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Effect of Temperature on the Form and Mortality during
the Embryonic and Early Larval Stages in the Greenling,
Hexagrammos otakit JORDAN et STARKS*

Tkusdé HaMAT** and Kenichiro KyOsHIN**

Abstract

Eggs and larvae of the greenling were reared under several temperature
conditions in order to elucidate morphological variations and the factors influencing
the survival rate during the embryonic and early larval stages. Eggs were arti-
ficially fertilized by the dry method in November, 1961 and placed in the closed
circulation system of sea water. The experiments were carried out on five ex-
perimental sections at various temperature, i.e. 9°, 11°, 183°C, decreasing temperature
from 11° to 7°C and also at unregulated room temperature, but 7°C was used for
the larval stage in place of decreasing the temperature for eggs. Besides the
above temperature conditions, chloromycetin sea water of 50 p.p.m. was also used
at the lowest temperature and the room temperature sections for the larval stage
to determine the effect of this antibiotic controlling bacteria. In all experimental
sections of the larval stage, fed and unfed sub-sections were prepared, and nauplii
of brine shrimp (Artemia salina) were provided for food for the larvae.

The development time from fertilization to hatching was 31~54 days at the
experimental temperatures mentioned above and Arrhenius’ temperature character-
istic, 4, was ranged with about 20000~22000 at four stages of development, i.e.
heart pulsation, appearance of melanophores on the dorsal portion of the embryo,
full circling of embryo and hatching. About 78~85% of the fertilized eggs
hatched in each experimental section expeet that of 9°C, in which the hatching
rate was only 28%.

The experimental sections were compared in the larval stage to determine
the mortality percentage or the survival curves. The reduction coefficients of
population during the yolk sac period were calculated from the survival curves
as 0.001~0.003 and experimental sections showed no significant difference. After
the yolk sac period, there followed a period of high mortality, that was the critical
period, during which the majority of larvae in the unfed section died of starvation.
Of the survival rates at the end of the yolk absorption period ranged 13~88%,
those of 9°C and 11°C were higher than the others. The survival rate of chloro-
myecetin sections were two or three times higher than the non-chloromycetin sections
at the same temperature. During the feeding period of larvae the reduction co-
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efficient of population varied significantly with the temperature within a range of
0.018~0.083, so that the higher the temperature was, the larger was the co-
efficient. The remarkable effect of chloromycetin was distinetly recognized as
reducing the mortality rate. ‘

The growth of several body parts in relation to body length or head length
was influenced by the environmental temperature, that is, the lower the temperature
was during the embryonic stage, the smaller were the percentage of head length,
diameter of eye and diameter of auditory vesicle as compared with body length
at the time of hatching, but it was supposed that the responsibility for external
temperature would emerge as these morphological variations in the later stage
after the period of the full-circled embryo.

A critical point was clearly found in, the relative growth of ante-anal length
(distance from tip of snout to anus), tail length (distance from anus to tail end)
and trunk length (distance from. posterior margin of auditory vesicle to anus) at
the body length of about 8.6 mm. At this critical point the ante-anal length showed
a shift from bradyauxesis to tachyauxesis, the tail length from tachyauxesis to
bradyauxesis and the trunk length from bradyauxesis to iso- or tachyauxesis
respectively, but the head length, the diameter of eye and the diameter of auditory
vesicle exhibited simple tachyauxesis as compared with the body length.

Temperature operated on the body parts to raise the equilibrium constant % in
the allometric equation, log y=k log x+log b, where y and z represent length of
body part and body length respectively, especially the influences upon the eye
diameter were remarkable. Moreover, more intense operation of chloromyecetin
than temperature were obviously recognized, but its cause and effect were left for
further investigations. The effects of the temperature and chloromycetin are
different according to body parts or the developmental stages of larvae.

The linear relationship exists between the equilibrium constant and the other
in every body part, i.e. log b=8—«k, where # and « are constants, and the point
(%o, o) computed from x=logz, and B=log o, which is the intersection of all
allometric curves, corresponds to the critical point mentioned above, and further-
more to the eritical point found on the absolute growth curve of body length, and
the body length at this critical point is nearly equal to that of larvae at the stage
at which yolk has been entirely absorbed.

There is a growth gradient along the antero-posterior axis of the body in
the larval stage and the center of growth exists on both head and tail until the
ceritical point has been attained, but because of increase of the equilibrium constant
in the trunk a decline in the gradient from head to tail becomes clear after the
critical period.
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Diagrammatic plane figure of closed sea water circulation system

"1: fresh water bath (70x110x34cm) 2: thermostat 3: heater (100W)
4: glass rearing tank (16 X19Xx19e¢m) 5: glass reservoir (22x29X29%m)
6: sand filter 7: beaker (5L) 8: air pump

Table 1. Number of eggs and water conditions in rearing tanks

during the developmental period of eggs

Exp. Total number Number of Percentage of Temperature (°C)
sect. of eggs hatched egg hatched egg Mean Range
I 2201 1648 77.63 12.97+0.16 11.7~13.8
i} 2425 1983 84.78 10.96+0.11 10.1~11.8
m 2428 659 28.14 9.00+0.14 7.6~10.4
v 1970 1577 84.02 9.48+-0.29 7.4~11.1
1685 1348 81.80 9.494-0.30 7.4~11.4
A\ 2299 1801 81.24 7.37+£0.55 3.5~11.0
Dissolved oxygen (ce/L) Chlorinity (%)
Mean Range Mean Range
5.91+0.30 5.70~6.23 18.508+0.222 18.350~18.800
5.91+0.38 5.656~6.28 18.40440.328 18.080~18.795
6.06+0.18 5.90~6.36 18.49240.448 17.840~18.970
6.05+0.22 5.92~6.34 18.452+0.505 17.870~18.995
5.97+0.27 5.63~6.16 18.482+-0.444 18.120~18.975
6.13+0.14 6.00~6.31 18.477+0.461 17.785~18.970




1966] B AT TAFAOEBERLET

KO BIE LRI RTEY TH 3,
1L FAKORARE
FRMOBESEAEIEHEOBE L AR THD, 215 L, BEIRL OGS IV oML
BAEIL 8°C BT, BLBIILEEDAERY b - THEEL Uiz, MEIZT N THKREATT,
BREBRFEES L OEEREONRE LR EE, FROBRBESLRET DRICRRL ARG EEAL
7 BT K L ds oo FRBIDEE LMy O FMICIL HER 2 FV o, EECHEAL KM
452 BmE 2 BET, K STRN AEKIE 2 BIRTEY ThHD. HHIZ Artemia
saling DEhER IV, FERKIC 1~2 HOEBHERK P ET 72, BELEELEIRE IK Tk
#% 2~3 HH, BIXTE 83~4 HE, BIIRXTiZ3~50H, BIVRKTE3EH, VKT
5~6HETHY, BEIMRHICIT -7 MBI L 2KEFROBELAZHDIZIOOTL T ViE
& (B0ppm) = X HETEHIV B L0V R THAN . HEAE~OXRIEBEE2 5L 52k
ThbfFote A. saling DHETECEEMEL D, HEKEOBOEREDEROBEAENR <
CHEBRT DT, KEAICET BT 4 F AFROITEELT L LB LAV, o TERUS L »TK
FEEL, HCFANEETAIREE S THLICEDL,

Table 2. Water conditions in rearing tanks during the larval stage
A: glass tank 22x29%x29(ecm) B: glass tank 16X19X19(cm)

