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Abstract The eggs of Gymnocanthus herzensteini were fertilized and cultured for the study of their
embryonic and larval development. The eggs were demersal and adhesive. The yolk was light
orange in color with a single large oil globule, sometimes accompanying a few small oil globules,
and contained a mass of many small granular materials. Melanophores and xanthophores ap-
peared on the embryonal body after the mid-stage of embryonic development, but not on the yolk
and oil globule. Hatching occurred between 42 and 49 days after fertilization at the water tem-
perature 5.5°-6:8°C.

The newly hatched larvae averaged 5.83 mm in body length with 41-43 pairs of somites. The
prominent characteristic of larvae lay in the pigmentation pattern of melanophores and xanthophores
on the nape, the crown of the head, the body cavity, and especially on the ventral margin of the tail
portion. After thirty-nine days, the larvae reached an average body length of 7.84 mm. The
pigmentation pattern remained essentially unchanged except the appearance of melanophores on
the lower jaw and the opercle region. Various body parts were measured to examine the changes in
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body form in the larval stage.

Gymnocanthus herzensteini is the sculpin
commonly distributed in the coastal waters
of Hokkaido. In the Funka Bay area the
species is not important commercially, al-
though the fish are caught by various fishing
gears all year round. It is used for human
-consumption and the bait on long line to catch
octopus as well as the food for mink. The
author succeeded in the artificial fertilization
and rearing of the species in 1968. The
present paper reports observations on embryo-
nic and larval development, and changes in
body form of early larval stage.

Methods and procedure

In Funka Bay the spawning season of the
species continues from early January to early
March when water temperatures are about
4°-7°C. On January 20th, 1968 the eggs and
milt were taken from a female and a male
caught by the bottom gill net for the Alaska
pollack at about 75 m in depth in the coastal
water of Shikabe at the entrance of Funka

Bay, Hokkaido. The body length of the
mature fish was about 25cm. The eggs
fertilized by the ordinary wet method were
rinsed thoroughly in sea water containing
chloromycetin at 50 p.p.m., and transferred
to the laboratory in a thermos jar. Water
temperature was about 6°C at fertilization
and nearly 4°C in the container during trans-
port.

Upon arrival at the laboratory, about eight
hours after fertilization, the eggs were trans-
ferred from the jar to 10-liter glass vessels of
seawater placed in a tank of fresh water.
They were reared at an average temperature
of 6.0°C with the range of 5.5°-6.8°C and
at an average chlorinity of 18.7% with the
range of 18.5-19.1%0. During incubation a
slight stream of air was bubbled continuously
in the container, and the sea water was changed
frequently to keep the eggs free from con-
tamination. After hatching, the larvae were
transferred to 10-liter glass vessels and reared
at an average water temperature of 6.0°C
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with the range of 5.7°-6.5°C without aera-
tion or change of water. The nauplii of
Artemia salina were provided as food for the
larvae.

Microscopic observations were made at
frequent intervals on the living eggs and
larvae anaesthetized with 5 mg percent solu-
tion of MS 222-Sandoz to determine the
stage of development. Furthermore, measure-
ments were taken under a microscope with a
micrometer eyepiece to determine the body
length, the anteanal length, the head length,
the eye diameter and the diameter of auditory
vesicle for the study of changes in body form.
The head length is the distance from the snout
to the posterior margin of gill measured along
the horizontal axis of the body because of
the indistinctness of the opercle margin.
The tail length was calculated by subtracting
the anteanal length from the body length.
similarly the trunk length by subtracting the
head length from the anteanal length. After
those observations and measurements, the
eggs and larvae were preserved in 49 for-
malin.

Eggs and embryonic development

The eggs of Gymnocanthus herzensteini
are spherical in shape with the range from
1.64 to 1.73 mm in diameter. The chorion
is very thin, colorless, slightly opaque but
fairly transparent after fertilization, and no
conspicuous structure was seen on its surface.
The yolk is light orange in color. There is
always a large clear oil globule, about 0.52 mm
in diameter but some eggs have a few small
oil globules in addition to the large one.
Many small granular materials form a mass
in the yolk on the same side as the oil globules
(Fig. 1-A).

The eggs are demersal and adhere to one
another and to glass surface but not so solidly
as do those of Hexagrammos otakii (Hamai
and Kyushin, 1966) or Hemitripterus villosus
(Kyushin, 1968), both carrying a thick chorion.

The first observation was made eight hours
after fertilization, when the blastodisc reached
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its full development (Fig. 1-B). The first
cleavage was completed four hours later,
dividing the blastodisc into almost equal
blastomeres (Fig. 1-C). Subsequent cleavages
followed at approximately four and a half
hour intervals and the eggs progressed in the
early morula stage forty-eight hours after
fertilization (Fig. 1-D).

