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Incubating Japanese Murrelet in a nest on Birojima, Japan, 27 March 2018
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EXECUTIVE SUMMARY (T7%¢27 4 7%~V —)
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, FvvaFx T4 Ry FBIOY V) —IHRESEOPKEZT, HIREOMMETH Y L) 7 3
AR A (Synthliboramphus wumizusume; JAMU)  DFFEDSFERE S 417z, 20184E 1%, 3ODFHEHMAEH I 1 D)
WS, RIEICEAT 28 Z0HEEZ LY XREDT 57200, F IV s o3BT 2247
EGEHRZ A TDRE Y + T4 =<4, 2) FLEORFENFDH Y L) T I AR X OEGERIZ TR 5 72D DFF:
L, 3) BIERERARRE T 220 0EBE =X ) v IR,
The survey protocols used in 2018 were based on the results of previous efforts at Birojima funded by the Suntory
Group in 2011-2013.
0I8FE I S N-FAE 7 v b a A (FIE)T. 20114 H20135F I v + U — R RIS X 0 Bk % 5 1 CTHUE
FyCHEME L 7= FRofER RIS W»Tn 5,
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.
RS> 6 200m, 600m, 1km DR ICHURE & RT3 30D F T v 7 PEFEL., ZD ECHERZ A Y + 7
AP —_AEFEL 7o BEHRD P T 227 M, BRImD F 7 V&7 b Lok binE 2. S5
SMAFEANED S 72D 7 v %27 b ECHIERERL 7=,
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).
2,053~38327F] (x=2543t739[s.d]. n=5) DIFICH BHHATUEREEY—_ A DAY v M b, EFREEE30~
989 I/ km? (x=656+191) 2% bHirz,
The combined count for the single set of 7 radial transects was 343 murrelets which yielded a combined survey
density of 136 murrelets km2. Counts on the individual radial transects ranged from 4 to 87 murrelets which
corresponded to 18 to 316 murrelets km.
TODXZNENOBEHRE 7 v 27 b a1y MCEL DAY v FROATHI3BFITH Y. 2 22 HEEK
136 P kme, & BEE O N, A DBEGHA T 7 v 2 Ay v ML 4~87 Plodific s v,
i 18~316 I km? ICHHY 3%,
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?.
Y BT I RARAL, KT 2 & 1.9~30km OFIFH CBIZE S e, o oL b L, L ToE
A LT 5 HRIE 185km2 L FHR S 7z,
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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.

B AR, TR T DF R & T L ORI OEIPHIC/ME LEHES 5 & 2018 ORI ELLHE T D 7
VLYY I AR XGFEHEIL 4700 P E R oz,

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.

A7z ld, 201841, BUBES OFE LICE DM, BFB2HDA Y L) 7 IAX X 2L REE D7z, 2D
5B, 53%HFEIN % AT 2 TINBE A FTA L T e,

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.

HHBE COEFEFEORR. FIEMMER I NI BB EFB3FERR I Nz, ZD 5 b, 45(83%) TidHagiL Tv»
DHUSDER I N, Z L TINDADEMIE1T%) RS NIz, WML L 720NIER S T, JAEIEIH 0% D
U IIEc EfE S Lz, L AN iz,

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.

BRI &GP D R Ky b T4 b Y —_ A4 OFFL % PAiANICIME L C AR5, 2018 4R IR EF o 7 1
iy WL D7 e 4700 DA Y L) T IAXABEEL T2 Z LRI, TOT—X 120% Y BiF
2T Th, MERIRCRAD N VLAY Y IZAXADau =R EREL TS I ERHLATH 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.

BB 12 3510 2 2 v = — B & A DO IERET — % L~ A DFFEll 720713, 20194F & 20204F ICHKE DS T7E X Ty
%7 — ZIERICENES 2 TETH 5,



2018 4 P 1H] AR &
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FyvaFr YT 4Ky FEHREN Y b Y —RERESE AREN) L, BEREI V- T T e s b
DHOEREIRMTEE E L, 72, FfRIC, EICLER M A2, 7Y 7 40 = TERIEITEN(T A U AERIE A
V74 N=T T A2 it 772 £ Lz, MIIMNLOMERRD 7L v F Y =725y 7 OEEROTED) & 51
L7e —ERICRHEL 5, Bebid, Z0 4D, & DV DIUTOS2ICe THREH:L Cwxd: (U i
Ro BHSAK, BARCK, WHCK, Q) SFRMTER (2a=7) LK (X2 2=7) ©7 4 =4 F
TyARZ v Q) FYIHL, FRCZHBIR BT K 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 FEDRAK Y F F4 M —_ABHCBE I N A Y L) 7 I AR A OIEREITZPSET 3 -0 OB Z T -
T bRt BRSSO TRERSFOTWE IV LY T IRZXADET L,
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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 A 45 H, ICHHANDIMED» S AR Y F 74 P —_AZEEGTE2H VL)V IAXARR Y b 74 b —~4
F—2L, B2 HFHFNC: D Whitworth(R R v + 7 4 + TOBIERRE). KBIGLERER), 2 7 BrELERR)

N >
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 . FE LR OICH S v 4 ) 7 I A MARBEET — L. RAICZo T b N Ed ot~ T, D.
Whitworth, K. A#l, H.Carter, F.Gress. i THEIT> T2 S AERE, T.REME, TEICITWV ARV, Y. b
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oA & A= 4 i A R
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 left 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.
20184F 3 H 2829 H D1, MM CORE LR DA v ) ¥ I ZAXATAEF — LD A v o3—, Ltk 2 @ M. Parker,
D. Whitworth, K. KM, v A BAR, Y.k, RiFlEr»bEIC T 278 e TlE (S2a=7) ., GHEAL :

¥

Y. Foifig,

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 3 HE 4 A CEML 72 AE Y F 74 b —xAED A v LY 7 I ZAX X OERRT A 7 2
FER7ODH Y LY T I ZAXADETFARERTO 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. 19944, 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.
71V Y7 I AR A (Synthliboramphus wumizusume; JAMU) 13, #EEJEOHTHIRD AP Y I XA X AFL Alcidae (Gaston
andJones 1998) @ 1 TH 5, HABUFIZ [RAGEY)) 1CfEEL TH Y (Hasegawa 1984) . HADENIH I X UK
HAAMREEA(IUCN) DLy F Y 2 b Cld, THOEEEIE (Thbb, BHEORRICEI L INE ) A7 ¥E) i
EINTw5B, HRICET /IR BEEALIT. HALEED 4 0arm=—T5000 27 UT LEETN TS
(Otsukietal. 2017a) o L2>L7eA35, Z OFEORAENIZZBHR & A0 23 IS 5 720 DI Y #H 13, 5 DR L WEHR
o (LIFLIET 72 ARATHE) X083 v = — CORITHEDITENC X o T T b C&E 72, o T, W 2h0D
/B (100 <7 K 3 X OHBIE (100200 7)) Dz w = — 3 EERER I TR CATREME A &V, v A
Vv I AR A ORI, B4 I NBHI B, FRCEEICR biA N B BIIRH (I - s X 0%+
) | Ui X ORI, hing, #lLMEEIC X o 72, AMO ZHRIC Ko THGiEuch [ ¥ e b 7 2
SO EIEDORIMNA S b, % OfffARZ K E P ¢T3 (Kazama1971. Takeishi 1987, DeGange and Day 1991,
Onoetal. 19%4a, Piattand Gould 1994, Otsuki 2013, Choiand Nam 2017, Hamada2017) o 71 24U 7 I A X X OfEEEICH
Bk RIETERA BRI T 27201, RO Y MAITU T ORICESZES RETH2 1 1) HEINIZEE L
EHB L REMEDRED 7201, Fiidhs XU LR e IRl L E LT 5, 2) EEkavn=—cBT
ZEEE OB & BhHED ) & TS 2 7200, ShRNRE =4 ) v 7Bk B L EMT 2,

