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Pigment that had pfeviously been scattered regrouped in such

a way that a pigment band formed on the middle of the\tail; on’
the 12th to the 18th and most frequentlyion the 13th to the
15th myotomes (counting from the anus); in addition, a double
fow formed-on the lowor edge of the tail and asbove the |

intestine. The band that formed on the middle of the tail in the

brelarval stage remained as one throughout the entire larval

stage, with the difference that it became narrower and subsequently

occupied only two or three (the 15th to the;léth, the 1llLith to the

" 16th, the 16th to the 17th, and the 16th to the 18th), and

more Tfrequently two (the 16th to the 17th), myotomes.

After the absorption of the yolk sac the large melanophores

‘passed to the lower surface of the abdemen;een the middle

of which they formed a distinct pigmenf row that occasionally
split in two.,. A few large starry cells were located alonb

both sides of thls row. ‘There was a row of cells on the isthmmus,.

Towards the moment of formation of rays the band on the middle

of the tail disappeared,and In its place there remained single
large'melanophores. Banded flounder larvae at this stage were

lairly easxly dlstlngulshed by a comparatlvely large number .. .

(11 to 13) of myotomes in the trunk the absence of melanophores
in the depth of the body above the chord and by a slight

pigmentation on the lower edge of the tail,

The Arctic Flounder -- Liapﬂﬁitﬂ;glaaialia_(Pallas)

Informatlon on the development of the arctic flounder 1is

~extremely meager, Reports on the reproduction and egg sizes of




»

by A.N. Nikolaev (1955). We have investigated artificially

caught with a plankton net from 21 July to 30 August 1946

.acdording to Nikoléév, varies from 1,2 to 1;6 me. The

"ol the forward edge and middle of the auditory capsule,

702,
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arctic flounder from the White Sea are available, in a study.

' fertilized eggs which were kindly given to us by N.A. Pertsev,

the Director of the White Sea Biological Station of Moscow

State University, as well as three prolarvae frgm 3.7 fo

" 6.6 Tm long and twelve larvae from 6.53 to 7.89 rm, long,

in XKara Bay.

The sbove prolarvae and larvae have been described
by L.A. Ponomareva (1949). A comparison of this limited
material with that on the banded flounder is.undoubtedly

of great interest.

- The eggs of the arctic flounder are pelagic, and at
a salinity of 27 to 28%, float in the open water, The

membrane is thin and the yolk is colourless and transparent.

The diameter of ripe White Sea arctic flounder eggs,

diamster of fixed eggs that we examined ranged from l.54 to

1.70 rm.

The perivitelline space inwlive»gggé represented a
narrow aperture, whose size after fixation increased as a result
of the shrinking of the yolk. ‘ |

Prolarvae (evidently recently hatchedf 3.7 mm long

(see fig. 51) had a large yolk sac. Their heads were

straightened and separated from the yolk sac to the level
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The pigmentation of the body was of an embryonic -

B

nature. Large melanophores were thickly scattered over the ’

.entire body of the brolarva, and there was a small quantity

on the intestine and the yolk sac. The eyes were dark.

Prolarvae from 6.35 to 6.66 mm long (see fig. 51, 2) had

a fairly 1afge yolk sac 0.90 to 1.29 mm long and 0.32

to O0.42 mm high. The tail was long and the distance from the
end of the snout to the insertion of the anal fin represented
35.7 to 36.7% of the iength of the body. The pectoral fins
were small, and their ends reached the fburth myotome.
To jﬁdge from the base, which was situated vertically, they
were mobile.

: . in the body.
There were 1l + 26 myotomes/ A mesenchymal

accumulation was noticeable under the urbstyle, in the place
of the hypurals. The pigment lost its embryonic nature,
and of it there reﬁained a sma11>number of cells scatte:edx
on the tail; the trunk was practically devoid of pigment.
LA Qomewhét iﬁdistinct-accumulation of melanophores was
noticeable on the‘t&il around the 16th myotome, and there
was a row of suchvmélanophores on the lower edge of the
 tail, o |
A . | | |
In older larvae 6.53 to 7.12 — long the yolk sac
_had been absorbed. The pigmentation changed little in
cohparison with the preceding stage: the number of scattered
melanophores decreased on the tall and increased on the lower
portion of the forward half of the intestiné; In qlder

larvae 7.89 (7.58 ﬁo'?.?l) mm, long, céught on 30 August

'_19&6 at Ugt'-Kara, the myotomes were sigmoid. The height of
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kG;f - - the body rebresented 11.1 to li.é% of its length. At the
i'base of the dorsal and anal fin folds there appeared the 1355_
" stripes of pterygiophores, from which there branched out fin
Vrays, the length of most of which still did not excoed 1/3
of the height of the fin folds., They / the fin .rays/ were

best developed in the central area. Their number decreased
-~ . progressively towards the front and the rear; and at the -
beginning and end of the fin folds they were entirely absent.

There werse 2l to 35 rays in the dorsal fin fold and 22 to

27 in the anal fold.

gy
=

Figure 51- Prolarvae and larvae of L. glacialis,

1 3.7 mm (after Ponomareva); 2= 6.7 mm; 3~ 7.1 mm .
L - = _i . : B

The intestine formed a full loop, which was still
small and situated in the rear portion of the abdominal cavitye.

The urostyle was curved slightly upwards, and under 1t were

outlined the hypurals and the tail fin rays.

‘ Pigment was for the most part still of a larval
o nature, with the difference that the number of scattered

melanophores decreased on the upper portion of the tail and




o

R 7050

.-the pigmentary cells themselves becams mhcﬁ larger. The

‘melanophores which had been under the urostyle extended along

the length of the outlined tail fin rays.

In 1arvae.7.96 (6.98) mm long the Bpight of the body

" inoreased to 18.3% of its length. - The fin rays, with the

- exception of the first and last three to four in the dorsal

end anal finé, were differentiated. They were noticeably
longer than in the preceding stage and fell slightly short |
of the edges of the fin folds. There were about 50 rays

in the dorsal fin and about 38 in the anal fin. Eight oxr

-:n{he fin rays were outlined in the tail.

"The intestinal loop filled the entire rear half of the

“abdominal cavity. The end of the rectum was pulled somewhat

forward as compared with its position in the preceding stage.

'The pigmentation of the right and left sides was

_asymmétrical; On the right side there was a large number

of small, scattered melanophores on the head and the

- forward portion of the trunk, and a few 1afger starry cells

in various_areas of the tail.

The first spot of the upper row of the tail was
outlined snd was also visible on the left side.

The left side of the body, with the exception of one
pigmentary cell remaining from a band on the middle of the

tail, and a few célls on the end of the intestine and the

lower edge of the tail, was devoid of pigment.
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The change in the prdportions_of‘the body in the

f’g . . course of development of the prolarvae and larvae that have
\“/ . . *
been described is shown in Table 53.
Table 53 (356 |
The Correlation of Body Parts of Prolarvae and Larvae of IL,mlaciglls
, Percentage of length Percentage of length
- Length, in mm Number of . of body of head
‘ ' specimens . . LT ' A
\\\\\ S aA H 1C 0 a0
, —— ya < =z N _ .
Hﬁjiiizgg-e.ssl 2 | 35,7—1§g;7l 4.16—52j; l 13;§g/, I 28,5-i§;i; | 15,4-1?5T;”’:’

6,5%—7,42 9 33,3-37,7 4,554  13,25—14,6 27,4—27,6 15,1—19,0 |
6,09—7,89 3  37.4—41,0 11,1—18,3 18,45—23,2 19,74—22,1 17 ,45—19.1

As may be seen from the data in Table 53, during
the périod of deveiopment the following changes take place
ih the pafts of fhe bodies of larvae: the disfance ffom the
end of the snou£>to tﬁe insertion of the anal fin, the height
of the body, the ieﬁgfh'of the head, and the length of the

snout increase, and the eyes decrease in size.

In'fingerlings 28 mn long, caught on 11 August 19L5
with a fingeriing trawl in Baidarata Bay, both eyes were
- on the right side, and the fingerlings' metamorphosis had
Aevidenfly long been completed. Juvenile fish 98 mm long

‘had the appearance of adults,

The Black Flounder -- Liopsetta obscura (Herzenstein)

We have given a brief outline of the structure of

O

black flounder eggs in published keys to the pelagic eggs
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of fish of Peter the Great Bay (Pertseva-Ostroumova, 1955), '

The development of prolarvae and larvae from 3.5 to

58 mm in length under artificial conditions has been traced

-,'bv Kurata (1956)

We studied embryonic and postembryonic development
in series obtained through the artificial fertilization

and incubation of eggs. Brood stock was- taken from fyke

-nets set out under the ice in the region around Vladivostok

off Cape Burnyi and in the area adjacent to the 19th
Kilometre station of the Maritime Railway, as well as by
fishing with Danish seines of the Tafuin.Fish Combine in
Ussuri Bay and Amna Bay. A total of seven series with five

subseries was obtained from 2 to 19 March 1953 (see Table
5.

