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Transition from Endogenous to Exogenous Nutrition Sources
in Larval Rabbitfish Siganus guttatus™

Hiroshi Kohno,*? Shiro Hara,** Marietta Duray,*?
and Amalia Gallego*?
(Received June 19, 1987)

The early larval development of Siganus guttatus was studied with emphasis on the transition
from endogenous to exogenous feeding. Three rearing trials were conducted as follows: 1) rear-
ing in a 5 ton concrete tank at 27.9-29.3°C (T-85 trial); 2) rearing in a 0.5 ton fiberglass tank at
22.2-26.5°C (T-86A trial); 3) rearing in the same manner as in T-86A but without food (T-868
trial). On the basis of the developmental events and energy flow in T-86A trial, the early life
history of the species could be divided into the following seven phases: 1) rapid larval growth due
to rapid yolk resorption (from hatching to about 15 h after hatching (time after hatching: TAH));
2) slow growth and organogenesis based mainly on yolk energy (to about 50 h TAH); 3) slow
growth based on energy of yolk, oil globule and exogenous food (to about 70 h TAH); 4) slow
growth based on two sources of energy, oil globule and exogenous food (to about 90 h TAH); 5)
the same mode of development and energy flow as in the preceding phase, but with a certain level
of feeding amount (to about 120 h TAH); 6) accelerated larval growth and effective feeding and
swimming based only on exogenous food (to about 150 h TAH); and 7) the same mode as in the
preceding phase with accelerated increase of feeding amount (beyond 150 h TAH). Differences
in developmental mode were observed in T-85 and T-86A trials, but it could not be ascertained in
this particular study which of the environmental factors played the greatest influence. The results
of T-86A and B showed that the larvae, in order to survive, have to get over two obstacles on feeding,
that is, to start feeding and to change from endogenous to exogenous feeding suitably.

Rabbitfish Siganus guttatus (Bloch) is widely
distributed in the tropical and subtropical Indo-
Pacific, and its habitats are diversified from es-
tuarine waters to coral reefs. The species has
been considered as a potential fish for aquacul-
ture.” The spawning and larval rearing have
been reported by many workers.2~+ Despite the
accumulation of a great deal of knowledge on its
seed production at the Aquaculture Department
of the Southeast Asian Fisheries Development
Center (SEAFDEC), as reported by Hara ez al.,»
the task to maintain high survival rates still re-

phological development, yolk and oil globule
resorption, and initial feeding in early larval S.
guttatus, with emphasis on the transition of energy
sources.

Materials and Methods

Larvae used in this study came from the spawn-
ing and rearing facilities in the Aquaculture De-
partment of SEAFDEC. The spontanecous spawn-
ing from which the present study material orig-
inates occurred on 1 April 1985 and on 21 January

mains to be solved. Recent study on the transi-
tion from endogenous to exogenous feeding in
larval Lates calcarifer (Bloch) pointed out the
stabilization of survival rates in early larval stages
of the species in terms of energy flow.® Resorp-
tion of endogenous nutriment in larval S. guttatus
has been studied by Bagarinao,® but without con-
sideration of the energetics involved. It is the
purpose of this study to examine the growth, mor-

1986. The facilities and methods for stocking the
spawners and for inducing the spawning have
been described by Hara er al® The following
three trials of larval rearing were undertaken for
the study.

Trial-1 (T-85)
Spawning occurred on 1 April 1985 by a male
of 295 mm total length (TL) and a female of
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318 mm TL. Eggs spawned were transferred
into a 5 ton rectangular concrete tank as incuba-
tion/rearing tank. The initial number of larvae
hatched in the tank was about 143000 (28.6 in-
dividuals/! of water). The larvae were reared
until 8 April 1985 (day 6) at 33-34 ppt salinity and
27.9-29.3°C. Rotifers, Brachionus plicatilis, were
offered as food from day 2 at a density of 5-10
individuals/m! of water. Green algae, Chlorella
sp., was added as food for rotifers and as water
conditioner. A total of 127 larvae (1.68-3.69 mm
TL) was sampled. The time of hatching is stand-
ardized to 00: 00 2 April 1985.

