u

) <

The University of Osaka
Institutional Knowledge Archive

Title THIAHAEINREEICH 1T 20 EREOEF M

Author(s) |EBRAAK, XK, EL, B3, RH, Z b

Citation |{RE4REZHFZT. 2026, 31(1), p. 17-32

Version Type|VoR

URL https://hdl. handle.net/11094/104979

This article is licensed under a Creative

FI8NS | commons Attribution 4.0 International License.

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



PREHEREZENIE (Japanese Journal of Conservation Ecology) 31 : 17-32 (2026)
J-STAGE Advance published date: March 30, 2026 BY

https://doi.org/10.18960/hozen.2511

R ER 3

2

T H N X EINACIRE I BT SR RS O KR

FEEAR S BEOR - uEED OBHSET - R B - KK WY W EE—ERS
OB A L UAMS - =k ESETC - R
A BEEY - HHE O OEANT - w0
VIR AR A B S R A Al e A iy O EREL AT 7 B
Pm Y IN AR RS
RO HKR A FAE
TR AR L R
> 6DORSALS KAYAK SERVICES
SHHTE O AHSDIN I — LR
T NS L E i REAE
SWRII S — 7 — L K
iR NS e
RN NGy N N R e

Environmental characteristics of sandy beaches at the northern limit of the breeding range of the loggerhead sea turtle (Caretta caretta)

Manami Mizoroki', Akemi Watabe’, Isamu Saruta’, Kiyoshi Oki*, Kenichiro Fujitas, Tamaki Iwase’, Ariyo Ren Iwase’,
Emiko Mitsugiﬁ, Harutaka Taira’, Tomonori Yoshimura®, Masahito Yoshida’ and Ikuyo Saeki'™*

' Degree Programs in Life and Earth Sciences, Graduate School of Science and Technology, University of Tsukuba
* Ichinomiya Sea Turtle Association
* Kujukuri Beach Nature Conservation Association
* Chiba Prefecture Nature Conservation Management Group
> 6DORSALS KAYAK SERVICES
% Onjuku Sea Turtle Patrol
" Marine Science Museum, Fukushima Prefecture (Aquamarine Fukushima)
¥ Kamogawa Sea World
? Professor Emeritus, University of Tsukuba

' Graduate School of Human Sciences, University of Osaka

BB T I X Caretta caretta \ IR\ FEINME SO I T ATH ) . ALKFEBAEFEICB W T ERBRETO
HEINEATH T EBHISN TV S o ATRIIFHERIE 21T 9 A5, RERA QMO % &0 S EEEDNEA L TE Y.,
BHEA L Yy A D TIEHIEGEIEIBEE (EN) ICIRESNTWA, TH Y I H AOEINICIRBIIEE R, KR, T3
BAZBIT 2 KRPHEREOWETH L, TNHOHIE, BZD R d 00, (2T RREREINOMHR SN TV 5
DD 1) . 2 OKBELEBC & B W H/KIRO FAAC XD FRIZER L & L COREZEEIE TR H 5, €2 T
AWFFETIE, IR WAL 12 B 2 RS RIS H L. LIRBOMRESE O EZ BT 2 L 2 HWE L
72o JLIRIOR I SEINEFE O H L5 HT e O E LT 12 N 2 # Y, WEOHE - #E - fid, HiRE. W,

*T565-0871 KBUFMKHTTINE R 12 KBORFRFEBE AR 788

Graduate School of Human Sciences, The University of Osaka, 1-2 Yamadaoka, Suita, Osaka 565-0871, Japan

e-mail: sacki.hus@osaka-u.acjp 20254£4 725 H2MF, 20254512 18 HAZBE, 202643 F 30 H /AR (J-STAGE)
EAEHEIIE B )RR T %o Licensed under CC BY 4.0

