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Abstract

Following the Noto Peninsula earthquake, coastal uplift occurred at multiple sites along the peninsula, exposing
rocky substrates that had previously been located in the subtidal zone. Numerous large boreholes were observed
on these newly emerged surfaces, and many tests of the sea urchin Heliocidaris crassispina were found within
them. Subsequent observations in the present-day subtidal zone also revealed that many boreholes were actively
occupied by H. crassispina.

A survey of the biota inhabiting inside and surrounding of these boreholes showed that they were utilized by a
variety of benthic organisms, suggesting that boreholes occupied by H. crassispina function as microhabitats in
the subtidal zone along the Sea of Japan coast. However, it remains unclear whether these boreholes were
excavated by H. crassispina itself, and further experimental and observational studies are needed to clarify this

issue.
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Figure 1. Numerous boreholes observed on the uplifted rocky shore at Kaiso Coast, Monzen, Wajima City,
Ishikawa Prefecture. (A) Rock surface with dense boreholes; (B) Close-up view of the boreholes. Various sessile
organisms such as bivalves, barnacles, and coralline algae are seen around the openings; (C) Remains of
Heliocidaris crassispina (test and spines) found inside a borehole; (D) Boreholes observed in the subtidal zone of

the same coast, where H. crassispina inhabits.
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Figure 2. Study sites of this research. Surveys were conducted on the rocky shores around the Noto Marine Center and

Hime, located on the east coast of the Noto Peninsula.
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Figure 3. The environment surrounding boreholes (A-C) and the organisms observed inside the boreholes (E-F). (A)
the overview of boreholes utilized by Heliocidaris crassispina; (B) Caulerpa okamurae; (C) Oulastrea crispata; (D)
The environment inside the boreholes, where no macroalgae were observed; (E) Rhynchocinetidae sp.; (F) Stichaeus

nozawae.
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Table 1. Depth and opening diameter of each borehole,

and test diameter and test height of the host sea urchin.

R Bi5WNo. RiTE RO®RE RE )
D LBESINBN 1 95.2 65.4 432 24.0
vz -8 2 111.2 7.4 57.7 34.8
3 95.5 86.7 50.5 30.0
4 94.1 86.7 54.0 34.2
5 1112 110.8 572 29.0
6 89.3 84.8 56.8 26.4
7 1152 86.7 43.0 23.8
8 90.1 95.0 525 29.6
9 83.2 74.3 47.4 23.0
10 79.0 66.0 38.5 19.8
Tty 9644123 828+140  S50.1+£68  27.5+49
E 1 78.9 58.4 41.8 21.0
2 51.0 48.1 44.6 22
3 69.8 70.0 44.2 211
4 111 933 42.1 245
5 1115 85.0 49.0 29.0
6 82.7 72.0 47.2 29
7 68.0 88.4 45.8 235
8 443 50.6 33.8 18.0
9 1.2 59.3 50.9 25.0
10 89.4 54.0 42.0 21.6
Tty 81.8+244 6794164 44147  229%29
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Figure 4. Comparison of the spine tips of Heliocidaris

crassispina from the Noto Peninsula and Shirahama,
Wakayama prefecture. The upper two spines are from
individuals collected in the Noto Peninsula, and the
bottom one is from Shirahama. The spines of the Noto

Peninsula individuals are more worn.
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Table 2. Biota of inside/surrounding environment of boreholes occupied by Heliocidaris crassispina.

