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INTRODUCTION

The flathead sole (Hippoglossoides elassodon) (Family: Pleuronectidae)
is found in the North Pacific from at least Washington State (U.S.A.) north-
ward through the Bering Sea to the Okhotsk Sea (Norman, 1934). It has been
reported as the second most important flounder between Cape Spencer and Unimak
Pass in the Gulf of Alaska (Alverson et al., 1964). Two other members of the
genus (H. robustus and H. dubius) are also found in the North Pacific. There
is a broad range of overlap in meristic data between the three species, parti-
cularly in northern waters (Wilimovsky et al., 1967).

In the region from the Alaska Peninsula to Washington, including
Canadian waters, only H. elassodon has been described. Small quantities of the
flathead sole are landed in British Columbia and they are generally utilized as
animal food. Spawning flathead sole have been encountered in the Strait of
Georgia, and collections of eggs were made for laboratory examination of
embryonic development.

MATERIALS AND METHODS

Live flathead sole were captured by trawl net on March 27, 1968, from
depths of 30 fm (55 m) on a spawning ground off Boat Harbour in the Strait of
Georgia, B. C. (49°06' N lat, 123°46' W long). The fish were transported in
live tanks to the Biological Station, Nanaimo, B. C. by the charter vessel,
Phyllis Carlyle.® Approximately 3 hr following capture, eggs were stripped
from the live fish and fertilized in sea water of 26.9% S (salinity).

Fertilized eggs were dispensed volumetrically into incubators and held
throughout development at predetermined salinity-temperature levels. Each
incubator (Alderdice and Velsen, 1968) held four subsamples of eggs. Subsamples
ranged from 113 to 227 eggs with a mean of 163 eggs. A 13-point factorial
design defined the test conditions. In addition, the centre point of the
design at 25% S and 6.0 C was duplicated (Table I).

RESULTS

The unfertilized flathead sole eggs were spherical, non-adhesive,
almost transparent, and had an average diameter of about 1.3 mm. Shortly after
fertilization the eggs started to swell and this process was not completed
until about 16 hr after fertilization (Fig. 1 and Table II). At that time the
egg diameter had increased to about 2.7 mm and there was a large perivitelline
space (Fig. 2). This space was about 62% of the total egg diameter and was
retained through to hatching. Salinity of neutral buoyancy of the newly
fertilized eggs was 24.9% at 4,1 C.

Meristic data taken from a sample of these fish are shown in Appendix
Tables I and II.




Table I. Salinities and temperatures of incubation media.

Test conditions

Factor Mean +1 standard error

S (%) Temp (C) S (%) Temp (C)

15.00 3.00 15.02 + 0.02 3.01 + 0.00
15.00 9.00 15.02 + 0.02 9.01 + 0.02
35.00 3.00 35.01 + 0.01 3.01 + 0.01
35.00 9.00 35.01 + 0.01 9.01 + 0.01
25.00 6.00 25.01 + 0.01 6.01 + 0.00
25.00 6.00 25.01 + 0.01 6.00 + 0.01
12.85 6.00 12.85 + 0.02 6.00 + 0.02
37.15 6.00 37.16 + 0.02 6.02 + 0.01
25.00 2.36 25.01 + 0.01 2.35 + 0.00
25.00 9.65 25.00 + 0.02 9.65 + 0.02
20.00 4.50 20.02 + 0.02 4.50 + 0.00
20.00 7.50 20.02 + 0.02 7.50 + 0.01
30.00 4.50 30.01 + 0.01 4.51 + 0.00
30.00 7.50 30.02 + 0.01 7.50 + 0.00
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Table II. Changes in diameter of the flathead sole egg

following fertilization. Incubation conditions: 27.5% S
and 4.5 C.
Hours after Mean
fertilization diameter (mm)
0.25 1.31
2.50 1.90
5.00 2.18
7.50 2.31
9.00 2.50
10.25 2.50
15.75 2.70
27.00 2.70
40.75 2.73
114.00 2.69




Fig. 2. Flathead sole eggs incubated at 25% S and 3.0 C
approximately 6 hours after fertilization: a) l-cell
stage; b) early 4-cell stage.




Initial development was similar to that noted for the petrale sole by
Forrester and Alderdice (1967), i.e. there was formation of a prominent blasto-
disc prior to first cell division (Fig. 2). Cell division proceeded in a
regular manner and larvae subsequently were obtained in all incubators, but
not with the same degree of success. It was apparent during development that
the flathead sole egg was very susceptible to mechanical damage. In several
instances it was noted that damage to the egg capsule was occurring as a
result of the egg being pressed against the screen of the incubator baskets by
the upward flow of water. Adjustments were made in flow rates and direction
of flow of the perfusing medium in an attempt to correct this problem.

