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Possibility of bottom-up and top-down controls of the population
fluctuations in willowy flounder, Tanakius kitaharai,
in Joban Kashima-nada, Japan

Masakazu Takanasur'*, Akira Nira? and Yasunori SAKURAI®

Population of willowy flounder, Tanakius kitaharai in the waters of Joban Kashima-nada fluctuate heavily throughout
their recruitments although the mechanisms are poorly understood. In addition to assessing the relationship between
parent and offspring flounder, we analyzed statistically the relationship between flounder recruitment size index, abiot-
ic and biotic factors such as water temperature at various depths and zooplankton biomass. We found that recruitment
size index was significantly linking with water temperatures at a depth of 100 m in May, suggesting bottom-up control
caused by environmental factors was influencing the flounder’s population level. However, in addition to bottom-up
control by environmental factors, strong influence from top-down control factor caused by competition with pelagic
fish fed the same zooplankton are also suspected, due to an increase in feeding activity caused by a large number of
Japanese sardine, Sardinops melanostictus, migrating in the waters of Joban Kashima-nada before mid-1990s. We con-
cluded that bottom-up and top-down processes are equally important in the survival success of willowy flounder
through the recruitment process.
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Figure 1. Study area. Monthly observation stations by the

Ibaraki Prefectural Fisheries Experimental Station.
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Figure 2. Annual changes of willowy flounder, Tanakius kitaha-
rai, catch by trawl net fisheries in Fukushima and Ibaraki
Prefectures from 1969 to 2005.
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Figure 3. Total length distribution of willowy flounder, Tanakius
kitaharai, caught by trawl net in Ibaraki from 1998 to 2006.
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Figure 4. Time series of recruitment size index of willowy
flounder, Tanakius kitaharai, in the waters of Joban Kashi-
manada, from 1995 to 2005.

54



FE - EBEOXY T XL YA LA OBRHED)

6 -
> ©2003
©
£
8o 4T ©2000
n c
g2 ©2004 ©2002
c=
e E
5270 ®1999
5 2001
o ®1998 *
o
0 1 1 1 1
20 40 60 80 100

Total number of spawned eggs (billions)
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(t+1) and total number of spawned eggs in year ¢ of wil-
lowy flounder, Tanakius kitaharai, in the water of Joban
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(t+1) and temperature in year ¢ at 100-m depth of Station
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Table 1. P-value (p) of y*-test for testing fitness of the relationship between recruitment size index and temperature
for the quadratic function, and correlation coefficient (r) between recruitment size index and wet-weight of zoo-

plankton at Station A-3, 1994-2004 and its p-value (p).

P-values (p) of y*-test

Correlation coefficient between

recruitment size index, for

Depth (m) wet-weight of zooplankton
Month

0 50 100 ) )

January 0.477 0.246 0.613 — —
February 0.168 0.186 0.260 0.36 0.284
March 0.283 0.216 0.0085 —0.38 0.340
April 0.070 0.233 0.062 —0.07 0.827
May 0.186 0.034 0.0036 0.01 0.972
June 0.448 0.435 0.230 —0.25 0.406
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Figure 7. Comparison of willowy flounder catch in Fukushima
Prefecture and Japanese sardine catch in Ibaraki Prefecture,
from 1986 to 2005. Open circle: high-level period of Japa-
nese sardine population from 1986 to 1989 and in 1993, solid
circle: high-level period of Japanese sardine population from
1990 to 1992, that is one or two years after a period when
100-m temperature at Stn A-3 ranged from 8 to 11°C in 1989
and 1990, open triangle: low-level period of Japanese sardine
population from 1994 to 1996 and from 2000 to 2005, solid
triangle: low-level period of Japanese sardine population
from 1997 to 1999, that is one or two years after a period
when 100-m temperature at Stn A-3 ranged from § to 11°C in
1996 and 1997.
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