2023 MJIETHEMSS  (Songmeter)

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

'Kuniko Otsuki, ! Yoshitaka Minowa, Nina Karnovsky,* and Maria Kai

!Marine Bird Restoration Group, 1-18 Ishida, Hokida, Fukushima-shi, Fukushima Prefecture 960-8163, Japan.
2Pomona College Dept. of Biology, 175 W. 6th St. Claremont, CA 91711, USA.,
3 Kadogawa Town, 1-1 Honmachi Kadogawa-cho, Higashiusuki-gun, Miyazaki Prefecture 889-0696, Japan.

Executive summary 2%

* An acoustic survey using a songmeter for the the Japanese Murrlet Synthliboramphus wumizusume (hereafter, “JAMU”)
at Birojima (32° 27.9’ N, 131° 43.9’ E) that it the largest known breeding colony of JAMU in the world was conducted
from February 22 to May §, 2023.
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* We deployed two songmeters (wildlife acoustics, SM4) during the 2023 breeding season. Each songmeter recorded for
20 minutes (10 minutes X 2times) per hour, from sunset to sunrise. Conservation Metrics (CMI) analyzed, detected, and
quantified vocalizations of adults of the JAMU with the Deep Neural Network (DNN) classification model (threshold =
0.99).

2023 FEDEFEH], FA7zHIZ2 B DY v 7 A — X —(wildlife acoustics SMA) Z KRB L 72, FNFNDY v 7 A —x—|F, H%
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+ With Raven Pro 1.6.5, our group detected and quantified chick calls of JAMU that were difficult to analyze with DNN.
We also detected the first calls of adults and chicks of JAMU of each survey night. For the analysis, we used data up to
0:00.
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* During the survey period, a total of 430.27 hours of audio recordings were collected over the course of 112 sensor-nights.
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+ JAMU calls were detected at both sites. We see a clear seasonal peak at site 2. The seasonal peak at site 2 in 2023 was
clearly different from the trend in 2019 and 2020. In 2019 and 2020, call rate peaked in March and April, but there was
only 1 large clear peak in April in 2023.
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+ At site 1, the first chick calls occurred on 14 March and the last chick call was confirmed on 30 April. At site 2, the first
chick call occurred on 13 March and the last chick call was confirmed on 27 April. The high peak of JAMU chick fledgling
appeared between April 12 and 16, and small peaks appeared on between March 20 and 27.
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* The call rates of adult and the duration of total chick calls at site 2 in 2023 showed that the changes in vocal activity in
both groups were almost identical. We recreated the similar figure for site 1studied in 2020 with statistical processing and
we found that the acoustic activity of adult birds and the fledging of chicks at site 1 in 2020 were also almost identical.
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* Confirmation of the first JAMU after sunset showed the same trend for the past three years, regardless of the location of
the song meter and the survey year. Therefore, it was thought that the period when the first JAMU adult calls started at
sunset was the signal for the start of fledging.
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* We found that the island was quiet until 270 minutes after sunset, but it became lively after 300 minutes (5 hours).
Conversely, the portion of breeding individuals caught offshore (portion of individuals with brood-patches) was high until
240 minutes (4 hours) after sunset, but showed a downward trend thereafter.
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+ After considering seasonal and temporal aspects, including past data, we believe that the optimal seasonal timing to
conduct the Spotlight Survey is between late March (around March 27, beginning of fledglings) and early April (before
April 10).
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* As for the diel time, it was inferred that it would be best to start survey two hours after sunset. However, since there is
no record of surveys starting at 20:00, we would like to conduct a comparative project of spotlight surveys and at-sea
capture surveys during those hours.
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+ It's hard to estimate the optimal time to survey each year. If the first call of JAMU adults at sunset means the sign of
fledging, it would be best to confirm acoustic data in real time from the mainland.

HEEDONA M LA I v 72T 2 DL v KGO HRRFOWIE Z 23, B b OOV A v 2ERT 20T
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Introduction (U ®»ic)

The Japanese Murrelet Synthliboramphus wumizusume (hereafter, “JAMU?”) is classified as vulnerable by the
ITUCN and Ministry of the Environmental Red List of Threatened species because of their small population size and declines
due to gill nets, predation by non-native and native predators (Ono 2014, Otsuki et al. 2017, BirdLife International 2018,
Otsuki et al. 2018), as well as heavy historical colony harvesting by human beings (Otsuki 2013). Their population size is
difficult to ascertain due to their nocturnal, burrow-nesting lifestyle. A population surveys are very important for assessing
breeding populations. The purpose of this project was to explore the right time for conducting JAMU population surveys
which is called the spotlight survey in order to assess the breeding population effectively. In this report, we compare data
collected in 2019 and 2020 to those collected in 2023, and describe trends of vocal activities of JAMU, consider appropriate
timing for spotlight surveys, and summarize the next plans for carrying out these surveys.