Rate of development

The relationship between temperature and rate of development to time
of 50% hatching (expressed as %/day) was in general curvilinear. However,
there was considerable variation in rate of development associated with
different salinity levels at particular temperatures (Fig. 3 and Table III).
No explanation of this variation, which did not occur in any regular pattern,
is yet available.

Success of hatching

The percentage of eggs producing live larvae (total hatch), whether
normal or abnormal, as well as percentages of eggs which produced viable or
normal larvae (viable hatch), is shown in Table IV. Both total and viable
hatches as percentages were highest in one of the tests at 25% S, 6.0 C (Fig.
4 and 5). However, survival of over 90% was achieved in temperatures ranging
from 4.5 to 9.7 C and salinities from 12.9 to 37.2%. Because of problems
which may have arisen from mechanical damage to eggs during the early part of
the experiment, it is not yet certain where conditions for optimum survival
(in the laboratory experiment) may lie. Nevertheless, the flathead sole egg
appears to be capable of developing successfully over a wide range of salinity
and temperature, i.e. it appears to be euryhaline and eurythermal.

Density of the flathead sole egg during development

During the course of the experiment daily estimates of egg density
were obtained. Using eggs from a subsample held at 25.0% S and 6.0 C,
salinity of neutral buoyancy was found to be close to 25k S shortly after
fertilization but decreased in a fairly regular pattern to just under 20% S
immediately prior to hatching (Fig. 6 and Table V).
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Table II

I. Rates of development of flathead sole eggs under

various salinity-temperature test conditions.

Incubation Rate of
Salinity Temp period development

(%) (©) (hr)® (%/day)
15.00 3.00 445.28 5.39
15.00 9.00 249.03 9.63
35.00 3.00 442.31 5.43
35.00 9.00 243.21 9.87
25.00 6.00 451.69 5.31
25.00 6.00 311.41 7.70
12.85 6.00 405.41 5.92
37.15 6.00 340.91 7.04
25.00 2.36 511.21 4.69
25.00 9.65 210.49 11.40
20.00 4.50 370.08 6.49
20.00 7.50 290.08 8.27
30.00 4.50 300.39 7.99
30.00 7.50 369.93 6.49

®To time of 50% hatch.




Table IV. Incubation of flathead sole eggs at 14 salinity-temperature (S, T) combinations. Viable hatch refers to

the percentage of eggs which produced larvae of normal appearance.

Factor Total no. of eggs Total hatch, % Mean, Viable hatch, % Mean,
levels Subsample Subsample Subsample
S(L) Temp(c) 1 2 3 4 Total 1 2 3 4 % 1 2 3 4 %
15.00 3.00 227 175 189 173 764 25.11 28.57 85.71 35.26 43.66 2.64 2.29 15.34 6.36 6.66
15.00 9.00 165 180 133 142 620 98.18 97.78 97.74 97.18 97.72 66.67 62.78 90.98 90.14 77.64
35.00 3.00 139 113 141 113 506 26.62 25.66 46.81 31.86 2.74 17.99 18.58 37.59 23.89 24.51
35.00 9.00 208 181 184 14l 714 80.29 84.53 90.76 91.49 86.77 75.48 79.01 90.22 87.23 82.99
25.00 6.00 177 171 179 190 717 81.92 89.47 89.94 88.95 87.57 65.54 74.27 73.18 68.42 70.35 «:3
25.00 6.00 127 166 157 163 613 98.43 95.78 99.36 98.77 98.09 96.06 90.96 96.18 96.32 94.88 '
12.85 6.00 150 195 162 157 664 96.67 100.00 94.44 093.63 96.19 80.00 75.38 87.65 73.89 79.23
37.15 6.00 137 167 159 167 630 94.16 94.61 90.57 87.43 91.69 91.97 92.22 88.68 83.83 89.18
25.00 2.36 173 146 143 144 606 8.67 28.77 27.97 7.64 18.26 2.31 19.18 13.29 2.78 9.39
25.00 9.65 145 167 152 164 628 86.21 95.21 98.68 95.73 93.96 83.45 92.22 98.03 93.29 91.75
20.00 4.50 210 163 153 143 669 22.86 78.53 95.42 66.43 65.81 8.57 31.90 67.32 37.76 36.39
20.00 7.50 171 203 192 718 94.15 91.15 92.76 92.30 90.06 89.66 87.50 92.76 90.00
30.00 4.50 122 152 115 119 508 94.26 96.05 87.83 88.24 91.60 91.80 92.76 85.22 88.24 89.51
30.00 7.50 170 194 03 756 45.81 38.88 2.94 12.37 8.47 5.42 7.30
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Table V. Salinity of neutral buoyancy of flathead sole eggs during

development.