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.

fthod v T 2 X R & Synthliboramphus © 7 I 2 X AHHFIEE, H v 40 v I RAX A3 BhERbclk, BT (B, 24
M, EOEH) ICERT 2720, ThoDRFETHROFIE W, 2L T, HbDan=—Toll LifH)ii5Ee
WKRITHETH 2720, & TH B2 < v (Higuchi 1979, Nakamura 1993, Onoand Nakamura1993) , % OSSR, &
HELZ OO TORETER, £ DBLACEVTH VLY Y IZAXADEFBHEEPE=2) VI DY —1
& LTRFEMANTIE R, Bk bic, K, FLofhoficws 7y L)y IRXANIHVDL, BT )
ZAT (125m ¥ CHEZAIRE) « FER & KIC X o THFEZ S T T3 Ko iAoz, IbiciElvwa ki, ¥k
ICEE 5T 5 Y IAXAADMARLUL, BT 2RO RO LML T»b 2 &23bh 5T 3 (Whitworthand
Carter2018) , Z® X 51ic, MR D X 51K DA D KE 1A N DIETF N WG CEIRL T 2 B4 Tld, v
I AR R RO ABHIEOHEE L BimoE =4 ) v 7 FEE LCid, BIEQL ZA, AKy b 74 P =<1 (%
BRROIETH 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. 20174, Tajiri etal. 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
Birgjima 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 FELARE D FER OMELClE, H1 v L) 7 I AX X DR OHL L 7 25703 2 ARt N TE D . ZUTIUINE
D E RO MM & ANFEHRT OGS TH 5 (0S12012, Carteretal. 2002, Otsukietal. 2017a, Tajiri etal. 2017)
BUBBES (2, (1990 FELASK) KL ZRIFSE & AREES ) DIELE A FFOME—D A Y L) 7 IAXA DA =—TH 5, £
B, Ay 2 v I AR X OBIEERRICET 5 13 & A L OHIEIE 1993-1995 FE OBUE S CoRFEHICIEE X472 (Ono
1993, Onoand Nakamura1993., NakamuraandOno1997) . 1990 X & &7z 2HFFEICIE, BREEOHE LIcy ENICEE
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25D+ ¥ A (Onoetal. 1994b) | 1990 4 IChilhh & 7= RHARY 72 77 A I % I 72l (Nakamura2017) 23& %
NTw3, 01LEFEDD 0124FICHITTY v b Y —HREEILE) 6, KE, A+-X, HROBEEYEEH» O 755 H
KT — LASARR LT, B ORISR L 27 v L) 7 I AXXICDOWT, RIFAKRY b 74 b5

—_ 4 LR O HfESEE I N, NS OTMIVERE Tk, ¥ EICE T 2kicoWT, Z D2/ E X U
iR 7o 2 — v B AN OIE S Nl S 13 EIHORDUE I LT 2 207 2) 2 E L 72 (Whitworth
etal. 2012, Carteretal. 2013) . 20134FiC(, [RAlF — LDWIFEHEDS, v LY 7 I AX A DRMLDRIIE, FIHD I,

BLOIH LS OB ETAR Lo, 1EROEDE=4) v 7 %{To72 (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.

YEMDT T 70, Fvva Fx) T4 By bedy b ) —HRESES ) O FOESIRMEE 21T, 2018 4 (it
WERLOH EEhofE & ST A FH L 72, 201840700 300X HEAMELFFE L 2:1) HFECELAT S
BV LY T I AR O XY IEMICRAED 272010, XY IRFIH OB ARY P IA4 b —RAD TV
7 N WS 5, 2 FELEOA Y LY Y IR A OEIHORI LW 2 720D 7Y 1Y ¥ I AZX X DI L, 3)
BIERFN 2 E T 2 720 DH 0T =2 Y v I, EEESOT — 2 3o 72856, BEEHEE & Bhin oS X Y 1IEE
LB, Bhzbid, KOER2 200 AERERD7-9IC, 2019~2020 4F b [AERDOFIA BN 2B SR S h
2 EEMFL TS BEICET2H v L) v I AX A DIFREHIE L FiEICHEE ST 2. 2) SBRofiiEEod)
MZE=X) YT 5720IfGHTE 2 R—AT4 VT =R %M 5, ZOFERMEHCTIE, 2018 FICFE I -
ARy P TA PP —=_AWEDO AT v ML FELTOMERE KOEHREE=2 ) v 7 OREREZFER L 72\, 2020 4F1C,
F—ZWENTET Lz, an=—HE =27 4 v & AR BAFKL <o W ORI R ERE T TETH

%,

METHODS (5i)

Study Areaand Logistics ~ (F3ERbIs X UHM 2 THE L as )

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 Agpril.
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).

MRS CILReE 32 B 27.9 43, BRE 131 FE 439 40)1. JUNDIE 3km, FUIHT(ETIRTLL) O F) [ 2> 5 Tkm i ic iz
E9 5 (K1), M CcoEEIL. 3 H 25 H»5 4 H 8 HoRIC, 2 MIEMEE 17z, SFCLERBMR) 225, 3 H
25-26 H, 3H26-27TH, ZLCT4H6-7THDAE Y b 74 bF—~4 ofichzigfhv7z72v7, 3 H27-28 HB U4
H 7-8 HICHE & -3 LIS, SIPOLIEA & <L KIS 77 v L) 7 SRR X AT B FRIC, 4 v b AVKIE
I FIC S Wi, INUOEBALCRAIMR) THEIEL 72, I Nh vy LY 7 I 2R XF, GHIIL TREERZ 2T 57
DICFHAOLICEIZI 2, 3 H 27-28 H3s X184 H 8 HIC S S L7 A S c o EHFHAE 1Z. A ALGERHIRGR) o i
BQUIESY (TP 40/

Japan

Honshu

Strait Hiroshima

Shikoku

Kyushu
Nagasaki PaCifiC

Kadogawa .
\

Birojima

3 km

Figure 1. Islands of western Japan indicating the location of Birojima off the east coast of Kyushu. Inset: location
of Birgjima.
L JUNEER O E 2 S OPEHAD B 4, AR : [T & RS