A1V LYY IR A Synthliboramphus wumizusume (A JAMU) . AR X % JBE 51 (1) 70 Zhifith ¢ D BR % il 5 © K i
Biod bz, S LEHEE@ARE D) X 25HE& 2 O EFE % S L (Takeishi 1987, Ono 2014, Karnovsky et al. 2017, Otsuki
etal. 2017, BirdLife International 2018, Otsuki et al. 2018), IUCN ®EREH DL v F U X + Tl vulnerable(fa55)iIc /38 X LT W
b, AMIIEITHETH D, P ORROBICZ S ZEEKRAE & 270, o DMEBEHRT 22 L IFES TIEE Vv,
R 13, B O FHEIC I EETH 5, AWMEEHTIE, 2019 4L 2020 FICIEE L 72 7 — X & 2023 FFICINE L 72
T2k HKT 5, JAMU OERIEEOMEAZMFERL. ARy b 74 PRAEO#EYIR L4 I v IEREIL, SHROFEE
MEEHE % £ & D ThT,

Methods (J5%)

Study Area and Logistics s X CFEM A AEEEEE
Birojima (32°27.9°N, 131°43.9’E) is a small island located less than 3 km off the eastern coast of Kyushu, and
about 7 km east of Kadogawa Harbor and this island is the largest known breeding colony of JAMU in the world (Figure
1). JAMU acoustic survey using a songmeter at Birojima was conducted from February 22 to May 8, 2023.
RUBRE CILfg 32027.9', WURE 131°43.9) (2. JUMOHUER A b 3km K, IS ST Tkm LB S 5/h S 2T
By, WRERKOANY LY 7 IAXADE M LTHONTwE (K1) . HEETOY v 7 A—%—%f\wi JAMU
DEEHEIT, 2023442 H 22 H~5 H 8 HicFE sz,

We deployed two songmeters (wildlife acoustics, SM4) during the 2023 breeding season (Figure 2). Each
songmeter recorded for 20 minutes (10 minutes X 2times) per hour, from sunset to sunrise. Conservation Metrics (CMI)
analyzed, detected, and quantified vocalizations of adults of the JAMU at both sites. All events flagged by the Deep Neural
Network (DNN) classification model (threshold = 0.99) were manually reviewed to remove false positives (misidentified
sounds) by CMI. Deep Neural Networks (DNNs) are a powerful classification tool used in many fields to perform speech
recognition, image recognition, and computer vision tasks (Cichy, Khosla, Pantazis, & Torralba, 2016; Deng, Hinton, &

Kingsbury, 2013; Fleishman, (2019); Min, Lee, & Yoon, 2016; Schmidhuber, 2015).
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Fig. 1. Islands of western Japan indicating the location of Birojima off the east coast of Kyushu.

Inset: location of Birojima.

With Raven Pro 1.6.5, our group detected and quantified chick calls of JAMU that were difficult to analyze with
DNN. We also detected the first calls of adults and chicks of JAMU of each survey night. We measured the total duration
(seconds) of the chick calls within 10-minute periods of data for each. For the analysis, we used data up to 0:00, taking into
account availability of the time for the population survey in this area based on: a) the operational status of the boats used
for the spotlight survey, b) the current status of fishing around the island, and 3) the time of night when Streaked
Shearwaters Calonectris leucomelas are active on the island. At site 2, the calls of the shearwaters become so intense after

midnight that it become impossible to analyze the weak calls of the JAMU chicks.

2023 SEDEGEH, BBz 2 B DY v 7 X — & —(wildlife acoustics SMA) Z X E L 72(M 2), FNEFND Y v 7' A — & —(F,
Hi%2» b HoH T ¢ 1EB72 0 20 4HIECE L 72(10 47 % 2 [A]), Conservation Metric (CMI) 23EX S @ 7 DENT % 1T - 72,
Deep Neural Network (DNN) 3£ 74 (L 2 W E=0.99) ICX o T7 7 7D THNZTRTCDAL XV b ZFECREZRL .
Hiatt GRRE) OBREEfTo/e 74 —7=a—702 v F7—2 (DNN) I, B2, WRZH#R, 2 vva—x—
EYa vV ERIEEITTE20C% L ORI N0 EY —TH % (Cichy, Khosla, Pantazis and Torralba.