Out of seven series of artificially fertilized eggs,

deveiopment in four was cut short at the prolarva. stage,

larvae were obtalned in three and in the remaining ngroup;7

the eggs died at the cleavage and gastrula stages. - -

_ In addition to the larvae -obtained-from artificial - -

fertilization, two 1arvae 8.23 to 8.67 (7.97 to 8.16) mm

long, caught on 3 and L July 1948 in Amur Bay, were also

examined,

In the first and second series,‘experiments were

. set up on the effect of salinity fluctuations on the

development of eggs, prolarvae and larvae.

e
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_ We have describéd the course of develoPméAt nainly
rrém the material in the second series of experiments, in °*
which the waterAtemperatufe was nearest to that uhder
natural conditioné..

Eggs fertilized on 2 March 1953 at 2:25 bm.wére
placed in sea water at a temperature of +1.2°; pemperatures
subsequently fluctuated from -1.0 to %8.6°'and averaged
+2.u°. The water temperature in the sea in the spawning
région w£s about -1.00.

The development of eggs in water of normal salinity
at a water temperature averaging +2.L;O is shown in Table

55, while sbbreviated outlines of development at another

temperature are given in Table 56.

‘.As may be seen, the first prolarvae ﬁatched in 21
dgjs gnth hours. The hatching proceés took place fairl&»<
siéwly; mass hatching began only a day later, i.e., 22
days and 5 hours after fertilization. After 23 days the

"bulk of the prolarvae -hatched.- .Prolarvae, however, continued -

to hatch from isolated eggs in the course of the next /357
several; days, while some of the embryoé ﬁhose membrane was
covered with a thick bacterial film, never could free

themselves from it and subsequently died.
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 The Temperatures and Results - ' “w.ubation of By = ~f1 3
in Marc: --—- }
R Temperaturse, in °c Period of incu- f
Date |g o . bation of eggs :
ot et until death or . Results Num-
[P . . !
) beginning of _ ber of
2 2 hatchin : samp-
oS ' les
)
o from to | days - hours
S 8 / / /
Died at begin-
ning of clea~
vage ,
Prolarvae i
obtained !
_ " Died in second - %
- tage of devo- ‘
[ o A S :
| +5,6 ; 1 | -_‘/ l 15/ lopment :
92 " 23 " — {10 ‘ . ' ;
iﬁg 8~} 5~ . . " Died prior to .
+3.0 1 =11 cleavage i
486 21— .20-7-____‘_______‘__;‘-—_ . ?
-+1 17 — |- 2 : Larvae obtained ;
-+20 4 — i1 :
i 1 Prolarvae ob- -
+10,5 14— |- 32 : . . " :
19.0 T ~ o —tained ... -
16,0 14 — - :
thﬁ 15 —_ \ Larvae obtained: Ly
(Died at-gastrulg———
stage i
i S .~Larvae obtained
i
Died at blas- :
tula stage
L Prolarvae ob-
o tained :
O : :
- Same R
|
Total '
A
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Prolarvae that hatched at various times developed
to differing degreess: the later they hatched, the more they
were developed and vice versa., Cases were not infrequent

in which late prolarvae hatched with pigmented eyes, pectoral

fins that had grown to a considerable extent, an open mouth

and é noticeably shrunken yolk sac.

As may be seen from the data in Table 56, at average
‘ o} X
water temperatures of +5.5 to 7.7 embryonic development

proceeded much more rapidly.

=In comparing data from observations in the second
and third series of experiments, we attempted to calculate

the temperature threshold of development and the number of

- -

degree-days necessary for completion of the embryonic development

of the black flounder. Substituting our data in Reibisch's
formula, we obtained a temperature threshold of -2.2 and

a requiréd number of 97 degree-dayse.

._The,figurés obtained through calculation are evidently

"close to true values, since at this temperature water changes

Jto'ice, and in nature, eggs do not, of course, develop under

S R

“such conditions. o R

‘Taking into account the fact that eggs develop under

» (o
natural conditions at an average temperature of 0 , we deduce

" that the period of embryonic development lasts for L2 days.

Consequently, from eggs laid from the middle to the end

of March prolarvae should hatch at the end of April and

beginning of May.

T
epe T (R e Y SR




_ f Ripe, live unfertilized black flounder eggs are
(i:J . 'jtransparent and on the whole are of a iightiyellowish-greyish
hue., ’
S ¥
L.
}
Table 55 i
~
The Course of Embrvonic Development of I,, obgcura at a o
o .
- . Water Temperature Averaging +2 WL .
) o Age
Stage of development days hours Pigmentation
2 "GO ).l.blastomereS.ooooood.&.oo-o‘ooo - 18 |- '
8 bj.a.StO:mel"eS......-......-......... 1 - :'
A128 blastomer.eS.-.o‘ooo--.oo.o-oo.o.o 1 22 o == ;‘:‘
Blastomel"e blastﬁla................. 2 22 -_-— ;
. _ - o .-
Epithelial blastula..o...oonoo.oonoo )-l‘ ’ 20 - _
-Beglnnlng Of gaStmlao-o.oooooonco'o 5 20 - i "
:Blastoderm covers half of yolk...... 7 21 —ee }
ABlastoderm covers 3/li of yolk. o i : é
Embl"yonic Stl"lpe......--........... 8 21 - "',/"
-Biastopore closes. Rudiments of ‘ I L
Optic VeSiClGS....--.....-......-.. lo 21 handand . ,‘
Optic vesicles fully formed. 8 to i
9 myotomes in the body. Xupfer's .
vesicle. Imbryo envelops 2/3 of
-the yOIkn..oo-..-o.aooo.o:...-ooooc 11 21 handend .
17 myOtOmGS...-.-...-........--..... 11 23 bankend :\
”\1 bud has formed. 'Eye cups. 20 .
t0 22 myotomess Embryo envelops : _ ‘ : >
3/h of Volk........................ 13 7 Dark melanophores '
L A . and yellow chro=- o
matophores have A
appeared, {
i
P
-~ IR [P .r,.A.'..‘ r,,,,a.
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Table 55 (cont'd)

ff‘ Age' N .

«_+g6 of development - days hours Pigmantatioq
Beginning of separatibn of tail. .
25 myotomes. " Kupfer's vesicle.ss 15 - Same :
End of tail almost touches head.

10 to 12 myotomes in the tail..... 16 . - _ Same

19 to 21 myotomes in the taill. : :
. Heart. beatSeeceacetcreasoanocscnne 17 - E:mbryo heaVily

: : : pigmented

End of embryo!'s tail proceeds \;

beyond the head to the middle ~

of the eye. Hatching glandulse.. 18 - Same
"End of tail reaches auditory

C&psulec;....-..*3’3......-...-..-.. 19 Ladead u
"End of tail reaches pectoral fins,

11 to 12 myotomes in trunk and

26 to 27 intailocooo;-oooaloouoq 19 lo "
‘Prolarvae begin to hatchese.ee..e. 21 5 . "
Mass-hatChing.Q.I...I.....'I...... 22 5 “
Mass hatching completedes...eesss. 23 — "

The membrane of the egg was thick end sticky end

R —
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gathered in a large number of folds intersecting in various {358 ‘

“directions; it was usually closely attached to the yolk.

""" T'The sizes of such ovarian eggs ranged from 0.69 to 0.90 mm.

‘Live, developing eggs were transparent, and swelled very

Slightly in the water; the reticular structure of the membrane

-was retained throughout the entire period of devel opment.