10
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Spotlight Surveys (RFEY + 74 F4—< 1)
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™. 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.
TEAR Y + T4 b —_ABFEf I NTze ARy b T4 P F—_A 13, KEAHY 71 =T HETRICH 2 B4 DJE
FHOELICETZR 27 ) 727 I XXX (S hypoleucus) #4502 2 70 ICBR S h, fZEHELanz7 v b ar ez F13
F#:TH 3B (Whitworthand Carter 2014) , HIFETDO AR Y + 54 FOF 7 =y 2 IC B Mq—DEEAZEE T, #
Y 74 V=T CHEHIN T E/NEDRRD V7 4 7 v 7 Tid . XY REAAREOMMEFEHLZMTH
%, BBt SAAOMES b, T EZE L 72, MR, M R0 GPS L. P T vk b ROk
B % 7-8km/ h OBFE T T L 72, BIERE IR, 2VO~) v Ny T ) =0 EREY L 0, FRHORBEDO ARy b
F 4 b (QBeamMaxmillion®) Z{HEFIL7z, ZKY + T4 F DY —LHMDOMEY 4 F HIAE Y ilst % ol 90° o
IS Z 5T, Bol b &ilmlET 2B, AV L)Y IRRXRAOBER AT, hv LY T IAXADA T v MERITE
FFEN. BAX v v OKD Y ICEHRE ICKE CEA O N@RD ) 4 X935 5 7-0), fifk&x. Piko7 4 —nF ) —
MCFRCOBIERSREATIL, AV LYY IRXAPHEINZL ED, A% ¥ v BD GPSJHBE (Garmin GPSmap
T6CSGPS L o —-3—) btk L7z, AF ¥ VEICEERI Nz T —XiIcid, UTobon&GEns 1) Ava) v IR
ZADE, 2) Z0fTH) GHRICHE>TW 2, RATWS, 2RO -72) | 3) GPSDJEEOES, BlEIh
RTDAY LYY IAX AL, ZOFEIC»bOTAY v MG b, JHERBRICHA KL ST, &
(i, v a—7+— FRERIC X 2iE0RME, E0RRE. HokkT) 5tk . ThoofpEbor & 2icit
RLERE EHTL 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. 2). The length of the 3 combined round-island transects totaled 15.5 km (200 m transect
=2.8 km, 600 mtransect =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”).
BRBOZER Y b 74 b =413, 3DDOFRLHRD P 7 v 227 b+ BEEO#ERE2 6 200m, 600m, 1km O i
CHd 7 ves bohickiEIN (M 2) . 320EINLEBRAEMD F 722 FRIE, AFF155kmTH o7z
(200m + 7 v+ 2 b=28km, 600m }F 7 &7 F=51km, lkm } 7 ¥+t b=76km) . FA7zH %, EJEEROF A
3P VREE 21 0 39 CHEIRFHAREEHERR) ICBIBA L, 500 1CI3K T35 LW HTET, 4Bucr I Tt/ (R 1 £
2) o 3DODFLMHROEEERD F 7Y 27 2 CORELZTET T 5701 22 R L7z (U THAEEER
T i a5ty vy Ml &93) .

Figure 2. Round-island (red) and radial (yellow) spotlight survey transects used at Birojima, Japan in 2018.
2. 2018 EICHUSCERL7Z 7 v 2 b, BREERERY b 74 b =<4 R EBEHRAEY + T4 +
P — A (),
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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.

£ 1L 20BEIATHBLV4ALADH Y LY Y I ZAX A OMBE COBRIY —~f Dfich Y v FEh
AV LYY IAX XD, THEE, FHERZE (sd) B XUOEEHREK (CV) X, ThZnoBFARE Y 7 v
7k (200m. 600m, 1km) IC2OWT, AFHTOVTIE, 320HA 7 v 2 F DRy F T LITRT,

Date Time 200 m 600 m 1km 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 0981 +287 1,178+369 2,543+739
cv 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.

X2 3A TS 4 EANCH T T, #BECITbRIOIHRD BRI AR Y F 74 M —<_AIBT D50V L
Uy 32X A DRFEEERE (k) . FEFAER LS w22+ (200m, 600m, XU 1kmicoWT, FHE, 12
HEE (sd) . ZEMEE (CV) 27T, AEHcowTid, 300Ea 7y 2 7 bty b ZEITRT,

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
CcVv 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.

HHEE I BT 2P EOEADRKED AR v L) 7 I ZAZXAPHR I NI(BED B b ORI #EET 572
O, A bIRTODMENRE T v s FCoREEREML 72 (5, FEE, FEE. B, JEE, db. BXOHEE R 2) .
BHARD + 5 v 22 Mg, SMilo (1km) BJEER L 5> 22 b Lo GPS HEICHEE v . HUHEE 2> 5 X% 5 Ji 1
LT3, EEBERICEREL T aJbedtlD + 7 v 7 FEBRE, AV LD Y IZAXRAEZRADFHNTIC4~5
SOREETLE T, P T V7 FOFAICho TRLFELT DT, &7V 7 PORIIIKLATH o7, fiAIH
TSR Y 7 v 227 b OERIZ10km T, fH4D 7 v+ 27 PRIFIUTOMY TH o7z B =15km; FHE =20
km; Bi=2.0km; L5 = 1.5 km; At=0.9 km; AtPE = 1.1 km; Pi=1.1km, 3 H 25~26 HICEHEHK + 7 v+ 7 + % 10 AFE#E
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 kn?; 1 km = 1.90 km?. The area covered by each
radial transect was: SW = 0.38 km?; SE = 0.50 kn?; East = 0.50 km?; NE = 0.38 km?; North = 0.23 km?;, NW = 0.28
km?; West = 0.28 k.

HEOHEE LINF —Fh7z Bl EDRAK Y F 74 oAy Y MIEAWT, UTOHEDH v LY ¥ I ZX X Offifk
BeErE CHkmd) 2HE L7z D SEFERIE BEHRE 7 v 2 b, 2) & ARPE] 2133205/ EH L 5
Ve P RTREUTEHER T 7 v s bk y b b LAEBERDO F 7 v s 7o T, kbt BE
PGET BBE. SRS Ol 125m D + 7 v e 7 MiE (42 250m) Z L7z, 125m & D D, ol e SR
T, BAROMED S ARy b T4 FOKTAY LY Y IZAZXABHFENAIRRDO L TH 2, KB
b T v bIAoN— LT B THREIZ, 200m=0.70km?,  600m = 1.28km?, 1km=190km? TH o7z, FHEHRKE 7 v
27 MK o THAA—S N DRI, FPH=038km2 FEH =050km?, H=050km? AL =038km?,  Jt=023km?,
1L =0.28km2, Pi=028km? TH - 7z,

We used the mean combined round-island survey density (n = 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
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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 FOMME D LICEAL T B A Y LY T IRX A OREBEREET 5 7201c, HATREIRIO 3 —< £ Offifk
BEEE O (n=5DFELR%HE) LHAETIBGHRGAE D b OEEBEE oM G bE (n=10T2HE) &
L7z, HLEOREHFAOEMIZ., % OIS A CHRI NS 201C, SHEHRT 7 v 27 FORdEST DAV L
UYL AR A OMERHIS 2 W CHRE S iz, B2 5 1km (4.2kmd) OTEREICHEATIEE S —~ A TOFHFE %L
HEEINEL 72, Z 0k, HATSHRRE OMREEEEDR, KD 0% MBIc/MEI N (BRSK) . Coiks
EDXSic, BT EH VL)Y IR ORMAFEOHEE I TE 202 R Il LT, ZOIMFEHT 212t 3
%, SMED720 Dkk4 75587 2B (Bl 21X, FEBE N RREEE) % w7z X0 el ez, 3H/Mso 7 — £
BRI N RICEMEINDE FETD 5,

