC420BMEMRDO ARy 74 Y-~
AZ 12y PELTRTIE0OFERHE L (#I35HKHHD) . 20X 5 ZROIAED RN AERKILER T E 2 &
HIW L 720 FEIC, RS D IkmZ X 25720 TlEL IkmN X D 1322 ICBBBER MR 2 L 2 FE L 7= (R 3-
4) . I, WEPRS LD L. HLONPRENCENNEZHEIT2 2 L3 2bh, BEZHICAYV VY FTEY X
7bE 7%, BARMD + 7 Y22 F28MT 2{0b Y ic, HKBTON Y L) Y IAXXDEREZRES 57-
I, TODMERE 727 P RRBET S 2 AKX VENNTH 2 LIRE L7, EROFEIRE 72, Bokhdc
Ny L)Y IRARABRONEL 25 HEHER R S 2 LT, W LORAEIAORIREZRES 50 idAEMATH -
Teo AT DAV LY T I AR X OBELE FIRBEAR ORI L IEMEICIRE S 2 7201013, AL T ML RD 2
TEDBRARTH B, DD, MEEDO A Y L)Y IZRXADE=ZZ) V7 D=d0 70 F aricid, BEHEA R
v b 7A P —_A ZRHTED 5 2 L 2T B,

Attempts to estimate population size at Birojima in 2011 and 2012 suffered from faulty assumptions and limited data

(mainly insufficient spatial coverage) that resulted in significant underestimates of population size. In 2011, we
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incorrectly assumed that all Synthliboramphus murrelets shared similar congregation attendance patterns, so we used a
Scripps’s Murrelet spotlight survey correction factor that correlated the number of nests in a well-defined area with the
number of murrelets that congregated off that area (0.40-0.52 nests per bird counted in the congregation; D. Whitworth,
unpubl. data). Applying the Scripps’s Murrelet correction factor to JAMU data from Birojima yielded a tentative
estimate of 200-300 breeding pairs in 2011 (see Whitworth et al. 2012 for details). We still feel that the spotlight survey
correction factor is a valuable tool that facilitates estimating the size of murrelet breeding populations (e.g., Whitworth
et al. 2018a,b), but a specific correction factor is needed for JAMU (e.g., Park et al 2017). Unfortunately, Birojima is
not a feasible location for determining a JAMU correction factor because it is not possible to accurately count the
number of murrelet nests in a defined section of the island.

2011 4F & 2012 FFICHUBBES COMMBERIB A HEE L & 5 & 37241k, BoRELRONAT — & (FIch 7%
IR 1ICH Lo o TE Y, Z OREEUEFEHIE 28/ NaFli L Cu7zo 2011 ICiE, $XTD Y T AKX R
JBDY I AXAFHPFPDEA X — Vil 2 LS MEERZ LT/, A7 Y TRY IAXXADAEY b 74
b= HOMIERBE AL T, 20Uk, FICERIT SN ) TICE T, BoMEELET IV IR
R ABORABIEMN T 2 b DTH D GELOESTHY Y P EnzE 1 FICD & 040~0.52 35 D. Whitworth, AFHKT
—2) o BBEDO A Y L) T IAXADT = RICAZ Y T AT I AR X DRIEREEER T 5 &0 2011 41 200~300
BHET & O RIEEMEDMF Sz GEIE Whitworthetal. 2012 228) . AF v b 74 b —< A ORIEFREUL. ¥
IARX A OIS DOHEE (L OBE Y — A 72 LU T 525 (Whitworthetal. 2018ab 72 &) 7Y LY 7 I A
R ACIIFFE DRI ME TH 5 (Parketal. 2017) o @7 T &ic, MBI, A Y L) 7 I A X ORFIERREL
EREST L7-00HEME LTUIRMZTH L, hdhbi, BORDOLNEGHMTHY LYY IAXADROL %
IEMEICH A 5 & L IZRATREZR 720 CH B,