The

sizes of live and fixed eggs practically did not differ and

Q;> . ‘ranged in different series from 0.78 to 0.94 mm, averaging
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0.86 to 0.90 mm. The yolk was homogeneous, and after fixation

)

shrank considerably, became hard and assumed a bright yellow

- - - colour, Its size in live eggs varied from 0.71 to 0.87 mm,
selen e oSt N - ) . !

and?;;ifiieé-eggs,.from 0.51 to 0,78 rm, fThe@perivitelline
;;spacé, from measuremenﬁs of 1i§e and fixed eggs, was small o ;_'J
(see fig. 52), and in live specimens represented only L.l to éf
7.6%, and an average of 5.5%, of the diameter of the egg. ‘
The.corresponding pefcentage in Tixed eggs increased to 5
to 21%, averaging 10.5 to 16.3%, as a result of the shrinking
of the yolk. The membrane of the egg was comparatively thick
and viséous; because of this, the eggs not infrequently stuck
together.in lumps and. adhered to the wall and bottom of the
R vessel, The adhesiveness of the membrane decreased in /360
' broportion to development, and the 1umps.sebarated into

" individual eggs, which came loose from the substrate. The

blaétodisc was'high, énd reached its greatest height at
. the morula stage.~fI£é base at this time completely covered the
yolk from gbove, aha‘iﬁs height represented about 1/3 of the
diameter of~theAlatteﬁ..;Inmits_abundhnce.pf_plasma~and“the_m_mwn 5f
character of its blastodisc the black flounder egg approxihated
‘a type biTﬁﬁlyﬁ1ESMati0”eggr““At'the“epithelial-blastula-
stagé the height of the blastodisc decreased and reached iﬁs
- minimum at the beginning of gastrulation.- The base of the

_ gastrula completely covered the upper portion of the yolk

surface. In the stage of development at which there were 20
S to 22 myotomeg in the trunk, and the embryo enveloped more than
;KQJ_‘: 3/L of the yolk, on the body there appeared lemon-yellow - f“?w;

) chrbmatophores and less noticeable dark chromatophores, single
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‘Figure 52- The"developmentidk eggs of L, obscura at

an average water temperature of +2.4s

The figures under the illustrations designate hours
of development . _ .

3

 cells of which were visible in the postorbital region and

.1M§§tuapeq in more,brjlessfneguiarvrows,.ofmwhich_there«were

“unusual pattern)on the tail, forming four rows, of which two

©

were unevenly scattered on the body, and_particulérly

thickly in its forward quarter. Yellow chromatophores L

‘ bordefed the eyes, were .thickly scattere@;qn the;hegd and o Lo

groﬁpéd noticeably behind the eyes. On the body they were

—

two in the forward half and four in the rear, Subsequently,

N

a large number of scattered cells appeared on the forward‘

half of the tail, and an accumulation was outlined on the

‘middle of the latter. The end of the tall was free from

pigment. The melanophores were branched, and pale-coloured,
and, in the same way as the yellow chromatophores, wers En-j

scattered on the'head and trunk and were arranged in an o

v Ty o e Lt R i Y S, . r,.--p‘,_,-(l
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The Coﬁrse.oﬂ‘Developmeht of Eggs of L. _obscura,

Table 56

TE T Ene st Fpsenas |

in OCi

Temperature,

Temperature

Age

Stage of development

from

\

to aver-
e\

- hours

from - to

\ \

average

days

hours
/

L to 8 bla;tomeres t

Blastula == begin::::::::::::::::

ning

Gastrula

optic vesicles

Blastula == end\\\:::::::i:::::::

have appeared—

Formation of tail
bud

4

Tail almost touches
head —

. -

Tail reaches middle
of rear edge ofeye.
Hatching glandulae
have appeared

! 1
| L444

-2

18
i +2;::7
"'+.3;;1‘.:
s
L 130

+6.1

10,0

- +7.5 ' 10,5

_Ho0,5

48,5

13
19

13
15
15 .

19

22

22

v

+6,0
6,0
48,0
+3,8

-10,0

-— —

-— -—

4110
+9,2

438 4638
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Table 56 (cont'd)

Temggrature, Age Temperature ’ Age

Stage of development ~ in

from to aver- = days hours  from to . average days hours
| |__age_ ! ‘ | / /

S Beginning of hatchiné

° Mass ha?ching

et 87 vt i ot o et i B KA Dk a2

6 days
after
hatch-
ing

Yolk sac has been
apsorbed

: :‘ ' : ) . ) - a ’ . - .4 - .
+3,8 = +100 459 13 4133 46,0 4104 41 21
To42,0 © 4+16,2 415,37 cytox  — +144,0 +16,4 +15,2 6.cyrox -
Co i . nocne : ‘gocne - :
b oo B0 . mumiesa " - e BLIK/IEBA -

9Tl
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“isolation was occasionally broken by individual cells 1ocated

_to Kuratg's data (1956) the length of prolarvae that had

T17.

were situated on the upper edge of the tail and two on the

lower edge. These rows were not always distinct, and their

between the rows. There were a fow melanophores on the P

intestine and the rectum. Neither the yolk nor the eyes

were pigmented. Prior to hatching, the branched yellow -~ . | .

chronatophores and dark melanophores formed an accumlation /361
in the shape of a band on the middle of the tail. Neither

the yolk nor the eyes were pigmented, .At the end of
embryonio.development there appeared on the head of the embryo

a large number of hatching glandulae,'of which there were
noticeably more than at the same stage in the banded flounder,

which resulted from the greater thickness of the egg membrane.

Black flounder prolarﬁae thgt ﬂad just hatchéd were
sméller than corresponding banded flounder prolarvae (see
Table 58 and Figure 53), and at first stayed on the bottom.
0n1y a few hoursvaftef hatching did they begin to rise to

the ﬁpper layers of the water. When the prolarvae rose up,

"they performed oscillating movements with their tails and spi-

raled, corkscrew-like, around their own axes, from right /362

' to left, i.e., counuerclockwlse. Remainlng for a time at the.

"surface of the water, the prolarvae turned head downwardsl

and, under the weight of the yolk sac, with the tail fully at

rest, sank passively to the bottom.

-

The length of the first livefprolarvae that had Jjust
hatched, in various series obtained from different brood stock,

renged from 2.55 to 3.4 mm and averaged 3.10 mm. According

just hatched was 3.5 mm, Their heads were inclined slightly P
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downwards, and the forward ends of the.hedds were fres.
There was no mouth. The yolk sac was as transparent as
glass, and in the shape of an elongated oval., In live
'<:) ' prolarvee its length varied from 0.69 to 0.87 mm and averaged .

0.81 mm; the height range was from O.41 to 0.4b6 mm, averaging

O.45 mm. The tail was short, but was relatively longer than

in the banded flounder. . , ':. T ' ,*‘
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There were 10 to 11 myotomes in the'trunk and 29
to 30 in the tail. ,The rectum was short and compafatively . ;
wide. Thé eyes were colourless or slightly pigmented. The
body was heavily pigmented. Lemon-yellow chromatophoreé and
Qafk melanophores were scattered on the head and back and
on the upper edge of the tail, On the middle-éf the tail 1;_}f”
(on the 17th to thé 20th myotomes) a group of such cells .
formed a sharply striking band-spot. The upper stripe
bounding it was located on the 18th to the 22nd mytomes,
while the lower corresﬁonding stripelwas on theleth to the
25th myotomes, i.e., it.wentléomewhat fufther towards the
end of the tail than the upper stripe. A few chromatophores
eﬁtered the dorsal fin fold from the upper stripe. An {
indistinct spot was outlined on the middle of the fofward
half of the tail (on the 8th to the 1llth myotomes). 1In
addition, é~disc§ntinuous double row of -cells passed along
- the lower edge of'thelforward half of the tail~ and there

were cells above the 1nuest1ne, on the rectum.and on the : ,

lower half of the yolx (see flg. 53, l). N . N

Prolarvae two days ola (see fig. 53, 2) and those

that had just hatched were at thls moment -at the same stage
of development. 1In both, the head separated from the yolk
to the level of the rearAedge of the eye. The oral cavity
was outlined. The pectoral fins increassd lﬁ'size and moved
slightly forward. They were still immobile. The eyses became
slightly dark. Yellow pigmentation changed little in com-
parisén with th;t_in‘the preceding stage. -There was a

‘noticeably greater change in the melanin pigmentation. An e
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~along the sides of the head behind the eyes, and between - ?uﬁ

'and around the anus. A few scattered cells were retained
. Qh the sides of the trunk and on the tail. A large number

- of starry'melandphores was visiblé on the lower and forward

-.of the prolarvae ranged from 3.20 to 3.70 mm (see Table 57).

._becdmé mbbile, The rudiments of two pairs of gill arches were

- noticeable. The tail lengthened, so that the distance from 536g3m3 

720.

. . [
accurulation of melanophores appeared on the head, above } ;
( A

the!brain and oral cavity; three to four cells appeared

the auditory capsule and the pectoralfinse- - - S ;75

As before, the band on the tail was distinct, and a
forward band that had previously been only outlined on the
8th to the 1lth myotomes stood .out more sharply. Starry

me lanophores, extended in a lateral direction, branched out

"from both forward bands into the dorsal fin fold, and a rear

band extended similar outgrowths into the anal fold.