“Night-Lighting” At-Sea Captures (FZREI¥RBE% Fiv> 72 3 L)
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 of 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). VWWhen the target bird was within range, the netter reached out
witha 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).
Fh7=bid. 3H 28~29H & 4 H 7-8 HO®K., BUBEOFE[OMEEIHE T, AV L) v IAXA &b 2 57010, K’
AR | Beffi & i L7z (Whitworthetal. 1997) . filif& 8 MBI OMED H ., FHED AR Y b 74 b T Y %
AF XV LAY L, FELHNZ I VL)Y IAXAERE Lz, h Vv LYY I AR X OBRE 213D ISR
TW2OMPERIND &, R bITEE BT AL, ZORBICAKRy M 74 P 2RI EiEidz, BIELT55
DMHERTRELRFIFANIC A o CTE A, F v P 2EMET 2 D1k 24 A — P ORI DT, RICFETL 2 ElK
CHH DY T 2K CHERZIHE 2720 % < Oflifkid, RYIDHA TS DR S N7z23, R HEKE LTAR
v b 74 FONEDDLTLE o GAIIMELPRK L 72, S N7z RiE, Gl & REREE 7- 0 ICHAAOLIC IS E) &
Nize ZNENDHIEIT VI =7 ZR-ORERZ DT b, fIRBEEEINRTOME & MO MH OB DMIH 4 FicBin 5)D
LTSNz, FIUNELL Sealy (1976) I X o TEDH 4 XBEERATT T T3
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Nest Searches  (Ei3HZHE)

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).

3H27-28HY 4 H 8 H. f7 b iIMME o pEHlolfE S L 0 B oo BmE T A L) v I AR XD EEH
HxlTo7z (M3) . Fiebld, BV LYY IRXXAOEIADHEL 1S5 720, /NS RBERELT 2 L. B@Ey)
EEZONDHEOZRTH, TR, B XD TH 252K L7z, FIEOIHLCIIUATOb oaEEn 2 ()id
Pz e F Rt T3, QFNE I N TR WDSTEREREDOINLH 2. QNI D 2. Jahid 5, il
LT3 i, @A oo A8 S, RRCIXEERE D SNz, TIFEHE OPiEIC X 2 Al oiEE o ke
PEZHER L., I OEEZFOnHb LTEAOIY IS Z & 3T 72, FIHL T2 B OR}:28, 2013 4ELL
R, BUBBE THt b Cw 2 EREHEOHIZ O b Tz (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 FFIHECON Yy Y v IRXADERFELE=2) v /)T, L HMohoKEREST
DFET — Lo i FARROPCTEIET 2V L) 7 I AR A,
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RESULTS (#3)

Spotlight Surveys (R £y + 54 ++—~<4)

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 Agpril
(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.

BRI —~f — FA7= 513, 2018 4EICHARE IC BV T 3 DDRILIHRD B 7 v+ 7 b & 14y P& L7z
bk, 3HTANC3EL 4 H A2, FH5ROmARHELZET L K1 K4 . Gatdnihyy Mo
1 2543 (£739[s.d]) PT. ZDIEIL 2,053~3832 M TH o7=, AElH 7 v MROEENI IV h 02 (B
BHRELCV]=0.29) . SHTHID 3MDFEAE AT v ML, 4A LA 2[ED D DL Y D ETEWEEZRL Tz,

=101-150

=151-200

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. 20184F 3 H 26271 H A4V Y VEHEFONTHOMBETDA Y L) 7 IAXA DI, DM,
MERENI2A v ) 7 I AR A DB HPIT 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=6), 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 DEJERTRL L Z v 22 2 DAY Y PEIZUTO XS b DTH o7z, 200mD + T &2 b Tld 154~674°F (3=
371#211, n=6) . 600m Tl 7351441 (x=981+287, n=6) . 1km Tid 801~1,717F (3=1,178+369. n=5) , fA7zH
I3, 600m (CV=029) X 1km (CV=031) D+ T2 Mgk~ 200m (CV=057) DAY v MEOZEL L Y
REWZ LILRDM Ty 32D T v 2 MEOA Y v MIOHBICOWTIE, &+ 7 v 227 FORIAKICKE
HEADH DT ehn, WIS 2HLIcZ L, BN TbRd o7, 3ODRFEERL L 7 v 2 7 OO
B A TR,

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
countat 200 mand 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).

Dig T =2 Y v IE, FHEIIRN OEREEZ L TR Rh Y v VOO A ERREL 35, KR
iCHhbe, 3A26~2THIZ3>ETCD 7 v+v 7 T, ZLT3H25-26HIZ600mD + 7 &2 Mgk, 1RIED
Ay VEDTTH2EEH XY bEEZIR L Tweds, 3H 2526 HicoWTiE, 200mD + 7«2 FT2EEDA Y
Y MROREERZ R LT (R D . FHEHEO 3 HTH O 600m o 4EDH Y v M EUIET, 4H D2
[FlDAH Yy LY DENEERR L TWzp3, 200 & Ikm DFFERIZEIEL Tz, 32D 7 v+ 7 baTickiT 5,
IR DA 7 v MUE. 3 H 2627 Ho 1R H O TRtk S M7z, 200m & 1km TOR/MEICDWCi, 3 H 26~27
Ho 2 [6]H OFf Caedk X 717225, 600mIc2WT, 4 H 5-6 Hiciddkanz (£ 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 Y MEHFEAE L 72 3H 26 H~27 HO BRIRAERE QM. #4107 I AR A, 200m & 600mD + 7 ¥+
MEITIE, 20— LT b D0, 1km b T Y& 2 b DAL TIIA R B S v 40 T I R R A
BRSNS, ML 7227 POMEHTOA Y L) T IAXADHHIHENZIEOTHho7z (K4 . hvv
ML, km B T2+ ORERCIL D ICRETH o 72,
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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/ —~ o BEDMGEEGESE -5 10157 034 Tl o 7= TR A S R R O RO FE 0 1, 656 (£191) Pl
km?2TdH V. % DlEIE 530~989 P km? DHFIH TH o7 (K 2) o 3DDRNED T v+ 2 + DX NZ DAL
DifElE. 200m (x=530+302, n=6) T 220~963°F/km?, 600m (x=770+225. n=6) T 576~1130°F/km? 1km (x=
620194, n=5) T 422~904 F km? TH - 72(F 2), Hld L L ITFHATFAETOH v 4V 7 I AX X DEIREERE O
ZE (CV) FRENARERIT. TTIENREI AT v MRekR2 e, &2KHECb DL RoT, T, EDA Y
v B OIARECE L 2 GRS 2 BRI T — 2 AMD B L L IR0 L TH B,

Sample sizes were small (n = 5), but we detected no differences in murrelet density among the 3 round-island transects
(Repeated Measures ANOVA F214=3.07, P > 0.10), 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 mand 600 m (n = 6) also did not detect any differences (Paired ts =-1.8, P > 0.13).

7z & 27 Il S RIOFHED 5 H 3ENCHEWT, 600mD + 7 v &2 P TX Y EEFREE R I N IC D
Bbod (K 2) . 7283V keho72d0D (n=5) , 3DDHREMAEF 727 MHITIE, #Y LAY T IRARR
DIFFECELIC OV COEIRIE I b o7 (KIEREE ANOVA F214=307,P>010) » DT HICH ¥ T34 Xk
> 200m & 600m (n=6) DEFECEEE D HEGETH M I i h o7 (X ts=-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 km2 on the West transect (Table 3).