2016; Deng, Hinton, Kingsbury. 2013; Fleishman. 2019; Min, Lee, & Yoon. 2016; Schmidhuber. 2015; and Otsuki et al. 2021) .
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TIFEEL v a)fdfRBEHE(R R Yy 74 P AL T oA, S EUcooREE, 2 LT, o)
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Site2
32° 27" 56.09" 131° 43 53.27"

32° 27 51.18" 131° 43' 50.99"

Figure 2. Acoustic survey locations during the 2023 project on Birojima.

Results (#53R)

Survey Effort GFHEZ)
Data were collected between 22 February and 8 May 2 (Table 1). A total of 430.27 hours of audio recordings
were collected over the course of 112 sensor-nights. At site 1, there was a timing when the recording was interrupted.
ERT -2k, 202322 H25 S H8 HETREIN TV 1), Aal 112 2 ¥ 3 —F 4 brhic 430.27 KO &
PG I Nz,
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Table 1 : Survey effort at Japan sites in 2023.

Survey Site Total Nights Total Hours
Site 1 42 158.55
Site 2 70 270.72
Total 112 430.27

Seasonal changes in acoustic activity GEfli# 72 T 2% 8h)
JAMU adults (JAMU D)

We summarized call detections to identify seasonal patterns of acoustic activity (Figure 3). JAMU calls were

detected at both sites. We see a clear seasonal peak at site 2, but there were not enough data to identify a seasonal peak at

site 1 because it did not record from mid-March to mid-April. We did not calculate annual call rates due to the missing

data at site 1. The seasonal peak at site 2 in 2023 was clearly different from the trend in 2019 and 2020 (Otsuki et al. 2020,
Otsuki et al. 2021). In 2019 and 2020, call rate peaked in March and April, but there was only 1 large clear peak in April

in 2023

Mean Calls per Minute

b

27-Feb 13-Mar 27-Mar 10-Apr 24-Apr

Date

Figure 3. Japanese Murrelet daily activity by site. Black horizontal lines indicate survey effort

with no detection. Top panel is site 1, bottom panel is site 2.
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7 b 3 EEFHOZHN A ET 5720 0B 2l A7 (2 3), JAMU O IZ, fi+ A4 P cRianz, ¥4+ 2 T
3. AT Y -2 B o7, ¥4+ 1 Tl 3 A~ 4 APHO T =2 B hwioF iy — 7 #FETE X«
WZ e, EROBFEHEEOFEIITbEd» o7, 2023 0 3 AUEDY [ b 2 OWFEHEOFHIN L — 71X, 2019
L2020 FDDH D EIFIH S IR AR R L Tz, 2019 4E, 2020 Fld, WESHEOKE v —213 3 H. 4 H
ICZNZ N SN Tuwiz23(Otsuki et al. 2020, Otsuki et al. 2021), 2023 Fix 4 Aic k& —2oR 1 25273 TH

277,

JAMU chicks (JAMU D)

We examined the acoustic data to find the chick calls which signal the time that the chicks are leaving the nests
(fledgling). At site 1, the first chick calls occurred on 14 March and the last chick call was confirmed on 30 April. At site
2, the first chick call occurred on 13 March and the last chick call was confirmed on 27 April (Table 2). Fledgling seems
to have continued after the final confirmation, but considering the acoustic activity of adults, it could not be very large-
scale. In this report, we do not use the data at sitel for the further analysis because of missing data during the main fledgling
period.

The high peak of JAMU chick fledgling appeared between April 12 and 16, and small peaks appeared on between
March 20 and 27 (Figure 4). Compared to past records, the start of fledging was approximately two weeks earlier, but the
final fledgling was the same as in previous years (Otsuki et al. 2021).

izbid, OB THLEEKRT S, WoOFOREE2ROT 5720, HET— X% L7z, ¥4 F 1 Tk, RYIOH

DIBEEIT 3 H 14 Hic, REOHMOIEEEIT 4 A 30 HICHER I N, ¥4+ 2 Tl B¥IOMOEEHIE 3 H 13
Hic, BgoMomEEEx 4 H 27 HIclER S (R2), BIbEKERLKELHFECTw2 0L Ebhs 2, K
BOEEFEH»OERL T, MMIKTHEAI LEZONDE, V4 F1DTFT =2k, FEAREZHBHMF D7 — 2 B3 R%
LTWa7d, 3ok%d7 —XOTICiIMviadoiz, Birbix, hEav—223 H 24 H~30 HORMICHEE I hi
. K LEBBREIRIZIE0 T, 20K 4 H12 H~16 HOMICKE v —2r a3/ onk (M4) . 2023 fFDHILH DRIA
3 BE ORI L, # 2 HER £ o Tw 228, RQEHEMER X, HIFERERDBIE T & - 72 (Otsuki et al. 2021),

Peak of fledgling and adult vocal activities (b L REDFTEFHOL—7)

A comparison of the call rates of adult and the duration of total chick calls at site 2 in 2023 showed that the
changes in vocal activity in both groups were almost identical (Figure 4). We attempted to recreate the similar figure created
last year for site 1 in 2020 with statistical processing (Figure 5). We thought the changes of vocal activities between adults
and chick were not identical but it could be wrong. On the night of April 8, 2020, data around 23:00 recorded the same
chick calling continuously, so the graph showed a high value, which caught our attention.