B F7WNo. HEE (BEHEK RAAED F5— MERE (BE#)
- Ischnochiton boninensis Bergenhayn, 1933 73/ 7 2 £ 4 5 /74 (1) Haliclona (Reniera) cinerea (Grant, 1826) L5 % ¥ 514 X > (1)
SNBHWE L 1 . - R . . . . .=
Rhynchocinetidae sp. ¥ Z T E'f}0 leura D de Fonbressin & Michelotti, 1860 ~ ) LA Y ¥ > F v 7 (1)
Tegula rustica (Gmelin, 1791) 2> & hH > HF (1) Euplica scripta (Lamarck, 1822) 7 b I A H 1 (1)
2 Astralium haematragum (Menke, 1829) 7 5 %7 XH A (1) Anachis miser miser (G. B. Sowerby I, 1844) R4 74 (1)
Pagurus nigrivittatus Komai, 2003 2 A 2> ¥ KA U (1)
Haliclona (Reniera) cinerea (Grant, 1826) 174 % 14 A > (1) Haliclona (Reniera) cinerea (Grant, 1826) L5 % ¥ h A X > (2)
3 Reishia luteostoma (Holten, 1802) L A 774 (1)
Rhynchocinetidae sp. # 7 % T ERD—E (4)
Astralium haematragum (Menke, 1829) 7 5 ZH 4 (1) Haliclona (Reniera) cinerea (Grant, 1826) L5 % ¥ h A X > (1)
4 Rhynchocinetidae sp. 7t T ERO—E (1) Lottia tenuisculpta T. Sasaki & Okutani, 1994 3 € L £ 2 HE (1)
Pagurus nigrivittatus Komai, 2003 2 0> <744 Eh U (1) Pagurus japonicus (Stimpson, 1858) ¥ % kx> Fh U (1)
Paguristes ortmanni Miyake, 1978 /7 7' /1 £ A 3 2 /54 2 (1)
s Pagurus nigrivittatus Komai, 2003 2 0 <44 KA U (1) Haliclona (Reniera) cinerea (Grant, 1826) L7 %% 14 £ > (1)
) Echinoecus pentagonus (A. Milne-Edwards, 1879) L7 % ¥ 3 h 7 H= (1)
Purpuradusta gracilis (Gaskoin, 1849) X &1 7 (1) Haliclona (Reniera) cinerea (Grant, 1826) L7 4 % h A X > (1)
Tanaidacea sp. 2+ R BO—7& (1)
6 Pagurus nigrivitatus Komai, 2003 7 85> ¥ K7 Y (1)
Pagurus minutus Hess, 1865 LEF AR > ¥ FA Y (4)
Ischnochiton comptus (A. A. Gould, 1859) 7 2 £ 45 14 (1) Pagurus nigrivittatus Komai, 2003 2 0¥ <4 FH U (1)
Ischnochiton boninensis Bergenhayn, 1933 75 7 2 £ ¥ Z H4 (1)
7 Trochus rota Dunker, 1860 7 X4 FE> ¥ (1)
Turbo sazae Fukuda, 2017 %4 T (1)
s Rhynchocinetidae sp. ¥ 7 4 T E R —7& (18) Pagurus nigrivittatus Komai, 2003 7 A 7R+ FH Y (1)
Paguristes ortmanni Miyake, 1978 /7 7' /1 £ A 3 3 /54 2 (1)
Trochus rota Dunker, 1860 7 X4 F &> < (1) Haliclona (Reniera) cinerea (Grant, 1826) L5 % ¥ 514 X > (1)
Turbo sazae Fukuda, 2017 %4 T (1)
Pardalinops testudinarius (Link, 1807) %Y L2 (1)
’ Paguristes ortmanni Miyake, 1978 7 7’51 £ X 3 2/54% 2 (1)
Pagurus nigrivitans Komai, 2003 7 A 25> KA U (1)
Stichaeus nozawae Jordan & Snyder, 1902 2 7 TH (1)
Ischnochiton boninensis Bergenhayn, 1933 7/ 7 2 45 # A (1) Haliclona (Reniera) cinerea (Grant, 1826) L5 % ¥ h A X > (1)
10 Pagurus nigrivittatus Komai, 2003 2 0> 24> Eh YU (1) Paguristes ortmanni Miyake, 1978 77 7 7 £ X 2 2/349 2 (1)
Pagurus nigrivittatus Komai,2003 7 0> 24> FH Y (1)
" ! Ophioplocus japonicus H.L. Clark, 1911 =¥ 7 £ k7 (1)
Cardita leana Dunker, 1860 < 74 (1)
2 Cirratulidae sp. < X & % T 4 Bo—7& (2)
Pagurus minutus Hess, 1865 LEF H& v FH Y (1)
Ischnochiton boninensis Bergenhayn, 1933 75/ 7 R E 45 A4 (2) Cirratulidae sp. = X & ¥ Ih 4 R0 —7i& (3)
Cirratulidae sp. < X & ¥ 35 4 &0 —7& (2)
: Ophioplocus japonicus H.L. Clark, 1911 =K > 2 €t b7 (1)
Ophiothrix (Ophiothrix) ciliaris (Lamarck, 1816) £ 4" b 7' 7 & b7 (1)
Tegula rustica (Gmelin, 1791) A £ HH > 55 (1) Elysia amakusana Baba, 1955 7 X% 27 (1)
Cerithium dialeucum R. A. Philippi, 1849 3 ~JL b H =F 1 (3) Cirratulidae sp. < X & ¥ I'h 4 R0 —7& (1)
4 Cimatulidae sp. = X F A4 HoO—H )
Pagurus nigrivittatus Komai, 2003 7 B> < H > ¥ FA U (1)
Cerithium dialeucum R. A. Philippi, 1849 2 ~JL k H =F U (1) Ergalatax contracta (Reeve, 1846) £ X 37 7 7 (1)
s Pagurus nigrivittatus Komai,2003 7 022 H> ¥ FhY (2)
Ischnochiton boninensis Bergenhayn, 1933 5>/ 7 X £ %' 5 54 (2) Astralium haematragum (Menke, 1829) 7 5 %7 XH A (1)
Reishia luteostoma (Holten, 1802) L A & 4 (1)
6 Cardita leana Dunker, 1860 < 74 (1)
Pagurus erythrogrammus Komai, 2003 7 H < 2>+ FH U (1)
Macromedaeus distinguendus (de Haan, 1835) &7 4 7 %
Ischnochiton boninensis Bergenhayn, 1933 7/ 7 2 £ 4% 7 /74 (1) Pagurus minutus Hess, 1865 1 EF AR ¥ FhY (1)
Tegula pfeifferi carpenteri (Dunker, 1860) 4 7 21 X 517> 1 7 (1)
Cardita leana Dunker, 1860 <774 (1)
7 Cirratulidae sp. = 2 & % =71 4 Blo—7E (2)
Syllidae sp. > ) 2R —7& (1)
Lysidice sp. £/ A FtD—7&E (1)
Cardita leana Dunker, 1860 <7774 (1)
8 Cirratulidae sp. = 2 & % =7 4 FloO—7E (2)
Rhynchocinetidae sp. * 7 4 T £ 70 )
Ischnochiton boninensis Bergenhayn, 1933 72/ 7 X £ 45 14 (1) Astralium haematragum (Menke, 1829) 7 7 7 XH4 (1)
Cardita leana Dunker, 1860 < 74 (2)
? Cirratulidae sp. < X & ¥ I 4 B0 —7& (2)
Paguristes ortmanni Miyake, 1978 7 7 £ X 3239 2 (1)
Mytilisepta keenae (Nomura, 1936) £ 4 A 714 (1) Astralium haematragum (Menke, 1829) 7 7 7 XHA (1)
10 Cardita leana Dunker, 1860 774 (1)

Rhynchocinetidae sp. 7 T £
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