Trial-2 (T-86A)

Spawning occurred on 21 January 1986 by a
male of 259 mm TL and a female of 267 mm TL.
Larvae hatched in the spawning tank were trans-
ferred into a 0.5 ton fiberglass tank for rearing and
were reared until 29 January 1986 (day 7). The
initial number of larvae was about 12000 (24.0
individuals// of water). The rearing salinity was
34 ppt, while temperature range was 22.2-26.5°C.
Rotifers were offered on day 2 at an initial density
of 20 individuals/m/. Rotifer count was monitor-
ed daily without adding, and its density still ranged
from 10-20 individuals/m/ during the experiment.
Chlorella was added as in T-85. A total number
of larvae sampled was 235 (1.85-3.45 mm TL).
The time of hatching is set at 03: 00 22 January
1986.

Trial-3 (T-86B)

Larvae from this trial came from and were
reared in the same manners in T-86A, except that
no food was given. The rearing was continued
until all larvae died. Salinity was 34 ppt and
water temperature ranged from 22.0-26.0°C.
Sixty-seven larvae (2.65-3.04 mm TL) were sampl-
ed for this trial. The hatching time is set at 03:
00 22 January 1986.

At least 5 (usually 10) larvae were sampled from
each rearing tank at different intervals. All ob-
servations and measurements were made in the
fresh state. Measurements were made under a
binocular microscope with an ocular micrometer,
read to the nearest 0.01 mm. Measurements of
the following items were made on all trials; total
length, yolk length and height, and oil globule
diameter. In addition, on T-86A, the larval
mouth width and lorica width of the biggest
rotifer in digestive tract were measured, and num-
ber of rotifers eaten was determined by dissection
of larvae sampled daily at about 9:00 in the
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morning. Daily sampling of rotifers was con-
ducted from the rearing tank of T-86A from day
2, and the number and lorica width distribution of
rotifers in the rearing tank were determined. The
methods for computing the yolk and oil globule
volumes followed Kohno ef al..” Survival rate
was examined in all trials.

Results

Growth and Survival

The newly hatched larvae in T-85 were 1.74 mm
TL on an average (N=10, SD=0.043 mm), while
those in T-86A were 1.90 mm TL (N=10, SD=
0.040 mm) (Fig. 1). The larvae grew rapidly after
hatching and reached to 2.83 mm TL (N=35,
SD=0.107 mm) at 21 h after hatching (time after
hatching, TAH) in T-85 and to 2.91 mm TL (N=
10, SD=0.066 mm) at 20h TAH in T-86A.
Based on the logarithmic plots in Fig. 1, the flec-
tion point was observed at about 22 h TAH (2.85
mm TL) in T-85 and at about 18 h TAH (2.90 mm
TL) in T-86A, respectively (Table 1). Thereafter
a negative growth was evident in T-85, while slow
growth was shown in T-86A. Regression analy-
sis of TL means plotted logarithmically indicated
that the negative growth in T-85 went on up to
76 h TAH, and, during this period (54 h, 22-76 h
TAH), the loss in TL was 0.35 mm. On the other
hand, the larvae in T-86A grew slowly up to about
125h TAH and reached to 2.97 mm TL at the
time (the gain in TL was only 0.07 mm during the
period of 107 h, 18-125 h TAH). Following the
period of the negative or slow growth, the larvae
grew acceleratedly; the average TL reached to
3.33 mm at 155h TAH in T-85 (N=5, SD=0.300
mm; TL acquired was 0.83 mm during the period
of 79h, 76-155h TAH), and in T-86A the TL
reached to 3.36 mm on an average at 176 h TAH
(N=7, SD=0.073 mm; the acquired TL was 0.39
mm during the period of 51 h, 125-176 h TAH).

