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Long-term decline in condition factor of Ocellate Puffer Takifugu rubripes
and its factors in Ise and Mikawa Bay

ARAKI Katsuya *!, NAKASHIMA Rentarou *!, ACHIHA Hideaki *!, and HIBINO Manabu *?

Abstract: We investigated the long-term changes in condition factor of Ocellate puffer Takifugu rubripes

caught in autumn in Ise and Mikawa Bay from 1995 to 2024 and the factors influencing the changes. Condition

factor showed a significant decline, and the decline was more pronounced in larger size classes. Multiple

regression analysis estimated that the annual changes in condition factor were related to total phosphorus

concentration in summer and recruitment amount of Ocellate puffer. The decline in condition factor is

suggested to be caused by the decline of the resource of prey organisms of Ocellate puffer due to the decrease

in primary production. In recent years, a decline in condition factor has been observed at recruitment levels

lower than past levels, suggesting that a decline in prey organisms is decreased the level of density-dependent

effects on condition factor.
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Fig. 1Location of the study area. Closed circles
and triangles show the water quality was surveyed
(https://water—pub. env. go. jp/water—pub/mizu—sit
e/mizu/download/download. asp, April 30, 2025) .
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Table 1 Number and range of total length (TL) and

body weight (BW) examined specimens of Takifugu

rubripes.
Year Number of fish Ranzge of TL Range of BW
cm) (g

1995 1 18.0 142
1996 714 14.5~58.0 80 ~ 3,980
1997 N.D.
1998 369 16.5~37.5 120~ 1,100
1999 224 14.0~27.5 66 ~ 500
2000 396 16.5~27.5 101 ~ 420
2001 20 20.0~27.0 100 ~ 320
2002 1 17.3 121
2003 N.D.
2004 1 23.8 297
2005 193 17.0~29.4 127 ~ 470
2006 417 17.5~40.0 114~ 1,235
2007 283 16.2~40.3 94~ 1,302
2008 15 21.5~24.3 189 ~ 299
2009 N.D.
2010 N.D.
2011 91 13.3~31.2 59 ~ 574
2012 89 17.6~33.5 162~ 375
2013 143 16.8~27.4 106 ~ 444
2014 1 25.1 290
2015 7 21.0~26.0 174~ 317
2016 32 22.0~27.0 173 ~ 428
2017 38 19.5~36.0 183~ 700
2018 180 18.0~30.0 119~ 610
2019 N.D.
2020 7 19.2~24.0 167 ~ 286
2021 2 24.4~28.8 285~ 531
2022 N.D.
2023 65 14.6~28.3 91 ~ 442
2024 25 23.0~41.0 220~ 1,060
total 3,314 13.3~58.0 59 ~ 3,980
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Table 2 Correlation coefficients between average
relative condition factor of Takifugu rubripes
collected in Ise and Mikawa Bay from September to

November and each explanatory variable.

Explanatory variables Period r
Water temperature at Ise Bay (water depth 30 m) Summer o
Water temperature at western Ensyu—Nada (water depth 100 m) Summer :gi;
Area of hypoxia (dissolved oxygen saturation below 30%) in Ise Bay July*" 0.04
Total Nitrogen (TN) in Ise Bay i\;rtrl‘r:]ne: _811;
Total Phosphorus (TP) in Ise Bay i‘:‘::‘::: 8;; *
Chlorophyll a in Ise Bay i‘:::,n:nl —ggj
CPUE of Oratosquilla oratoria caught by small trawl in Ise Bay i‘;’t‘:";erf 812
CPUE of small penaeid shrimp caught by small trawl in Ise Bay i:‘;“;e: 78;2
CPUE of loliginid squids caught by small trawl in Ise Bay ili‘l::‘n:: ggg

October~

CPUE of Takifiugu rubripes caught by small traw] in Tse Bay Mach

—0.39

*:p<0.05
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Fig. 2Relationship between total length (TL) and
body weight (BW) of Takifugu rubripes collected
in Ise and Mikawa Bay from September to November

between 1995 and 2024.
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Fig. 3 Annual change in the relative condition
factor (Kn) of Takifugu rubripes collected in
Ise and Mikawa Bay from 1995 to 2023. The t and
p-value in the figure show the result of the
Mann—Kendall test. The broken line represents

the regression line.
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Fig. 4 Annual change in the relative condition
factor (Kn) by total 1length (TL) class
of Takifugu rubripes collected in Ise and Mikawa
Bay from 1995 to 2023. The t and p—values in the
figures show the results of the Mann—-Kendall
test. The broken lines represent the regression

lines.
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Fig. 5 Comparison between the observed average
relative condition factor (Kn) and the estimated
Kn using a selected multiple regression model
for Takifugu rubripes collected in Ise and Mikawa

Bays from 1995 to 2023.
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