A double row was clearly visible above the rear portion
of the intestine; a similar row was outlined on the lower

edge of the tail. There was a group of cells on the rectum

half of the yolk, Three days after hatching, at water
C . . ) .

u o
temperatures of 6 to.9.h°, averaging 8.1 , the total length

-~ After fiW6*H§?§_fhe”tbt§Iiiéngthﬁqfﬁiive“prolarvaenmﬁw_n—a}ff
varied from 4.07 to L4.19 mm, and averaged L.12 rm (see : B
fig. 53, 3). Their heads were freed from the yolk sac |
to the level of the fear edge of the auditory capsule or to

the pectofal fins. The mouth and the intestine opensed and

intercommunicated. The pectoral fins grew to 0.24 mm and

Vo
LI
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"the end of the snout to the insertion of the anal fin now

) ‘ represented on the average 35.5% of the length of the

body instead of the LOF / in prolarvae/ that had just hatched.
' fin~ T ’ T o

n
- -A radiance appeared in the/fold around the anus. The

prolarvae became noticeably more mobile; more and more

frequently théy rose from the bottom to the surface and moved.;
progressively in a horizonﬁal direction. The eyes darkened

and took on a greenish,.metallic hue. Yellow chromatophores,

aé before, were located on the head, around the.eyes and

below the head, above the oral cavity. A row of chromatophores -'
was visible on the back, above the intestine, and on the |
lower edge of the tail; as well as on the rectum. An _
accumulation of chromatophores was retained on the 8th to the

' 9th and the 17th to the 20th myotomes of the tail (see fig.

77 T . * | ) | | i

ﬁelanin pigment was distfibuted in the same way as

iﬁ the_preceding stage; ﬁith the difference thatAscattered'

cells on the head, trunk and tail completely disappeared. : s

Cells were;clearly visible on the upper and lower jaws, and
in‘front of-the bésés of the pectoral'fins, as were bandg

_gp:£h9 tail,

— B S BTSSP OUPRES T IO S SPIRCRIE TSI SEE S

After six.days, only remnants were left of the yolk
sac (see fig. 53, L4). Active feeding began, AThe prolarvae
ingested small particles of raw or cooked chicken egg yolk
placed in the aquariﬁm. The inﬁestine was curved. The _ {

<:> | ‘pigmentation of the bo@y, with the exception of the yolk sac, .
- was similar to that in the preceding stage. The melanophores
‘of the yolk sac, as a result of the rgduction in- . the latter?§

“volume, converged and on the lower surface of its remmants

formed a dark, broad stripe, _ o o
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._ ' '_ | Table 57

The Sizes and Correletion of the Body Parts of Prolarvae and Larvae of L. oQbscura

!

Ienzth Percentage of length of body Percentage of length of head
Age, in days total body H .A D 1C 0 a0
: \ N\ . \ i
Prolarvae that have
Jjust hatched : .
, ~ e 1 T\ 2
* |{Toabko ¥TO BUKTONYD- l \2',67" VJ 2,56 39 ,4 I 6 ,05 19,3 i 36,0 i 17 1/ f
umeen mpeptnnikn (2,32—3,21).(2,16—3,10)  (38,3—42,3) (5,2—7,2) (3, 19—8 os) 2, ss~5 65) (17,8—21,3) (33,3—42,9) (13,05—19,85)
1 o 2,79 , 2,69 37,1 6,1 5,9 8 . 17,6 38,3 49,7
- . (2,62—-3,17) (2,53—3,06). (36,0—36,3) (4,9-—7,3) (5,0-6,6) (3,1—5,7) (17,3——18,95)(34,8—~42,0) (17 4—21,0)
2 344 3,03 . 36,7 5,4 6,6 5,6 . 16,6 39,5 19,1
" . (2,83-3,40) (2,59—3,29) (33,6—41,4) (4,9—6,5) (3,5-7,7) (2,6=7,4) (15,05—19,5) (35,6—43,2) (15,9—21,4)
3. o 3,53 - - 3,39 35,5 4,6 7.4 6,4 15,8 40,2 21,1
.+ (3,20-3,70) (3,08—3,54) (34,2—36,6) (4,5-5,8) (6,4—9,4) (4,8—8,3) (14,3—16,2) (37,8—43,2) (i8,2—23,8)
- 4. 3,22 3,34 37,2 5,2 8,5 7,2 " 16,9 42,9 . 16,6 P
| L. (2,89-3,40)  (2,75—3,20) (34,3—40,6) (5,0—6,0) (6,4—10,3) (5,2—7,8) (15,50—18,0) (36,7—46.5) (16,3—22,9) |
... 5 . 3,38 3,22 34,5 5,2 8,4 . 6,9 15,4 41,9 23,2 i
bt G ,wmAmgwmﬁmrm&%m(MAma&mm &FM)(%%HHW%%%ﬁM%H)_
R 3,26 3,40 34,5 4,8 ' — . -.18,0 - '
fm il s i (3,24—3,29) . (3,08—3,13) (33,1—36,3) (4,4—5.2) (8,2—10,3) (5,97—8,1) (15,4%—16 5)(45.2—-46,5) (18,6—19,0)
TR | T v esgr i 3.0t 35,6 5,7 8,5 6,8. 16,0 45,9 18,4 j
* Cr ... . (3,13-3,55)..(2,97—3,38) (33,3—33,0) (4,0~5,2) (8,1—8,8) (6,2—7,4) (14,20—16,65)(45,2—45,4) (18,2—19,0)
P 8 e .329 . 26 34,0 4,5 8,0 6,2 ‘14,7 80 . - 164 - i
P T (3,38—4,28) | (3,24—4,07) (32,1—39,2) (4,0—4,9) (7,8-8,4) (6 0—-6,4) (14,2—15,25) (45,5—46,5) (15,0—-16,3) |
R I Y 3,72 - 34,9 — —_ = — 14,4 45,5 15,9 ;
, " T T.(3,54—4,23)  (3,36—4,01) (32,0-36,2) ST Coe e !
EEEETO TS | DPRR e .;' 4,46 . 3,9 - 34,4 3,5 8,9 8,9 15,79 4,2 15,1 -
! m L Tt 1(3,82—4,33)  (3,58—3,00) (32,9%37,0) (3,2—4 8) (1,9-10,2) (7,2-9,0). (13,76—17,7) (37,8—45,9) (13,3—16.3) )
PS5 T T 488 3,91 . 35,2 3,7 1 .89, 8,2 .. 148 40,7 14,9 v
Dol h . (3,92—4,33)  (3,71—4,10) (32,7—37,4) (3, 539 ( 9—9,7) (7.3-8.8) (14 20—15,75) (38,4—43,7) (13,0~17,3)
W ;,,~Z-(&w—&m)(7m—8m)@2&4sn(%8—m0) - — -~ (26,0-25,7) (21,1~21,4)
. . ) e LRt v ;oo . . Lo AN . —-—-—-—‘
N R - - ~ - < e e -
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After seven days only traces remained of the yolk
sac. The length of live prolarvae averaged [..,37 mm. The

curve in the intestine becd@e more pronounced,.

With the aid of their mobile pectoral fins and their
long talls, the larvae swam rapidly in all directions and very
vigorously devoursd grains of chicken egg yolk. 1In many

larvae. the intestine was 1iteraily fillqdvto the limit with

food.

The larvae were phototropic: in vessels that werse
o

set out half in bright sunlight, they kept to the illuminated

prortion on the bdttom.

There were no significant changes in the structure

of the larvae in the course of eight to ten days.

After 11 déys almost no trace remained of the yolk ~

' -sac (see flg. 53, 5). The length of live larvae averaged

"'.h 5 mm.

In spite of the fact that-they were fed with chicken

_egg yolk, the prolarvae;§§ew vefy 51o§1j; In four’ days"“rnw;_

they grew 0.12 mm, whereas in the first days after hatching,
their length in one day along¢ increased by O 50 to 0,60 mm.

It was evident that the yolk ingested by the larvae was not

-assimilated and, passing through the intestinal tract, was

The gill. apparatus‘was still not formed; five pairs
of glll arches appeared, but there were still neither gill
filamﬂnts nor rakers, and the breathing was of an embryonic

nature. No formed blood eslements were visible. Yellow

|
b
i




prolarvae, but the cells themselves had become less branched,

did not change; In connection with the disappearance of the.

_»yolk sac there appeared a short row Of—melanophores on-the -

721‘..

chromatophores were situated in the same way as in younger

and some had acquired the appearanée of dots. It was

because of this that the yellow pigment pattern lost the

brightnesé that wés peculiar to it in the early stages of |
development. As befére, a small group of litfle yvellow

stars remained on the head, and a double row of sparsely
scattered granules, on the back and on the forward portion
of the head. The intervals between the cells of these rows
were not uniform. A few starry yellowAchrOmatophores were
visible above the intestine, on the abdomen, on the rectum
and on the bands of the tail. In addition, there were

spots varying in size and form on the dorsal fin fold above
the bands, and in some specimens there was also a épot on the

ventral fin fold.