In general, when many individuals call, the duration of the calls becomes longer. Therefore, when we excluded
this one-night data and expanded the graph, we found that the acoustic activity of adult birds and the fledging of chicks at
site 1 in 2020 were also almost identical.

2023 FFDV A T 2 OEEOWEFEHE LMORFERZ T 2 & T OZMNMITIZIE—EHL T3 2 L o7z (K 4),
MEES A b 1 CIFKL 72 2020 £ D4 + 1 FIORICHEHLEE Z A CA7z (M5) o WEFE, kbt BG eHosE
WENE L e EZ TR, ZNREEVW 2D Ly, 2020 4 A 8 Ho®K, 23HH DT — & Tld[El—0#fnsE
FL TRV TWEDRRLEHIN Tk, V7 7BEWEZRLTEY, ZRICHR WS TLE S, —Riiciz, %<
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DEEBNEBEXRDLT LT, BEESEL LS, 20720, CO—MOTFT— 2% L. 77 7%2ERKLTHB L, 2020
FDHFA b+ 1 COREDEFEER LMD HET D HITIT—EL T2 Z L 2o 72,

In 2020, once fledging began, fledging was observed almost continuously, but in 2023, two different peaks,
one large and one small, separated by about a week were observed.
2020 fEiX, Wo R AN LM E B L IITEBICEN D SRR S 2 2d, 2023 fRik, LEMIZ a2 K20
DE—I R oNIzL)TH B,
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Figure 4. Mean call rate of JAMU adults and mean chick call duration at site 2 in 2023.
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Diel changes in acoustic activity (FZ&iE8)o HREZE1L)
JAMU Adults (JAMU DK E)

JAMU adult activity was consistent throughout the night, starting about 80 minutes after sunset and ending about

690 minutes after sunset (Figure 6). Total nightly activity patterns show a peak between 390 and 480 minutes after sunset.

S OFEERI P —EH L <Y, HiZDH 80 HRICIEE Y. HEDOK 690 HHERICKT L7 (M6), 2 2o
GEMEREIEE) Y 2 — vk, HEE 390 ~ 480 pofElicy— 2 2R LTz,

Calls per Minutes

Minutes from local sunset

Figure 6. Japanese Murrelet activity as a function of time from sunset at both sites. The width of the gray
area representing sunrise reflects the varying duration between sunrise and sunset over the course of the

survey period.

At site 2, first calls of JAMU adults showed the similar trends as in 2019 and 2020 (Otsuki et al. 2020, Otsuki
et al. 2021): first calls of adults were recorded more than 1.5 hours after sunset, but once fledgling (when we can hear chick

calls) started, they were recorded around the dusk, and they lasted over two weeks (Figure 7).

P4 b 2 Tlko H%EO—F JAMU OffERIL &2 2 4/ (2019 4 - 2020 4F) & [AERDOMA %R L T\ 72 (Otsuki et
al. 2020, Otsuki etal. 2021), 13 & A & D, B DA OIS % 13 Hi%K 1.5 BERE(D L <13 b - L) ICHER T & 7228,
Parb (MOWFMDBHC A 720 A2 & HREFARFCET SN2 X910k Y. ZOBRIT BRI Efivz (K7),

10
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Figure 7. Calls of JAMU at site 2 around dusk in 2023

JAMU Chick (JAMU D)

The acoustic activity of chicks peaked at 120, 210, and 300 minutes after sunset (Figure 8). Changes in acoustic
activity were quite different in March and April, but those in April showed the same pattern as the average values for
March-April.

MEoFEGTENL, HA%H% 120 47, 210 4, 300 ric v — 7 R LN 72 (K 8), HEGLBIOZLIZ, 3 HL 4 ATk, &KX
BholkFrzRBL 0, 4HDH DI, 3~4 HOPIEL R LAELZ R L Tz,
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Figure 8. Duration of JAMU chick calls at site 2 on the night of spotlight surveys

and at-sea capture activities.
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Breeding birds in the water and the call rate of JAMU adults on Birojima (¥ _L o %5#{E 4 & S E £ o JAMU 0§
FHE)

We compared JAMUF's at-sea capture records with adult call rates on Birojima (Table 3). At-sea captures began
at 21:00 (180 minutes after sunset) on 27 March. Roughly 5 birds had been caught every 30 minutes for 2.5 hours (until
11:30). However, the ratio of individuals with brood patches was high at 210 and 240 minutes after sunset (21:30 and
22:00) (Figure 9). On the other hand, the call rate of JAMU on the island was almost zero until 270 minutes after sunset
(22:30), but began to increase slightly around 300 minutes after sunset (23:00), then increased rapidly after 300 minutes.
We suppose that when the island was quiet, JAMU, especially breeding individuals, stayed in the water then they returned

to the colony 4.5 hours after sunset, which made the colony so lively.