The growth mode of larvae in T-86B (no food)
showed the same pattern as in T-86A up to day 3
(Fig. 1). Thereafter the larvae tended to shrink,
the average TL reached was 2.87mm at 106 h
TAH in T-86B (N=6, SD=0.075 mm), while it
to 2.99 mm at 106.5h TAH in T-86A (N=10,
SD=0.071 mm). At 109.5h TAH, the average
TL decreased to 2.83 mm in T-86B (N=6, SD=
0.049 mm), while it was 2.98 mm at 110 h TAH in
T-86A (N=10, SD=0.083 mm).

The survival rates in three trials are shown in
Fig. 2. Although the survival rate was examined
only one time, at 144 h TAH, in T-85, it showed



Energy Transition in Siganus guttatus Larvae

35
30
—d
—
25
4[— [s] . . . .
7
_ TAH 24 7. 120 168
: %I
1S 3
F;" 3 ¥ [1] 53 ié' L
~ l"‘?%ﬁ Ll 3 _.ILéu
= 8 § g 3
> ]
5| 4
3
ok
E |z
2
5 7 56 26 % %8

) 72
Time After Hatching (TAH: hr)

Fig. 1. Growth in larval Siganus guttatus of T-85 (open square), T-86A (solid circle) and T-86B
(open circle) trials. Top: log-log plot of mean TL. Bottom: mean TL with 95 % confidence
limit (bar). '

Table 1. Regression analysis for the growth in larval Siganus guttatus of two trials, T-85 and T-
86A. The equation is /n (TL)=a-b-In (Time after hatching, TAH)
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Flection point

T(‘g‘)H n a b r¥
TAH (h) TL (mm)
T-85 Trial
- 22 4 0.737 0.101 0.930
21.78 2.85
22— 80 5 1.378 —0.107 —0.727
76.02 2.50
80-155 4 —0.7%4 0.394 0.995
T-86A Trial
- 20 5 0.703 0.125 0.976
18.04 2.90
20-127 16 1.027 0.013 0.517
124.69 2.97
127-176 5 —0.469 0.323 0.956

* Correlation coefficient.

a remarkable low value, 0.62 9 (it should be noted
that the average survival rate of other five rearing
trials on the same spawning and facilities as in
T-85 was quite low, 2.15%, N=5, SD=1.81%).
The sudden decrease of survival was observed
during the first 15 h after transferring the larvae
to the rearing tank in both T-86A and T-86B
trials. This decrease may be attributable largely
to handling stress. In T-86A the survival rate
bacame stable within 60-112h TAH, but there-
after the survival rate decreased to 21.17% (N=
3, SD=4.67%) at 112.0h TAH and to 5.89%

(N=3, SD=5.10%) at 160.0h TAH. On the
other hand, the survival rate decreased exponential-
ly, and all larvae died up to 125 h TAH in T-86B.

Yolk and Oil Globule Resorption

The average yolk volume, which includes oil
globule, of newly hatched larvae was 203.4 <104
mm?® (N=10, SD=48.96 x 10~ * mm?®) in T-85 and
239.2 x107* mm® (N=10, SD=49.95 x10~* mm®)
in T-86A (Figs. 3 and 4). The average oil globule
volume was, on the other hand, 42.9 x 10~¢ mm?
(N=10, SD=7.74 x 10~ * mm?®) in T-85 and 34.2 X
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Fig. 2. Survival in larval Siganus guttatus of T-85
(open square), T-86A (solid circle) and T-86B
(open circle) trials.
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Fig. 3. Yolk (solid square) and oil globule (open
square) resorption in larval Siganus guttatus of
T-85 trial. Left-bottom: mean volume (square)
with 959 confidence limit (bar). Right-top:
semi-logarithmic plot of mean volume.

107 *mm?® (N=10, SD=9.29 x10"*mm?) in T-
86A. The mode of both yolk and oil globule
resorption was almost the same in T-85 and T-
86A, though the rate of resorption was different
between them as mentioned below.

