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Effects of Water Temperature on Feeding and Survival of Righteye
Flounders Limanda herzensteini and Limanda yokohamae

Toyomi Takahashi,*

Osamu Tominaga,*

and Tatsuaki Maeda*

Two species of righteye flounders, Limanda herzensteini (173~243 mm in length) and L.
yokohamae (211~271 mm in length), were reared under various water temperature conditions,
and the effects of temperature on daily feeding rate and their survival were examined. Although
L. herzensteini did not feed at temperatures below 0.7°C, no deaths were observed at the lowest

rearing temperature (—0.9~ —1.3°C).

L. yokohamae could also tolerate long-term exposure

(approzimately three weeks) to subzero temperatures (up to —0.5°C), but they ceased to feed at
1.6~1.9°C. At temperatures below 18~19°C, the daily feeding raie (%{wet body weight per day)
of L. herzensteini increased with increasing temperature and began to decrease remarkably at

about 19°
was about 25°C.
of temperature of L

C, while in L. yokohamae the temperature at when the daily feeding rate began to decrease
In addition, heat resistance experiments suggested that the upper lethal limits
. herzensteini and L. yokohamae lay in 25~26°C and 28~ 30°C, respectively.

From these 1csults, it became evident that the thermal resistance of these two species which
often occur sympatrically in the coastal waters of Japan differs considerably, that is, L. herzensteini
is superior in cold resistance, but is inferior in heat resistance to L. yokohamae.
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Table 1. Daily food consumption and daily feeding rate of Limanda herzensteini at various water
temperatures in 1.5t tank. Fach value is based on a group of 3~ 16 individuals, and the
means of daily rates are shown in parentheses. Fish were held at 11.0~11.9°C for 30 days
and at 7.1~7.9°C for the following 10 days prior to the experiment
: No. of Temp. Daily food consumption Da})ily feeding rate
Duration fish o (g wet weight/day) ((v{el"g’itt /g‘;%
1986 Sep. 6~ 9% 16%3 7.5-3.7 0 0
Sep. 10 16 3.7~3.8 135.1 8.7
Sep. 11~16 16 3.3~3.8 33.1~93.2(76.9) 2.1~6.0(5.0)
Sep. 17 16 2.1~3.1 62.9 4.1
Sep. 18~24 16 1.7~2.1 32.1~73.9(58.4) 1.9~4.5(3.5
Sep. 25~27%! 16*+ 1.8—6.4 0 0
Sep. 28 16 6.0~6.4 74.8 4.5
Sep. 29 16 5.2~5.3 41.7 2.5
Sep. 30 16 3.3~3.8 43.2 2.6
Oct. 1~3 16 1.7~2.4 9.3~31.9(23.2) 0.6~1.9(1.4
Oct. 4~5 16 1.5~1.7 19.8~21.7 (20.8) 1.2~1.3(.3)
Oct, 6~7% 16 1.5~1.9 0 o
Oct. 8 16 1.7~1.9 21.4 1.3
Gct, 9~12% 16%5—12%¢ 1.9—4.5 0 ¢
Oct. 13 12 4.5~4.8 79.3 5.5
Oct. 14~15 12 4.5~4.9 34.6~40.2 (37.4) 2.4~2.8(2.6)
Oct. 16 12 7.9~8.1 74.0 5.1
Gct. 17 12 10.0~10.4 86.9 6.0
Oct. 18 12 13.2~13.3 104.4 7.2
Oct. 19~30 12 15.2~16.1 71.0~156.7 (122.4) 4.9~10.6(8.3)
Oct. 31~Nov. 3 12 17.8~19.0 100.9~169.3 (133.2) 6.8~11.4(9.0)
Nov. 4~6 12 19.2~19.8 75.9~78.7(77.5) 5.1~5.3(5.2
Nov. 7~38 12 20.8~21.0 68.9~74.3(71.6) 4.7~5.0(4.8
Nov. 9~10 12 21.7~22.5 62.5~78.6(70.6) 4.2~5.3(4.8)
Nov. 11~18 12 22.7~23.8 30.8~62.0(45.8) 2.0~4.1(33.D
Nov. 19 123
Nov. 20 3 23.1~23.8 16.9 3.0
Nov. 21~22 3 25.3~25.4 2.0~5.9(4.0) 0.5~1.6(1.1)
Nov. 23%2 3%7 26.3 0 0
Nov. 20~23%L Q%8 23.1-15.0 0 0

#1 Received no food, #2 Death. Wet body weight:
(Oct. 12), *7 365.0 g (Nov. 23), *8 1145.2 g (Nov. 23).

*3 1442.4 g (Aug. 20), *4 1636.5 g (Sep. 27), *5 1670.5 g (Oct. 12), *6 1447.3 g

Table 2. Daily food consumption and daily feeding rate of Limanda herzensteini at various water
temperatures in 132 / tank. Each value is based on a group of 3 individuals, and the means
of daily rates are shown in parentheses

Daily feeding rate

Duration No. of Teomp. Daily food consumption o/ wet body
fish G (g wet weight/day) (\geight/dayg

1986 Oct. 9~ 12%! 3%z 1.9-4.1 0 0

Oct. 13 3 4.0~4.1 10.1 6.1

Oct. 14 3 4.1~4.1 11.8 7.1

Oct. 15~26 3 4.0~4.4 3.4~8.9(5.2) 2.0~5.3(3.0)

Oct, 27 3 3.8~4.2 4.7 2.7

Oct. 28~30 3 3.0~3.6 0.5~5.9(4.1) 0.3~3.42.4)

Oct. 31~Nov, 2 3 1.6~2.8 0.4~2.5(1.6) 0.2~1.4(0.9)

Nov. 3~5 3 1.0~1.3 1.2~2.82.1) 0.7~1.6(1.2)

Nov. 6~8 3 0.0~0.7 0 0

Nov. 9~17 3 0.0~ —0.5 0 0

Nov. 18~23 3%3 —0.9~—1.3 0 0

*1 Received no food. Wet body wieght: *2 166.7 g (Oct. 12), *38 178.4 g (Nov. 23).
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Fig. 1. Daily feeding rate of Limanda herzensteini at various water temperatures.

point is the every day rate based on a group of 3~16 individuals as in Table 1 and 2.
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Table 3.