Number of Number of] Range of meanRange of mean

Exp. Range of mean Remark

rearing temperature dissolved Rl
sect. tank larvae °C) oxygen (ce/L) chlorinity (%)
I 6 (A) | 353~889 | 12.96~13.06 | 5.74~5.98 18.576
1 (B) 99 12.94 5.82 18.168 Non fed
I 6 (A) |3835~395 | 10.91~10.94 | 5.92~6.06 | 18.399~18.735
2 (B) 98, 105 | 10.90, 10.93 | 5.90, 6.16 17.810 Non fed
m 3 (A) |865~868 | 8.95~9.02 6.18 18.494
1 (B) 101 8.96 6.55 Non fed
v 6 (A) | 852~870 | 7.16~7.42 6.37~6.59 | 18.151~18.721 | Chloromyecetin (1)
1 (B) 104 7.55 6.40 18.645 Non fed
v 6 (A) | 852~396 | 4.55~4.59 6.65~6.78 | 18.302~18.762 | Chloromycetin (1)
2 (B) | 104, 117 | 4.63, 5.08 6.46, 6.81 | 18.458, 18.588 Non fed
—HL——TL—]
>k

BL: -BL2
BL

Fig. 2. Diagram to show the measurements of body
parts of newly-batched greenling larva
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Fig. 3. Changes of temperature during the
developmental period of eggs
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Fig. 4. Changes of temperature during the rearing period of larvae
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Fig. 5. The velocity of development at different temperatures
Open circles: experimental section I Double circles: experimental
section II  Closed circles: experimental section III  Squares:
experimental section IV  triangles: experimental section V
1: morula stage 2: germ ring past equator 8: blastpore close
4: embryo Y4 circle 5: heart pulsation 6: appearance of melano-
phores 7: embryo 24 circle 8: embryo full circle 9: hatching
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Measurement of body parts (1034 )
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Fig. 6-2. Relative growth of eye diameter and
Lok diameter of auditory vesicle as compared with
head length in the experimental section IV
o8t Marks are the same as those in Fig. 6-1
0.6
«—Fig. 6-1. Relative growth of body paris as
0.4} ecompared with body length in the experimental
section 1V
- \ . ; R Y Double circles: newly-hatched larvae
7 8 9 10 11 12 13

Closed circles: larvae reared in chloromycetin
Body lenght (10°z ) section

EHEEEATHEEZILI . b DEIX 0.57~0.76 O®&FIZH Y, bradyauxesis 2 RTEAE. B
BRIV REVERERH CIEOEREVEABIR & VAR E L, BEFSHEIENX M
FOERINE -, T/ 00 S 2 F KB VEOBEFSHEIZMX L VAERIIKREVRENR
HHENB, k OfEIL 1.16~1.33 O&EFENIZH Y, tachyauxesis ZRTEAH\

‘BLe—BL (72X, &1, 83)

EBEOLLNZEEL Bl LR THD, T Bly DR HLIZIFHEOLBERENEONZ L
i3, Bl BL & BLiDZETHE e hLBROIE ThHD, EEELVIXVBERECILEOF
11.16~1.46 T - T tachyauxesis # R4 E2I%H <, BEBHL Y REVHREFIZ OV TZ0.79~
0.91 T bradyauxesis # RTHEBLSHIEL

TL—BL (&7-3[%, &7 8%

EBEOELNHERIT 8.6mm fIETHE, EVRETIETAREVLIATALND, BBA
TVPIERINTZ2EDHEIBIRNEBIR, sovu~v v F VEVESIUE VXL VEFFIC
PNECH, FOMEITZTNT —0.22~0.41 OFHEARNIZH - TE L\~ bradyauxesis #7111, FEOK

* BEFEEY R LR T R TEB L,

— 10 —
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Table 3. Comparison of percentage of hatched eggs between experimental sections

Exp. sect. 1 m I\ v
I %*=317.13 22=61.70 22=24.80 ¥:=8.44
P <0.001 P <0.001 * P <0.001 P <0.005
I x2=670.68 x2=38.21 72=9.91
P <0.001 P >0.05 P <0.005
I 2*=183.08 | x2=412.28
P<0.001 |  P<0.001
212=2.72
v P>0.05
df=1
Table 4. Percentages of body parts as against the body length at the time of hatching
pr. sect. I I i v \4
Body
part N 28 12 40 57 42
BL: | s6.32 36.69 .79 | 36.00 36.07
BL. ! 63.68 63.31 64.21 3 64.00 63.93
TL ‘ 19.98 20.30 19.89 ! 20.15 20.53
HL | 16.43 16.39 15.90 ‘ 15.85 15.54
ED ; 8.43 8.31 8.24 8.20 8.16
AD ‘ 5.81 5.78 5.61 5.59 5.37
Table 5. Comparison of body proportion at various hatching times
in each experimental section
Figures on the upper line represent the variance ratio calculated
from the values into which the percentage of body parts were
transformed by Fisher’s inverse sine transformation.
pr. sect.
Body part e I i v v
BL 0.89 2.87 1.63 2.48 1.94
1 P>0.20 P>0.05 P>0.05 P <0.05 P>0.05
BL 0.83 2.75 1.61 2.59 2.02
2 P>0.20 P>0.05 P>0.05 P <0.05 P>0.05
TL 0.94 0.66 3.19 2.27 1.20
P>0.20 P>0.20 P <0.05 P <0.05 P >0.20
HL 1.37 0.73 2.26 1.71 0.65
P >0.20 P>0.20 P>0.05 P>0.05 P>0.20
ED 1.37 0.45 1.13 1.24 1.01
P>0.20 P>0.20 P>0.20 P>0.20 P>0.20
AD 0.87 0.48 1.22 3.35 2.95
P>0.20 ‘ P <0.20 P>0.20 P <0.01 P <0.05
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Table 6. Comparison of body proportions of newly-hatched larvae between experimental sections
Percentages of body parts are transformed by the inverse sine transformation.