At this stage, the melanophores were more distinctly
visible than previously, but as before, emerged most clearly /365

after fixation. Their distribution on the trunk and tail

1sthmno, and on the lower surface of the abdomen, as well

as many scattered cells on the abdomen's lower lateral

surface. In many specimens a row of melanophores was visible

in the depth of the body above the chord,

Fifteen days after hatching, at an average water
A . o .
temperature of +8.7 the growth of the larvae in our

experiments almost ceased (see fig. 53, 6). -~ . : v
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: : o
at a yater temperature of about 6.8 the larvae reached a

l ‘ ~ A !
length of 6.6 . They were asymmetrical -- a third of the

- lef't eye rose above the profile of the head, and the corner

. _of the mouth was located in front of the eye (see fig. 54).

The rectum was bent and 1ts end was directed towards the head,

‘but the abdonlnal cavity was st111 not closed

The height of the body represented about 20% of its
1cngth. The urostyle was sﬂafﬁly cﬁf%eé;‘énd ifs“endA— -
protruded outwards. The rays of the anal and dorsal fins
were formed, with the exception of the last rays. The_tail

fin was homocercal and contained 17 rays.

‘The pigmentsary pattern was of an entirely different .

character as compared with that in youhger larvae. On the

-body and the fins pigment spots formed that were characteristic

of flounder larvae. There were four well-developed forward
spots, a fifth rear gpot in the upper row, and three spots
in the lowor Tow. leferently outlined stripes corresponding

to these formed on the rays of the fins. In addition, there

 were two accunulatlons (spots) on the mlddle line of the rear

"half of” the teil, along with a few more or 1ess distinctly

formed upper lateral spots and two lower lateral spotse.
Moreover, a group of melanophores was visible at the base

of the tail fin prays, on the head and on the rectum.

Highly characteristic were two groups of pigmentary
cells on the lower jaw; of'these, one, which was more compact,
was located in the mlddle, and the other, w1de-spaced on the

corner of the lower jawe.

t . - - »
. .

In Xurata'!s experiments (1956) L5 days after hatching

I TE R YA AT e Ry ST B s 0y et * - . Py S g s

7 oem emema s




e 726,

o | A larvsa 8.23 (7.97) mm long was asymmetrical
(seejfig. 5&; 2). 1Its lgft eye was much higher than its right
and rose for 1/3 /[ of its diametq§7_above tgé préfiie of the

. head. -The larva ﬁas leaf-shaﬁed, and the height of its body
represented 26.7 1727 of its body length. The mouth was

small, slanting, and slightly asymmetrical, and 1ts corner

was situated in front of the eye. The upper jaw was hotiqeably )

curved, ‘

The urostyle was sharply cufved, and its end, as in
the precéding iarva, protruded outwards., Under it was
situated an almost symmetrical tail fin, in which there were
19 rays.‘ The dorsal and anal fins were formed, and their
'rays, withithe exception of the first two, were clearly viéible.
In.the dprsal‘fin there were 66 rays together with those in |
'ifrbnt;'énd L6 to L7 rays in the anal fin. There were 37 to
38 veftebrae;- Small ventfal fins appéared.- The pectoral
- fins were sﬁrroundéd by é‘fin fold; they were small and their
pesks oxtended somswhat beyond the middle of the abdominal

cavity. The gill apparatus was not fully formed, and the

gill filaments and»fakers were”rudiﬁentary.

Pigmentation consisted of_sfriﬁggﬁgﬂaJ;§5£§ 5E% he
upper and lower edges of the tail and on the basal, and after
a short interval, on the fin, rays of the dorsal and anal

fins.

In the upper row there were five spots, of which
the ﬁost-aistinct were the third end fourth (counting from the
froént); the second and fifth were less clearly defined, while

'the forward spot was represented by only one cell, In the lower

+
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w3 row there were only three fully queloped spots. They

‘correfponded to the middle three stripes of the upper row. .
The rear stripe above the last rays of the anal fin was
indistinct and represented by only two cells. In addltion,

“less developed intefmediate spots were visible on the rays,

T s e — s e o

between the third and fourth in the upper roﬁ and betweenlliéé_
all thrée in the lower row. A row of sparsely scattered
melanophores began at the level of the anus and passed above
the vertebral column of the tail. There were a few smaller

cells on the lower edge of the caudal peduncle.

Accumulations of melanophores were visible above the

R brain, in various areas‘of the gill cover, on the snout, in
,the corner of the mouth, and between the branches of the lower

jaw; on each héomandibular there was one large cell. A com=

‘ pact row of melanophores, accompanied in its rear portion

by two short rows on each 51de, passedva}ong the central line

- of the abdomen. Two short rows cohvergent in front were

visible on the isthmus.

| In addition, i:bh-e following wére visible omthe™ =« ~ i .|
;surfabeiof the “trunk: surface melanophores behind the gill
cover; a spot of the middle 1atera1 row immedlately behind -
the centre of the tail; the rudiments of the upper lateral [géz_
end lower lateral rows in the forward portion of the tail,
. and individual tells on the surface of the remaining part
of the body. There was a clearly outlined spot in the proximal

$:>. . portion of the central rays of the tail fin. " ‘ ;\ :

A larva 8, 67 (8 26) Tm 1ong (see fig. Sh, 3) looked

older 1n its degree of development., The height of its body t;f

1
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1- 6.6 (aftér Kurata); 2- 8;23 rm; 3- 8.67 mm (original)

represented 26.9% of its length. Half of the left eye had

passed to the right side. As before, the urostyle protruded
beyond the limits of the caudal peduncle., The dorsal fin
began above fhe forward portion of the large brain and Tell
somewhat short of the eye. There were 61 to 62 rays in the

dorsal fin and L7 in the anal fin. As previously;“the remnants

of the embryonic fold were visible on the edges of the caudal
peduncle. There were no rays in the pectoral fins. There
were 36 to 37 vertebrae with the urostyle (the first was not

oo et o g a - S S
B

o g A

cem e, T fer




729,

entirely clear).

o e e b

In spite of the fact that the larva that we are e
describing was caught in the upper layers of the watef, its

pigmentation was asymmetrical; the colour on the right side,

as compared with that in the preceding stage, became noticeably
more pronounced through the appearance of a large number of
spots in staggered rows. ~Th9 stripe-spots on the upber:and
" lower rows of the tail were more distinct ét this stage. The
pigmentation of thevhead had the same appearance as in the

preceding stage.

The left side became paler. The pigmentary cells on
it, with the exception of three spots in the lower row and two

in the upper, completely disappeared.

According to Kuratals data, the metamorphosis of larvae

' off the coast of Japan is completed in June at a length of 8 mm.

- In October juvenile fish reach 59 mm in length. In Soviet
‘Watéfs, as may be seen from the above, the metamorphoéis of black
floﬁnder larvae is completed at 1arger sizes, evidently at about
9 . | T

| The sizes and coFFeliticd of TESIAdIviGuaLBEAyT . .
parts of the larvae that have been described are given in Tﬁble
59. The changes in the absolute sizes of individual body parts
and in the proportions of growing black flounder prolarvae
and larvae are subject to the same regular patterns as in other

]Z} flounders and particﬁlarly in the banded flounder, i.e., the

T,

distance from the end of the snout to the insertion of the anal
fin gfadually decreases, while the tail increases in-sizej; after

absorption of the yolk sac the ratio of aA to the length of the

v veomsmee i e+ 5 £ A 1 g e R alT o it ad o e - R S T T S o §



. decrease, I S | _ K :

. for about 21 to 22 déys; at a water temperature of about 0

body decreases to 33 to 35%. The relative sizes of the head

increases in size, while the dimensions of the eyes greatly:

‘with no interruption in development, being frozen in ice and

730.

: !' N .
also decrease, and the eyes increase in size. Towards the . |

mbmeht~of formation of the rays in the fins the head again

Tt should be noted that the eggs of the black flounder a
are of the bottom type, and that their membrane is fairly
thick and slightly sticky. The adhesive, macous layer
characteristic of Japanese flounder eggs is asbsent. The yolk
is of a compact consistency and has an oily lustre. The
blastodisec is large; according to this feature, black flounder
eggs should be classed with the group of polyplasmatic eggs.
Embryonic development éé‘a water temperature of 2.ho lasts |

o
it continues.fo? 52 days; and the prolarvaevapﬁear in plankton,

evidently, at the end of April and'ﬁegiﬁﬁiﬁg of May.