BETRDZAF Y F F4 FF—_A—JEHR N 7227 P 7T0% 1y MICE L D72b DDA T v MK 3433 T,
ZHCEIHDO P T v 22 D4R LTEHIE 7 v PO ST E VI ESA LN (£ 3, K 5) o BEHAET v
%7 P CHAYY PINTAV LI T IAXRXDAY v MEUE, MRS A S Lokm B R 72 H7- 0 2 b 20 I L,
FREOICH SNSRI N—T I~5 DAY L) T IARR) KBS 2720 THo7z (M5) o [Method /73]
DHHTHMAZ L2 T v 22 ORI 2T 2 L. BEHRT 7 V22 b COMBEERE O AFHT 136 ] km? CTdH
b % DAL 18 P/ km? 2> & Pl 316/ km? IC KA Tz (3R 3) &
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Table 3. Number and density (km) of Japanese Murrelets counted during 7 radial spotlight surveys at Birgjima, Japan
on 25-26 March 2018. Max. dist. refers to the most distant murrelet observation on each transect.

3 20184F 3 A 25-26 HicHib S cfTbi/z THIOBEHHRAKR Y + 74 P —xATAhAYV vV FEInAv LY
7 I AR A O EMEAAREERE (kmd) . RAHEHY, {FFT7v22 PORDIBEBOAH VLY T I AR ABIEHS
DY DEIRT,

Radial transect  Length (km) Time Count Density (km2)  Max. dist. (km)
West 11 21:47-22:04 87 316 1.9
Sw 15 00:31-00:44 76 203 25
SE 2 00:59-01:15 78 156 3.0
East 2 01:33-01:48 69 138 2.9
NE 15 02:09-02:21 23 61 2.5
North 0.9 02:38-02:45 4 18 1.9
NW 11 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.

X 5. 2018 4F 3 F 2526 HOMAMEIC B 1F 2 KHOBEHHRDO AR Y + 74 b F—_A DBED, AV L) T IAXADSy
i, WEOMX, MEREINTAY L) T IZAZXDEUCHBIL . FRGPUFIHBENR F 7 v+ 7 F DR 27T,
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The mean combined round-island survey density (656 murrelet knm2) 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 km2) of the combined radial surveys was almost 9 times greater than
density on outer portions (28 murrelets km2). 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).

AT SRR — = A4 O EAEEE (656 P/ km?) 1 E. FEATBERF —~_ A Db DD (136 kD) D) 545
Thotze HATEHR T 7 v 22 b 2 NHRES & AMIRE I HEIT 2 &, NIIOMEAREEERE (44 F) k) (2, FMIRET
DbDD (28 P/ km?) DFY)9fFTH B T LicKb 7z, WHICREEREAIEF ICEm Ok, U, PR, FHR, -,
JEHOHEHR b 7 v 7 b CRUCEEZE cH O . AL LALEOBENR M 7 v & 7 b Tid. W E SMElo X5 ¢ HBI K
WEREERTED b (R 4)

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 3H 2526 H MBS CTORE Y b 74 b —_A D 7 ODGHA + 7 v & 27 P o WfllEs X UMy
AV LYY I AX A OEEEEE (km2)

Radial transect Density Inner (km2) Density Outer (km?)

West 625 7

SW 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 v 22+ 72 (K2 ZRENICONT, @ioh v L) v I ZAX X OBLMIEEE A VT, 3H 25~26 HD
WO ESDL DT LD EAIIH 185/ km? IC S D D EHEE L2y 71V ) 7 I AR A DB I MM 25 D%
KEEHEE, B XUHEDO N 7 v €27 b T29-30kmTH o7 (K 3) . FPHLALED P 7 v &2 McBIT 28 biE
Bl 25km TH Y, db, dLPE, Z LD F T v k2 FTldb T 19-20km TH - 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 kn?) yielded 1,945
murrelets. Combining the 2 areas resulted in a total of 4,700 murrelets in the at-sea congregation at Birojima.
BEOIHHE - kmD b7 v MCHENSZTY T 42km IS, HEATE R O AECE EE O (656 SFikm?)
AT 5 &L 2755 P L WO RHEDMS SO Nz, T LOEADKY DY 7 (185kmP—4.2km?=14.3km?) 1T, AEAEIK
BHRY — A OEARBEERE (136 FIkm?) ZAMET 5 &, 1945 & W S BUEAMSF SO N7z, 20D ) T ORfEE Bbg
L. ML OFE EORENNICIE, AFH4T00 DA v L) 7 I ZAXADMER SN LItk D,

“Night-Lighting” At-Sea Captures (“TR[HIIRHA" % Fi\» 7= ¥ i)

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 4F 1%, BUMBE AR © 32 D A v L) 7 I AX A L 72, 2 OPERIE, 3 H 28~29 H D 23T 23]
(0P ) & 4 A 7~-8 Ho 121KfE]0 93] (75 ) 2 &L (F 5) FUBHEZRAEL TV A Vv L) W IRAX A
DEARDOENGIE53% T, 3H 28~29H (52%) & 4H7~8H (56%) Db D L{LhFo Tz (£ 5) , 0184 FICHEL
THiEI N A Y L) Y IR AOHITIE, Tk CERREFELIES 7 2 Sz ez g8 i s h, s h

TARR D B (X4 b i dr 5 72,

Table 5. Summary of Japanese Murrelets captured nightly in nocturnal at-sea congregation at Birojima, Japan in late
March and early April 2018.
% 5. 20184F 3 H TH)I L U 4 H RAICHR a0 Lot ol BliciiEI iz 1 v L) v I AX X OREEL

Date Time Effort (h) Total captures  Brood patches (%)
28-29 March 21:45-00:03 2.3h 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  (Ei3HZHE)

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 FFDOMAR S COHETAE Tk, FIHSTHER S N2 E A 3 ¥ H A Iz, ZONERIE. B0 B oFMHANoEAHD
HBHELTIHH, MEOHERED 2 ODHED 3R EEA TV, JAIIL TV BT 45 (83%) THIES -

25, Mo 9B (17%) TIRIND B A S N7z, FHERHHORTEICO W CTOROMZIIUAT O@Y <H % :3H 27 H
~28 HOH 1 EARMINAIC 12, 22 8% (42%) CIONS 2 S ZMERE S iz, 5 LIAERE C 120N D A3 ER S 7 4 3
(8%)TliE. F2EITIIASE DHEE S Nz & 1B TIIID 720> o 72 5H(D L IZEFNIC, F2BHE T 1-200, 3
U a3 2 BUS AR S 7z 35 LIIE IS R S e dr o 72 16 AT CIEL 5 2 [BIH TINS5 BUS 25T
RAINTwDE, =2 V7T —XNOIIBHERI N 68 (11%) 1ICDWTIE, 20184 ICEIN S N7z d DI Dh &
I0d, MEETE D o7z, WTNOFERCOMML L IWHI R o Nz o7z, 5 LI HOFE TR iz 35§
DINE, F2RRECIRBIEING» 72720, BEZOLIFEINZ D EEZ LN,

DISCUSSION (%)