After determining that spatial patterns in congregation attendance were quite different for JAMU and Scripps’s
Murrelets, we based our 2012 population estimate (1,200-1,800 breeding pairs) on spotlight survey densities
extrapolated over the congregation area to calculate the total number of JAMU attending congregation waters (2,507
murrelets; see Carter et al. 2013 for details). At the time, we recognized potential problems with our 2011-2012
spotlight survey results and cautioned that these estimates should be considered tentative until more data were available
(Whitworth et al. 2012, Carter et al. 2013). In retrospect, barring an unlikely increase in the size of the JAMU
population since 2012, our concerns were borne out; the much larger number of JAMU estimated in the at-sea
congregation in 2018 (4,700 murrelets) will surely yield a much larger breeding population estimate than those
provided in 2011-2012. However, we consider it premature to provide another population estimate for Birojima when
we anticipate funding will be available for more spotlight surveys in 2019-2020. Thus, we prefer to refrain from a more
thorough analyses until all data have been collected.
0124, AV LYY IAZXRXERY ) TRAY IAXRADEATIE, BHL TOBZER X — v pRE (BB LT
L7z, FA7e b3, fEABHEE (1,200~1,800 HOEIE~T) % AR b T A b ¥ —~A REOEAFEEFE D] 2 HA
Lz, ZOFERRAEL T MBICIMEL, FEEOREAEAE (2,507 H; 73 Carter etal. 2013 2 ZH) %3k
% T &0 b BRI HEE U Teo I, FA72 B 1 20112012 FFED R K v b 74 b ¥ —~ 4 OffHR, MEZZ#HL

25



2018 4 )1 H] HEAEE

WDT, TNLDOHEMED VX, XV S OT -2 HHAAREIC 2 2 E CTEHENZ L EEBTNETHD, LEELT
W7z (Whitworth etal. 2012, Carteretal. 2013) o RV iE->TH 2 &, 20124FELAED 77 v LU 7 I A X X DABAE M L
TWB L) T ETARVIRY, FAZzb BRI E N2 L 9 TH D, 018FEICFELOEANOA VLY T IR
A DHEERDNE B 51 720 (4,700°F]) . EEIC, 2011 4ED> 5 2012 4FFIC 23 CTOHEE L 0 B 13 5 21T K & 2 B
BBOBHEEINDETHAH, LA L, Thlkbid, 20192020 4F b fRECHNC B2 R, 51D Ky F I 4 +F—
RABTEZZLEWPFL B 720, BlRRUICEW T, BEO-0 DEKEHEST 2 2 Lk, FHFEcH 5
EEZTVD

Variation in spotlight counts has been a consistent result at all islands where adequate samples of Synthliboramphus
murrelet surveys have been conducted (e.g., Anacapa Island and San Clemente Island, California [Whitworth and
Carter 2014, Whitworth et al. 2018b]). Minimizing variation in survey counts is a key factor in detecting small and
moderate changes in population size over time. Many possible factors could affect when, where and if murrelets join
the at-sea congregation on a given night (e.g., moon phase, cloud cover, wind, ocean conditions, prey distribution and
availability), but data are still lacking to analyze which factors have the greatest effects on variation in spotlight survey
counts. We determined that increasing the spatial coverage of spotlight surveys to account for possible shifts in JAMU
distribution around Birojima was an effective means of reducing variation in survey counts; the combined round-island
survey CV was considerably lower in 2018 (0.29) compared to the annual survey samples in 2011 (CV =0.37) and
2012 (CV = 0.62) when only the 200 m round-island transect was surveyed (Whitworth et al. 2012, Carter et al. 2013).
Apparently, variability in murrelet counts closer to shore is consistently high as CV was 0.57 on the 200 m round-island
transect in 2018. For this reason, we discourage using 2011-2012 spotlight survey data as a baseline for assessing future
population trends at Birojima and strongly recommend future surveys continue using the complete set of 3 concentric
round-island transects established in 2018 to minimize variation caused by shifts in distribution within the
congregation.
ARy b TA MREOH Y Y M EOEHI, oV I AX AR TBIC A AIES LI N TELZETO—HLTw
7= ({5, Anacapa Island and San Clemente Island, California [Whitworth and Carter 2014, Whitworth etal. 2018b]) o #V ¥ MK
DOEB ZHR/NRICHIZ 5 2 &L, AFRBHERE O /NMERE B & CHIRE O Z L 2 R ICHRH 3 2 72 0 O EE A EHRTH
%, AIHER S K DEHRDS, D, ET T, ZLTHY L)Y IRAADR T E 72 $ED ONFHEDWRICTE LICEST
LHMDIREVEE G2 2RSS 2 B2 HofiH, EoBe, . BOIRRE, Y0534 L IR ATRE
M) o LLAado, AEY FIA4 b —_A DAY v FEOEEICERD KE g#ie 52 2 RHWA T 27— %
FEER, Bbid, MEEFRED 7 v L) 7 IZAXADHED Y 7 MISHEET 2 EREZHL 2 ICT 272018
ARy FIA P OZEEHMHZEME S5 2L, AV Y MIDIXS O X REO IR ATTETH DL &,k
EDF 2, MEMEREIY —~< A4 D CVid, 200m D SRR Z v+ 7 b OAPFHEI L2 20114 (CV=037) ¥
KU 20124 (CV=0.62) OFEMFEY 7L T 2 L. 20184F (029) Db DD 78 VARWEZ R L Tz
(Whitworth etal. 2012, Carteretal. 2013) o 2018 ££® 200m D BJHEMD + v 2 7 FTCV 057 iz o7 X 5 i,
FRISEWIZE Y IAX A DHOEBNIFHITE N EHBALHTH D, TD7d, 20112012FFDAKY b T4 +H—
_ADT =21k, WSO SEOEFRBROBAFTHEDO 720 DR—2F 4 v 7T =2 & LTIHEEL v, BFUHNDOED
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DB L VAL 3 H Y v OB % H/NRICHIZ 3 72912, 2018 4EICHEN. & 1172 3 D DELLFPR @ B JE a5
FI VRS FDERBEATDR Y F R, SBROPEICHE L THERT S 2L 2w RT3,

