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Some aspects of spawning of the reared Japanese anchovy
' (Engraulis Japonicus H.) in relation to the photoperlod
Water temperature and starvation

‘Kouichi KAWAGUCHI’.“, “Yoh YAMASHITA** and Amane HAYASHI**

Abstract

The spawning of Japanese anchovy (Engraulis japonicus H.) was observed for 6 months on
‘the. specimens reared in a 1.7 ton tank under the controll of lignt, water temperature, and
food to confirm the previous knowledge on the spawning in the field. The spawning starts
1-1.5 hours after switching off the light and continues 3.5-4 hours.. The shift of spawning time
croresponds to the shift of the light period. It takes 2-3 days for the anchovy to complete
the shift spawning time when the light piriod is shifted 1-2 hours earlier. The critical spawn-
ing temperature is considered to be around 14°C, since no spawning was observed at 14°C
“in this experiment. The well fed anchovy endures 10-20 day starvation to continue the spawn-
ing at 19°C; but regulates the spawning frequency, egg size and fecundity according to deterio-
" ration of nutritional condition. Egg size varies in accordance with the rearing temperature
as seen in the field. The egg volume is rather stable, but more sensitive to the temperature
change than the egg length because the egg length and width change in compensation with the
decrease of the egg volume fluctuation. The egg size responds quickly to the temperature

‘change, but size change :corresponding to 1°-2°C difference took at least one week.

- Current knowledge on the spawning conditions
and behavior of the Japanese anchovy were
obtained from mainly based on the field obser-
vations (ASAMI, 1953; NAKAI et al., 1955;
YAMANAKA and ITO, 1957; FUNAKOSHI and
~ YANAGIBASHI, 1983; TSURUTA and HIROSE,
1989), and partly from the rearing data (TAKAO
er al., 1983; IMAI and TANAKA, 1987, TSURUTA
and HIROSE, 1989). The rearing experiments,
however, were usually made using outdoor flow
through tanks, in which the rearing conditions
are difficult to control compare with experiments
in a closed system. In order to know more about
the natuae of spawning, Japanese anchovy was
reared in the tank of closed circulatory system
kept in the laboratory. Spawning was observed
almost every day for about six months and its
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day on the average.

response to water temperature, light conditions
and starvation were studied to compare with the
field data previously reported.

1. Materials and methods

The Japanese anchovy. kept and fed in Taft
pens on the coast of Sagami Bay as live baitjfor
skipjack tuna fishing, was used on our experi-
ment. About 600 individuals of adult anchovy
were transported in a 2.5 t-tank from Sagami
Bay to the Ocean Research Institute, Univer-
sity of Tokyo by 2.5 hours drive on July 20,
1987. At the arrival 458 individuals survived
and were transferred into a 1.7 ton tank equipped
with circulatory and filtering system. They were
reared untill February 25, 1988. Water tempera-
ture was adjusted from 14°C to 23°C according
to the purposes of experiment. Compound pellet
developed for the culture of juvenile rainbow
trout was fed throughout the experiment. Average
body length of the anchovy was 8.5cm in
standard length.

The amount of pellet fed was about 1 g/md /
The pellets were offered
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at the rate at which when almost all pellets in
the water were taken by fish; thus deterioration
of rearing water due to the decomposition of food
residue was kept to the minimum. Sediments
on the bottom of tank were removed every:day
by siphoning. Quantity of food consumed and
the number fish died were recorded daily. The
rate of sea water circulation was maintained at
40l/hr and the water was filtered with active
coal, coarl sand and pebble. To keep good water
quality, the rearing water was replaced with 1507
of open sea water every day for the first 45
months and with 407 for the next 2 months.
Thus, a total of about 23 tons of sea water were
used in 6 months. The tank was kept in a dark
room for the control of light condition. -Eight
tubes of 36 W fluorescent lights (day light type)
were hung 3 m above the water surface and
controlled with a timer set at 13.5 D, 9.5N and
1 Dim. One 5W tungsten lamp was set 1.5m
above the water surface and time controlled to
simulate 30 minutes each of dawn and dusk
conditions.

Since the egg shape is elliptical the length and
width of 36 eggs were measured. and 30 values
were averaged after discarding 6 values at both
extremes to avoid the effect of the deformed egg.