JAMU D B otttk e . MEE EOBEHED 7 — 2 o W% 17 5 (£ 3), FEEToOfMIL, 3 A 27 Ho 21:00(H %
% 180 /) ICBtR & 7=, FAEBAMAHE 23:00(H % 300 47) % Tld, 30 /3D & 4~6 D JAMU A X T w7228, fagl
BHAAEMEEOE A 1F, Hi%t 210 0tk & 240 43#(21:30 & 22:00005% 2> o 72, — /. B LETD JAMU OBEFEE X, Hi%
% 270 73 (22:30)F TiFIZIF 0 T, HE% 300 7% (23:.000T 22 LM 2k, LR, SEUICH A T o, BAED
. JAMU, FRCEGEEMAIT E720Ic B 0. HRER 4 EPEES 720 25 BIC LR VI BAIRP 2 Ik o T ot d
D, LREHLEFEZTHD,

Table 3. Number of captured JAMU, portion of captured JAMU with brood patches,

and call rate of JAMU adults on Birojima on the night of as-sea captuer in 2023.

Time from Numbers of captured Numbers of Portion of JAMU Call Rate of
Time PHIrES JAMU adults had _ JAMU adults
local sunset JAMU adults adults with BP L
BP on Birojima
20:00 120 - - 0
20:30 150 - - - 0
21:00 180 1 0 0% 0
21:30 210 5 4 80% 0
22:00 240 6 4 67% 0
22:30 270 5 0 0% 0.05
23:00 300 4 2 50% 0.5
23:30 330 4 0 0% 0.45
0:00 360 1 0 0% 2.5
26 10 38%
90% 6
80%
5
70%
60% 4
50%
3
40%
30% 2
20%
1
10%
0% 0
120 150 180 210 240 270 300 330 360

20:00 20:30 21:00 21:30 22:00 22:30 23:00 23:30 0:00

Portion of JAMU adults with BP

Call Rate of JAMU adults on Birojima

Figure 9. Portion of captured JAMU with brood patches and call rate of JAMU adults on Birojima on the
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Adults Call rate on Birojima while spotlight surveys in 2019 and 2023 2019 &5 X 2023 FED R KRy + 54 F ¥ —
_ABED, HBE Lo JAMU ORE ©BFEERE)

We compared the call rate of the JAMU during the spotlight surveys on Birojima in 2019 and 2023 (Figure 10).
In 2023, the call rate was almost 0 until about 240 minutes (4 hours) after the local sunset, indicating that the island was
quiet before then. On the other hand, in 2019, the island began to become lively with acoustic activity starting as early as
about 120 minutes (2 hours) after sunset. It indicates that the timing of island being lively with JAMU acoustic activity is

not always the same.
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Figure 10. Call rate of JAMU adults on Birojima on the night of sptlight surveys and at-sea captures in 2019 and
2023.

2019 4E & 2023 ED AR Y b T A Y —_A B{To RO B TOREOFELH % bk L <4 % (X 10), 2023 413, H
%t 240 53 (4 FfElH2) &2 ¥ CIIEFSEEIZIZIZ 0 ©, BRFOTH o2 L 0MR D, —J7 2019 ik, HE®RN 1205 (2
Fefd) #2020 F D HFEEH X IERIC A D, BRSPS A TR VIFD Tz, 2D &k, JAMU D 5 ToOHEEEH) O lis
BFRFLOF LTI AW L ZRLTW S,

Discussion (F%)

Seasonal changes in acoustic activity (GHif) 7 &% 8h)

The peaks of acoustic activity for both adult and chicks occurred almost simultaneously, and we suppose what
these peaks meant was fledging. In 2023, 2 peaks occurred after fledglings were observed, but we are not sure whether the
peak of JAMU adult call rate in 2023 can be unique to this year, but we found that acoustic activity pattern may change
significantly from year to year. After the 2023 spotlight survey, potential population increase was suggested, so the small

dispersion in the breeding period observed this time may be related to this fact (Whitworth et al. 2020, Otsuki at al. 2023).