During the first several hours after hatching, the
sudden decrease of yolk volume was perceived;
in T-85 87.69%; of the yolk was consumed by the
first 13.5h, and 94.29; by the first 24 h in T-
86A. After this point, the resorption rate of yolk
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Fig. 4. Yolk (solid circle) and oil globule (open
circle) resorption in larval Siganus guttatus of
T-86A trial. Left-bottom: mean volume (circle)
with 959 confidence limit (bar). Right-top:
semi-logarithmic plot of mean volume.

became slow and this continued up to 32 h TAH
in T-85 and up to 54 h TAH in T-86A. During
this period of two flection points in semilogarithmic
plots (Figs. 3 and 4; Tables 2 and 3), the loss in
yolk volume was 6.6 X 10™* mm?® in T-85 (18 h, 14-.
32h TAH) and 8.4x107*mm?® in T-86A (27h,
27-54h TAH). Thereafter the rate of yolk re-
sorption was fast again, and the yolk was com-
pletely exhausted during the period 54-61 h TAH
in T-85 and 62-78 h TAH in T-86A.

With regard to oil globule resorption, on the
other hand, one flection point was recognized in
both T-85 and T-86A trials on the basis of semi-
logarithmic plots (Figs. 3 and 4). The flection
point was situated at 33 h TAH in T-85 and 51 h
TAH in T-86A (Tables 2 and 3). From hatching
till this point, the slope of the regression line was
gentle, though the loss was 84.8% in T-85 (0-33 h
TAH) and 75.4%, in T-86A (0-51 h TAH). The
rate of oil globule resorption became rapid after
the flection point in both T-85 and T-86A, and
the oil globule disappeared during the period 61—
83 h TAH in T-85 and 110-127 h TAH in T-86A.

The resorption of yolk in T-86B trial (no food)
showed almost the same pattern as in T-86A
(Table 4). However, the rate of oil globule re-
sorption in T-86B was different from that in T-86A



Table 2. Regression analysis for the resorption of yolk and oil globule in larval Siganus guttatus

of T-85 Trial.
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The equation is /n (Volume)=a-b-Time after hatching (TAH)
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TAH

Flection point

(h) n a b r* TAH Volume
(h) (10~ mm?)
Yolk
_13.5 4 5.388 —0.159 —0.997
, 13.79 24.40
13.5-30 3 3.436 —0.018 —0.953
31.96 17.75
30-54 3 8.587 —0.179 ~0.100
Qil globule
29.5 6 3.568 —0.051 —0.952
33.14 6.49
29.5-61 5 6.872 —0.151 —0.961

* Correlation coefficient.

Table 3. Regression analysis for the resorption of yolk and oil globule in larval Siganus guttatus of

T-86A Trial. The equation is /n (Volume)=a-+b-Time after hatching (TAH)
- Flection point
(%)H n a b r* TAH Volume
(h) (X 107* mm?)
Yolk
- 29 7 5.439 —0.112 —0.993
26.98 11.21
29~ 57 6 3.847 —0.053 —0.975
53.52 2.75
57— 67 4 7.058 —0.113 —0.846
0il globule
- 57 12 3.619 —0.029 —0.975
) 51.35 8.41
57-115 9 6.803 —0.091 —0.980

* Correlation coefficient,

Table 4. Remained volume of yolk and oil globule (mean+SD; x 1074 mm?) in larval Siganus

guttatus, comparing between T-86A (food provided) and T-86B (without food) Trials.

Nu-

merals in parentheses represent the ratio of larvae possessing each nutriment to those consumed

up it
TAH* (h) T-86A T-86B
Yolk
55.5 1.534+0.892 ( 70%) 2.264-0.898 ( 90%)
59.5 1.914+1.743 ( 70%) - 2.2641.989 ( 60%)
62 0.934-0.244 ( 30%) 0.554+0.116 ( 20%)
78 - 0% - € 0%
Oil globule
62 3.8341.312 (100%) 3.784+1.786 (100%,)
78 0.9340.768 (100%;) 1.144-0.738 (100%)
82.5 0.354-0.293 ( 70%) 1.1740.898 (100%)
106.5 0.0440.022 ( 30%) 0.20-0.088 ( 83%)
110 0.08 (N=1) ( 10%) 0.104-0.088 ( 83%)
127 - ( 0% all larvae died up to

120h TAH

#* Time after hatching.
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Fig. 5. Mean larval mouth width (sclid circle) and
mean lorica width of the biggest rotifer eaten
(open circle) in larval Siganus guttatus of T-86A
trial. Bar: 95% confidence limit.