2. Result

(1) Mortality -
Of the 458 individuals transfered into a tank
on July 21, 418 individuals died during the first
5months (Fig. 1). Of thé 418 individuals, 297
(71%) died in the first 10 days. This high
mortality rate (29.7 inds./day) is deemed mainly
from the damage during the transportation and
and also probably from the overcrowding in the
1.7 ton tank. The mortality rate decreased to
about 2 inds./day during the next 40 days when
74~161 individuals were kept in the 1.7 ton-tank
(Fig. 1). Thereafter, the mortality rate decreased
t0 0.37 inds./day in the following 100 days untill
Dec. 17 and further decreased to 0.15 inds./day
untill the end of the experiment, Feb. 25, 1988,
The main cause of mortality after the first 10
days were difficulties in feeding due to the
damages of eye and mouth, the change of the
small wound for the worse and jumping out of
the tank. Twenty six individuals survived at the
end of experiment, (February 25, 1988).

(2) Spawning

The spawning started 30 days after the start
of rearing when the mortality rate stabilized at
the level of 2 inds./day or lower (less than 29)
and continued onwards for 6 months. Some
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N indicates total number of eggs spawned.

features of spawning were studied under the
controlled conditions to compare with the results
reported from the field observation or outdoor
tank experiment.

(D Spawning time in relation to photoperiod:
The experiments were carried out from September
7 through 28, 1987 by advancing the switch-off
time of light. The eggs spawned were collected
every 15 minutes by plankton net set in the
circulatory system to confirm the start and end
of spawning. The switch-on time was also shifted
forward in accordance with the shift of switch-off
time without changing the lighting hours.

Fig. 2. shows the result of the first experiment
in which both switch-on and -off times were

shifted 1 hour earlier than the original photo- -

period. The start of spawning did not change
in the first day (Sept. 8), but shifted 15 minutes

earlier in the next day and 1 hour in the third

day to synchronize with the shift of sun set.

Egg number was counted every 15 minutes.

The experiment of 2 hour shift showed no
shift in the spawning time on the first day
(Sept. 18) as in the experiment of 1 hour shift.
The observation was not made in the next 2 days,
but on the fourth day (Sept. 21) the start of
spawning advanced 1 hour 45 minutes, almost
in synchrony with the switch-off time (Fig. 3).
The result of these experiments are summarized
in Fig. 4 indicating that spawning in the Japanese
anchovy starts 1 to 1.5 hours after the switch-off
time of lighting. The end of spawning also
shifted with the change of start, Z. e. the spawning
duration of 3.5~4 hours was not affected by the
shift of photoperiod (Figs. 2, 3).

@ Spawning in relation to water temperature:
Response: of the spawning to the change of
rearing temperature was - observed in various
ranges between 14°C and 23°C. The rearing
temperature was kept at 23°C for the first 42
days as the anchovy had been kept around 23°C
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in the sea and the spawning there occurred at
about 10,000 to 30,000 eggs/day (Fig. 5). - The
water temperature of 23°C is thought to be
optimum for this species to spawn in the sea,
for it has been reported spawn in the field within
the range of 14~28°C with its optimum from 17
to 24°C (NAKAI et al., 1955; IMAI and TANA-
KA, 1987).

To elucidate the effect of temperature change
on the spawning, the rearing temperature was
lowered from 23°C to 22°C in one hour when
10,000~30,000 eggs were spawned every day
at 23°C (see Fig. 5). The temperature was
lowered at 10:00 AM and maintained at 22°C
for the next 2 days and put back to 23°C in the
morning of the third day. The 2 repeated ex-
periments showed a similar result. The tempera-
ture lowered in the morning showed no effect
on the spawning at night of the same day, but
the number of eggs released abruptly decreased
at the next night (Fig. 5). Its effect seemed to
continue untill the night of the third day when the
water temperature was raised again to 23°C in
the morning. Similar pattern of response was
also observed in two cases when the temperatures
were lowered from 21°C to 19°C and from 19°C
to 17°C in the morning of Nov. 2, Nov. 10
respectively (see Fig. 5). In both cases the
number of spawned eggs did not change in the
first two days, but the spawning stopped on the
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third day and recovered on the fourth day. The
temperature was also lowered from 23°C to 21.5°C
at the night of Oct. 27, but no clear response
was observed, probably due to rahetr unstable
spawning condition in the period. of Oct. 15~26.
The first 4 observations, however; suggest that
the shock of lowering temperature at the rate of
1~2°C/hour decrease the fecundity even in the
optimum range of temperature (higher than 17°C).
The suppressed. spawning was recovered in 2~3
days after adapting to the lowered temperature with-
in the optimum temperature range of 17~22°C.