Spotlight Surveys (ZR» + 74 F¥—~<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 spatlight 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
California 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.
018 FOYMETO AKX Y b 74 b I —_A D71 b anid, 0114FD 5 2013 FICE S - fERRICE W Ts
b, ZRUE, HELRICES T 2RO 2RI E X OWRHIRHEICEE 9 3 R A 2t L T /2 (Whitworthetal.
2012, Carteretal. 2013) . 2018 4FDFAZzH D F %D 101F, H EICEAT 2V L) Vv IAXADROE L ZD
FEEE LY ISRET 7200, LVEERARY P74 V=4 D T vk b DML TH o7z, 2011~2012 FFD
MMES CHEAINZARY P IAMF—_AD LTV 7 M, AV THAZTHDRZ Y T2y IR AHERL
TWBRAFEY b 74 b= DFFRICEDI TS, 2. HOKED B EDWERED S 5> HH) 300m DREREIC /M
LT3 Z ERFEEEADD DTH -7 (Whitworthand Carter 2014) . LA L7235, 2012 4 ICHUMRE © it 70 it
RO T vl b EEMLZE BAbid, AVv YT IZRXAFIRZ ) TR IZAXAL D biFED»HIE % 59E <
ICEEoTnB T L 2FH L7 (Carteretal. 2013) . DRI, 2011 4EHH 20124FDAK Y b 74 b —~A DT —
Z2ix, MBS DA Y L) 7 IRRXERD AR — Y ZIEMEICKRL TR0 D TR AV AL W IBERE L L,
% Z°C, 20184FICIE, {ED>5 200m, 600m, 1km D 3 OD[ELHDBEERD F 7 v+ 7 LT 5 2 T, AK
v b IA =L OHPHE KRR L 72e 7Y 2D 7 IAXADHE LTOESE, MAE 5 1km LA ICE23 -
TWwiz7z (GG E CEFD S 1.9-3km £ T; %K 3) . b idiiFE2D L4mD & 2 AICh 5 12D EJEERD
P v P EREINT SRR L, L Lad b, Fiebld, —KIC4DDERERORAFR Y b 74 F4—x
A% 1ey b LTRETIE5-00ERR L (#35KiH) . 20X 5 GROFIED SRR 2 2R ILER S ¥ 5 &
HIWTL 720 FRIC, ¥HFED S IkmEBZ 25720 Clx, IkmN XY, 132 2 BFRBEEEMENC L 2 EE L2 (RS-
4) , Ibic, PEPRL DL L, L DEPEMICERNEZRREI T2 2 erExbN, e HICAY Y T3 R
7y E s, BEBEIO LT V22 b EEINT 2RI, IERAKBETOH Y L) 7 IRXRADEERPET 572
DITiE, 7O 7 v 227 P EFRET S5 LB XV FERNTH S LPE LT, BEHROFIE I 72, Bl
NV LY T IAXARE LN 7 BRI 5 2 & T, ¥ EOEAHRIPHOREIISARET 2 720 Il dEHATH -
o BOTDH VLYY IRAXXDIE L FIRARI ORI Z IEFEICHRIET 2 7201213, BAL T2 HZ KD 5
CEBRURTH D, 2070, MBEDA Y LYY IZAXADE=L2Y) v 7DD 71 b arcid, BEHRA KR
Y FIA ML ZEHED 5 2 LT 5,

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
etal. 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 SFICHUBR S COMAMBHEIR ZHEE L X 5 & 37 20lAE, o fRELRbNAT —& (FICA+4r70%E
MR MIFEIH) I Lo onTh ), Z OREREAREHIE 2/ NG L Tz, 20114RICE, 3 TD Y T AR R
JBD Y IAX AU DELS NX — v B BT ERZ L T ed, A7 Y TRAY IRXADREY + 74

b — A ORI Z A LTz, 20U, HRICERSTONAEZT ) TILEWT, HOoMEEAT LT IR
RXABOR%BEMN T 2 b D TH 2 (FLOESGTHY v b Ik 1D & 040~052 5 D. Whitworth, KFEERT
—%) o MEDH Y LYY IAZXRADT—RICAL ) TAY I AR X ORISR S 5 &, 2011 4F 1% 200~300
HHET L0 HEEEDE Sz GElIE Whitworth etal. 2012 2 5H8) . AR v b 74 b —~ 4 ORFIEREUT, ¥
I AR A JED BHERIEDOHEE 1S BAL DB EH Y — 72K U T 528 (Whitworthetal. 2018ab 72 &) . A L) 7 IR
R ANIRE DRIEMREBA T TH 5 (Parketal. 2017) o FR@7e 2 &I, BUBEIE, 7 40 7 I AR X DOHHIEREL
BRET H-00fEE L IR E TH 2, mERbIE, BORDONIZGTH Y L) T IAXADEOE %
IEMEICHZ 5 2 LI AIREZR 720 TH 5,

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.

R4, AV LY T IAXALRAZ Y TRY IZAZXADEARTIE, BAHL TR BIER X — VR E R s LHIMT
Lzt BB, (EAEAEE (1,200~1800 PIOEIH~T) & ARy b A4 b I —~ A KD EREH L O 2 HA
Ll ZOBEEEALTCOIEBICIMTL, i LoREAMEEE (2507 P ###lll% Carteretal. 2013 Z 2M) %3k
% T L b B R HEE U7z BE, FA72 513 2011~2012 4EfED A K v b T4 b —~ A4 OFER, REZ L <
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WeDT, TNHLDORMED VX, KV DT -2 HHIHAREIC /A 2 E CEENZ L BRI RETH D, LBEELT
W7z (Whitworth etal. 2012, Carteretal. 2013) o fikViRoCTHh 2 &, 2012 FLARED /71 v L) 7 I 2K A DARAEAEIN L
TW3 eV ZETRVIRY, A72boBSRIMIENZ L5 TH 2B, 20184FICITEELOEANDH Y L) 7 I AKX
A DHEERDNL D HICH e (47003F]) | HEFEIC, 20114E2> 5 012 FFICH T TOHEE & 0 b 13 2 20K & 7 Bil(RH
BROHEINETHA S5, LaL, FAfzbid, 2019-2020 4F b MKeHNIC B 215, T HICEH S DREY 74 b —
RABTELZLEMFL B0, BlRRICE VT, BUE D 7- 0 DR HEE T2 < ik, FEAMRETH %
EEZTHD

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.
AKXy b A MDA Y Y N BEOEEE, oV I RAX A B CBUC R AIES LI NTELE T -HLTWw
7= (fl. Anacapa Island and San Clemente Island., California [Whitworth and Carter 2014, Whitworth etal. 20180] ) , 77 v F %
DEF % HNRICI 2 2 2 &3, EFBHIEO/IMER B X OHRE Q2 2 RN 3 2 720 OEE R TR TH
%, AIREZ:R%S  DEFHD, WO, YT, ZLTAV L) Y IARRADB L EED b N7z (REDVRICHE LICERT
LHBRD I EVER 52 DAY B 5 BlAX. Aofil, EoFE v, B, BoREE, EYo st LA
) o LaLadb, ARY P IA M —RADH TV MIOEFICRDKE R EL 52 2 BRE DT T —%
XFEER, Fzbid, MERLO A Y L) Y I RAXADHHD Y 7 MEET 2 EREZHL»ICT 570 10iF
ARy b TA P —_AOFEMFIHEZEME 22828, AV Y FOEL2E RS RN AETH L L, ik
EDF e, MATEAEEY —< 4 © CVid, 200mDEREEE L 7 v 7 F DAL I N7z 2011 4F (CV=037) ¥
KU 20124 (CV=062) DFMFHEY v 7L kT 5 L. 20184 (029) Db DAH7 WIKWEEZRL Tz
(Whitworth et al. 2012, Carter etal. 2013) . 20184FD 200m D BJHERID + T+ 7 FTCV A 057 17272 X H i, i
FRIGEWIZE Y I AR A OEOLEENIHICE A EBALLTH 5, ZD7D, 2011-01R2 FED ARy + 74 b F—
~_A4 DF =21, MHEOSBOBARMOEAZHID /20D _R—2 T4 v F—2 & LTIHER L 2\, FHERNDED
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DIDEIC L DV EL 3 H Y v VEROZE A H/NRBICHN 2 3 72912, 2018 4EICHEY. & 7z 3 D D[RR D B JE [m]EY
NI U T FDEEREATDRY b, SHBROFAEICH L CHEHAT S 2 L 2m RT3,

At-sea Captures (3 Efii)

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.