[XVIL 1

Bl Exp.sect.] I I i} v v Variance
I 3.72 1.02 1.56 141 | 1
P<0.01 | P>0.05 | P>0.05 | P>0.05 :
0.986 3.78 2.39 2.64
I P>0.20 \ P<0.001 | P<0.05 | P<0.05 | 0806
T
o 3.528 2.496 1.58 1.43 0.184 &
P<0.001 | P<0.05 P>0.056 | P>0.05 T
o/
1.882 1.877 1.497 1.10
v P>0.05 | P>0.05 @ P>0.10 \ P>0.20 | 0-212
1.459 1.830 1.938 0.458
v P>0.10 | P>0.20 | P>0.05 | P>0.60 \ 0-192
Mean 87.66 37.27 86.74 36.87 36.91
(t—test)
BL. Exp. sect.‘ I { I ‘ I ’ v A% Variance
_ 3.61 1.06 1.34 137 | 0 1a
P<0.01 | P>020 | P>0.05 P>0.05 .
0.988 3.83 2.42 2.64
I P >0.20 \ P<0.001 | P<0.05 | P<0.05 | 5%
%)
- 3.440 2.470 1.58 145 | (400 &
P <0.005 | P<0.05 P>0.05 | P>0.05 T
o/
1.852 1.863 1.469 1.09
v P>0.05 | P>0.05 | P>0.10 \ P>0.20 | 0210
1.421 1.656 1.889 0.448
v P>0.10 | P>0.10 | P>0.06 | P>0.60 \ 0-198
Mean 52.44 52.78 53.26 53.13 53.09
(t—test)
L Exp. sect. | I I | m v | v Variance
I 2.20 1.84 1.10 1.20 | ¢ e
P<0.05 | P<0.05 | P>0.20 | P>0.20 .
0.812 |, 4.04 2.00 2.64
n P >0.40 \ P<0.001 | P<0.05 | P<0.05 | 128
A1y
0.183 0.765 2.02 1.53 8
s P>0.80 | P>0.40 \ P<0.05 | P<005 | 028 T
o/
o 1.094 0.264 1.212 | 1.2
v P>0.20- | P>0.70 | P>0.20 \ P>0.05 | 0-602
2.675 | _ 0.531 3.146 1.773
V.| p<olor | P>050 | P<0.005 P>0.05 \ 0.456
Mean 26.48 26.76 26.51 26.67 26.94
(t—test)
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Exp. sect.‘ I ‘ I ‘ m v v Variance
I 2.41 1.08 1.19 141 | oo
‘ P<0.05 | P>0.20 | P>0.20 | P>0.05 :
0.009 2.59 2.03 1.71
I P >0.90 \ P<0.05 | P<0.05 | P>0.05 | O3
- 4.286 2.004 [ 1.28 15l | o ym g
P<0.001 | P>0.05 \ P>0.06 | P>0.05 !
N
4.687 2.849 0.533 1.19
v P<0.001 | P<0.05 | P>0.50 \ P>0.05 | 0-184
v 6.468 4.130 3.045 2.669 0.218
P<0.001 | P<0.001| P<0.005| P <0.01 .
Mean 23.91 23.89 23.50 23.46 23.22
(t—test)
Exp. sect. I I m v v Variance
. 1.44 1.79 1.51 1.25 | o 02
P>0.056 | P>0.05 | P>0.05 | P>0.20 .
1.848 1.25 1.05 1.15
I P>0.05 \ P>0.20 | P>0.20 | P>0.20 | 006
- 3.316 0.727 1.19 143 | o000 ]
P <0.005 | P>0.40 P>0.05 = P>0.05 i
N
4.704 1.495 1.018 1.20
v P<0.001 | P>0.10 | P>0.20 \ p>0.20 | 0.059
5.324 1.930 1.486 0.567
v P<0.001 | P>0.05 | P>0.10 | P>0.50 \ 009
Mean 16.89 16.75 16.69 16.64 16.61
(t—test)
Exp. sect. I I l m v A% Variance
I 1.80 1.03 1.38 175 | o 0z
P>0.05 | P>0.20 | P>0.05 | P>0.05 .
0.567 1.87 1.81 1.03 |
I P >0.50 \ P>0.05 | P>0.20 | P>0:20 | 007
A
I 4.161 2.261 1.43 1.81 0.038 §
P<0.001 | P<0.05 P>0.05 | P<0.05 T
R N
5.351 8.051 1.625 1.27
W P<0.001 | P<0.005  P>0.10 \ p>0.20 | 0-054
v 9.735 | _ 6.089 7.192 5.869 0.069
P<0.001 | P<0.001 | P<0.001| P <0.001 .
Mean 13.96 13.91 13.76 13.68 13.39
(t—test)
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BL,(10°1 ), ante- anal length

BL, (10%x ), tail length

Trunk length (10°x)

Head length (10°4 )
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Body length (10°#)
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Fig. 7-1.

Fig. 7-3.

Fig. 7-4.

Fig. 7. Relative growth of body
parts as compared with body
length or head length in each
experimental section

Roman figures denote the ex-
peritnental section, i.e. I 13°C,
II 11°C, III 9°C, IV decreasing
temperature, V rocom tempera-

ture and (C) chloromycetin
section.
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Table 7. Equilibrium constant % and another constant log b in
the allometric equation, log y=Fk log x+log b, where y and
are length of body part and body length respectively

Figures in brackets represent 95% confidence interval of k.
Cp.: critical point in relative growth
C : chloromycetin section

* : bradyauxesis **: tachyauxesis
Exp. sect.
W I Ir i I\ v(e)| Vv V(C)
n 15 8 8 15 15 14 10
BL,—BL k 0.681* 0.575* 0.704 0.737* 0.768* 0.601* 0.567

. ~ (0. (0. ( . . .
(<CpJ) 0.875) 0.766) 1.179) 0.920) 0.957) 0.893) 1.007)
log | 0.807 1.220 0.717 0.585 0.480 1.121 1.253

n 15 15 13 16 12 7 | 8
BL,—BL k 1.266%* | 1.275%* | 1.255%* | 1.159%* | 1.276* | 1.257 . 1.325%*
(1.178~ [(1.226~ |(1.169~ [(1.074~ [(1.194~ [(0.840~ 1(1.194~

(>Cp.) 1.354)  1.324)  1.841)  1.244)| 1.358)] 1.674)  1.496)
log b|—1.493 |—1.530 |—1.452 |—1.075 |—1.535 |—1.459 —1.725
n 15 8 8 15 15 14 10

BL;—BL k 1.161 1.236%* | 1.455 1.160%% | 1.181%% | 1.305%* | 1,389**
0.978~ |(1.079~ 1(0.925~ |(1.079~ (1.063~ |(1.151~ |(1.098~
(<Cp. 1.844) 1.393) 1.985) 1.241) 1.299) 1.459) 1.680)
log |—0.826 |—1.119 [|-1.979 [-0.819 [—0.900 |—1.330 |—1.T719

8
BL:—BL k- | 0.860* 0.834* 0.834* 0.908* 0.808* 0.782 0.826*

(>Cp.) T0.911)| 0.861)  0.893)  0.960)|  0.849)  1.022)|  0.911)
log b| 0.36 0.463 | 0.465 | 0.172 | 0.568 | 0.629 | 0.493
n 15 1 15 14 10

8 8 5
TL—BL | k |—0.044* | 0.374% |—0.217* | 0.208* | 0.252% | 0.123* | 0.412*
(<Cp.) ~0.427) ~0.820) 26.743) ~0.449)|" ~0.643)| ~0.821) ~1.646)

15 7
TL—BL k 1.218%* | 1.160** | 1.123 0.962 1.058 1.516 1.060

(1.038~ |(1.086~ (0.967~ |(0.774~ 1(0.932~ [(0.888~ |(0.538~
(>Cp.) 1.398)  1.284)  1.278) 1.150) 1.184)  2.144)|  1.582)
log b|—1.58¢ |—1.841 |—1.188 |—0.568 |—0.938 |—2.753 |—0.944
n 31 21 1
k| 1.348% | 1,323% | 1 .876%% | 1.811%* | 1.434%* | 1.860%* | 1.702%*
HL—BL (1.287~ [(1.245~ [(1.321~ [(1.240~ [(1.386~ ((1.180~ |(1.584~

31
k 1.334%* | 1.282%* | 1.115%* | 1,136%* | 1.284%% | 1,.205%%  1,370**
ED—BL (1.258~ (1.196~ |(1.067~ |(1.067~ |(1.184~ |(1.067~ |(1.297~
1.410) 1.368) 1.163) 1.205) 1.284) 1.343) 1.443
log {—2.38¢ |—-2.186 |— —1.619 [-2.005 [—1.892 [—2.538
n 23 31 1
k 1.408%* | 1.368%* | 1.328*%* | 1.291%* | 1.400%* | 1.401** | 1.631**
AD—BL (1.331~ 1(1.275~ [(1.271~ |(1.184~ ((1.302~ |[(1.191~ [(1.507~
1.485) 1.461) 1.385) 1.398) 1.498) 1.611) 1.755)
log |—2.831 |—2.677 |—2.536 |—2.389 |—2.818 |—2.834 |—3.737
n 30 21 31 27 21 18
k 0.978 0.961 0.810* 0.859* 0.857* 0.838* 0.797*
ED—HL (0.912~ |(0.896~ (0.786~ |(0.809~ |(0.817~ |(0.718~ [(0.748~

n 23 21 31 27 21 18
k 1.034 1.029 0.961 0.969 0.976 1.019 0.953
AD—HL (0.968~ |(0.973~ (0.914~ |(0.878~ |(0.914~ {(0.917~ |(0.893~
1.100) 1.085) 1.008) 1.060) 1.038) 1.121) 1.013)
log b|—0.562 [—0.541 |—0 —0.349 |-—0.373 |-—0.515 |—0.811
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Table 8. Comparison of equilibrium constant in the allometric equation
of larvae between experimental sections

Figures on the upper line in every table show the variance

ratio between each experimental section.
Cp.: critical point in relative growth
C : chloromycetin section

‘Exp. sect.