(Table 4): by 82.5 h TAH 30% of larvae consumed
up the oil globule in T-86A, while all larvae in T-
86B still had the oil globule; and only one of ten
larvae had the oil globule at 110 h TAY in T-86A,
but 839% of larvae had it at the same time in T-
86B. The larvae in T-86B consumed the remain-
ing oil globule slower than those in T-86A.

Initial Feeding

Experiment on initial feeding was conducted for
the larvae in T-86A. The larval mouth width,
lorica width of the biggest rotifer eaten by larvae,
number of rotifers in the digestive tract of larvae,
and number and lorica width distribution of
rotifers in the rearing tank were examined.

The opening of mouth was first evident in six
out of ten larvae at 35h TAH, and the average
mouth width was 97.5 pm (N=6, SD=9.01 um)
(Fig. 5). With growth, the mouth width increased
rapidly up to about 60 h TAH, at which time the
average mouth widih reached to 212.3 um (N=
10, SD=11.02 pm). Thereafter the increase of
mouth width became slow up to about 130 h TAH,
ranging 200-240 ym. There followed an ac-
celerated increase in the subsequent stages, and
the mouth width reached to 278.2 wm on an
average at 176 h TAH (N=7, SD=13.34 um).

Kohno, Hara, Duray, and Gallego

The first perceived rotifer eaten was in the digestive
tract of a 3.01 mm TL larva with 200.0 xm mouth
width, sampled at 55.5h TAH, and the lorica
width of the rotifer was 125.0 pm (62.59% of the
mouth width). At about the same time, 52.5h
TAH, the average number of rotifers in the rearing
tank was 19.4 individuals/m/ of water (N=35,
SD=7.40 individuals), and the rotifers with less
than 130 xum lorica width constituted about 70%;
of the total number of rotifers in the tank. Thus
the available number of rotifers for the larvae was
13.6 individuals per m/ of water. Throughout
the experimental period, up to 176 h TAH, the
lorica width of rotifers eaten ranged constantly
between 110-160 pm (55-709% of the mouth width
in the examined larvae), and the available rotifer
number in the tank for larvae to feed was con-
stant at 10-20 individuals per m/ of water.
Fig. 6 shows the increase of number of rotifers
in the digestive tract of larvae with growth. As
mentioned above, the first feeding was evident at

40

N [~
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Rotifer Number (RN)
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Fig. 6. Feeding amount (number of rotifers eaten)
in larval Siganus guttatus of T-86A trial. Right-
bottom: mean feeding amount (solid circle) with
959% confidence limit (bar). Left-top: log-log
plot of mean feeding amount.

Table 5. Regression analysis for the food incidence in larval Siganus guttatus of T-86A Trial.
The equation is Iz (Rotifer number, RN)=a--b-/n (Time after hatching, TAH)

Flection point

T *
(‘?3_1 n a r¥ TAH RN
v ()

- 76.5 5 —17.954 4.470 0.967
88.75 8.15

76.5-132 5 0.873 0.273 0.732
147.22 9.35

132 -172 3 —25.634 5.583 0.951

* Correlation coefficient.
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55.5h TAH. All larvae started to feed by 82.5h
TAH, with 1-8 rotifers per digestive tract. The
average number of rotifers eaten plotted logarith-
mically indicates that it increases till about 89 h
TAH (Fig. 6 and Table 5). 'The number of rotifers
remained at about 10 individuals per digestive
tract up to about 150 h TAH (147.22 h TAH on the
basis of the log-log plots). Thereafter an ac-
celerated increase in feeding amount was ob-
served, and the average number reached to 24.3
individuals per digestive tract at 176 h TAH (N=
7, SD=11.74 individuals).