FEHWEDO TR B, HERCEAT IV L)Y I XX RO, IFEBOEGZIET LI LTHY, £
I, ZAFRY F T4 P —_A D oROTAAEECEE DIMF AR L T2 7Y L) 7 I R X OEEEHEE I3, AH]
RIBWERTH o7z, Lo T, W LMEIIMIEOERLMERERTH Y, MtIn s~ 2 TH 5, filifESn-fiik
DEIESOEIE (53%) %, I LEANOHEERIERE (4700) /MBS 2 & 2018 4RI LOEAT DOEIER
201 CTH B, LEHEINSE, LaLasdb, kb LicHilEan=—21) 7 0y A ¥ OHEER I N5
HIIC, fhDVD L HDIRENBETHZ Bl LT, BOROPTHIIL T35 L LICEAL TW 2B oElA,
LV L ORI N D o 2 EHEROEIE) . BBo XSt £2TCoT—2IEI RTINS TR,
No DR ERYEZ T2\,

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 4 3 A M X U4 AV O fdiBE R A A OEIG (53%) 13, 2012 4F 4 F EA) (59%) b Dick TH XM
T35, 20114E4 ATH (13%) ObD X DIid, 1E22CE, 2018 F L FIkE, 2012 FOIMIIEHIC X 2 i

E, IR O R ICEE I N7z X 5 TH B, AT, 2011 FFfiifEIL, v S OHTD oI Thb
FA7=Bid, 2011 4R L 2012 5 X OF 2018 FEiCH B L il 2 4 I v o3, ik Bl o R 281G
EFHHAL TR LEZTHE,
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Nest Searches and Monitoring (EEFAE L Ho®=4Y 7))

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
Avpril (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.

HEE=2Y) v ro7—x3, #HE, EIMRIH RPN S 72 2 IcE I N2 L 2R L TWw 5, FRED
ok, 3HTAE 2134 A FAICBIERRYICHERR S Wizkpc, 8o h v L) 7 I XX AR INT WS (3
HFA] (42%) . 4 HEf) (30%) )o FA7zbH i, $RVWIARKI(10 HoR) COEINH 2 RE TE 72403 H 5, 5 Hickw»
Tk, 3ATHICIRZETH -7, 4 A LAIZINS U < idwirh ol 2R c& -G A28 HA 5 4 A 7 HoRic
FESN) o 3 AFHIC I~2 AR & iz 4 Cid, 4 AWl i3t oS # iR L 7= (3 A 20~30 HICEDN) . L
L5, ok EDMDEGHTcIR. TRICRT 22002 LU LD Z & I3fiEsF, IEINH o2 HE+ 22 &
BTERHo7z:1) 3 HPRILAENCEIN X T 3 22 2207C, 3 H 27 H~28 Hictabirh o slS a3l s iz, 2) 3 H
30 HMARTICEESR E T 5 TH A 5 16 #FTCIE. 4 A 8 HICHIIh oS & fEF L 7225, 3 H 27~28 HICI3fEsE S 11
rotc, HND LIS LEooGTc, BMLL IS Aok o7 2 Lk, &2TTIRAWVICL THIRE D%
SES MHESR ISR % 340 2 R A AT b7z 2 L 2 RED T 2 L THETH o7, TOFHIE. AFY 4

b B X OVE RO 7 — 2 OfRICEE R EKR AR o T\ 5, LAt T, HEFED 4. ffEcoeToiik
BhIcE W TEERKEEIZRZ LT 25,

Conclusion (¥ & ®)

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 FEDFEAER Y O MABSIIMATRARDA v L) 7 IAZXADan=—%{FH LTV 5 T LARE Tz, ftho
KK 71 L) 7 X AR X OEGEMTH 2 HGEER L I L <, BRI ANBDERREICES . ReklrooT
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7R ASEGTH LD, FRICL o TE, 132 0ICHENLETCH 5, B COMFIN AL, 20174 3 A
ICFYNETCRfE I N7z TRAF Y b T4 P —_AHMRES] CRUE S N7 BEEOERICET 2 b0 LEbh 3
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View from the Japanese Murrelet breeding colony under the forest canopy atop Birojima looking north toward the satellite
offshore rocks and the Kyushu coast.
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Executive Summary

Surveys for assessing the breeding status of Japanese Murrelets (Synthliboramphus wumizusume) were conducted by
the Marine Bird Restoration Group and California Institute of Environmental Studies on 1-4 April and 30 April-2 May
2018 at 4 islands (Oshima, Tsushima, Kainage, and Kotsu (North Kotsu Islet (Nazanohana) and South Kotsu Islet
(Sadeba)) off Mugi-cho in Tokushima Prefecture, off the southeast coast of Shikoku, Japan.

During 1-4 April, we conducted nocturnal at-sea spotlight surveys, diurnal boat surveys and nest searches to assess
the current status of Japanese Murrelets at these five islands. We conducted nocturnal spotlight surveys on 5 transects at
the islands off Mugi-cho. The 3 inshore transects (roughly 200 meters from shore) were established around: (1) North
Kotsu and South Kotsu; (2) Tsushima; and (3) Kainage. The 2 offshore transects (roughly 600 meters from shore) were
established around: (1) North Kotsu, South Kotsu, and Tsushima; and (2) Oshima and Kainage. \We counted 487
Japanese Murrelets during the inshore spotlight survey at North and South Kotsu, but only 20 murrelets at Tsushima,
and 24 at Kainage. We counted 315 murrelets during the offshore survey at North and South Kotsu-Tsushima and 119
at Oshima -Kainage. These spotlight counts indicated that a large Japanese Murrelet breeding colony occurs at North
and South Kotsu and a small colony occurs at Kainage.

Evening boat surveys were conducted in the channel between the Mugi-cho islands and the Shikoku mainland.
Moderate numbers (range = 141 to 496) of Japanese Murrelets were counted in the channel from Tebajima to
Tsushima every evening.

Nest searches were limited to Kainage because large waves prevented landing on the other probable breeding islets
(North and South Kotsu). Japanese Murrelets were confirmed breeding on Kainage, where we found 22 nests (21
active and one abandoned) in rock crevices, including 19 nests with incubating adults, 2 nests with a pair of fresh eggs,
and a nest with a cracked egg. We also found many depredated murrelet eggs in scattered locations around the island
that suggested egg predation by crows. However, a more pressing concern was the discovery of probable rodent feces
and the carcass of an adult murrelet which was believed to have been killed by rats or mice. Efforts to detect and (if
found) control rodents on Kainage are urgently desired before this Japanese Murrelet breeding colony is destroyed by
rats or mice.