I

I

I

v

A%

v(C)

0.83
P>0.20

0.05
P >0.20

0.30
P >0.20

0.26
P >0.20

0.39
P>0 20

0.04
P>0.20

s

0.26
P>0.20

2.62
P >0.05

0.04
P >0.20

P>0 05

0.04
P >0.20

1.69
P>0.20

T

0.05
P >0.05

0.20
P>0.20

0.04
P>0.20

3.55
P>0.05

6.70
P <0.01

2.52
P>0.05

T~

0.70
P>0.20

0.07
P>0.20

<28 =

0.14
P >0.20

0.12
P >0.20

0.11
P >0.20

1.23
P>0.20

0.75
P >0.20

w(e)

0.03
P >0.20

0.00
P >0.20

0.16
P>0.20

4.32
P <0.05

0.05
P>0.20

v(C)

0.18

0.13

P >0.20

P>0.20

0.21
P>0.20

3.77
P>0.05

0.04
P>0.20

0.06
P >0.20

BL,—BL (

>Cp.)

Exp. sect.

m

v

v(e)

v(C>

P>0.20

1.50
P>0.20

0.08
P>0.20

0.67
P>0.20

0.06
P>0.20

1.72
P >0.20

2.69
P >0.05

0.77
P >0.20

1.27
P>0.20

0.08
P>0.20

1.43
P>0.20

0.94
P>0.20

0.46
P>0.20

0.54
P >0.20

T

2.79
P >0.05

0.78
P>0.20

0.29
P>0.20

0.07
P>0.20

2.02
P >0.05

0.51
P >0.20

3.42
P>0.05

T~

2.28
P >0.05

0.19
P>0.20

2.94
P>0.05

<|<2 H|H

0.11
P>0.20

0.76
P >0.20

0.20
P >0.20

0.13
P >0.20

0.67
P>0.20

0.84
P >0.20

v(ec)

2.91
P>0.056

0.04
P>0.20

0.58
P>0.20

10.22
P <0.01

0.83
P >0.20

1.21
P>0.20

v(C)

0.54
P>0.20

0.10
P >0.20

0.00
P>0.20

3.63
P>0.056

0.53
P>0.20

0.10
P>0.20

BL;—BL (>Cp.)

Exp. sect.

I

I

v

w(c)

\2€*D)]

T

6.93
P <0.05

1.16
P >0.20

0.79
P >0.20

5.74
P <0.05

5.58
P <0.05

5.76
P <0.05

0.41
P>0.20

B

0.86
P>0.20

0.72
P>0.20

P >0.20

0.23
P>0.20

0.01
P >0.20

0.71
P>0.20

0.16
P >0.20

T~

0.91
P>0.20

0.36
P>0.20

P >0.20

0.81
P>0.20

4.45
P <0.05

3.42
P>0.05

1.84
P >0.05

T~

0.07
P>0.20

0.04
P>0.20

0.19
P >0.20

<2 | 8|+~

0.86
P>0.20

1.25
P>0.20

1.11
P >0.20

3.33
P>0.05

0.10
P>0.20

0.23
P>0.20

(G

2.56
P >0.05

1.55
P >0.20

0.50
"P>0.20

0.86
P >0.20

2.47
P>0.05

- 0.07
P >0.20

vV(C)

0.67

0.31

P>0.20

P >0.20

0.98
P >0.20

2.26

1.04

P >0.20

P >0.20

0.00

P >0.20

TL—BL (>Cp.)

17 —

BL,—BL (<Cp.)

BL,—BL (<Cp.)

TL—BL (<Cp.)
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Exp. sect. I o m v v w(C) v(C)
0.1 0.43 0.65 0.12 493  87.71
I \ P>0.20 | P>0.20 | P>0.20 | P>0.20 | P <0.05 | P <0.001
- 0.93 \j 1.07 0.05 0.14 .68 | 27.49
_ P>0.20 _P>0.20 | P>0.20 | P>0.20 | P<0.05| P<O.001
~95.81 | 11.47 | 2.22 0.05 2.75 | 31.85
m P20.001 P<0.01 T P>0.20 | P>0:20 | P>0.05 | P <0.001 7
15.85 6.89 0.26 0.33 8.69 | 39.27
v P <0.001 P <0.05 | P>0.20 \ P>0.20 | P<0.01 | P<0.001 T
2.65 0.56 1.76 0.81 0.84 | 11.20
v P08 | o030 P>008| P>0.90 | | P>0.30 | P <001
5.25 1,06~ 12.15 5.54 0.16 23.20
(G| p<0l05 | P>0.20 | P<0.01 | P<0.05 | P>0.20 \ P <0.001
0.42 1.61| 35.87|  20.47 5.26 8.28
V(O | p50'20 | P>0:20 P <0.001 P<0.001 P <005 | P<oiot |
- ED—BL
| N
Exp. sect. I n | W v V(o) [ V(C)
I 0.43 3.01 3.27 0.01 0.01 11.38
P>0.20 | P>0.05 | P>0.06 | P>0.20 | P>0.20 | P<0.01
I 0.53 1.20 0.08 0.25 9.99
P>0.20 | P>0.20 | P>0.20 | P>0.20 | P<0.0
- 0.39 0.62 1.51 25.22 =
P>0.20 | P>0.20 | P>0.20 | P<0.001 |
- 0.90 2.23 17.06 <
P>0.20 | P>0.05 P <0.001
v 0.00 4.15
P>0.20 | P<0.0
6.60
(e P <0.05
Exp. sect. I I I v \ v v(C) v{C)
0.16 | 24.97 8.76 106 1L.16| 18.62
I \ P>0.20 | P<0.001| P<0.01 | P<0.05 | P<0.01 | P<0.001
- Y N N 5.95 241 8.80 | 18.05
P >0.20 P <0.001, P<0.05 P>0.05 | P<0.01 | P<0.001
3.5 3.7 3.49 0.33 4.07 0.27
ju P >0.05 P>0.05\ P>0.05 | P>0.20 P>0.05 | P>0.20 =
1.42 1.40 0.0 0.12 0.00 335 A
v P>0.20 | P>0.20 | P>0.20 | | P>0.20 | P>0.20 | P>0.08 B
0.06 0.03 1.05 0.37 0.09 0.47
v P>0.20 | P>0.20 | P>0.20 | P>0.20 | | P>0.20 | P>0.20
1.54 1.69 0.14 0.02 0.30 3.53
V(C) | p50i20 | P>0.20 | P>0.20 | P>0.20 | P>0.20 \ P>0.05
3.40 3.26 0.04 0.07 1.80 " 0.21
V(G | p>0.05| P>0.05 | P>0.20 | P>0.20 | P>0.20 Poog0 | T
AD—HL :
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KIZE b705 TL ORRERFEA EARLNIE . TBELEEOEIE LI L THD. EBELIIVK
VR T A EOMTIIB I XEBVEBZENED SN A ACITAERZIBH LN £ D
i 0.96~1.52 THY, H1, IXit tachyauxesis, FDMDX i isoauxesis ZRL T\ 5,

HL—BL (&B74[X, &7 8%) ,

run<w4eF yEARYUNACOEOMET 1.81~1.38 TRECZREZES ALV, Joo<
1 F vBEAROM BVKX 1.48, BV 1.70) Z2E:#EEKR L VEECREY, Jou<ftF
VHAROHTHEEEHTHRBE LB VEOELABVRE L D RKEV, HL 3WFHDPXTd BL T
XL tachyauxesis #R4, BEEFHMEIIEIXAEN, TRXLY, TALFESFHOEIT, IXKIE
BEBOEN, IV, VR (Foo= 4 F YEAREKRL) L0 EREAFEIIREL, ELV,V
FMB IV 7oo< {5 v EKREIOIEREIR .