® Critical spawning temperature: To elucidate
the - critical spawning temperature, the rearing
temperature was gradually lowered from 19°C
to 14°C in November (Fig. 5). As mentioned
above, the lowering temperature from 21°C to
19°C (Nov. 2) and from 19°C to 17°C (Nov. 10)
caused the stop of spawning in the third day,
but it recovered very quickly showing the quick
adaptability to the lower temperature. When
the temperature was changed from 17°C to 15°C
in the morning of Nov. 15, the spawning stopped
during 4 consecutive days from the night of the
first day. At 15°C the spawning stopped during
5 of the next 7 days, although a small scale

wT " 23°C

spawning observed at the 5th and 7th day nights
(Nov 19 and 21). -No spawmng was  observed
at 14°C from Nov. 23 to 29 (Fig. 5).

The rearing temperature was gradually ralsed
from 14°C to 19°C in the next one month
to confirm the critical spawning temperature and
the effect of raised temperature (Fig. 6). The
temperature was shifted from 14°C to 15°C in.
Nov. 30, and further up to 17°C in the next
day and maintained at 17°C during a week.
The spawning recovered on the first day at 17°C
and was observed in 5 of the next 6 days, al-
though spawning level is not so high as observed
at 21°C or higher (Fig. 6). The water tempera-
ture was again lowered and maintained at 16°C
for 8 days from Dec. 8 to 15. No spawning was.
observed in 6 of the 8 days, but small scale
spawning occurred in the 5th and 6th days. The
temperature was shifted back to 17°C on Dec.
16 with no spawning at night of the day and
shifted further up to 18°C to be maintained in
the next 12 days. At 18°C the spawning was
recovered again and occurred in 9 of the 12 days.
After Dec. 29 the anchovy were kept at 19°C
untill the end of the experiment of Feb. 25, 1988,
At 19°C spawning rate was maintaihed at the
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level of 10,000~20,000 eggs per day, although no
spawning was observed on certain days, probably
due to the decrease of population to about 30
individuals in the tank. This experiment shows
that the minimum critical spawning temperature
of Japanese anchovy is 15~16°C and no spawnmg
takes place at 14°C,

@ Starvation: The spawning continued at
the level of 10,000~20,000 eggs/day for 15 days
from Jan. 5 to 19 when the anchovy was well
fed at 19°C, although no spawning was observed
in 2 days, probably due to the decrease of
population as metioned above. To examine the
effect of starvation on spawning, feeding was
stopped for 27 days from Jan. 20 to Feb. 15.
It is obvious that as the starvation progressed
the fecundity decreased gradually and the days of
no spawning occurred more frequently. After
23 days of starvation the spawning stopped for
4 consecutive days and fail to recover in spite
of 10 days of feeding untill February 25 when the
experiment was terminated (Fig. 6). This starva-
tion experiment suggests that anchovy regulates
the frequency and fecundity of spawning according
to its state of nutrition and can endure 10~20 day
stravation with no effect on the spawning at 19°C.

® Egg size in relation to rearing temperature:
The relationship between "average egg size and

rearing temperature is shown in Fig. 7. The
change in egg size is not significant under the
water temperature of 21~23°C from Aug. 20 to
Nov. 3. The changes in the length and width
tend to be compensatory with each other to lower
the fluctuation of egg volume, i.e. egg volume
shows less fluctuation relative to size. When the
rearing. temperature was gradually lowered to
14°C from Oct. 27 to Nov. 22, egg size became
gradually larger and the spawning stopped at
14°C for 7 consectuive days. Thereafter, when
the temperature was raised to 15°C for one day,
and further up to 17°C in the next day, the
spawning recovered and produced the eggs largest
in volume. The temperature was maintained at
17°C for a week, during which egg volume de-
creased quickly to the corresponding level.
Furthermore, the temperature was lowered again
to 16°C for 8 days and shifted up to 17°C for
one day, 18°C for 12 days and 19°C for 22 days.
During these expenment, egg size and volume
changed according to temperature change. Egg
volume seems to be more sensitive to the temper-
ature change than egg size, since egg length and
width fluctuate compensately as mentioned above.
It takes at least one week for the egg to complete
the size change corresponding to 1~2°C difference.
- The :starvation at 19°C promtly caused the
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decrease in egg volume, although egg quality was
not checked in this experiment.