3ATEOEATL DI, KE - . NG oEEEHor — 2 8I3IEFRIGEZ o TE Y, 2o e — 27 3T B 2 EIR
T25DDEEZ LNz, 202341k, BV HLHOE = BRKN2 OB 6N, ZNBSERFELPE 2 IO WTIEIRES v
bOD, HFEFEHONZ =R, FILLoTRELSENT2EELDH DL IR TE /-, 20234FEDRF Y P74 b —
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RAFERD S, JAMU OEEEHE MO EEM: S REB I N T niz720, 2Bk, ks z 7z L iciEld 200 %
A7 (Whitworth et al. 2020, Otsuki at al. 2023)

With the confirmation date of the call of the first and last chicks at site 2, we estimated the first and last egg-
laying dates of the Birojima JAMU population in 2023 (Figure 11). The first egg-laying date was estimated around February
7, 2023, and the last egg-laying date around March 24, 2023. Since the differences between the confirmation dates of the
call of the first and the last chick at site 1 and site 2 were within 3 days, these estimates may cover the entire island.

Comparing the 2023 estimates with the previous two years, the egg-laying date of the first individual in 2023 was about
two weeks earlier than in 2019 and about one week earlier than in 2020.

YA b 2 OV & RARBED FE OREREH 2> 5, 2023 4 O RUE S D JAMU BRI W) EESN H | A& EIN H %2 HE3E L 721X 12),
PIEESNH 12 2023 52 H 7T HZ A, W0 MENHIZ 3 H 24 HEEHEE S Nz F4 P 1L e ¥ A b 2 oWl L koMo
DHERH DA I HUNTH 2 2 h b, TNODHEREREREZMEL TV LEZXZTIVTHS I,

2023 fFDHEEEZBE 2 FF 0 L BT % &, 2028 FF DA DA DEINH IE, 2019 4D D D X Y i 2 H[H. 2020 4F
Db DL YF AR L o Tz,

1 Egg of 1=t Egg of chick 13t Chick call 1™ Egd of Last Chick
1t chick departed on 7 13 Mar. £g of call
1 April P last chick 27 Apr.

7 Feb. M -
o 4 Mar. 24 March

Best timing for the spotlight survey

Figure 11. Estimated breeding timing from the 1% and the last chick calls in 2023.

Ideally, a spotlight survey should be conducted when all breeding pairs are incubating on Birojima, whether they are
early breeding pairs or the latest breeding pairs (Otsuki et al. 2021). The 2021 report speculated that late March to early
April, at least before April 10, would be the appropriate period for the investigation. This is because it was supposed that
during this period, pairs who laid eggs earlier were still incubating and pairs that laid eggs a month later had just started
incubating at this period. So, all breeding individuals were incubating eggs at this time, but the period was surprisingly
short, only about a week. In 2023, it was difficult to find the right time because there were two separate peaks for fledglings

(large and small). If two surveys were possible, one could’ve been in mid-March to March 24 and the 2" one could’ve
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been in early April (before April 9). If there was only one possibility, survey should’ve been conducted mid-March to April
8. The 2023 survey was conducted during this period (March 25 and 29), that was why quite a few JAMU were counted.
However, we could have missed some portion of breeding families. Considering this, the 2023 count is likely the highest
ever. In any case, we would like to know the appropriate timing before conducting the population survey, rather than
verifying the timing after conducting the survey.
Based on the three-year record, it was speculated that the appropriate period for the spotlight survey would be

between the end of March and before April 10. However, since the spotlight survey conducted in April in 2018 and 2019
counted less than 2,000 birds (Whitworth et al. 2019 and 2020), the end of March could be the best timing for the survey.

BIAERICIE, AFy P74 P —~ Ak, RHICEEEZRNRT 27T b, ROIENTEHEEZRMT 2T, 2TD
PHE 7 BB TR Z LT\ 3 BFICSEE 4 2 D AE £ L\ (Otsuki etal. 2021), 2021 oz, 3 A Fa~4 A
LA Y7 e 4 A 10 HBET2 C oG 0@ & HEAIL 72, Z ofARIE, FENCEIN 24T o 72 < T 13,
200 #1 1 HIENCEINZ MG L 72RO ~T7 Il Z S 2R Ll S 7226 Th 5, CoRITchiE, &
TOHEIEMER IR & w5 T ki 208, BIRNIZEAMCHE K LEBRRE C©H o 72, 2023 FFix, HiZbO v — 27 23K/N2
DN T Wiz, BEERT L 3L o7, HEZ 2 ETE 20 ThNE, BIZBEHAT~3 H24 HZ A L,
4 H 1A)@ A9 HUENAEIA & Bbn 22, d L—EL2rTEhwEaE 3 Ahf~4 A 8 HoA, FAE O EMERHI
BLTW2bDtBbis, 2023 FE0MEIR, brH>EZOWBNE H 25 H -3 H 29 H)OERMTH 72720, %L D
JAMU B3A Y v P INTzDTHH S, 7272L. 3 ADHH ORI b DO v — 7 ROPEDEN Lm0 272D T, FHrDr R
PELTWIIEITTHS, ChEEETLL, 2023FD0H YV FRIINTTTREDH Y ¥ MUC TR > TO A REMED &
v, WITRICH KHEEMRICEDO XA IV I ERGET 5 0Tk EATCEIZHM Y 2 nboTH B,