ED—BL (&7-5X, &7, 8%

EOMIZEIXA 1.83, BOIXAL.28 TZOMIZ, $ASN, V, VR (Foo=41+F ¥EK
Eak<) Tk 1.12~1.21 TZhbOICERELRH LAV, BN RZEL I REV
HHERT. 7ou<{ tF YEKXOEIEEEKRL VTR DIREL, AL 7on=S
€ F VAR THREVEVEVROINBENVE L ¥ KE\, ED DRI FX T tachyauxesis
FL T3, BEESEO LEHRFEIZHL OFE LIZTRAKRTH 5,

AD—BL (76X, 87 8%)

Eofizroa=4 e F vEASVREGROE NV XL OMICERENBHLNT, FAEEE

KEVREOBEFEENZ av < 1 £F VEKK 5r

BRI MR L 0 E v, HL ORE L

I HEREEA B D . k2 EEAR 1.20~ b

1.41, 7og<{+F vEARX 1.40F L0 1.63 Al

THh-T, AD X BL iz L TwFhd tachy- TL (<Cp.)
auxesis #/RL T\ %, ot

ED—HL (&7-7X, 517 8%)

10°C M EOZEHTHAELALSL, IKO kO It BLi<Cp)y

TEAHR X VEBCRE N, ZoFaikson &
<4 F VAR EHEEK ORI ERIZAS NS o ED/HLRg
Vo k OEIZE I 0.98, BIKXA10.96 Th 1 TL(>Cp.
5T bz isoauxesis #RL, 0 i DX Tid BL1(>Cp.)
0.80~0.86 © bradyauxesis #RY, EEFHM | BLa(<Cp)
WRE IR EBEEKEVERCERENED D
N, . -3+ HL
AD—HL (H7-8[, %7 8% , .
k DfEix 0.95~1.03 TREICAHBEEIZRL, —4F .
WIFN DX T isoauxesis ¥R LT3, EBEFR ~3 1 )
BEIIXECEREOBDLNEBEDH B, k
BEREAEIT T AEMMERIZR . _Fig. 8. Relationship between equilibrium
constant k¥ and the constant log b in the
8) HREDO—BAEN allometric equation
HEREORHER bk L2 log b & OBEFRY Cp.: critical point in relative growth
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Table 9. Constants « and ‘8 in the equation, log b=B—«k, regarding
the allometry of body parts as against body length

Body part £ t—test 8 t—test
>Cp. 3.918 t =0.574 3.466 t =0.638
af=10 df=10
BL, <Cp. 3.930 0.25< P <0.30 8.481 0.25< P <0.30
combined 3.937 3.488
>Cp. 3.947 t =0.860 3.754 t =0.804
af=10 daf=10
BL: <Cp. 3.921 0.20< P <0.25 3.780 0.15< P <0.20
combined 3.928 3.740
>Cp. 3.916 t =0.106 3.202 t =0.569
df=10 df=10
TL <Cp. 3.919 0.45< P <0.50 3.217 0.25< P <0.30
combined 3.932 3.222
HL 3.959 3.180
ED 3.863 2.763
AD 3.971 2.743
Table 10. Comparison of the constants, ~ and 8, in logb—k
relations between body parts
Body part Bl. | TL | HL . ED | AD
t 24.9 | 8.26
BL af 24 17
P <0.005| <0.005
t 0.201 0.072
TL af 24 17 @
P |0.40-045 0.45< 9
t | 0.627 | 0.623 §
HL af 17 17 :
P 0.25-0.3010.25-0.80 g.
t | 0738 | 0.861 | 0.924 | 0.133 S
ED af 17 17 10 10
P 10.20~0.25/0.20~0.25/0.15-0.20 0.40~0.45
t 0.718 | 0.741 | 0.007 | 0.946
AD af 17 17 10 10
P 0.20~0.25/0.20~0.25 0.45< [0.15~0.20

Comparison of «
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25k, WERLLERTOTNTUCHBRAERERIEDBNE B8R, ZhbOERY
logb=8—xk (&, B ZEHO

TERLTE £, B DEIFRBINT 2EHYORERICE VT, EBELHF O BL, Bl: 310 TL
TREBROMZTED GEVWERRL, t—REOKEIFEZLRHBR (BID), fH-TE
BROWMBEL ML THERILEEGT S E8RD. ¥/, BRIHTZTNTORENCZD
Wb £ DEIZRERENRBD SR (B10%), LU 8 Ofi: BL—TL i, BL.—HL [
WIRENEBEENDHY, ED—AD fixst0 TL-HL BwiAEEN2dbhitv, Zhbnr e
BEEEy D k—logb EMIFA L EITTHY, TL & HL 3L ED & AD : OEBUIIEEIC
BRELTWAZERRL T2,

k—logb BEMAAIL T 5 Z &% Lumer (1986)% iZ L lE 3 N T D R EHBIHEO—SizeT
BIETHY, ZOEE (R, o) £T5E

g=log %o, B=log ¥o

T#H%bo BLy, By LU TL TERFNOEB AL W/ PXVEHHLREVERL TR ToEEEE
BTk, logh F—DBBEZHDZ L, KA (@, ¥o) HEBEC—BTHILLEKRL, &
HIZBBEMIOWTD £ CHBEENRZ L, EOBEIIOWTE 20 BA—THY, EBA
DHERIFL VL2 ERT 5, BRCHTHHEHIOBEGKT £ OfFiL 3.863~8.971 ThH 575,
EBROBASH S 7z BLy, BLe, TL © 8 DOBR T 3.928~8.937, FIIT 3.932, x0 DHIZERIE
8.47~8.65mm, FIFT 8.55mm Lix¥, EROBFEL I —FHT3 (BE1-1,23X), EREDOR

Table 11. Size of body parts computed from allometric equations at
the body lengths of 9.5 and 10.5mm
‘% BL’ shows percentage of body parts as against body length and ‘ratio’ is
the index for length of body parts, that of the section V and IV being 100
at the body lengths 9.5mm and 10.5mm respectively. C: chloromyecetin section

Exp. sect.

