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Comparison of the distribution of non-indigenous marine sessile invertebrates on the coasts
of Kyoto Prefecture between 2006 and 2016. Keiji Iwasaki* (Faculty of Liberal Arts, Nara
University)

Occurrences of non-indigenous marine sessile invertebrates were surveyed at 41 sites along the coast of Kyoto Prefecture,
facing the Sea of Japan, in 2006 and 2016. Two species of mytilid bivalves (Mytilus galloprovincialis at 24 sites in 2006
and 21 in 2016; Xenostrobus securis at 0 and 3) and three species of balanid barnacles (dmphibalanus amphitrite at 20
and 20, 4. eburneus at 16 and 18, and A. improvisus at 10 and 18) were recorded in the surveys. Four species except
X. securis extended their distributional ranges into Kumihamawan Lagoon and retracted from the semi-exposed shores
facing Wakasa Bay in 2016. The extension into the Kumihamawan was considered to be caused by natural dispersal or
secondary human-mediated introduction from the nearby sites, but no reason could be detected for the retraction from
the Wakasa Bay. The number of non-indigenous species was greater on the inner coast than on the outer coast, while the
number of native sessile animal species and gastropod species combined was greater in the outer coast than in the inner

coast.

Keywords : change in distribution, Kyoto Prefecture, non-indigenous marine sessile invertebrates
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Table 1. Study sites and dates of study.
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Coastal Site Site name Latitude Longitude Date
area number N E 2006 2016
Tango T1 Kamai 357 39'20" 134° 52'58" Oct. 9 Oct. 15
Peninsula 7, Asamogawa 35° 41'24" 135° 00' 54" Oct. 10 Oct. 15
T3 Mitsu 357 42'43" 1357 03'58" Oct. 10 Oct. 15
T4 Taiza 35° 44" 17" 1357 05'34" Oct. 10 Oct. 15
T5 Nakahama 35° 45'39" 1357 10'40" Oct. 10 Oct. 15
T6 Sodeshi 35° 45'53" 1357 11'52" Oct. 10 Oct. 15
T7 Kamanyu 35° 45'16" 135° 15'07" Sep. 15 Oct. 15
T8 Tomari 357 42'17" 1357 17" 20" Sep. 15 Oct. 15
T9 Niizaki 35° 41'35" 1357 18'18" Sep. 15 Oct. 30
Kumihama Kl Minato Ohashi 35° 38'33" 134° 54'01" Oct. 9 Oct. 15
wan K2 Minatomiya 357 38 8" 134° 53 21" Oct. 9 Oct. 30
K3 Kumihamacho1954 35° 36'45" 134° 53 19" Oct. 9 Oct. 30
K4 Kunihama Port 357 36'29" 134° 53" 44" Oct. 9 Oct. 30
K5 Jyuraku 35° 36'22" 134° 54' 09" Oct. 9 Oct. 30
K6 Kuzuno 35° 38'22" 134° 55'30" Oct. 9 Oct. 30
K7 Minato 35° 38'31" 134° 54'16" Oct. 9 Oct. 15
H1 Lake Hanare 35° 41'22" 1357 02" 19" Oct. 10 Oct. 15
Outer Wi Ine 35° 40" 19" 1357 17" 40" Sep. 15 Oct. 15
Wakasa Bay o Nagae 35° 38 57" 135° 15 12" Sep. 15 Oct. 15
W3 Shimakage 35° 34'31" 135° 15'01" Aug. 14 Oct. 10
W4 Oda Shukuno 35° 33'39" 1357 15'04" Aug. 14 Oct. 10
W5 Sezaki 35° 32'44" 135° 20" 38" Sep. 24 Sep. 24
Miyazu Bay M1 Ejiri 35° 34'50" 1357 12'09" Sep. 15 Oct. 11
M2 southern Amanohashidate 35° 33'32" 1357 11'13" May 6 Oct. 11
M3 Monjyu 35° 33'25" 135° 11'10" May 6 Oct. 11
M4 Shimazaki 35° 32'22" 1357 11'49" Aug. 14 Oct. 11
M5 Miyazu Port 35° 32'13" 135° 11'56" Aug. 14 Oct. 10
M6 Shishi 35° 33'45" 1357 12'48" Aug. 14 Oct. 10
M7 Tai 35° 35'09" 1357 14'31" Aug. 14 Oct. 10
Asokai Al Iwataki 35° 34'06" 1357 09'52" Sep. 15 Oct. 11
A2 Suzu 357 33'43" 1357 09'22" Sep. 15 Oct. 11
A3 western Amanohashidate 35° 33'58" 1357 11'20" May 6 Oct. 11
Y1 Yura River 35° 30'39" 135° 17'07" Aug. 14 Oct. 10
Maizuru Bay ml Kita 35° 27'35" 1357 19'00" Sep. 24 Oct. 10
m2 Nishi-maizuru Port 35° 27 13" 135° 19'18" Sep. 24 Oct. 10
m3 Shimoagu 35° 27'38" 1357 19'39" Sep. 24 Sep. 24
m4 Katsura 35° 28'53" 1357 20'57" Sep. 24 Sep. 24
mS5 Nagahama 35° 29'16" 1357 21'49" Sep. 24 Sep. 24
mé Higashi-maizuru Port 35° 28'58" 1357 23'30" Sep. 24 Sep. 24
m7 Chitose 35° 30'44" 1357 20'48" Sep. 24 Sep. 24
m8 Onyu 35° 317" 1357 20' 56" Sep. 24 Sep. 24
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Fig. 1. Study sites. See Table 1 for site numbers. % : the site where water temperatures shown in Fig. 2 were
measured. % and ¥c : the sites where water temperatures were measured from 2010 by the Japan Fisheries