Eggs in various stages of embryonic development withstand,

: - , _ o
above-zero temperatures'of up to 7 P .in later stages up to

Zfs;;7, in sti11° 1ater stages up to 10 , and, prior to

hatchlng, brlefly even up to 16

The great plasticity of black flounder eggs, in

.comparison with those of the banded flounder, is fully in

conformity with changing temperature conditions during the period

of reproduétion. Spawning begins at a below-zero temperature and

R - . . . . ’ - [e] ‘ N

ends when the temperature is above 0 . ‘ b
As is the case with the banded'fiouhder, the period

most sensitive to an increase in temperéture is that of'cleévage.

e——
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Cleavage takes place according to the usual pattern. :

}i(j}~ . Segrentation of the embryo begins'after the closing of the ;
| slastopore. The tail bud forms when there are 17 to 18 . .EA?
myotomes, and separation of the taileccurs_when there are 25' o

r

myotomes. - _— ‘ A g ¢

Prior to hatching, the embryo makes almost a turn /368 _
and a half around the yolk, The pfdlarvae hatch with their
:heads slightly separated from the yolk, without a mouth, and
with rudimentary pectoral fins, unpigmented or slightly 3
Apigmented eyes and a lafge yolk sac. Their length varies from
2.32 to 3.21 mm, There are 10 to 11 myotomes in the trunk
_and 29 to 30 in the tail. After hatching, the prolarvae at
firét usuélly lie on the bottom, and then, using the oscillations
6f their tails and by rotating the body around its owh axié, ‘

they frequently rise up.

Absorption of the yolx sac at an average water o

o oo
temperature of 8.7 - is complated in 15 days. The length of the
larvae at this tlmevvarieé>from 3.92 to 4.33 (3.71 to L.10) mm.

' The pa#sagé of the left eye to the right side at a
»ﬁggim:;t‘temperature -0f b6+ 8 beglns us days after hatchlng, when the K ‘x
1arvae are about 6.6 xm 10ng, metamorphosxs_is comnlgﬁ;é'off Lo

the coast of Japan at a length of 8 mm, and in Soviet waters,

at a length of about 9 mm.

= : , Yellow chromatophores and dark melanophores form two
f(:} : bands on the tail, which divide it into three almost equal

portions. -

. . K - .. . : e oy e o
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| is thin. The'sizes of the eggs are similar“(}fao to 1.60

. further development group into a single band located on the_

732,

* A Comparison of Spoecies- of the Genus Liopsetta

e it —— ¢ =0,

-

As indicated above, the genus Liopsetta incorporates

four spécies -~ L. glacialis, L. pinnifasciata,L. putnami T

and L. obscura., The closest, morphologicallj and ecologically,

are the first three speéies (they reproduce in winter at a wa-
A o ' S
ter temperature of less than O ). . The black flounder --

I.. obscura -- occupiles aAspecial place. Morphologically

and ecologically, it deviates noticeably from the pattern of the
first three species and reproduces in the early spring at a

- o N
higher temperature (about 0 ). L. glacialis and L. pinnifasciate,

"which are highly similar in their adult state, are also very

similar 'in various stages of development,

The eggs of the arctic and banded flounder are

- pelagic and have a small petivitelline space. Their membrane

mm in L. glacialis'and 1.43 to 1.61 mm in L. pinnifasciata).

Iﬁ both speciés embryonic pigment consists of

thickly scattered, comparatively large cells, which upon

S 2 e = =T [t VORIV S NN

and on the lower edge of the tail (see figs. 48, 51 and 52),.

Side by side with common features there are also
the following differences:. arctic flounder prolarvae and
small larvae (up to the formation of rays in the dorsal and
anal fins) are largef then banded flounder prolarvae and larvae;
towards;the moment‘of.absorptfon of the yolk sac the distance
from the end of the snout to the insertion of the anal fin is
shorter in arétic then in banded flounder, and the tail is

~longer, Embryonic pigmentation is extremely similar in both

LA ]
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~species; in arctic flounder prolarvae it 1s retained longer,

and the larval pigmentation (a band) accordingly appears

‘later. The band on the tails of arctic flounder larvae 1is

less distinct and is shifted-soméwhat backwards.

A different picture is revealed when the eggs,

" prolarvae and larvae of the arctic, banded and black flounder

are compared.

In contrast to those of the.arctic and banded flounder,
the eggs of the black flounder are comparatively small (0.78
to 0,94 mm); the membrane is thick and sticky. During their
development, black flounder eggs remain near or on the bottom.
The yolk is compact and of a light yellowish colour. The

blastodisc is high and wide; its height represents sbout 1/3

- of the diameter of the yolk, whereas in the banded flounder
. the relatlve sizes .of the blastodisc are notlceably smaller.,
The embryos of these species also dlffer in their structure.b

. *The black flounder embryo is comparatlvely fat; prior to

hatching, because of the small size of the yolk, it makes /369

almost a turn and a half around the latter, whereas in the

" one’ turn ‘around the yolk before” hatchlng.»— ff—~- S s e TR

Black flounder prolarvae that have just hatched
are smaller than corresponding banded and arctic flounder

prolarvae. A similar proportion is retained in all succeeding

stages.

The yolk sac.ih bléck flounder prolarvae is smaller

than in the species under comparison and is résorbed*when the

larvae's bodies are shorter: 1in the black flounder, when it

is 3.7i to 4,10 mm, or an-average of 3.9l‘mm, long; in the

banded flounder, at a length of 5.27 to S.SY'mm,.or an average

B e L ey
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case of the banded flounder it is- thlnner and makes.only?n;;?Wmn-wmgw
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of 5.42 mm, and in the arctic flounder, when it is about

6.3 mm long.

e ey e irm e o s -

... ... Mmgble 58

Correlation of Sizes of Body -Parts of Prolarvae of

L, obscura and T, pinnifasciata (in mm)

Stage of development  Species - Length % of Length 2 % of:

of head S

/ ~ //

al - Dbody aA zh 1C of
/ .~ head

Head separated to tne
level of the middle

of the rear edge of 4+ 3,02 2,94 37,63 5,32 6,02 5,17 17,33 36,5
theemh.”.n.”.“.”’ff”’?'%“ 4,60 4177 462 7.82 7.00 17.47 318

cad separated to the ]
svel of the rear edge

1
' S 2 5.4
f the auditory capsule ///,////

14 the pectoral fins...

Arvae are approaching
16 .moment when the
ysorption of the yolk
1c 1s completedeeeceess

’ P
}// s

////

3,99 3,39 35,5 4,58 7,45 6,41 145,29 40,5
1 4,8 40,5 4,67 7,85 7,74 13,54 30,83

1 4,45 3,91 35,2 373 8,98 8,28 14,94 40,76 °
574 542 39,04 469 760 6,9 14,3 31,7

* § — L. obscura,
»* 17 . L, pinnifasciala.

::of the anal fln are less in the black than “in the banded

' direct relation to -the nature of movement

"~ As may be seen from the data in Table 58 the relatlve

sizes of the dlSu&nce from thé end of ‘the’ snout to “the 1neertion*?

flounder, whlle the tail is correspondlngly longer, which 1is in

.

The head of the black flounder, and especially its

eyes, are relatively larger than in the banded flounder,

The prolarvae and larvae of the arctic and banded
flounder also differ from black flounder larvae in their type
of pigmentation: the former / i.e., the arctic and banded

flounde£7 have only one band on the tail, and in both species.

b g TranslatorﬂsAnote: See Translator'!s note on p. 691,
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it is located on the middle or.almost on the middle. In the
-black flounder there are two such bands, and they divide the

~tail into three almost equal portions.

Thus the black flounder in all stages ofldts
‘develonment differs sharply in its mofpnology from the arctic
and the banded flounder. These differences, moreover,
are so marked that it is difficult to class these species
with one genus. It is evident that the genus Liopsetta
artlficially'unites two groups of far,and perhaps'eden

genetically,different species: L. glacialis, L. pinnifasciata

and L._pntnami on the one hend and L. obscura on the other,

The question arises as to the possibility of segregating the

.latter species into another genus, Hubbs (1915, fide Norman,

.193L) separates L. obscura into the genus Careus.

In the nature of the development of 1ts eggs, prolarvae

and larvae the black flounder is much closer to the Japanese

flounder Pl. vokohamae,and even closer to the winter Ps,

americanus, than to the banded or the -arctic flounder.

Lol The eggs, of these specles are of the bottom type &nd

Seit £ e P s =5
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“are comparatlvely,small in the black and w1nter flounder they

are somewhat larger than in the Japanese flounder. The membrane

of the eggs is thick and sticky. In Japanese flounder eggs /- 370

it 1s covered with an adhesive, mucous layer; this layer is

absent in black and winter flounder eggs, and therefore the
latter's adhesiveness, particularly towards the close of

embryonic development, is much less evident.

ST
BNEFFRT Y

In all of the Zfegai7 of the specles under comparison

the volk is compact; in accordance with the sizes of the

eggs, 1t is larger in the black flounder, Hence black flounder

8 TN SIATIIISS S ot AT Y BT 3 ST TR L Ly RS W) e g s A ek E 8 ST 1 g e &Y T8 G e e e m 3 ety oo

g, v

e

i

1 1F]

e sy e

g



o oL ) . - ‘: N ) e ‘“' ”_““““ . N ’.i;‘-:‘w:' - “ : “\’\ : ;’;;

736,

Etn. ‘ : prolafvae that have Jjust hatched -are longef than corresponding
| Japanose flounder, but shorter than winter flounder / at the -
seme stage of dévelopmen;7l(3 O to 3.5 mm). The blastodisc -
is 1arge, but in the black and winter flounders it is somewhat )

smaller than in the Jepanese flounder. From thelir plasma
fcontent, the eggs .of all three species may be classed with the

group of polyplasmatic eggs.