BL P I I i m v v v v
M‘ A &
length (&) 1672 | 1625 | 1580 | 1575 | 1598 | 1564 | 1632
HL % BL 17.60 | 17.11 |16.63 | 16.58 | 16.82 | 16.46 | 17.18
ratio 106.9 | 108.9 | 101.0 | 100.7 | 102.2 100 | 104.4
9.5 length (&) 837 820 793 794 802 794 816
i ED % BL 8.81 | 8.63 | 8.3 | 8.3 | 8.44 | 8.36 | 8.59
ratio 105.4 | 108.3 | 99.9 | 100.0 | 101.0 100 | 102.8
length (&) 589 582 558 558 564 549 564
AD % BL 6.20 | 6.13 | 5.87 | 5.87 | 5.94 | 5.18 | 5.94
ratio 107.3 | 106.0 | 101.6 | 101.6 | 102.7 100 | 102.7
length (&) 1911 | 1853 | 1811 | 1793 | 1841 1931
HL % BL 18.20 | 17.65 | 17.25 | 17.08 | 17.53 18.39
ratio 106.6 | 103.4 | 101.0 100 | 102.7 107.6
10.5 length (&) 955 931 884 885 906 935
mm ED % BL 9.10 | 8.87 | 8.42 | 8.43 | 8.63 8.91
ratio 107.9 | 105.2 | 99.9 100 | 102.4 105.7
length (&) 677 666 637 634 648 663
AD % BL 6.45 | 6.3¢ | 6.07 | 6.04 | 6.17 6.31
ratio 106.8 | 105.1 | 100.5 100 | 102.2 104.7
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HhNMh ot HL, ED BL AD 28\ Th, A (@, 9 HECTHRAFEBENTH DB H.
Y, HL iz349 % ED OiiEd /33— L Tw5 (& T-TRD,

BEP7un 2 +F VRMDAER L ORERENRL » THHREOERRINTIT 1 RICHd
TAHZLITEESZBETH T, FRICEEDNSWERELFNC DWW TIZERT 55, EBAL
BOBEFWYO BRI, RIZHRND & 5 ICBEREOBRIZE - TEBE) LB T 28
My L2 ZENTED, Thbb, BECY > TEANAEENPES S/ HL, ED k08 AD o>
8 HHZOWT, R 9.5 FLU 10.5mm O FDEEHEE IEAERXNALRO THE 11 FRT,
BIZZBEBINT 2R, AF 9.5mm OBSGIIIEBEEEOCOBE VR OELY, F/-4E 10.5mm
DFEITIIBVE OMEE 100 & L7248 E R LIz, SEBEAEVEOFBEEEIZ 8.07~9.62mm T
HHOT, HE 10.5mm D& & OHFEIRDILA otee RS DEES 2 EREXMTHET B L
(Zoa<eFVEAREERL), #E 9.5 350 10.5mm T HL 1 16.5~17.6% & LU 17.1~
18.4%, ED i 8.4~8.8% 33X 1* 8.4~9.1%, AD i 5.8~6.2% R L{* 6.0~6.5% T, R
9.6mm O & & D HRIIFLEEOLE 7.9~8.5mm 1230 B (E4E) LV, /45 10.5mm O
L EDMIIAER 9.5mm LYV AREV, THIERRL AL 3122h S 384 & b AR tachyauxesis.
THDHThHb, ED OHBET 183°C LW 11°C OBBL&HTHE LB IR L EIROLH
ERAMR L Y RECFERE, BRUEERSICEROZZALN S, Thbb, 1, IRKIE
£ 9.5mm Trunw{ tF vEAKEERGMEE D EFRER 5.4% BE 8.83% KEVL B
£ 10.5mm TIXFOHETIBIZKREL 7.9% BIUV 5.2% thd, 7uouw{ eF YEKXOHK
RIREX LV AREL, BREOHME L BITEITK 2
<7y, & 10.5mm 173 HL ofiicrL R
AEIBIVIRXOMITEML TV 3,

BENZG - THRIE L7 HL, TL, BL, 3#4%50F
WEH D& (FIRD), BBERL VDS VRE
HWHETORFEMES (Huxley: 19509, #&7k: 19587)
DEZVZHEERL, BREOBHFIIFETICH S,
FEBRL VRECEEGEH T, $oBPici
BT TREEBOUR 2 BRI A LN, BE
DOHLIERIZH B LEL BN D,

IV. FRABIZBITZELE L UERGMR
FROECHRIFA-EBEATOAEETETO

—
T

Equilibrium constant of heterauxesis

HERH D0, A—fHTEBLAERY AL ob
THUERLBRE L, 8 10 M 1 X0 8 Ji5e AL TC BL,
RERMECRELRT, HIFECRLMBES L Body part

BEONTNORXRCHMIEBRTHENASET Y, & Fig. 9. Growth gradient in larval stages:

WK TRETORDIECHNFE > THHLH 13 | phon oo o SRPerimenta seetlon L
HE TICeEERET L. —F, REXTiml Closed circles: experimental section III
10 BRCH B7% ORACHERLES, to Qe e operinenal wction IV
BITETET LT 20% B0 L ZA2AELE " (chloromyeetin)

BL7e MEICHI D EASIORMECHROE  Chen flangiee: expertmonta’ section ¥
BB IROEELEUL T3, REECHEND (chloromycetin)
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Fig.

100 !'

Cumulative mortality (%)

25

EH - AR

TAFTAOEBRERELHT

160r
75}

so0f

Daily mortality (%)

larvae and dotted line for unfed larvae.

Days after hatching

10. Percentage mortality for experimental section I

Full line represents the mortality curve for fed

Table 12. Daration of time in days from hatching to 25%, 50% and
T76% death estimated from the curve of cumulative mortality

C: chloromyecetin section

Exp. Non fed A. salina A. salina (C)
sect. %% 50% 5% 2% 50% 5% %% 50% 5%
I 9.2 10.0 10.8 9.6 11.0 12.8

o 10.0 10.6 11.8 10.6 13.0 17.4

m 11.4 12.2 12.9 11.6 13.1 20.6

v 12.5 14.7 16.3 12.8 15.0 17.4 17.2 19.7 48.6
A% 19.0 20.8 22.1 21.4 23.0 - 25.7 28.0 50.0 61.6

FABELOOEEED 25%, 0% FEV 6% HHCT 2 CRELICEREAD L, BREROK
NEBRER L O ETRCS 26% & 50% REKTOXIESTHD (BE12FR). Linl, yuwv=
12 F Y BARER TR LEENERECRE TOEHMNEL, ZORXKDERENED TREFILI LER

LT\wb,

Wi, REYMOFABEY 1000 & LAasRiREAD L, BER TR SHEIT A LNTE

—. 93 —
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9
g
k|
£
2
-
'5 10. m ( non- fed )°
n I (non-fed )% -
1 N s N N N N x N
0 10 20 30 40
Days after hatching
1000,
Eod
E 1001
=
¥
E i
g V (non- fed )
o 10t ¥
i 1 " i I i A A A L " "
) 10 20 30 40 50 60

Days after hatching
Fig. 11. Survival curves for each experimental section, composed
of the original numbers of larvae as being 100
Notations in Roman figures and marks are the same as
those in Fig. 7 and those in Fig. 9 respectively.