=g Bk H

Daily food consumption and daily feeding rate of Limanda yokohamae at various water

temperatures in 1.5 t tank. FEach value is based on a group of 6 ~ 9 individuals, and the means

of daily rates are shown in parentheses.
the experiment

Fish were held at 15.0~15.9°C for 18 days prior to

Daily feeding rate

o No. of Temp. Daily food consumption o
Duration fish o) (g wot woight/day) Gt hods
1986 Jul. 6~9% g5 15.5~15.6 0 0

Jul. 10 9 15.3~15.6 89.6 5.8

Jul. 11~18 9 15.1~16.1 35.1~69.3(53.8) 2.3~4.5(3.5)
Jul. 19~23 9 11.7~12.4 30.6~60.9 (50.7) 2.0~3.6(3.1)
Jul. 24~25 9 10.3~10.8 56.6&56.9(56.8) 3.3~3.3(3.3)
Jul. 26 9 8.9~9.9 53.4 3.1

Jul., 27~28 9 8.1~9.1 51.0~57.7(54.4) 3.0~3.4(3.2)
Jul. 29~31 9 7.3~8.3 34.4~52.4 (45.6) 2.0~3.102.7
Aug. 1~6 9 6.0~7.2 34.9~54.0(43.9) 2.0~3.2(2.6)
Aug. T~15 9 4.8~6.0 35.3~63.2(53.5) 2.1~3.403.D
Aug. 16~20 g 2.9~4.1 14.8~39.9(30.7) 0.8~2.1(1.6)
Aug. 21~22 9 2.5~3.2 4.4~8.9(6.7) 0.2~0.5(0.4)
Aug. 23~25 9 6.0~6.7 60.0~73.1(68.3) 3.2~3.9(3.6)
Aug. 26~27%2 %0 6F7 6.2—-7.8 —*3 — 3

Aug. 28 6 8.8~9.0 40.3 2.7

Aug. 29 6 10.9~11.3 68.7 4.6

Aug. 30~Sep. 1 ) 12.5~13.2 75.9~141.5(113.3) 5.1~9.5(7.6)
Sep. 2~3 5 13.5~14.4 126.6~162.4 (144.5) 8.5~10.9(09.7)
Sep. 4~5 6 16.5~16.7 65.7~71.6 (68.7) 4.4~4.8 (4.6)
Sep. 6~7 6 17.8~18.6 64.9~110.4 (87.7) 4.3~7.4(5.9)
Sep. 8 6 20.6~21.6 86.3 5.8

Sep. 9 6 21.5~22.5 84.5 6.3

Sep. 106~11 6 22.1~23.3 101.1~127.7 (114.4) 6.8~8.5(7.6)
Sep. 12~14 5 23.6~24.5 127.6~129.9 (128.5) 8.5~8.7(8.6)
Sep. 15~24 5 24.6~25.7 84.3~144.7(118.4) 5.6~9.7(7.9)
Sep. 25 5 26.7~26.9 62.0 4.1

Sep. 26 5 27.7~27.9 35.9 2.4

Sep. 27 5 28.8~29.0 25.6 1.7

Sep. 28%¢ 6%8 30.1~30.4 18.8 1.2

#1 Received no food, *2 Received a small amount of food, *3 Not measured, *4 Death. Wet body weight: #5

*6 1872.2 g (Aug. 26), *7 1486.9 g (Aug. 26), *8 1506.9 g (Sep. 28).

oy

Table 4. Daily food consumption and daily feeding rate of Limanda yokohamae at various water
Fach value is based on a group of 3 individuals, and the means of
daily rates are shown in parentheses

temperatures in 132 / tank.

Daily feeding rate

T No. of Temp Daily food consumption 0
Duration fish C) (g wet weight/day) (7 i‘;{;t‘/‘gg}%y
1986 Aug. 26~27% 3%s 6.2—5.1 —*2 —*2
Aug. 28 3 4.7~5.1 1.4 3.0
Aug. 29 3 3.7~3.8 14.1 3.7
Aug. 30 3 2.8~3.0 8.0 2.1
Aug. 31 3 2.0~2.3 9.2 2.4
Sep. 1 3 2.0~2.0 6.1 1.6
Sep. 2~7 3 1.6~1.9° 0 0
Sep. 8 3 0.9~1.3 0 0
Sep. 9~21 3 0.0~0.5 0 0
Sep. 22~0ct. 9 3H4 —0.1~—-0.5 0 0

*1 Received a small amount of food, #2 Not measured. Wet body weight: *3 385.3 g (Aug. 26), *4 364.7 g (Oct. 9).

548.0 g (Jul. 9),
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Fig. 2. Daily feeding rate of Limanda yokohamae at various water temperatures.
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