17



EARYS 3 EY/

BILOATHEEY EFHORNIIZODWTHEEZ T - 72, LI E LEDNR, BT, A OFEEIzEEN
4,004 m, 38m. 2.9°TH . FHAEDFIHEE LK 62% TH - 720 NASAIZ L 2l LA OFUEA S . KL 5
ST L7285 (SSP5-8.5) OFHEM ST OMIEDOEE 2 HEE L7245 R, 21004E 1213 P TR 24% P T 5 BE N D
L EHEE SN Tz BRI DWW T, 20234 D E D SR TOME TMEE 1T o 720 ZORR. 6 HimIZB W
TIALFEDME T 94 & SN B32°CH MR AMEPBII S Nz 720 FAEMCEINOD - 72316 H12D T,
WHIREDOTFT =8 o FHAD—RMLO T E2IT o728 2 A, 12 TAZADEEH90% UL (5:K99.99%) & HE
SNz, REHSODIEME XTIV TRb O, REDOHA L EIHIZKE LML v eI S,
ANTHEEY & NTHFIEETOFEIIZ B CHER S, @RISR L OHE - EEOFED AU 8L oA
TRUER SN DEoZ &6, 7H v 27 A OJuISoMEEREI ., #in F8I X 2 BB/, SBEERIC &
b H)WHIRED LA, %5 AR L ZENEROHILD) A7 IZE5ENTWE I EPPELNEL o7, T
5EEMT H7201218, BIHAOFEE IR - BT 272000 - REGER. 7H 7 I T ADEINGHN S W H
PEICELRE L 72 ORI AEORE L 2 L2 DTV T EPEETH S,
F—T— F A, REAE). MiRfa R, 2E, e

Abstract: The loggerhead sea turtle (Caretta caretta) breeds in temperate zones, and females are thought to return to their natal
beach to nest. The northern limit of the C. caretta breeding range encompasses sandy beaches on the Pacific coast in Fukushima,
Ibaraki, and Chiba prefectures, Japan, where nesting is frequently observed, although less commonly than in other parts of its
range. Recently, the loggerhead sea turtle population has been declining due to bycatch and habitat degradation. The species
is listed as endangered (EN) on the national Red List of Japan, and the importance of these breeding sites may further increase
under global warming. However, our knowledge of these northernmost breeding environments remains limited. Therefore, we
investigated the ecological factors influencing the nesting, hatching, and emergence of C. caretta on sandy beaches at the north-
ern limit of its breeding range. We selected 12 sites for field surveys, focusing on those where nesting had been observed, and
recorded the size and geomorphological features of the beach, vegetation cover, sand temperature, sand particle composition,
presence of artificial structures, and human activity. The average width, length, and slope of the 12 beaches were 4004 m, 38 m,
and 2.9°, respectively. The average vegetation cover was approximately 62%. Using the NASA Sea Level Projection Tool, we
predicted that the beaches would decrease in area by approximately 24% by 2100 under the most advanced warming scenario
(SSP5-8.5). Sand temperatures at 9 of the 12 study sites were measured during the summer and autumn of 2023; temperatures
above 32°C, which are thought to reduce hatching success, were recorded at six sites. Based on sand temperature data from 16
nests at three sites where nesting events were observed during the study period, we predicted a hatchling primary sex ratio of
>90% (maximum, 99.99%) female for 12 nests. Measured sand hardness was soft at all sites but one, and appeared suitable for
C. caretta breeding. Artificial structures and artificial light sources were present at all study sites, and both recreational swim-
ming and cars or heavy machinery were recorded at >80% of all sites. Our results reveal that sandy beach environments at the
northern limit of the C. caretta breeding range are exposed to risks related to decreased habitat due to sea-level rise, increased
sand temperatures due to global warming, and degradation of the nesting environment due to human activities. To minimise
these risks, it is important to conduct monitoring surveys and conservation activities at the breeding sites. Mitigation of human
impacts on potential breeding areas is also encouraged for beaches with intensive human activity.

Keywords: climate change, conservation, marine organism, reproduction, threatened species
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Table 1. Size and geomorphology of sandy beaches at 12 study sites at the northern limit of the loggerhead sea turtle (Caretta caretta) breeding
range in Japan, and their predicted sizes in 2100. Predictions were based on sea-level rise estimates (NASA 2023) for 2100 under the most
advanced warming scenarios with the highest CO, emissions (SSP5-8.5) and those with relatively low CO, emissions (SSP2-4.5) (IPCC 2021).