3 (B, T7abbE I Y LEROFTERINED TEVEHTH - T, BABREIEI~I
K28 0.003, HIVELVIXA10.001 Th o TREHR L 70 <{ vF VEABRERCIZh LY
RRNEDTHINEDEIBD TN TH Do B2 HIFTENERIT T » THRIZITIZT—FL
B2 RT L3275 CORMT, EREEKTIZZOHEO 5 biokErOBENETTZ, 20X
SIHERARR LEOH2HHTE I X Ci3Mb%9EE, HFIXTZ108E, FMX X 11 HH,
BEVETZIIHE (Jouel+F v EAETIZI4EE), SVETZITHETHY, ZOHRMD
RIS FEART FHIHIE 2 HoBIR TR HBNEE T AT, £RMERITIZE
BB E s, RORBTIE IR 0.083, FIKX 0.054, M X 0.035, HVX 0.018 THY, 7
vo-ed tF YEKEVEA 0.008, AL <HBVEHIH0.07 Thb, 727 LBV Cli BRI E
BT, BRT2HBRLE <. H3HFOBRIMREIBESAEO DT ENEL, REDOEZ T
NHFEETHD, BVE TR 7o <4 v F YEHKRAEEEKR X 0@ REOEIERICE,

B2 HoKTiabbE 3 BRI 2ERBIFI~VETLh£h 18, 84, 88, 18 LU
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22% CTH-T, 11° BIU °C EROFEN R IVMEDORBRENEFTH S, BV, VEKO7uw=
1eF VKX TIE 49% & 8% DOEBEELRT,

V. 8@ &

FRDBREESE 12 MIZRT, EREX TIILEEOAER 7.9~8.5mm 2 5H8L% 9~10 5B %
TIZ 8.3~8.6mm TR L7, TOMBIIMEASTH Y RITZEE Lz, JOHEORERX ORE

14f

Body length (mm)

0 10 20 30 050 ) 70
Days after hatching
Fig. 12. Growth curves of body length
Notations in Roman figures and marks are the same as
those in Fig. 7 and those in Fig. 9 respectively. Vertical
lines represent 95% confidence intervals of mean body
length.

20F

15f

Body weight (mg)
P
=3

Days after hatching

Fig. 13. Growth of body weight
Notations in Roman figures and marks are the same as
those in Fig. 7 and those in Fig. 9 respectively.
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BERER ISR THY, BE 20
9~10 HH, #E#8.6~8.Tmm DL =2 18F
IZEEOEB R MEbNL D, BEBELMEZD 16f
BREIEBNTHD, ZOFBAITLRE 14}
DEBEE DITF—HL, EREBE2H
DFDIZY 2, REISEEFHFODINIZY
BFThB, 175 LEIK (9°C) DRER 101
HIRX (13°C) LiZBABETH otz 71
o< 4 tF VEAZOBREINBEO N
ERER G, BIXTIIMLE 28 HTH
11mm, ENX Tz 8 T 12.2mm, 2
MX Gt 87 B¢ 13.2mm, BEIVX TiX 87
HC10.8mm, AR 7oo<4{ FYRT
1 60 B 12.5mm, VX Tiz 28 BT 4
9.6mm, X7 oo=A{ &S kX Tk

67 H T 10.9mm DOFERITEL . Bk

28HE CORERRRIFI~VE (7o

ol vEBARERS TELER

2.8, 2.6, 2.5, 1.6 XV 1.2mm T3

12}

8F

Body weight (mg)

%o 2r
SRR O O R R B T X B T/ oy v
H5 EIBH). BIBAEORY. -72HI Body length (10°u )
X CiXmE{bErD 2.56mg M HML% 87T B Fig. 14. Relationship between body length
D 19.8mg ¥ THEL . BLFHOHE and body weight

Marks are the same as those in Fig. 9.

xRV FaliokRL AE DB BRI
log W=logw+alogL (W: FE mg, L: AE 4, a FIVW w BEH) TELT I LHTES
EUXD), MFROMERN a EBEFHEIEREECT, $A—EBREThr7oo<vl€F
BAR EHERETAERERRS, 2RO EEL IARITE L a=4.39, logw=16.83 &/5%,
FRICBI 2HEEOERIZE LI BERIN I RENIDEVZ LS,

x %

BEDERERNRT I 5 CFACERBRERIIRICI LRIz V- THESh, HL, ED ¥ & 8 AD
D 3WAIMPEBETHEI LD EBRICHT 2 HBIIRE Y, o THHTOREIIER
252 2EEEROBTZING, BHCECHZ2 Z GBSO THD. BATIIEEyORAELTT-T
WHEWEOIIEROREEZREBRELIEE TS I LIRTERWA, 9°C EROBSIRK : SHE® O
11°C S HIMEERC T°C i/ d & 3 INREQEY DI - EVRE L 2 b 2, BREOFEEREITL
FH 9°C & 9.5°C Th - THEH 0.5°C Bizdrhbh6hd, B0 HL, ED LU AD >
BL iz T2 HBRIUEOHEE V/AEDIZL-TVT, BREOBELLIVEIBRLIDDLELD
N5 (EAHE), EVNEOREELEADE (B3R, I 9°C B TORE CHEE IN-DIXTE
%380 BT b bEFEIBOFE—KHD 0BLETHE 10 (EEX), ERIINTIHRENENR DA
72D RRE% 80 HRlE, TicbbRREAEDCKIIZH 2 kiR Sh 5, Taning (1952)® 3 sea trout
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(Salmo trutte trutta) DEEEBRNS, BHOBEELE2 5 LI2L > TERBEVERTZZ L
PELMIL TV B, TALDZEhLEHRE - EHNEROER LM T 2B &I,
B BT AREEROEEIEHD TEETH L LB DI,

a0 HEE TRIZ Bly, Bl TL iZ20WTEBEAZODR, L ZOEBRICH-TH
BENERT ALz ER L2 2ATHB, HL, ED, AD oW TI3EBAIZBEBE TV,
ne 8HHD k—log b BAHEASRO £ OETEBEDEITEML, HL, ED, AD Do s
BARCIZIERA LR THREHENETTHEEL TIVv & DTRTOEDHICEERENBOHLN
7o) OB AT b LEREOKE (T 8.5mm) ZRBELHEOMTIIANHLTHERDOR
Bz b AERBEORE XThbbaEl 8.6~8.Tmm LiZiF—8T 2 B12R). - TEad
L7k 5 CEREDRIICEL L EELDNIBRIOERD, FLEIOEBRUIETWIREE
O ANhE FIRIE—FORFIZRE T30 ELHRD, Lirl, EBRAMKRO KR
BT, BESEOBEBIE > THENEEL & DIZBUERIIERT 2, ZOEBRIIERIERD
2T RbbRCROS LREOHE AR, FASIHEIRILAL, BREEREK-T
%%m%%&wﬁ%ﬁﬁ%%wéﬁ%f%of,%%Kléﬁ%ﬁ%mioTﬁUWotWEﬂﬁb
CE2BND, o TERESHOHERBIZL - TIORIET 5 ¥ CORMNERIID - Th, BRI
LRERE—EARLRS LD TH D L ThiE, EMENCHERCRESIEETH L. BEOBE
OWTIZES ThHDHA bk DED BLy 2k 2BIR EEVEDE, TL P 2HIRXEHEI
BIUVEREn®, HL CHI 28 IREBNVEDZE, ED kF 3B IRLEN, VK, HIXE
&, VR OEFIHAbND, BEL700 1 T Y ORMINABBI OV TEHERIIE <D
BleadeHinTE, iz HL, ED X080 AD, $bbEHEARITEOHBECNTI2HENE
Lvs (878, LT, BEOCEBILIRTHAEEDD -BHIRTINTHREIZE kb D
EERELTHI BN T3,

BHITERY Db T 700w v F Y OPRIFEE Thb. 700 2T VEKMEREHD
%NEIUVETﬁMKﬂHL,mxAD&%%ﬁﬁmwxéﬁﬁﬁibﬁﬁﬁﬂk%boit%@
EBI#0 BL, TLENXE CRALEENEL A, Ble TR, T2, FHIEEEHL T
THEMNEARD D L ERTIOADENIL V. KETOMOMELNLRENELT-> TR\
Wiz, FORBEABEICT USRS OMBMENR b OnTETH A, ERPOMERO%K
ﬁéﬂ%f%:au;ofﬁﬁwﬂﬂ%,ﬁ@ﬁﬁﬁiﬁ%t@%&&@ﬁﬂémmb,:nﬁﬁi
¥ Ammonia-N, Nitrite-N, Nitrate-N Z# ERICEDOZ iZL o TREOHFREBLL 72 & 13F
NCHH5,