BSOS D, ARy b T A =4 O, 3 HKR~4 H 10 HUEICTH 2 5 LHEE Tz, 7272 L. 2018 4,

2019 D 4 HIZ A>T bfTbiz ARy b 74 b —_4DAv v MiE, 2000 P& & 47D TH - 72 (Whitworth et al.
202002 &5, SHERERRZ 2D LAV EEZTNE,

Sign for the start of fledgling &3z b 04 4 v)

The period of acoustic activity of adult JAMU in 2023 was consistent throughout the night, approximately 80—
690 minutes after sunset, with a peak at 390-480 minutes after sunset. Confirmation of the first JAMU after sunset showed
the same trend for the past three years, regardless of the location of the song meter and the survey year. Before fledging,
the first JAMU adult calls were recorded approximately 1.5 hours after sunset, but once fledging began, they began to be
heard at the same time as sunset, and this continued for more than two weeks. Regarding the first JAMU, it is unclear
whether it was an individual that was incubating eggs on the island or an individual that returned from the sea. From the
3-year results, it was thought that the period when the first JAMU adult calls started at sunset was the signal for the start
of fledging.

2023 £E DR O EEGE B O (X B —H L TH D, HXDK 80 7~690 0 TH Y, 2D —7iF, Hikik 390
53~480 Sy H bz, HEHRD 7 IAMU OFEREIE, #% 34EM. Vv /A — X —ORBELFTIEDS 5 L, HEEH
HEo L, AUMEHAZRL Tz, B BHBRNIE. #1 JAMU S5 (RE)1E. HREK 1.5 REE LIRS 8RS S LT uv 7228,
Vo AR MBIRE 2 &0 HREFERICHER I NS X510k b Zhp 2 8L BTz, ¥ JAMU 12D W T,
BCHN L Co iR mod, B2 OR - CE LR THZ0013ES R\, 3FESOM/E»DL. ¥ JAMU OFHBHE L
FIRFICIR E 2 BAfIL. B2 BHIROBNTH S 5 LE 2 LT,
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Time period when there are many individuals with brood patches in the water (¥ ki< G HagnstfE 5%
VIR

We found that the island was quiet until 270 minutes after sunset, but it became lively after 300 minutes (5
hours). Conversely, the portion of breeding individuals caught offshore (portion of individuals with brood-patches) was
high until 240 minutes (4 hours) after sunset, but showed a downward trend thereafter. We believe this is because breeding
individuals spend several hours at sea after sunset before returning to the island. Park et al. (2017) also reported that
individuals with GPS loggers returned to their nesting sites after spending 3.5 or 6 hours in the sea near their breeding sites.
Based on the facts above, we thought that the portion of breeding birds sitting in the water may be decreasing 3 or 6 hours
after sunset.

For each hour, the portion of the birds with brood patches among the individuals caught at sea in 2018, 2019,
and 2020 was summarized in a table 4.

In order to compare data based on the timing of the survey, data were divided into 2 groups for late March and
early April. Interestingly, the portion of the individuals with brood patches was almost the same in March of 2018 and
2023, when the Spotlight Survey had high counts. Although the records for early April showed similar values for both
2018 and 2019, the number of JAMU caught in April 2018 was small, so a good comparison couldn’t be made.

From the things above, it was suggested that there may be many JAMU with brood patches in the offshore
congregation during the time period up to about 4 hours after sunset. This prompted us to reconsider the survey time for
both spotlight surveys and at-sea capture.