The prolarvae of all species hatch with partially‘
gbsorbed, but still large, yolk sacs; their heads are freed
from fhe yolk.to the level of the forward or rear edge of the
'eye. The sﬁaller sizes of the Japanese flounder prolarvae

s A. “are also retained in all succeeding stages. We unfortunately

have. no data on the proportions of the prolarvae of the American
winter'flounder,and'are therefore compelled to compare only

- two of our own species (see Table 59).

In the black flounder the tail is relatlvely shorter
than in the Japanese - flounder, the head 1is smaller at the |
hatchlng stage, but subsequently adjusts,and towards the moment
of resorption of the yolk sac apnears to be even somewhat

S R e T

f:ﬁjxeuq u\llarger.: In black flounder prolarvae that have just hatchea

o R

o ————— -......_.v:.l .‘».4,_.___ R

the eyes are relatlvely smaller than in the Japahese flounder,
and in larvae towards the moment of absorption of the yolk
sac they becore almost 1dentlcal The prolarvae and larvae

of the black and Japanese flounders are similar in pigmentation,

_ and- in this respect dlffer from the winter flounder. In the
{;>-f" first tw0~sp601es there are two bands on the tail which divide ih
it into three portions, while in the winter flounder there is :

one such band.” ' S | H - ;

v . . . ‘
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Table 59 '

Correlation of the Sizes of Bodv Parts of Prolarvae and Larvae

of L. obscura and Ps. yokohamae (in mm)

Stage of development Species Length % of length % of length
of body of head
total body aA Izhk zh Jo o)
i i

-Larvae approaching
the moment when 1- 2 67 2 5(» 39 40 29 32 14! 92 19, %
absorption of the
yolk sac.is com-

Prolarvae that have
. just hatched......
F
6,

2% 255 245 36, G0 25, 90 .11 30 20, 50
!1 4,45 3,91 35,20 — ~— 14,80

Pleteds s sensnnnse—T4 3195, 3,79 20,90 — — 14,60 '
i. . 1 — L. obscura. ' ' A e i
m———— | ** 2 — P8, Yokobamae,

& Translator's note: See "Translator'!s note", p. 691,
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Although the pigmentation of the black and Japanese

»

.flounders is generally similar, it nonethelesszhas features ,

i
B T TPy N

that ere proper to each species: in the black flounder

the rear band is continuous and is located almost on the mid-
“dle of the tail, while in the Japanese flounder it consists‘
of two stripes parted along the central line of the tail

and shifted somewhat backwards. After the absorption of the
yolk sac the number of melgnop@oree_onwggeﬂgower half of the
abdomen in black flounder larvae is muoh greater than in the
Japanese flounder. The single band of the winter flounder

is continuous, isvsituated on the middle of the tail, and‘
corresponds to a similar band in the banded and arctic. S ;

flounders and to the rear band in the black flounder.

To sum up, it may be noted tﬁat‘in egg diameter,

merbrane structure and size of blastodisc the closest

' resemblance exists between the black end winter flounders. /371

In its type'of pigmentation, and the relative sizes of the
head and eyee'of its prolarvae and larvae; the black flounder

reserbles ihexiarzmasm the Jaoanese floundef; it differs

' sar cilaher ss U - - s =l R

In the‘ecoIOgy of its reproduction and development,
as indicated above, the black flounder most reeembles.the
winter flounder -- both species reproduce towards fhe end
of winter and beginnlng of spring at a temperature close to

. A -

- We are unfortunately unable to 1nvestigaue and compare

full series relatlng to further development of the species
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under consideration. The data given above are insufficient

- to solve the complex problem of the interrelations of the black,

Japanese, and winter flounders.

:It is:a{ffioﬁlt~tolsay-whether.the;rosemblance in the

structure of the eggs and larvae of the foregoing species

indicates kinship or is convergent. It is quite possible

that these three species (as a result of adaptation to reproduc-
tion and development in similarfecologioa; conditions)
originated independently of each othef, that is, parallelly;

The following pairs of flounders had cohmoniancestors: the -

black™and the banded, the winter and thesmooth, and the Japanese

and the yellow-striped.

The only fact of which there is no doubt is the origin

of bottom eggs from pelagic eggs. To judge from the presence

‘ of"sn additional adhesive layer and a large quantity of

plasma on the mémbrsne of Japanese flounder eggs, it may be

_assuméd that the eggs of the Japanese flounder are the most

specialized and probably the oldest, and that they have deviated

the most from the original pelagic-typeuofAegg.. e

- Anothen_spe01es morphologlcally and ecolOglcally o
close to the banded flounder is the smooth flounder L. putnami

This arctic-boreal form dwells off the Atlantic coast of North
America (Bigelow and Schroeder, 1953). Its distribution is
confined to offshore shallow areas with severe hydrologicsl
conditions. The geographical distribution of the smooth

Tlounder appears to be a continuatlon of the geographlcal range

~of the arctic rlounder, and in many features resembles that

" of the banded flounder. The geographical I‘anges Of the smooth

1

TRSESSSTR IR St cmmafgia vt T . .
R IE T T ToTrEr Hmei s e a
= TN T g

oy by ey 1 e : , -
. B - . K PR :r. e "‘-—-w-\-ﬂ-}- R e e D . L TN r,_




L

- females, at the beginning of March, that had already laid - their

_1 of the species under comparlson, it may be assumed that its

"~ year. This indicates that this genus was probably formed

 itself. Of the four species of the genus Liopsetta there

e At T e g T r A

and banded flounders, owing to the chilling action of the

Labrfdor Cﬁrrent off the American coast and of the Kamchatka{

Currént off the Pacific coast of ASia; are characterized .

by winter conditions that are no. less severe than those n*;{,iftnf
" in the geographical range of the arctic flounder. In- |

formation on L. putnami is even more meager than that on

L. glacialis, In literature on the subject there is only an

indication of finds of almost ripe femaiesﬁin December and of

éggs. These data permit us to assume that it [presumably

L._putnam£7ﬂspawns at the end of December and in January

- and February, i.e., at the same time as the banded and arctic
flounders. There are no data on the development of the eggs

*of L. putnemi, and its eggs and larvae are unknown. Taking

into consideration the morphological and ecological similarity

ZfL. Dutnam1'é7 eggs are also pelagic and not as large as thOSe

“of the arctlc‘¢1ounder, but closer to the eggs of the banded

flounder. o

The greau simllarluy of the eggs prolarvae and 1arvae

genetic proximity.

Reproduction and development (in any case, the beginning)

in all representatives of the genus Liopsetta, with the

exception of L. obscura,are confined to the.coldest time of the

under severe arctic conditions, possibly in the Polar Basin

et s 7 e S e - o 1 AL e BT
U et e A Py b PR S A i
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becone adapted to the local ecologlcal condxtlons of the Arctic

- Th.

is only one that dwells in the High Arcﬁic -~ L, glacialise o

of the other species of this genus. It is & euryhaline
‘form, and spawns in December and Janiary and partly in
A »A 1

" Pebruary, i.e., at the coldest time of the year , near

coasts in slightly freshened water. It is possible that the /372 -
original form of tliis entire genus was one resembling h ‘

L. glecialis, which evidently eme?ged at the beéinning of the

Quaternary Period. The periodic'freshenings and salinifications
that took place at this time could heveled to the formation

of a eu?yhaline ferm which became adapted to living and
reproducing under the severe hydroclogical conditions of the
freshened zone. Having occupied the offshore shallow zone

and found there vifﬁually no competitors emong the other
flounder, it spread widely aiong the entire arctic coast

of Asia, Europe, and America and, finding favourabls conditions,

moved south along the "Atlantic coast of North America as far

'~ as the southern area of Munn Bay, and along the Pacific coast

of Asia as far as Peter the Great Bay inclusive.. Having

3»— = T N

Pacific Oceans, it formed three separate species: L. glacialils, ;

off the arctic coasts of Asia, Europe and Americs;

1

L, pinnifasciata, off the eastern coast of Asia, and L. putnami

off the eastern cocast of America.

The capacity for reproducing at a below-zero temperature ;

: broved to be so persistent and_conser?ative that L. pinnifasciata

e v e e m——

0.A. Avyagina (1953) disclosed sexually mature males in the ' e
-Laptev Sea in Julye. . .