3. Discussion .

Based on the results of our experiments on the
light period shift, it is concluded that the spawn-
ing begins 1~1.5 hour after switching off the
main light and the peak is reached 1~1.5 hours
later, i.e. 2~3 hours after sun set. It has been
reported from the field observation or outdoor tank
~-experiment that the peak of spawning occurrs be-
tween 3~5 hours after sun set (NAKAI et al.,
1955; YAMANAKA and ITO, 1957; TAKAO et al.,
1983; KUWABARA and SUZUKI, 1984; IMAI and
TANAKA, 1987). The peak of spawning after
the sun set occurred at about 2 hours earlier in
this experiment than those reported from the field
observation. This difference is mainly due to the
fact that in our experiments the dusk was. not
well simulated by illuminating 30-minute lighting
of 5W tungsten lamp, 7.e. dusk time is much
more longer in the sea; The more precise simul-
ation of dusk, based on the field observation of
underwater light condition, is necessary for - the
future laboratory experiment. In northern anchovy
the peak spawning time is reached 4~5 hours
after sun set (PIQUELLE and STAUFFER, 1985).

The end of spawning also shifted in accordance

with shift of photoperiod, i.e. the spawning
finishes within 3.5~4 hours from the start. This
spawning behavior well explains the patchy
distribution of the same stage of egg in the field
(AZETA, 1981; FUNAKOSHI and YANAGIHASHI,
1983; SEKIGUCHI et al., 1988), if the transport
by the current is considered.

The shifts of sun set did not affect the spawning
time in the beginning but its effect appeared at
the second night and the shift of spawning time
was almost completed at the fourth night (Fig. 4).
This suggests that the internal physiological
process of the spawning is initiated based on the
previous day’s light condition and the process,
once initiated, is not affected by the shift of
photoperiod. As to the sun set or sun rise it is
not certain which one affects the spawning time,
since both sun rise and sun set time was altered
in the same way in this experiments. IMAI and
TANAKA (1987) reported that the strong lighting
during the night inhibits the spawning. This
suggests that the spawning time depends on the
sun set time,

Even within the range of the optimum spawning
temperature the sudden downward shift (1°C~
2°C/hour) of water temperature could-cause the
decrease ‘in' the fecundity or stop of spawning,
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‘but the spawning is recovered quickly within2~3
days, No ‘spawning was observed at 14°C in
our experiment, which agrees with the field
collected data (IMAT and TANAKA, 1987) and
other rearing experiment (TSURUTA, 1987). In
addition to the temperature, it is reported that
light period longer than about 12.5 hours is
essential for gonadal maturation and spawning
(TsuruTA, 1987),

It is well known that egg size of anchovy
decreases linearly corresponding with the increase
of sea water temperature from 14°C to 20°C,
i.e. egg length is around 1.4 mm or more at 15°C
and around 1.2 mm at 20°C (IMAI and TANAKA,
1987). Adaptive aspects of shift in egg size cor-
responding to the sea water temperature were
discussed in detail by IMAI and TANAKA (1987).
The size shows no significant change above 20°C.
The egg size-temperature relationship in this
experiment shows no significant difference from
the field collected data previously reported. Egg
size also decreased during starvation. Tempera-
ture and state of nutrition seem to affect the egg

size independently.

It is noted that spawning continued for 22 days
under starved condition at 19°C, though fecundity
and egg size gradually decreased from the beginn-
ing of starvation. According to TSURUTA and
HirOSE (1989), anchovy continued spawning for
about 25 days even at 1% ration level (food/body
weight) which is below the level of body main-
tenance, though spawning frequency, fecundity,
and egg size decreased. They inferred that the
maximum use of energy in spawning was im-
portant for the short-lived anchovy. The re-
productive characteristics of this species, which
are adaptable and responsive to the quick change
of ambient facters, may play an important role
in maintaining an fairly stable anchovy population
in the pelagic fish community.
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