Effects of Water Temperature on Bluefin Tuna Spawning
Biology in Captivity
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Abstract Effects of water temperature on the periodicity of spawning, egg size, and
spawning time were examined for the bluefin tuna Thunnus orientalis in captivity.
Spawning of bluefin tuna was observed for the period between May 13 and November 10,
which is a longer spawning duration than the previous reports for bluefin. The spawning
pattern suggested that the initiation and duration of spawning are affected by a rapid
change of water temperature (WT) from 23  before spawning. The quick increase in the
WT from 23  induces early spawning and it continues for a longer duration. Mean egg
diameter ranged from 0.90 1.06 mm and the minimum egg size was 0.83 mm. There was
a strong inverse relationship between egg diameter and WT. In this study spawning was
observed between 17:31-23:36. Spawning of bluefin as late as 23:30 has not been reported
in past studies. A strong correlation between WT and spawning time was observed (as WT
increased the time of spawning became later). In this study, it was apparent that water
temperature strongly influenced the periodicity of spawning, egg size, and spawning time
of bluefin. This information could be vital for managing broodstock of bluefin tuna.
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Note: Repringed from free soft of Mr. T. Kamada
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Fig. 1. Location of the Amami Station of National Center for Stock Enhancement.

Fig. 2. A: Method of egg collection at the circular sea pen with the long egg seine and dip net. B: Egg
collection at the barrier net closed cove by towing two nets attached to both sides of a boat just after
spawning. A dip net also has been used. This method has been using for collecting eggs since 2002. From
1999 - 2002, a single towing net was used. In 1998, when spawning first occurred in the barrier net closed-

cove, we used an egg seine and dip net to collect eggs.
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Fig. 3. Seasonal changes of water temperature at 10 m depth around the broodstock sea pen.
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Table 2. Summary of results for bluefin

tuna spawning.

M Mean
ean
Spawning Total eggs  percentage percentage
Group Ages . Number of of eggs
Year . period . collected of buoyant !
names estimated broodstock ) hatching
Days X10 eggs . normally
Ranges % Ranges %
513 7.12 99.1 83.3
1997 G-1 9 10 %5 17 433 68.6 100 583 100
5.93 8.13 98.1 87.6
1998 G-1 10 11 1 7 17,430 B T
7.28 8.24 99.1 91.1
G-2 5 19 48 1,256 882 100 656 100
83 822 100 83.6
G-3 5 8 7 435 9.7 100 238 985
6.21 8.7 93.3 58.3
1999 G-1 11 12 13 3 2,028 719 100 261 904
6.29 9.14 96.7 83.9
G-2 6 15 45 480 0100 466 97.1
597 9.14 97.6 64.9
G-3 6 32 & 1,750 882 100 7.1 965
6.2 10.27 99.2 81.3
2000 G-2 7 32 35 1,994 929 100 0 968
6.10 9.29 9.6 79.9
G-3 7 19 68 2,218 792 100 2.8 942
5.95 7.8 87.7 82.9
2001 G-2 8 17 32 1,633 400 100 411 976
5.98 11.10 97.1 75.3
G-3 8 9 63 1,246 889 100 208 952
5.97 8.28 945 79.6
4 S 23 % 5 591 100 311 96.8
88.8 86.3
2002 G-2 9 6.3 7/6 10 29 8923 620 00 7 os0
513 9/29 94.9 79.2
G-3 9 m 54 36,392 461 100 111 984
514 9/17 93.2 76.0
G-4 6 74 75 10,998 513 100 0 95.7
2003 G-2 10 10 No spawning
519 6.23 94.4 65.4
G-3 10 8 53 L175 789 100 5.6 902
6.30 8.26 96.0 78.8
G-4 7 a1 65 5,308 789 100 408 90.7
2004 G-2 11 2 No spawning
6.6 7.18 69.6
G-3 11 - 53 555 100.0 .
G-4 8 99 No spawning
G5 5 7-116 19 152 100.0 65.1
2005 G-3 12 ca. 207 No spawning
G-4 9 12 No spawning
715 7.16 85.2
G5 6 ) 40 8 100.0 535 519

1 shows number of fish in broodstock shows it at date started to spawn.
2 shows number determined with scuba diving.
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Fig. 6. Egg diameter for each spawning event of bluefin tuna.
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Table 3. Results of simple regression analysis between water temnerature and mean egg diameter at each

data sets obatained from bluefin spawning in captivety.

Vear O ihmaed coelficents data ety Sloves  Intercepts | VEARS Remarks
1998 1 10 11 0.795 39 0.0150 1.39 0.01
2 5 0.482 10 00125 1.31 0.16 NS
3 5 0.206 5 0.0057 0.787 0.74 NS
1999 1 11 12 0.802 13 0.0150 1.38 0.01
2 6 0.789 43 0.0235 1.62 0.01
3 6 0.712 29 0.0135 1.32 0.01
2000 2 7 0.416 33 0.0136 1.35 0.016
3 7 0.370 16 0.0049 1.11 0.159 NS
2001 2 8 0.908 14 0.0160 1.42 0.01
3 8 0.722 21 0.0159 1.39 0.01
4 5 0.862 16 0.0216 1.57 0.01
2002 2 9 0.384 8 0.0051 1.14 0.348 NS
3 9 0.769 38 0.0136 1.34 0.01 ”
4 6 0.844 61 0.0246 1.63 0.01
2003 3 10 0.334 8 0.0239 1.61 0.419 NS
4 7 0.786 40 0.0192 1.50 0.01 -
Whole 0.753 394 0.0150 1.38 0.01
Note: = significant at the 1% probability level
* significant at the 5% probability level
NS not significant
Table 3 Fig. 9
16 5 12 G-1 1997 1998
P 0.05 Fig. 7 1999 G-3 1998 2001 2002 2003
5 G 3 7 2
11
Snedecor and r 0593 0.839 P 0.01 G-1 G-3 1
Cochran, 1988 0.522
P 0.05 0.650 P 0.01
G-1 G-3 2
0.0279 0.0905 1
0.122  0.359
2
o8
Fig. 8
4 5
20 6 6
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Fig. 7. Relationship between egg diameter and water temperature for bluefin tuna.
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Fig. 9. Relationships between spawning time and water temperature for captive bluefin tuna in G-1.
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