Research and Education Agency (see text).
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Fig. 2. Long-term changes in mean water temperatures
in February (thin line, no data in 1998) and
August (thick line) at a depth of 12 m in Kunda
Bay from 1997 to 2016 (measured by Fisheries
Technology Department, Kyoto Prefectural
Agriculture, Forestry and Fisheries Technology
Center).
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Table 2. Mean values (= SE) of salinity in each coastal
area.

Coastal area No. sites Salinity
2006 2016

Tango Peninsula 9 34.7( £ 1.0) 356 ( =+ 1.1)
Kumihamawan Lagoon 7 11.3 (= 0.7) 20.1 (£ 2.3)
Outer Wakasa Bay 5 32.0 (£ 1.3) 344 (% 2.0)
Miyazu Bay 7 23.7( = 24) 30.0 (*+ 2.1)
Asokai Lagoon 3 9.3(*=1.1) 14.7 (= 4.1)
Maizuru Bay 8 304 (£ L.1) 13.6 (£ 3.1)
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Fig. 3. Sites where Mytilus galloprovincialis occurred (closed circles) and did not occur (open circles) in 2006 or
2016.
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Fig. 4. Sites where Xenostrobus securis occurred (closed circles) and did not occur (open circles) in 2006 or 2016.
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Fig. 5. Sites where Amphibalanus amphitrite occurred (closed circles) and did not occur (open circles) in 2006 or
2016.
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Fig. 6. Sites where Amphibalanus eburneus occurred (closed circles) and did not occur (open circles) in 2006 or
2016.
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Fig. 7. Sites where Amphibalanus improvisus occurred (closed circles) and did not occur (open circles) in 2006 or

2016.
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Fig. 8.Percentage occurrences of 4 non-indigenous
species in each coastal area in 2006 and 2016. K:
Kumihamawan Lagoon, A: Asokai Lagoon, m:
Maizuru Bay, M: Miyazu Bay, W: Wakasa Bay,
T: Tango Penisula.
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Table 3. Range of the number of non-indigenous invertebrate species (NIS) and mean numbers (£ SE) of native
sessile animal species (NSS) and native gastropod species (NGS) for each coastal area in 2006 and 2016.
Statistical comparisons among coastal areas were conducted by Kruskal-Wallis test (H) for NIS and one-
way ANOVA (F) for NSS and NGS. The small letters, a, b and ¢, indicate that the values with the same
alphabet are not signifiant by pair-wise comparison of Steel Dwass method after Kruskal-Wallis test or
Bonferroni's method after ANOVA. *: significant at 1.66%.

Coastal area No. non-indigenous species

No. native sessile sepcies

No. native gastropod sepcies

2006 2016 2006 2016 2006 2016

Kumihamawan Lagoon 0-3 a,b 1-4 a,b 1.3(%=0.3)b 02(+0.1)c 23(*+0.2)b 1.6 (+= 0.6)b
Asokai Lagoon 1-4 a,b 1-3ab 0.7(*02)b 0.7(+0.3)b, ¢ 13(+£03)b 0.3(*03)b
Maizuru Bay 2-4b 1-4b 1.4(*=03)b 01(=*=01)c 26(=05)b 09(*=04)b
Miyazu Bay 1-4a,b 0-3ab 24(*+05)b 1.6(£0.6)b 3.0(£06)b 27(%0.7)a,b
‘Wakasa Bay 1-3 ab 0-1a 42(*+07)a 32(*+11)a 48(*+06)a 42(*+08)a
Tango Peninsula 0-3 a 0-4 a,b 32(*+06)a 32(*+07)a 29(*+04)b 42(*+09)a
HorF H=154%* H=16.7* F=6.3*% F=11.1* F=3.5% F=4.1%
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