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Thermal tolerance of small-scale sillago (Sillago parvisquamis)
during the early developmental stages
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Abstract : Thermal tolerance of the early developmental stages of small-scale sillago (Sillago parvisquamis)
was investigated to study the biological impacts of power plant thermal effluents. Eggs of 32-celled ovum,
early gastrula, appearance of embryo and ready for hatching stages, and larvae or juveniles of 1, 4, 6, 8,
9, 12, 22, 31 and 43 days after hatching were exposed to ten test temperatures up to 41°C for 7.5 min to
24 h, and returned immediately to the initial incubation temperature of 26°C. 50% lethal temperatures for
the 15-min exposure ranged 33.6—37.5°C for the eggs and 29.7-38.8°C for the larvae and juveniles. The
more susceptible stages were the 32-celled ovum and the 4-9 days old larvae. Additionally, the maximum
temperatures, at which no significant difference in mortality from the control group for the 15-min exposure
were observed, ranged 32.1-36.5°C for the eggs and 29.0-38.1'C for the larvae and juveniles. Furthermore,
the increments showing no significant difference from the control, i.e. the rearing temperature before the
exposure, ranged 6.2—10.4°C for the eggs and 3.8—12.1°C for the larvae and juveniles. These results
suggested that the thermal increase (AT=7°C) by the power plant thermal effluents would have a lethal
effect on the more susceptible stages of small-scaled sillago eggs and larvae.

Keywords : Sillago  parvisquamis, thermal tolerance, embryo, larva, juvenile, marine fish, early
developmental stage, 50% lethal temperature
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Fig. 1 Total length, food schedule and developmental
stages of Sillago parvisquamis larvae and juveniles
used for this study. Circles show the mean total
length of 20 individuals and error bars show SD.
The developmental stages are shown in the upper
box. Y: yolk-sac larvae, Pr: preflexion larvae, F:
flexion larvae, Po: postflexion larvae, J: juveniles.
Dotted lines show the durations of feedings as
follows, TS: Tetraselmis tetrathele, S: S-type rotifers,
L: L-type rotifers, FE: fish eggs, A: artificial diet,
AN: Artemia sp. nauplii. T. tetrathele was introduced
in order to feed the rotifers, maintain the water
quality and calm the larvae.
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Table 1 50% lethal temperature (T s0) of Sillago parvisquamis embryos

Rearing Exposure duration
Developmental stage Clutch temPerature
P & before the . . .

exposure 7.5 min 15 min 30 min lh 3h 6h 12h
32-celled ovum A 259 33.8(7.9) 33.9(8.0) 33.7(7.8) 32.2(6.3) 30.0 (4.1) - 29.0(3.1)
32-celled ovum B 25.9 34.3(8.4) 33.6(7.7) 323(6.4) 30.7 (4.8) 29.3 (3.4) - 29.5(3.6)
Early gastrula A 26.0 37.1(11.1)  35.6(9.6) 35.7(9.7) 35.5(9.5) 32.7(6.7) 30.6 (4.6) -
Early gastrula B 26.0 36.6 (10.6) 35.7(9.7) 354(9.4) 34.1(8.1) 33.0(7.0) 30.6(4.6) 29.0(3.0)
Appearance of embryo B 26.0 35.6(9.6) 36.5(10.5) 35.8(9.8) 34.9(8.9) 32.1(6.1) 29.8 (3.8) -
Ready for hatching B 26.1 38.6(12.0) 375(114) 359(9.8) 34.5(8.4) - - -

Temperature unit is °C. Values in parentheses mean AT from rearing temperatures before the exposure.
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Fig. 2 Thermal tolerance of Sillago parvisquamis embryos. Dead and abnormally hatched individuals were
defined as 'dead. Mortalities of clutch A or B are shown at different developmental stages. a: '32-
celled ovum' stage (clutch A), b: 'early gastrula' stage (clutch A), c: '32-celled ovum' stage (clutch
B), d: 'early gastrula’ stage (clutch B), e: 'appearance of embryo' stage (clutch B) and f: ‘'ready for
hatching' stage (clutch B). Symbols show different exposure durations as follows, open triangles: 7.5
min, open squares: 15 min, open circles: 30 min, crosses: 1 h, solid triangles: 3 h, solid squares:
6 h and solid circles: 12 h. Dotted line shows mortality of the control (26°C) in each test.
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Table 2 Maximum temperature that shows no significant effect on development and hatching of Sillago parvisquamis

embryos
Developmental stage Clutch Exposure duration
7.5 min 15 min 30 min l1h 3h 6h 12h