Development of Morphology

Larval development of Siganus guttatus has
already been described by Hara ef ol® by using
the same material as in T-85 of the present study.
In this study the development of principal feeding-
and swimming-related characters was briefly com-
pared between the larvae of T-85 and T-86A
trials. '

Eye lens and auditory vesicles were already seen -

in the newly hatched larvae in both T-85 and T-
86A trials. By 6h TAH six pairs of cupulae

1089

pectoral fin buds appeared by 13 h TAH in T-85,
though they appeared first at 16.5h TAH in T-
86A. Eyes commenced to be pigmented at 20 h
TAH in T-86A. In T-85 eyes were completely
pigmented by 24 h TAH, though the start of pig-
mentation was not observed. The completely
pigmented eyes were evident by 32h TAH in T-
86A. Openings of mouth and anus were first
recognized at 24 h TAH in T-85, while these were
evident at 35h TAH in T-86A. By 52h TAH,
digestive tract was coiled, and the mouth and
pectoral fins were movable in T-86A.

Driscussion

The development of early larval Signus guttatus
in T-86A trial observed in this study is summarized
as below and schematically epitomized in Fig. 7.

The rapid early growth of larvae depended on
the rapid yolk resorption, both of which continu-
ed to about 15 h TAH. Organ differentiation was
not seen during this period, and thus all the nutri-
ment of the yolk resorbed was devoted to larval
growth in length, except for the basic metabolism.

appeared on head and body in both trials. The The larval growth levelled off subsequently, up to
Time After Hatching (TAH:hr) © 48 96 144 192
Growith h\ \N g
Survival N A\ ~ N\ |
Yolk resorption { ) A\ i
Gil glob. resorption C \N i
Feeding amount A % —]
1
pectoral fin buds
Maorphology ° o Openings of mouth/anus
@ eyes pigmented completely
e digestive tract coiled
L]
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TAH © 43 96 144 1
Phase 3 e 4 : 5 6 7
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Fig. 7. Scheme of development (top) and schematical chart of energy flow (bottom) in larval

Siganus guttatus of T-86A trial.

The deeper shade in quadrangles indicates the higher rate

of increase in growth and feeding amount and that of decrease in survival and yolk and oil
globule resorption. Size of squares shows appropriate magnitude of revenue and expenditure
of energy. For phase, see text.
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about 125 h TAH, during which period, 15-125h
TAH, principal events of development took place
successively. Qil globule, which was resorbed at
a slow rate from the hatching, commenced to be
consumed at a faster rate at about 50 h TAH, and
this coincided with the first feeding and with a
faster resorption of yolk. Prior to these events,
the following morphological developments were
seen: the pectoral fin buds appeared at 16.5h
TAH; eyes were completely pigmented at 32h
TAH, and mouth and anus opened at 35h TAH;
and at 52 h TAH digestive tract was coiled, and
‘mouth and pectoral fins were movable. Survival
rate became stable at about 60 h TAH, and yolk
resorption was complete at period of 62-78h
TAH. Feeding amount reached to a certain level
at about 90 h TAH, the level was maintained up
to about 150 h TAH, and thereafter an accelerated
increase in feeding amount was observed. Prior
to the accelerated increase in feeding amount, the
oil globule was completely exhausted at period
of 110-126 h TAH. Larval growth was accelerat-
ed after about 125h TAH, and high mortality
was again seen after about 135h TAH.

The scheme of energy flow in larval Siganus
guttatus, based on the above-mentioned develop-
ment scheme, is also shown in Fig, 7. The basic
metabolism is not considered in the figure.

On the basis of the energy flow, the early life
history of Siganus guttatus may be divided into
seven phases as follows: 1) rapid larval growth
due to rapid yolk resorption (from hatching to
about 15 h TAH); 2) slow growth and organogene-
sis based mainly on yolk energy (to about 50 h
TAH); 3) slow growth based on energy of yolk,
oil globule and exogenous food (to about 70h
TAH); 4) slow growth based on two sources of
energy, oil globule and exogenous food (to about
90h TAH); 5) the same mode of development
and energy flow as in the preceding phase, but
with a certain level of feeding amount (to about
120h TAH); 6) accelerated larval growth and
effective feeding and swimming based only on
exogenous food (to about 150 h TAH); and 7) the
same mode as in the preceding phase with ac-
celerated increase of feeding amount (beyond 150 h
TAH).