At-sea Captures (¥£ i)

The primary purpose of at-sea captures was to determine the proportions of breeding and non-breeding
murrelets in the at-sea congregation, information that is vital for JAMU population estimates based on
extrapolation of spotlight survey densities. Thus, at-sea captures are a key component of our research
and should be continued. Applying the proportion of breeding murrelets in the capture sample (53%) to
the total number of murrelets estimated in the at-sea congregation (4,700) yielded 2,491 breeding birds
in the congregation in 2018. However, several other assumptions (e.g., the proportion of murrelets in
the congregation with incubating mates in nests on the island and the proportion of breeding birds that
did not visit the congregation each night) are needed before this can be converted into a proper
breeding population estimate for the entire Birojima colony. As stated above, we will refrain from
these analyses until all data have been collected and considered.

¥ T AR, HRICERT I VLAY Y I XX AOEGEE, JFEEOBEIGRIET L L THY, Th
X, AR P TA P I = 05RO AR OIMF A IR L 35 7 v 20 7 I A X X OERBHEE I IE, A
REFERCH o7z Lizho T W LEIIIROEELMRERTH Y, MtIns&ETh 5, SNk
DEGHEOEIE (53%) %, ¥ EEANOHEERMAL (4,700) 1CHMET 2 & 2018 1L LD EA ORI 1T
24901 FTh B, LEEINE, LHALAaRb, Ihzd L icHifEan=—2x ) 7 oY) 2B o ER T LS
HIC, OWO LK DOREDPBETH S Hle LT, BOROFTIIIL TW 3G L LCEAL T2 KoEIA,
T EORENICHERITEIN b o BB OEIS) . B X S ic, £2ToT—2BINEI RTINS TR, C
oM EEEZ T\,

The proportion of murrelets with brood patches in late March/early April 2018 (53%) was very similar to early April
2012 (59%) but much higher than late April 2011 (13%). Much like 2018, night-lighting captures in 2012 were
conducted during the main incubation period. In contrast, captures in 2011 were conducted during the chick departure
period. We suspect differences in the timing of surveys and captures between 2011 and 2012/2018 accounted for the
different proportions of breeding birds in the capture samples.

2018 £F 3 H M) X U0 4 AV st RA R OEIE (53%) (F, 20124F 4 A 1f) (59%) b dice T XL
TWwa % 20114E4 ATH) (13%) Ob DXV IE, 1Z2HICE, 2018 4E L [FIFE, 2012 4EDREIIRIAIC X 2 i
3, I O RIcE I N X5 TH B, MR, 2011 F O, v OHLL oW Th Nz,
Fh7eBid, 2011 4 & 2012 5 XL U 2018 4FIC B B I LD 2 4 T v 7 D3, (i Th OB 0 % e 2 Hl
EHHLTWR EE X T35,
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Nest Searches and Monitoring (E3RFAE L EoE=4%Y v )
Nest monitoring data indicated that our visits occurred during the late egg-laying and early incubation period. Most of
the nests contained incubating murrelets when breeding was first detected at these sites in late March (42%) or early
April (30%). We could specify a narrow range (< 10 days) of egg-laying dates for the 5 nests which were empty in late
March but contained eggs or incubating adults in early April (egg-laying between 28 March and 7 April), and the 4
nests which contained 1-2 eggs in late March and incubating adults in early April (egg-laying between 20-30 March).
However, we could not specify a range of egg-laying dates for most other sites, other than: 1) egg-laying occurred
sometime before mid-March at 22 sites where incubating adults were observed on 27-28 March; and 2) egg-laying
occurred sometime before 30 March at 16 sites where incubating adults were observed on 8 April but were not checked
on 27-28 March. The lack of hatched eggshells in nests or anywhere else on the island was important for determining
that our surveys were conducted during a period when most, if not all, breeding birds should be consistently visiting
Birojima. This information has important implications for interpretation of the spotlight and at-sea capture data. Thus,
nest searches also play a vital role in the overall survey effort at Birojima.