The eggs reached the blastula stage at
approximately on the 69th hour, when the
blastodermal cap was a lenticular dome with
a granular texture. They reached the gastrula
stage by the 93rd hour. The blastoderm show-
ed a marginal thickening of the germinal ring
and yet had a slightly granular appearance.
At the 138th hour, the germinal ring was almost
equatorial in position. At the 183rd hour,
it exceeded two-thirds of the yolk, and the
embryo was discernible. At the 204th hour,
the blastopore completely closed and the
optic vesicles became outlined in the cephalic
region of the embryo (Fig. 1-E). No con-
striction of the yolk by the germinal ring was
observed until the closure of the blastopore.
At the 217th hour, the optic vesicles were well
defined, Kupffer’s vesicle had finally appeared
near the posterior end of the embryo, and
2-3 pairs of somites were counted in the middle
part of the embryo. At the 264th hour, the
embryo encircled about a half of the circum-
ference around the yolk sphere, but there was
no differentiation of the lens or the auditory
vesicle, and 10-11 pairs of somites were
apparent (Fig. 1-F). By the 312nd hour,
Kupffer’s vesicle had disappeared, and the
tail had started to grow free from the
yolk sac. At the 362nd hour, the embryo
extended about two-thirds of the circum-
ference around the yolk sphere with the
oil globule on the opposite side protrud-
ing beyond the yolk sphere. The lenses
and the auditory vesicles were now clearly
completed, the heart was indicated by a
slight bulge below the nape and 25-26 pairs
of somites were counted. One day after
this stage, the heart was pulsating slowly and
regularly but no action of the embryo was
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observed. The embryo at the 455th hour
showed some movements occasionally twitch-
ing its tail, and the intestine was differentiated
below the ventral side of the embryo. At
the 464th hour, the embryo extended about
three-quarters of the circumference around
the yolk sphere, the melanophores could be
seen with a proper light on the optic vesicles,
a transparent, faint fin fold appeared on the
dorsal and the ventral side of the embryo
around the tail, and the somites were differen-
tiated to about 40 in number (Fig. 1-G).
The increase in number of somites from the
217th hour stage to this last stage was pro-
portional to the time elasped: the relation-
ship is expressed in the linear equation,
§ = 0.152¢t — 29.322, where S is the number
of somites and ¢ is the hours after fertilization
(Fig. 2).

At the 598th hour, the embryo had grown
large to allow the tip of the tail reaching the
snout, thus body encircling the yolk sac
(Fig. 1-H). The twitching movement of the
embryo became vigorous, and the blood was
observed running in the blood vessels below
the notochord. At about the 650th hour,
the mouth began to differentiate, the eyes
became increasingly dark and the patches of
minute nodules were clearly observed on the
crown of the head, the snout and the lower
jaw. At this stage the black minute stellate
chromatophores were apparent on the dorsal
side of the body cavity. By the 888th hour
after fertilization, the body was increasing
in bulk and the head had become greatly
widened (Fig. 1-I). One or two black stellate
chromatophores were evident on the nape of
the embryo, and xanthophores distributed
from the crown to the nape. The stellate
melanophores appeared in one row along the
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Fig. 2. Linear relation of the increasing number
of somites in the embryos of Gymnocanthus
herzensteini referred to the growth of embryos
expressed in time elasped after the fertilization
of eggs.

ventral margin of the body. The dorsal side
of the body cavity became completely black
by the heavy pigmentation. Hatching oc-
curred firstly at 1008 hours after fertilization
and continued for the next eight days.

Larvae

The average body length of the newly hatched
larvae was 5.83 mm with a range of 5.57 to
6.12 mm (Fig. 1-J). The body of a larva
tapered gradually from the nape to the tail
with a short trunk. The vent was situated
at about one-third of the body length from
the snout. The yolk sac was from 0.86 to
1.08 mm in its horizontal diameter. The
oil globule, measuring about 0.25 mm in dia-
meter, was located at the anterior part of the
yolk. The number of somites of the larvae
was 41-43 (the number of vertebrae of the
species is 37-39). The transparent fin fold