FllfE (SSP5-8.5/SSP2-4.5)

- B} g BT me e . MAERE RS s

A PAH I bl d IS A

R A m  m  (m () b (%) (em) F FREAT  WARAT T

(m) (m) (%)
(m)
Y 7y i 2023/7/12 1710 674 1.1 0.9 — »HYy K 60 10 0.65/0.35  26.2/453  41.4/22.1 15.7/3.9
. - el
Wi 2023/7/12 3730 225 23 59 — £l - 60 13 0.65/0.35  16.2/19.1 6.4/3.4  16.3/4.1
VB335 2023/7/12 1510 53.6 3.4 36 — L — 20 50 0.65/0.35  43.2/48.1 10.4/5.5  60.5/54.9
] i 2023/7/13 860 19.5 1.1 32 — Hy  &TI 80 10 0.65/0.35 8.2/13.4  11.3/6.1  47.0/30.1
Kl 2023/7/13 2350 951 1.5 09 — »HY) AW 70 15 0.93/0.66  35.9/53.1  59.2/42.0 27.0/16.4
KA i 2023/7/13 20440 281 1.3 27 R, WE &L — 80 15 0.93/0.66 7.3/133  20.8/14.8 41.3/34.6
AR Ui 2023/6/18 2400 383 1.7 27 »HhH B 85 10 0.93/0.66  17.0/232  21.3/151  7.5/5.7
)i 2023/6/27 3190 428 1.7 23 k. WE HH  mEARII 70 10 0.89/0.6 20.1/27.5  22.7/153  14.2/9.1
— 2023/5/27 7010 232 12 32 Wi HY B 80 18 0.89/0.6 6.6/120  16.6/11.2  27.1/17.6
YRR 2023/6/13 1440 399 19 29 fbl B AEAKI 30 20 0.89/0.6 21.1/27.2  18.8/127 21.6/14.7
BRI 2023/8/31 2740 188 12 3.6 — HY 20 5 0.89/0.6 4.6/9.2 14.2/9.6 4.8/1.1
HRAME 2023/6/13 670 54 03 34 Wk Hy  Erl 90 8 1.11/0.83  —14.1/-92  19.5/14.6  5.9/3.3
Sy 4004 379 1.6 293 — — — 62.1 152 0.84/0.6 16.023.5  21.9/144 24.1/163
T {2 5211 237 07 13 — — — 24.1 1.2 0.1/0.2 14.6/17.4 14/9.7  16.8/15.5
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Fig. 2. Sand temperatures measured at the 12 study sites. Vertical axis indicates daily average sand temperature. Black and grey horizontal
lines indicate threshold temperatures at which the sex ratio is influenced (29.7°C; Matsuzawa 1998) and hatching success begins to decline
(32°C; Imamura et al. 2014), respectively.
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Table 2.

Sand temperatures measured at the 12 study sites in 2023, and model predictions based on average air temperatures over 1-8 days

(Japan Meteorological Agency; https://www.data.jma.go.jp/gmd/risk/obsdl/index.php, last accessed January 1, 2024). Numbers following

“«

'p” in the “Predictive model” column indicate the number of days of air temperature data used in the model.

el 2l Bl el 9-10 H 9-10H 9-10 H 9-10 H
A AR RS RiEmE  RAME R&AME Ty BEEEAE O RORME Rl FMET IV IS
(°C) (°C) (°C) (°C) (°C) (°C) (°C) (°c)
Pty 712-11/15 24.6 4.0 30.2 13.8 23.4 33 29.5 17.8 y=4.73+0.85% (p8)  0.94
VIESi3S 712-11/15 25.1 5.3 323 10.6 23.5 43 31.8 15.7 y=2.41+1.09% (p5) 0.86
WEFfERE 7/13-11/14 27.0 4.8 33.2 14.2 25.4 3.9 32.0 18.4 y=3.37+1.00% (p3)  0.95
KNy il 713-11/14 26.8 4.6 323 15.0 253 3.9 31.5 18.4 y=727+0.83% (p4)  0.96
ENENS 718-11/11 26.4 3.0 30.6 20.4 25.7 3.0 29.8 21.0 y=9.314+0.70% (p8)  0.92
ol 6/27-11/14 27.8 4.7 34.7 13.8 26.0 4.1 32.9 17.8 y=538+091% (p2) 0.92
—E i 6/18-11/1 29.0 3.6 34.0 21.4 26.9 3.6 33.2 21.4 y=8.12+0.83% (p5)  0.90
Wil 8/31-11/1 26.5 3.5 33.0 20.8 26.6 3.5 33.0 20.8 y=8.84+0.78% (p2)  0.88
HRA g 6/13-11/27 26.1 3.8 31.1 18.1 26.0 32 31.1 20.8 y=7.4140.79% (p8)  0.95
Py — 26.6 4.1 324 16.5 25.4 3.6 317 19.1 — 0.92
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Table 3. Predicted days to emergence and primary sex ratios at nests where spawning was confirmed during the 2023 survey. The number of
days to emergence includes the first day of emergence, and is rounded to the nearest whole number. Mean temperatures were calculated for
the temperature-sensitive period, starting at first day of egg laying +(days to emergence X 1/3) and ending at first day of egg laying +(days to

emergence X 2/3).
o FE OB R B H HRH:'IH V?E':"JHU H ?ﬁ%ﬁ@:@f“ﬁﬂ@ Tén\nir etal. (2019) ® L_a{o'ei etal. (2014) ®
A WEH wEH 2 (H) (B iR RE H T EE O R LB X ALD K2k B A AD
L D) FHME (°C) T UM (%) FIME (%)