32-celled ovum A 33.5(7.6) 33.5(7.6) 33.5(7.6) 32.0(6.1) 29.0 (3.1) - 27.5(1.6)
32-celled ovum B 33.5(7.6) 32.1(6.2) 30.5 (4.6) 30.5 (4.6) 29.0 (3.1) - 29.0(3.1)
Early gastrula A 35.0(9.0) 35.0(9.0) 35.0(9.0) 35.0 (9.0) 30.5 (4.5) 29.0 (3.0) -
Early gastrula B 35.0(9.0) 35.0(9.0) 35.0(9.0) 33.5(7.5) 32.0 (6.0) 29.0 (3.0) 27.5(1.5)
Appearance of embryo B 35.0 (9.0) 35.0(9.0) 35.0(9.0) 33.5(7.5) 30.5 (4.5) 29.0 (3.0) -
Ready for hatching B 36.5(10.4)  36.5(10.4) 35.0(8.9) 33.5(7.4) — — -

Temperature unit is °C. Values in parentheses mean AT from rearing temperatures before the exposure.

Table 3 50% lethal temperature (7o) of Sillago parvisquamis larvae and juveniles

Rearing Exposure duration
Days after hatching Clutch ~ ‘emperature

before the 15 min 1.5h 24h

exposure
1 D 26.1 37.1(11.0) 36.1(10.0) 33.8(7.7)
4 E 25.2 29.7 (4.5) 28.4(3.2) *
6 D 26.0 38.4(12.4) 35.6 (9.6) 30.0 (4.0)
8 E 25.8 34.1 (8.3) 33.1(7.3) 289 (3.1)
9 c 26.0 35.9 (9.9) 35.3(9.3) 27.9(1.9)
12 D 25.8 36.8 (11.0) 36.0(102)  33.5(7.7)
22 B 26.0 38.4 (12.4) 3.1 (111 33.7(1.7)
3] D 26.0 38.8 (12.8) 36.5 (10.5) *
43 A 26.1 38.4 (12.3) 37.2(11.1)  35.5(9.4)

Temperature unit is °C. Values in parentheses mean AT from rearing temperatures before the
exposure. Asterisks show Tiso was not calculated because fish mortalities were above 0.5 in all

tested temperatures.
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Table 4 Maximum temperature that shows no significant effect on survival
of Sillago parvisquamis larvae and juveniles

Exposure duration

Days after hatching Clutch 5 T5h T

1 D 36.6 (10.5) 35.1(9.0) 30.5 (4.4)
4 E 29.0 (3.8) 27.5(2.3) *

6 D 38.1 (12.1) 35.1 (9.1) 29.2(3.2)
8 E 33.5(7.7) 32.0(6.2) 27.5(1.7)
9 C 35.0 (9.0) 35.0(9.0) 30.5 (4.5)
12 D 33.5(7.7) 35.1(9.3) 32.1(6.3)
22 B 36.5(10.5) 36.5(10.5) 30.5 (4.5)
31 D 38.0 (12.0) 35.0(9.0) *
43 A 36.3 (10.2) 36.3 (10.2) 34.9 (8.8)

Temperature unit is °C. Values in parentheses show AT from rearing temperatures
before the exposure. Asterisks show the value was not calculated because lethal effect
was significantly higher than the control in all tested temperatures.
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Fig. 3 The effect of exposure time on temperature
tolerance of Sillago parvisquamis embryos. T s
means the temperature that is lethal to 50% of a
group of organisms. Symbols show different
developmental stages as follows, solid circles: 32-
celled ovum, open circles: early gastrula, solid
inverted triangles: appearance of embryo, and open
inverted triangles: ready for hatching. Rearing
temperature was 26°C.
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Fig. 4 Thermal tolerance of Sillugo parvisquamis larvae and juveniles. Fish showing any abnormalities were included as
'dead'. Day numbers show the days after hatching. Developmental stages were represented in Fig. 1. Symbols show
different exposure durations as follows, circles: 15 min, diamonds: 1.5 h and triangles: 24 h. Dotted line shows the

mortality of the control (26°C) in each test.
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