Fig. 1. Drawings of the eggs under development and the larvae in early stages of Gymmocanthus herzensteini:
Figures A to D and I are top view, and all the rest lateral view. A, Mature egg before fertilization; B, 8
hours after fertilization, showing protoplasmic germ disc; C, 12 hours, 2-cell stage; D, 48 hours, morula
stage; E, 204 hours, blastopore closed; F, 264 hours, embryo in nearly half-circle; G, 464 hours, embryo
in about three-quarters circle; H, 598 hours, embryo forming nearly a circle; 1, 888 hours, nearly ready to
hatch out; J, Newly hatched larva, 5.79 mm long in body length; K. 17 days old larva, 6.59 mm; L, 39

days old, 7.55 mm.
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arose from the nape and extended to the vent
surrounding the tail. The most remarkable
taxonomic characteristic lay in the pigmen-
tation pattern—two or three black dendritic
chromatophores on the nape, heavy pigmen-
tation of melanophores on the dorsal side of
the body cavity, and a row of ventral stellate
chromatophores, starting from 4th-6th somite
posterior to the vent and extending toward
the tail. These ventral melanophores varied
from 23 to 37 in number. Furthermore,
xanthophores were well established on the
crown and the dorsal side of the body cavity.
Some larvae had one or two stellate melano-
phores on their crown. At this stage, no
other body portion showed pigmentation.
The newly hatched larvae were able to
swim just after hatching by fluttering motion
of their tail and fanning of their pectoral fins.
Four days after hatching, some larvae began
to take Artemia nauplii and swam actively
near the bottom of the rearing vessel.
Seventeen days after hatching, the larvae
measured 6.64 mm in average body length
with a range of 6.33 to 6.83 mm (Fig. 1-K).
The yolk was almost entirely consumed, and
some larvae had small oil globules at the
anterior part of the body cavity. The incipient
pectoral rays were clearly defined. The pig-
mentation pattern remained essentially the
same as in the newly hatched larvae except
that the crown of the head and the nape por-
tion had become much more pigmented.
About thirty-nine days after hatching, the
larvae had attained an average body length
of 7.84 mm with a range of 7.22-8.51 mm
(Fig. 1-L). The number of somites was
nearly the same as that of the larvae at hatch-
ing. The bases of dorsal and anal rays
appeared as wavy structures dorsally and ven-
trally at the midpart of the body, but there
was no sign of ray formation. The pigmen-
tation areas on the crown and the nape were
more expanded than in the preceding stage.
The ventral isolated melanophores, varying
from 29 to 44 in number, became dendritic
and pushed out into the ventral fin fold. A
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few melanophores were apparent on the lower
jaw and the opercle region.

None of the larvae died during the first
fifteen days after hatching, but a high mor-
tality followed during the yolk absorption;
consequently, the surviving fish thirty-nine
days after hatching were very few in number.
They were measured and preserved.

Changes in body form

The changes in body form at the early
larval stage were examined by the allometric
equation, i.e. log y = log b + k log x, where x
is the body length and y is the length of body
part. Plotting these measurements on logarith-
mic graph paper, a linear relationship is

Measurement of body parts in mm

0.5F

0.25 L L L
5 6 7 8 9

Body length in mm

Fig. 3. Fitted straight lines to show the relative
growth in the 6 body parts of Gymnocanthus
herzensteini in early larval stage. The calcu-
lated values of constants in allometric equation
of each line are presented in Table 1. BL,,
tail length; BL,, anteanal length; TL, trunk
length; HL, head length; ED, eye diameter;
AD, auditory vesicle diameter.
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Table 1. Values of equilibrium constant & and constant log b in the allometric equation calculated
to show the relative growth in the 6 body parts of larval fish, Gymnocanthus herzensteini.
See Fig. 3 for the designation of each body part. Figures in parentheses are 959, con-

fidence intervals.

Relation N k log b Remarks
BL,—BL 34 1.324 (1.22-1.43) —1.697

BL.—BL 34 0.809 (0.75-0.87) 0.532

TL —BL 20 0.598 (0.31-0.89) 0.822 Before inflection

13 1.247 (0.65-1.85) —1.646 After inflection

HL —BL 33 1.614 (1.45-1.78) —3.138

ED —BL 34 0.984 (0.87-1.10) —1.031

AD —BL 34 1.813 (1.63-2.00) —4.311

apparent in each regression except the trunk
length (Fig. 3). Two constants in the al-
lometric equation are shown in Table I.
Equilibrium constant, k&, of 1.32 for the
anteanal length, 1.61 for the head length and
1.81 for the diameter of auditory vesicle all
show tachyauxesis. This constant is 0.81
for the tail length, this shows bradyauxesis.
The eye diameter gives an equilibrium con-
stant of 0.98 and shows isauxesis. In the
case of the trunk length, there is an appreciable
growth inflection when the larvae reach a
length of about 6.61 mm: relative growth
shifts from strong bradyauxesis before inflec-
tion to isauxesis thereafter. The body length
at the inflection coincides well with that at
the end of the yolk absorption period. Such
a growth inflection of the trunk length was
also observed in the rearing experiment of
the greenling (Hamai and Kyushin, 1966).
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