We conducted the second Japanese Murrelet surveys from 30 April to 2 May 2018 to collect more evidence of
murrelet breeding and possible rodent predation at these islands.

Nest searches confirmed Japanese Murrelets breeding in 10 nest crevices on North and South Kotsu, including one
incubating murrelet and six other nests with eggs on South Kotsu, and three nests with eggs on North Kotsu. We also
heard numerous murrelets calling at night on both Kotsu Islets. However, we did not detect murrelet calls around
Tsushima where spotlight surveys in early April indicated a low probability of murrelet breeding. Surveys in late
Avpril/early May occurred late in the breeding season during the hatching period as evidenced by our observation of a
murrelet family group (2 adults and 1 recently hatched downy chick) near Tsushima-Oshima.

A depredated adult murrelet and probable rodent feces found during surveys in early April prompted us to deploy

rodent bait and 7 motion-sensitive cameras on Kainage in late April/early May. Images were recovered from 4 of the
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cameras, but none of the photographs indicated rodents were present that night. However, more surveys are urgently
needed to better assess the presence or absence of rodents on Kainage and both of the Kotsu Islets.
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Figure 1. Islands off Mugi-cho, Tokushima Prefecture, Japan.
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2.5 % 7 ~FUNEED 5 B oAulloo ) o valii (4) & Hlli(f). 2018 454 H 1 B,
Figure 2. North Kotsu Islet (Nazanohana): west side (left) and east side (right).

3HTANUNEED S b orfllo ) o vEflif (75: 2018 4£ 4 A 1 Higgw) & # il (£7:2018 45 4 A 3 HiRES).
Figure 3. South Kotsu Islet (Sadeba): west side (left) and east side (right).

4pee s ovalim () & sl (), 2018 4F 4 H 3 Hif.
Figure 4. Kainage Island: west side (left) and east side (right).
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Figure 5. Spotlight transects off Mugi-cho, Tokushima Prefecture, Japan in early April 2018.
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Figure 6. The routes of evening boat surveys on the sea from Teba Island to Kainage Island on 1 and 2 April 2018.
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Figure 7. The locations of hearing of Japanese Murrelets calling for their chicks at both Kotsu Islets and
Tsushima Island on the night of 1 May 2018. Solid and open stars indicate that the murrelet calls were detected
or not, respectively.
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Figure 8. Distribution of Japanese Murrelets during the spotlight survey count at Mugi-cho, Tokushima Prefecture,
Japan in early April 2018.
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7 1.20184F 4 AVAIOREAR Y P T4 P I —_AICX DAV L) T I ZAX X DNER%
Table 1. Number of Japanese Murrelets counted during spotlight surveys at Mugi-cho, Tokushima Prefecture,

Japan in early April 2018.

A (Transect) HA+ (Date) FREfE (Time) % (Number)

/NEEE; Kotsu 200m i 4H2H  22:11-22:39 487
5 Tsushima 200m it 4H2H  22:50-23:10 20
/NAE - B Kotsu - Tsushima 600m it 4H2H  23:15-00:13 315
TE#: 5 Kainage 200m 4H3H  22:27-22:39 24
KE - ##% 5 Oshima - Kainage 600m i 4 A 3H  22:45-23:55 119
ek 965

2 B o ke v+ 2

e v ROREREE) 2R 2 1R, RIEITHECIRY HOH S W25, FICHPED bR $ T
B OALHMHR (R LA Ic ERAR SNz, 208 ORI, Ui & HhsEH KR IR ERIC X - TRk
NTE7=H DT, HEEHHL(2013,2014,2015,2016,2017) CHRE X LT X 7=, S, Z oEMEKO{HEE
HMAEET 2L 3 TE A o705 4 A2 HO® v 32 Tld 496 PR S 7z,

#2.2018 4E 4 AW D4 JiDiiF b v H AT X 55 v L) 7 3 AR A DRERECEERSE)

Table 2. Number of Japanese Murrelets counted during evening boat surveys at Mugi-cho, Tokushima Prefecture,

Japan in early April 2018 (interim results).

5FT (Transect) HEl (Date)  H¥[E (Time) # (Number)

HP B~ B & A+ Teba ~ Tsushima

4H1H 17:15-17:33 163
fiEFEEE 5.6km (18.7km/hr)
HP B~ 5 & A+ R Teba ~ Kainage

4H2H 16:31-18:02 496
fifiE BB 15.7km (10.7km/hr)
HP B~ 5 & AL Teba ~Tsushima 4H3H 16:29-17:21 141

(3) 5o LR

4 H 3 Holf B~ k<, mfllomras-eftmk cAUilaim ok oAE . ARo¥Ich v L) v IR
AAD 22 PHHER E NIz, ZOMNERIE, FEIMEMR 19 B 19 P 9), 1H 200232 #Ar(X 10), 18 150 (HL OUE
NBASTWD) B rFiTHotre CNLICED, AV LYY IZAZAPBIRECERIL T2 2 L L E 7
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9 KRB TR DA v 1) 7 I ZAX ARE, 2018 4E4 A 3 H. Parker (), Whitworth (£,
Figure 9. Incubating Japanese Murrelets on Kainage Island, 3 April 2018.

10/ TDH v 1) 7 32X A DOFENYI(A: Whitworth #55%) & 585 oIk (H), 201844 A 3 H,
Figure 10. Two eggs of Japanese Murrelets in a nest (left) and a murrelet egg shell on the ground (right) at
Kainage Island on 3 April 2018.
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Figures 11. A carcass of Japanese Murrelet found in rock crevice at Kainage Island on 3 April 2018.

12480/ N2 T 1987 FOFFHIIC F 7 A X LichfiE e A v Y v I AR A, £ bh bk P~ -
TEANETLZEEA bR, 198744 H29H225 5 A 3 HICIUEEG A 1987),

Figure 12. The carcasses of Japanese Murrelets predated by Norway rats at Koya Island, Fukuoka Prefecture,
Japan in late April/early May 1987.
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Figure 13. Probable rodent feces found on the rock in April (left) and feces collected in April and October 2018 at
Kainage Island.
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Figure 14. Murrelet eggs in the crevice (left) and on the ground (right) at North Kotsu Islet on 1 May 2018.
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Figure 15. Incubating Japanese Murrelet (left) and an egg (right) in the crevices at South Kotsu Islet on 1 May
2018.

48



2018 4F RIEHT R D & %

>

16.9 7 bl ol oA 2018 455 H 1 Hig,
Figure 16. Japanese Murrelet breeding site on the seashore at South Kotsu Islet on 1 May 2018.
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Figure 17. A Japanese Murrelet family group (two adults and a downy chick) found near Tsushima Island — Oshima
Island on 30 April 2018.
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Rock features at the largest Japanese Murrelet colony in the world, Birojima, Miyazaki
Prefecture, Japan. Photo by Y. Minowa
P BT SRS T D FRMUE E (Pagel)  Photo by Darrell Whitworth
AR R 5 E D FRAKEE. (Page 33)  Photo by Michel Parker
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