Hours from Incubation Neutral buoyancy
fertd Temp (C) (%) Temp (C)
2.8 26.92 5 24.92 4.1
16.0 25.00 6 3.8
40.5 25.00 6 3.8
69.3 25.00 6 22.08 3.6
93.2 25.00 6 21.45 3.5
114.5 25.00 6 21.48 3.3
137.5 25.00 6 20.99 2.2
161.5 25.00 6 2.1
185.0 25.00 6 21.10 3.4
211.0 25.00 6 22.05 3.0
233.5 25.00 6 19.45 3.0

233.5 25.00 6 17.58 3.0




Larval stage

The salinity of neutral buoyancy of newly hatched larvae was about
17.5% S (Fig. 6). Mean lengths of larvae ranged from 3.25 mm at 15% S and
3.0 C, to 6.38 mm at 25 S and 6.0 C (Fig. 7). Larvae in the latter case were
those from the 25% S and 6.0 C test which had a longer incubation period
(Table III) than its counterpart at the same conditions. Temperature appeared
to be a more important factor than salinity in limiting larval size at time of
hatching.

Generally in the tests involving low temperatures most newly hatched
larvae appeared to have hatched prematurely. In these tests many larvae
hatched with pronounced curvature of the body, and eye development was less
advanced in comparison with larvae hatching in other tests at higher tempera-
tures.

There were differences in the amount of yolk (measured in lateral
aspect) remaining in the yolk sac in larvae hatching in the various test
conditions. Under the laboratory conditions some larvae were produced which
were large, pigmented, well-developed, and had little remaining yolk. Others
were small, were virtually unpigmented, may or may not have hatched prematurely,
and had a large yolk. These two effects appear to depend primarily on incuba-
tion temperature (Fig. 8). Under the test conditions maximum larval size
appears to be obtained at temperatures at least from 6 to 9 C.

Growth of larvae

Although the experiment was designed to test the effects of salinity
and temperature on development of eggs to hatching, in a few cases larvae were
retained for post-hatching examination. Growth achieved by larvae from some of
the tests is shown in Fig. 9. The plotted curves suggest that the growth
increment per time interval in the period after hatching may be similar, regard-
less of the temperature and salinity under which larvae have been reared. The
data also suggest that compensation takes place under certain conditions. For
example, eggs held at 4.5 C hatched into larvae of considerably smaller sizes
than larvae hatched at higher temperatures. However, larvae of smaller size
had a proportionately larger yolk (Fig. 8) which enabled their survival to
approximately the same size at time of yolk absorption as larvae which were
originally much larger. Under these conditions, so-called "premature" hatching
may not be a disadvantage to the larvae. (Although the results are limited,
they indicate that the initially smaller larvae actually became larger than the
initially large larvae by the time the yolk was absorbed.)

The yolk was absorbed in about 6 days at 9.6 C and in about 17 days at
4.5 C.
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SUMMARY

Preliminary laboratory experiments suggest that the pelagic egg of the
flathead sole (Hippoglossoides elassodon) is capable of development through a
wide range of salinities and temperatures. Survival of over 90% was achieved
in temperatures ranging from 4.5 to 9.7 C and salinities from 12.9 to 37.2%.

During the first 16 hours of development the egg capsule increased in
diameter from about 1.3 mm to 2.7 mm.

Salinity of neutral buoyancy ranged from 25% S at fertilization to
just under 20% S immediately prior to hatching.

The incubation period (time to 50% hatch) was about 9 days at 9.6 C
and about 21 days at 2.4 C.

Mean larval size at time of 50% hatch ranged from 3.3 mm at 3.0C to
6.4 mm at 6.0 C.

The yolk was absorbed in about 6 days at 9.6 C and in about 17 days at
4.5 C.
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Appendix Table II. Meristic data for three members of the genus Hippoglossoides

taken in the North Pacific.

Dorsal fin Anal fin Gill rakers Lateral line
Species
rays rays lower arch pores
H. dubius
(Norman, 1934) 82-87 64-65 13-15 88-93
H. robustus
(Norman, 1934) 69-77 53-59 10-13 87-94
H. elassodon
(Norman, 1934) 79-86 60-67 15-18 87-94
a
Strait of Georgia 1968 74-87 52-68 13-18 86-93
Mean (79.3) (61.6) (15.1) (89.3)

3 rom Appendix Table I.