However, a great difference was observed in the
developmental mode of T-85 and T-86A trials.
The negative growth was evident during the period
22-76h TAH in T-85. Although the Ilarval
growth was very slow during the period 18-125h
TAH in T-86A, no negative growth was observed.
The yolk and oil globule disappeared in earlier
larval stages in T-85 (54-61 and 61-83 h TAH,
respectively) than in T-86A (62-78 and 110-127 h

Table 6. Comparison of developmental events in larval Siganus guttatus between T-85 and T-86A

Trials
T-85 T-86A
Rearing conditions
Spawner (mm in TL) 318 267
Rearing tank (ton) 5.0 0.5
Temperature of rearing water (°C) 27.9-29.3 22.2-26.5

Growth & Survival
Early rapid growth
Negative growth

Survival rate

Yolk & oil globule resorption
Yolk

Oil globule

Appearance of characters
Pectoral fin buds
Completely pigmented eyes
Openings of mouth and anus
Feeding incident
Initial feeding
Time from mouth open to oil globule exhaustion
Time from initial feeding to oil globule exhaustion

up to 22h TAH
seen between

up to 18 h TAH
not seen, but slow growth seen

22-76 h TAH between 18-125 h TAH
0.62% 5.89%
at 144 h TAH at 160 h TAH

disappeared at

disappeared at

54-61 h TAH 62-78 h TAH
disappeared at disappeared at
61-83 h TAH 110-127 h TAH
13h TAH 16.5h TAH
24 h TAH 32 h TAH
24h TAH 35h TAH
at 24 h TAH at 55.5h TAH
59h 92h
59h 71.5h
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TAH, respectively). The development of feeding-
and swimming-related characters in T-85 preceded
that in T-86A: pectoral fin buds appeared at 13 h
TAH in T-85 and 16.5h TAH in T-86A; eyes
were completely pigmented at 24 and 32h TAH,
respectively; and the mouth and anus opened at
24 and 35h TAH, respectively. Larvae started
to feed earlier in T-85 (24 h TAH) than in T-86A
(55.5h TAH). However, based on the times from
mouth opening and initial feeding to oil globule
exhaustion, T-86A had greater time leeway to
improve the energy sources from endogenous to
exogenous; the timae from opening of mouth to oil
globule exhaustion was 92h in T-86A and 59h
in T-85, and that from initial feeding to oil globule
exhaustion was 71.5h in T-86A and 59 h in T-85.
The survival rate was very different between the
two trials; 0.62% at 144h TAH in T-85 and
5.89% at 160 h TAH in T-86A. There are some
factors that would have played on the diversities
of developmental mode in both trials, e.g. spawners,
rearing tanks, rearing conditions, and so on. Al-
though it could not be determined which factor
had the greatest influence on these diversities,
it should be bore in mind that intraspecific de-
velopmental mode exists as easily affected by
environmental changes.

The importance of exogenous food was clearly
shown by the survival rates obtained in T-86A
and T-86B (Fig. 2). The survival rate decreased
exponentially up to 50-60h TAH in the two
trials. Thereafter the survival rate continued to
decrease exponentially in T-86B, while it became
stable in T-86A. This point, about 60h TAH,
coincided with the onset of feeding in T-86A,
55.5h TAH. Thus the larvae with stable survival
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rate in T-86A may benefit from the exogenous
food. After the stable state, however, the survival
rate decreased again during the period 110-160 h
TAH in T-86A. Considering that all larvae in
T-85B died up to 125h TAH, we can infer that
the failure to change from endogenous to exoge-
nous feeding caused the decrease of survival rate.
These results suggest that larvae have to get over
two obstacles on feeding; one is to start to feed, '
and the other is to change from endogenous to
exogenous suitably, or, as mentioned by Kohno
et al.,” to maintain a certain level of feeding.
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