HRE=2Y) V707 =23, A, EINMRI RN S 72 2 ITIcEfi s N 2 L 2R L Tw 5, JhED
ok, 3 AN E2iE 4 A LAICEIADRANCHER S N Rfic, Jaiith o v LY 7 S AXADER I NT0 53
AR (42%) . 4 H.Ef) (30%) )o FA7zbid, $RGHAMI(10 HoRGR) COREIH 2R ECE 28035 5, 5 Hickwn
Tk, 3ATHICIEZECH o725, 4 A FANTiEInd L i3faih ol S35 Rc& /-3 A 28 HA 6 4 A 7 HORIC
FEDN) . 3 HTANC 1~2 INSERE & 7z 4 it 4 AW i fuilh oS 2R L 7= (3 H 20~30 HICFESN) , L
LS, fMoiEEDMDIGHTTIE, FReiimT 22002 LU EDZ LIRSS, JFEINH oM 2 5EE+T 5 2 &
PCE D07z 1) 3 AR AIMENCEIN S T2 22 27T, 3 H 27 H~28 HIciaiirh o S AR s -, 2) 3 A
30 HEARTICEEIN X T2 TH A 5 16 AFTCid, 4 A 8 HIfaNh oS 2 iR L 7228, 3 A 27~28 HIC I3l
Ihotee HND LK IR EOMOGHTT, BLL 72RO NG h o7z 2 Lk, RTTEAEWVICLTHIRL D%
THESHIMESZ AR S 2 5 S IRFHIC TR E M TO N 2 L ZIREDT 3 LTHEETH o7z, ZOMFHRIT. XKy FI4

b B X OV B T — 2 OFUCEE LR ERE R o T b, LzdoT, BEHRFAED T/, B coaToFiE
BNCHBCTEEARHEZRZL T 5,

Conclusion (F &)

Survey results from 2018 indicated that Birojima hosts the largest JAMU colony in the world. Compared to the other
large JAMU population center in the Izu archipelago, Birojima is a much more practical location for research because it
is closer to populated areas and easier to access from safe harbors. Continuing surveys at Birojima will aid in
accomplishing many of the goals identified at the Spotlight Survey Technical Committee meeting held in Kadogawa in
March 2017 (Otsuki et al. 2017b). However, the value of this program extends far beyond conserving the murrelet
population at Birojima because this information is critical for comparison to other colonies throughout the breeding
range in southern Japan and the Republic of Korea.

2018 SEDFIEAER D O MAHIZMACTRAD A Y L) Y IAXADan=—%REL TS LRI NI, o
KW A1 v ) 7 X AR X OEGETH 2O ERER L L <, BRI AMOARBICEL . ekl o0T
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7R ABRGTH D720, HFIC L o TE. 1220 ICHENRIGICH 5, BBE COMGIZRFH A X, 201743 A
CYINECHE X iz TRARY F 74 P —_AEMRES | CREINHEOZERICHEIT 2 b0t Bbnd
(Otsukietal. 2017b) o L2>L 75230, Z OEHIZ, HARH bE#EIC ) T D4 T OB D 7 — & o i v
REICT 2HE AL DTHY, 207 nr 7 Loflifdld, #AEDA Y 20 7 I AR X OfAFEBORHE L w5 Bz
PICHA DD ERDETHS D,

View from the Japanese Murrelet breeding colony under the forest canopy atop Birojima looking north toward the satellite

offshore rocks and the Kyushu coast.
HY LYY IRXADan=—=hb0WkD, BREILTHOMAND: bG5S & N DI Z 4 5,
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