JAMU (IC 2T i ETOA IR & BToSEERBFAEOMBR L Y, K EIZ, HEE& 270 0 % Cl3#» o RET
H 50, 300506 RE)EBZ 72H72 0 2 LIRCICIR 5 & 2MF 5 7o, FEL T L 72 ZHEA R 0 & (5 st & o
HG) Ik, 2L 3HT, Hik 240 0@ B E ClI@EA 572D 00, LA LT L AZR LTz, Zhid, %
Rl AR L, HEEBENSR A E LRI L 2, BICH-72»TH B L HEZ T3, Park b (2017) . GPS w7/ — % ¥
U7 M3, SR Eo, 35S LI 6 @ & L 22 f&ic, ERMICK s T X Tl Tns, &
NoDZ Lhb, HXP O 3 Rk, 6 KD X 5 Z2EfEH I3, Lo FIEEAFK O G258 L T 5 AIREME 2 7R
BLTW3dDEEZLNT,

2018 4, 2019 4, 2023 i EiEEKTH O FUIIIBLHEA A ORI G 2, FEBlICR 4 Ick Lo, FTOXA IV
DU D7D, 3HTH, 4 AERD 7N =712 TR L 72, BIRENZ L2, AKY FIA4 b= TLL DAY
v MDMF STz 2018 fE B X UF 2023 E 3 HFHARF O A INBEA AR O EIEG T, 1RIEF UEZRL Tz, 4 A EAO
FOERIT. 2018 4E, 2019 4E L bLLE - 72fHAZ R L Tz b DD, 2018 4ED 4 H MDD R vzo, L wHiRIciZ Az b

&b)o
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DboZ et HEEDOR 4 Wi £ CTORE 25, Lo v ORI < OFRIIBHE % & TR < H 5 Al
DIREI NI, L, EIcLEELT. 2F Y M 74 P =< [ OFEREOFHFN2RTIOL oz,

Table 4. The portion of the birds with brood patches among the individuals caught at sea in 2018, 2019,

and 2023
(%)
Total
Date Effort (h) | captures 21:00-22:00 22:00-23:00 23:00-0:00

(bird)
2018.3.28 23 23 67 36 63
2023.3.27 3.03 26 67 36 25
Mean - - 67 36 44
s.d. - - 0 0 26.9
201847 1.2 9 - 50 50
2019.4.3 4.25 35 0 42 20
Mean - B 40.2 333 38.1
s.d. - - - 5.7 21.2

Timing for the spotlight survey and the next plans for carryingout (R®vy F 74 F % —< A4 OEHEkH &
S D FHHE)

After considering seasonal and temporal aspects, including past data, we believe that the optimal seasonal timing
to conduct the Spotlight Survey is between late March (around March 27, beginning of fledglings) and early April (before
April 10). As for the diel time, it was inferred that it would be best to start survey two hours after sunset. However, since
there is no record of surveys starting at 20:00, we would like to conduct a comparative project of spotlight surveys and at-

sea capture surveys during those hours.

As we can see from the 2023 survey, the peak of JAMU acoustic activity and the spotlight survey counts can
vary greatly from year to year. Therefore, it's hard to estimate the optimal time to survey each year. If the first call of JAMU
adults at sunset means the sign of fledging, it would be best to confirm acoustic data in real time from the mainland. If it
were technically possible, we would like to install a song meter in the colony and analyze the results every day on a
computer on the mainland. It may not only be possible to understand the acoustic activity on the JAMU colony throughout
the breeding period, but may enable population surveys to be carried out at the best time. In our view, we feel that this is

not a difficult task with today's technology. If anyone has information, we would love to hear from you.

Either way, as a next issue, it is urgently desired to conduct a survey starting at 20:00 as a comparison with the

past.

WEDT =2 b 5D, FHINY, KHEICERZ LR, ARy b 74 b —_ A O 7 FZHER L, 3575 Bilda
D3 HATHEBH 27 HE)~4 H LAj(4 A 10 HUAEN & F 2 b, ARNZRRICOWTIZ, Hiktko 2 RREUET» 5 0
AZ—FBRW, LI N, 2L, 20 FEBOMEFEMIT R AD, ZOREEHETORKRY P74 P —<xAE
X OV LA O LR 21TV 72w,
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2023 FEDFAE» S HFEZ LT, IAMU DEEFEHO L — 7 RAK Yy F 74 PF =4Ik 24V v MERIZ, Fick
STRERENMDBAONIGEDDH 2, ZDD, BEDRA P RFAEXA I v 7% T 2 0ZEHL W, SO HERE
DHEZ 2, B LORBOI A vEERT 20 THNIE, BEErL, 2NtV XA LTHIZZEBRTENIERALT
Hr, bL, HfiMic, AIEchNIE, Vv A—s—kau=—CHEL, 2OEEZEH, Atflloa vy —x—
TR LZVWDDTH 2, L2 EBL COIAMU 2o =— L COFEEFBMEL 7Z T Tlihd. RAMARKA4 I Y
I COMBEFAEZREICT 20 Ltk v, SOEMTIE, ZhIEHELWI L TRAVEIIIKEL NG, Ehizd
FHRE CANEOHB Lo Lo, 0, ZHEEWZE W,

WFRICLTH, ROFEE LTld, NI TOHEE LT, 20:00 GHMOFEDOEEAF2ICEING,
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