WRECHT 2 BEH R ER S PEERKOELETELY, rou<q 2 F Y HRITEkOHE
PEOHIETHBI LI EROEY ThHoH, BRTCI/ v/ F Y ERMLABEL, 700
w4 B F Y EMLECEEOEE L OB CEES ZEELRL TW5, bbb HL & AD
CEWTIRr7oov{ v YEARO kOFEIERCbArbb T L) BREAKBEOEOMEIVE
BIIBEBANE L, BOBSIBETHY, MXTNTHEEORBDLNRVERTHD. LA
AEETIE7 OO <4 v F Y EARAL VB EOEE I OOREEEABIRE TTH-T, B
K& DHBTRARERS, BELEEMEIRCNL TR no~v{ vF YBKROK 1k OEL D
X\, TOZLIEEErT7 OO £ F Y e OBRENAI L 11°C fitkd R e L TEICMUIT BB
CERBEKRTALOLELLND, oKL, S0 ED itoiaEbh T HL R AD iZi3&bih
eI, BREOERSHAEEY TR LE, BECHT 2BREOH RO bR EOE
WERE O MTESA AR X, HL O U TEERCH L TER MO B35 O R/ ERLICR
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bhilpeBERIND, 0k HL izt 2 ED & AD &0 k DED BN L HW5 Z &
T&3, Tibb AD TRERRECAHEEOALRZBAIE, BECRHLTD, 7w
U4 F TR L THEREMIUSESESEB 02 5, ED TRERIZE b OEAKEWD,
ool vF YEKRCHL TS IR EBIROLAFRCKE S, BMXIFRELRIAL,
ThOLBC W TITEENRI I oo v F YHRIVIREVZ LMD, KL, BLE
B EL Iz L Tt tachyauxesis ©h 2 Diz, HL 23 L Tk L T bradyauxesis, HEaiZ
isoauxesis T 5 Z & L BEHR L OBERISBROBEE L TRENS,

EBALUMNORBRECH L CREERERAMS L IBOHRERFL T D L 3 18h2 5T LA
BOFEY ThHBA, rooeld vF VTBCRALBELHOLITELLND, Tiobh, Ffuid
WATLIZRWTZ7o0ae 4 v F Y BARRSIRL Vb AZVEDEERL TV 205 THD, L
AL, ThIBEOHRICLZBELENTIZENTER

FRRCER Y 3745 THREAEOHRET, REOEE AEIBIURBRBCL - TREDIZL
BERDEY ThHa, chbiTEHARIIL - THEhFARAESH L5 Thd (Martin: 19499,
EBH# - AF - KT RREED,

BL; O HBEEITEBS DT tachyauxesis 75 bradyauxesis 2 - T\ 5, 7o TL (3E®
ALRTTIZE L\ bradyauxesis HEIZERE TH D4, BB AT tachyauxesis 722013 isoauxesis
“Z %, HL i2BIZR b tachyauxesis 27RT. Zhb DI & 3B ZAOHKERIICRE
DOHFLARD 72 b DA, TEFINE > THRNS BRERERONTLRBELEOR BT IR ES
., TL AEVTL 3 & & HICHFaORBEE~OEMNT & Y BHO ARz bh
T, EROBERLETHRINZ LV RBENOABENE I ZDDOLEELOND, 21
Cyprinus carpio DREBIZFVTH DL 5 HEEEFEESNL T2 (Hamai, 1941)'9,

RIZHE, FAROETETAHEHREREL LS,

BT A EBORTMERFENTH VDT, REBBIZHT ZRCEDENALET LR TOVER
HPIET AL IZTERNL, FEEEACL S THRUHBEL HEBETHZ 2B TEiW, B
RIBME OREE LT IR 8~86% Tdh-T 11°C TRELABIRARSELRL, Thd
BoARGEVCRE TIIRERIET L TV 3, BOXOBLEILN 28% Th - THEIZHLNTE
DTTRRETH B, ZOEOBEEHZCERT, LR 83% NHEVRE L 81% OFEVXOHRRE
BEChb, ABELLBOBED MR & AER L, B E COHMIMXORAETAEL & bIZFA—
BRSEIERE L THY, R CORORE, SROVBIMBX LIZFRARTHIZLER
LT B, o CTIMELE DR R 7o E R B 2 IO B A OBMEREC 517 3 BRI R 7ad hidie
SV HEEL TR,

7 4+ ADESFHOERITILA - TR (1948)% 12 L IFERE T 9~12 FOM T 19°~14°C T
3o EEFEEIIIEEEIARE KR £ ICET 2 EENRE TRE L c2EoAkE I 10 AHa
~11 B EATH 1T°~11°C Th D, H->TAEROEHOBEFTHN, Vi LU VR TIIRARME
TV HEETHEB LA LA, FOMRLEIT 11°C L 18°C TRELIBRLARERND
DEELBND, 2OZenBT 4 F ATNERCRE T H0D0BEHREINLIEDD LV &
5, ¥, BESHLThAN-HEVEOBABREREME 6°C iz .5, B 81% &R
L7z RARESS COREABMIIOVTOREBE RIS, 71 F ATMOEEEMCHT WA
MINEVRECDHDEEZ B D, ,

FREOECITAZROATEA T, £RMEHEHIFEY, HRFIMR L OLOROIUTIT T
E2BZLNTED, PEMIFENERELZICHCONRICEEL CV2RETHY, ZoHM
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DR EESITED THe L, BABIT 0.001~0.003 Th» TEARHEOSDIZEROID LY
BT A EXMEANLD NI, 38, EBRERSIVI o<l v F Y EAREOHRE TERIISH
ot BER TOFAOEEITERELIRIFOZALLERINS. Thbb, BREXOFA
AR FET 4 B PRI ORI A SEH LB 5 L 530 TH 254, REXTHIPH
BRI IR ESE £ 5. S0 &3 BHRIE L OBEAOEETERICAKIADNEZ L TH -
T (&HE: 195912, FEM: 1962'®, Blaxter: 19629, Shelbourne: 1968'), #DEEIZ DTtk
%0%%ﬁﬁbnTV6ﬁ,%Diﬂu%ﬁWM%ﬁu%huﬁwxw&Hﬁ@ﬁo%@ﬁ@ﬂﬁ&
LNE S5 ThD, AEBRTITIREFEBRBOEEEFROEHESCHERIRIRT 2RCEFOENE
WP EERENT VWA, SMELTEBREBIC S 5 L HFEX D ORECEFROREYE HH T
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Explanation of Plate

Artificially fertilized greenling eggs, protoplasmic germ dise, 8h after fertilization,
11°C

2-cell stage, 6h

8-cell stage, 12h

16-cell stage, 15h 20m

Morula stage, 24h

Gastrula stage, germ ring extends about one fifth of yolk sphere, 60 h
Germ ring just past equator, 77h

Optic lobes and Kupffer’s vesicle firstly distinguishable, 107 h

Embryo approximately % circle, 183h

Appearance of melanophores on the dorsal portion of embryo, 219h
Embryo nearly full cirele, 353h

Embryo shortly before hatching, 824h

Larva just hatched, body length 7.8 mm
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