K 6/25 8/18  7/12-7/31 55 8/25 (+7) 28.58 15.33 65.47
717 9/4 8/2-8/20 50 9/11 (+7) 28.67 18.54 67.32

6/27 8/19  7/14-8/2 54 FANTT 31.26 99.66 96.10

Bl&iEs 723 9/9 8/7-8/24 49 9/5 (—4) 32.24 99.98 98.36
7124 912 8/9-8/27 51 9/6 (—6) 32.40 99.99 98.58

6/11 8/11  7/2-7/23 62 FAT] 30.46 97.02 92.15

6/25 8/9  7/10-7/25 46 8/12 (+3) 31.57 99.86 97.06

6/28 8/19  7/16-8/3 53 8/14 (—5) 31.99 99.96 97.96

7/6 821  7/22-8/7 47 8/20 (—1) 32.26 99.98 98.38

718 9/2 8/3-8/19 47 8/30 (—3) 32.16 99.97 98.24

—w kR 7/23 9/21  8/12-9/1 61 9/4 (—17) 32.47 99.99 98.66
8/1 9/22  8/19-9/6 53 9/15 (=7) 32.62 99.99 98.83

8/5 924 8/22-9/8 51 9/19 (—5) 32.12 99.97 98.18

8/10 9/30  8/27-9/13 52 9/26 (—4) 30.66 98.29 93.43

8/21  10/11  9/7-9/24 52 10/13 (+2) 29.60 75.01 83.75

8/27 1025 9/15-10/6 60 10/30 (+5) 29.43 65.59 81.46

iy 7/18 9/8 8/4-8/22 53 — 31.16 85.57 91.50
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Fig. 3. Predicted sand temperatures at the 12 study sites, with yearly sand temperatures averaged from June to October since 1979. Data were
obtained from the Japan Meteorological Agency ( “Past weather data download”; https://www.data.jma.go.jp/gmd/risk/obsdl/index.php, last
accessed January 1, 2024). The prediction models are shown in Table 3.
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Fig. 4. Predicted primary sex ratios for simulated nests at the 12
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Cumulative particle size distributions for sand collected from beaches at the 12 study sites. Blue dashed line indicates a reference distri-

bution from Nagata Beach, Yakushima, Kagoshima Prefecture (Ando 2022).
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Table 4. Presence of artificial structures and/or human activity, indicated by black circles, at the 12 study sites.
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Appendix 1. Schematic illustration of a typical sandy beach
used in this study, indicating the beach extent, geomorphol-
ogy, and vegetated zones. Left: top view. Right: vertical

section.

fH8%2. AT OB A TEEE0 cm & 40 cm DFL
FEMS O ILEL, WaHEREOEEF B2 & L TR L7,

Appendix 2. Sand particle size distribution (depths: 0 and
40 cm) at Yotsukura Beach.
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Appendix 3.
beaches. Top left: vegetation trampling at Yotsukura Beach.
Top right: gabions installed at Ichinomiya Beach. Bottom
left: artificial lights at Kawarago Beach. Bottom right:
vehicle access at Otake Beach.

Examples of human impacts at four sandy
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Appendix 4. Width (top) and length (middle) measurements
and slopes (bottom) of sandy beaches in our study sites and
at other sites in Kochi Prefecture. Data for the northern
limit of the breeding range were obtained in this study.
Plots for Kochi Prefecture include mean, maximum, and
minimum values reported by Kobayashi et al. (2019).
Whiskers indicate the maximum and minimum values, “X”

indicates the mean, and the box indicates the third quartile,

median, and first quartile, respectively, starting from the
top line.
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Appendix 5. Sand temperature trend analysis results for
nine sandy beaches in which a temperature logger was
installed, and predicted average primary sex ratios for
hatchlings at these beaches, based on Equation (7) in this
study and Equation (5) developed by Tanner et al. (2019),
respectively.
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