‘Its geographical range is more extended than that of any P

ki

'_”as represented _by_the northwestern areas of tha,Atlantic andgyi endlﬁﬁf

v
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‘g"x and L. putnaﬁi, entering other conditions, continued to retain
- this peculiarity. Reproduction under these conditions

durlng the period of formation of a genus or species was

a necess1ty and, when cllmatlc condltions changed it was
blologlcally advantageous. Of the flsh with pelagic eggs
in Soviet Far Eastern waters, the only one to reproduce in
winter is the walleye pollock, and it keeps to the more

open areas of the sea. The conditions, however, under which

1.Aglacialis and L. pinnifasciata dwell in Soviet Far Eastern
waters evidently do not entirelj answer the requirements v
of thege species, since their numbers, in spilte cf their wide
distribution, are relativcly low. What we have stated permits
us to assume that the geographical distribution of species

of the genus Liopsetta 1s closely associated with the conditions

. E R !
t ° ?

under which they reproduce and develop.

' This genus populates waters w1th a severe winter - . - e
| hydrologlcal reglme - tne Pacific coast of Asia, the Arctic
“coast of Asia and Europe, and the Atlantic coast of North

America, - : ) o [

z = P, s . *
< g raceey . EEEA -

B o theMAtlahtic:coast ofﬁﬁuropefand'the:Pacific”’?f?”“ b f“;
 coast of North America; where the average temperature in ~;
February reaches +20, i.e., in places under the influence ;
of warm currents, with a mild winter which-is unfavourable

for their reproducticn and development, species of the genus

Liopsetta are_absént. Having become adapted to reproduction

4&;) : and development at a'below—zero temperature, their eggs du- : T‘ﬁ

ring the cleavage period sustain a limited temperature range

of only 3 to u » while a water temperature of asbout 3 is i

- e e Ty o et ,:J'_,.
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nearly lethal, and the optimum for'theAinitial stages of

."developrent (cleavage) is lower than 0°. The winter‘

'temperature of the geographical range occupied by the species

of the genus under conslderatlon corresponds exactly to that

which is necessary for the development of eggs off the Atlantic

‘coast. of North America. In winter this temperature extends

to 42° north latxtude, and off the Pacific coast of Asia,

as far as u2.5 . There; where. the ‘winter temperature is
)

close to 0 or above, the occurrence of representatives

of .this genus ceases,

[y

The Genus Glvntocevhalus Gotsche

The Long Flounder -- Glvptocephalus stelleri (Schmidt) —~

With the exception of the indications of P.V.

:Ilfine (1951) and P.A, Moiseev (1953) regarding the duration

of the incubation perlod under experlmental condltions at water
o

temperatures of 15 l to 16.1 , ~there 1s no information on the

development of the long flounder, Data on the structure and

sizes of 6ggs developlng in the sea ars avallable in studies

'by P.V. I1'ina (1951) and T.V. Dekhnik (1959). A very

work by T.S. Rass and M.V. Zheltenkova (1948). A more
detailed description and illustrations of larvae 15.5 mm long

and juvenile fish 53 mm long have been given by T.V. Dekhnik
(1959) .« | | . ,

.We ebtained material for artificial fertilization

from sexually mature specimens caught with Danish seilnes during

-'navigatlon in Ussuri Bay in the reglon of Askol'd Island on the -

R
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-brief descriptlon of two larvaenabout =6 j i - long“is given- 1n~a—4>——4f
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expeditionary ship Zoolog. 1In eontrast to the other flounder
species with which we were concerned, and because of inter- '
mittent spawning, usualligvery—little—sperm'was obtained from
.pone‘male; therefore to fertilize the eggs taken from one
1 female we had to use the sex products from two or three
males. A total of four series was obtained from 13 June
to 9 July 1951. i a - o ;ffj

The most successful development took place in the
first two series, the results bonbser;ations of which have
been used as a basis for the description of the development

‘.of this species. The eggs of the first series developed at
water temperatures ranging from 11 to 16° and at an average
temperature of 13.6°. 1In the second series the eggs devel-
oped at temperatures of 13 to 20°, averaging 16.6°. In the

e sea at this time'the temoerature of the surface water layers
varied from 9. 5 to 11. 9 . The incubation period in the first
series lasted for six to eight days, and in the ‘second, for

about five to seven days.l According to the data of P. V.

Il'insa (1951) and P. A, MOiseev (1953), the embryonic devel-

'opment of the“long flounder at water temperatures of lS 1 to

[P - wmmsn. s P e
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16.1° lasts for about five days, and at an average tempera-

ture of 15.7°, about three days.

Ripe, live ovarian long flounder eggs are transparent
and fairly large. Their sizes_vary_from 1.20 to 1.31 mm and

average 1.27 mm. The membrane of the eggs is thick, with a

L

large number of folds (see fig. 55) and fits the yolk closely. Ly
1?‘ggs placed in water after fertilization floated to the upper
layers, where they remained until the end of their develop=- E";

‘ment; when the water was slightly freshened they dropped to

o e
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mm, which represented. about 1/5 of the height of the yolk,

45,

>

_the central layers, and some fell to the bottom of the vessel;

In the water the éggs quickly swelled, after which their di-
ameter increased to 1.23 to 1.47 mm and averaged as much és
1.36 mm. The yolks were large, from 0.92 to 1,16 mm, and

their average size was 1.06 mm. .

Long flounder eggs collected ét sea had .the same
appearance and structure as those which had been artificially
fertilized. Their diameter, from the measurement of 1,093
specimens collected in various iohg flounder spawning areas,
varisd from 1.20 to 1.61 mm and averaged 1.31 to 1,45 mm.

The membranes of the eggs were thick, with a large number of
folds. In contiast to those on Alaska plaice eggs, the folds

of the membranes ran in various directions and caused it -

. /. the membrane _/ to have a reticulate, wavy structure.

" The perivitelline space in live eggs represented a

U narrow éperture, which, after the egg was fixed, as a result

of contraction of the yolk increased from 3 to 12%, and av-

eraged 8.6%, of the diameter of the egg; There was no fat

-+ drop. The blastodisc was low; .its height was 0.lh=to 0.21 -=

while the diameter of the base was 0.56 to 0.62 mm, i.e.,
almost half of the diameter of the yolk. 'The blastomeres
were considerably depressed,and rose only slightly above the
surface of the yblk. The diameter of the embryonid disk was
sﬁall; whe? viewed from above, it.by no means covered the

yolk.

~

The course of development of the eggs of the long

. flounder is given from the first series (see Table 60).
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hatched six days after fertilization. The hatching process

O A e e 4 iy e S8 e

6.

.

As may be ssen from the data in Table-éQ, the first prolarvas

3

did not take place at the same time, but continused for more

than a day; the prolarvae that hatched last were, at the

moment of hatching, more developed than the firét and were‘[ 374

almost at the same stage of development as larvae that had

hatched two days previously.

The temperature‘"threshold" of development that we

calculated was equal approximately to u.9°, and the number

of degree-days necessary for embryonic development amounted

to-about 55, or 1,320 degree-hours.

. : e ip S e o -
| SRS et

Figure 55 - The development of eggs of Gl: stelleri at a
water temperaturs of 13.6°,

a - stfucture of membrane. The figures under the illustra-
‘ tions designate the hours of development

e
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Pigmentary cells in the form of scattered dots ap- . ;
oeared on the backs of tho embryos; they subsequently in~ f
cereased in size,-became branched and spread to the head and- |
trunk and the upper and lower édgesiéfhghe £;il. Two row;_“
were visible in outline among the scattered cells in the -
region of the auditory capsules and along the sides of the
tfunk. A small group of melanophores was visible on the

rear end of the intestine. Prior to hatching, the melano-

- phores that had been scattered previously, and the yellow
chromatophores, regrouped in such a way that they formed

five ‘bands, of which one was located in the region-.of the
pectoral fins, a sécond in the area of the anus and three

-at equal distances from each other on the tail. At all

stages of developments, on the bodies of live embryos in

the midst of the melanin pigment there emergéd bright lemon-
yeliow chromatophorés which disappégred afﬁer fixation. It

“1s interesting to note that in contrast tovthe ma Jority of
other.speciesof>flounaer the embryd of the long flounder - 1_215

'lay on the surface of one side of the yolk and did not sur-

. T = e
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jﬁgg_haﬁéhed (Seé

" Lomk flounder prolarvae that had
fig;'Sé) were comparatively large. Their length varied from
L.l to 5.2 (3.50 to 5.10) mm and averaged L.6L4 (L.51) mm.
The yolk sac was in the shape of an elongated oval. Its
length ranged from 1.22 to 1.38 mm and averaged 1.29 mm;

its height.varied from 0.49 to 0.57 mm, averaging 0.53 mmi, :Q.
The anus opened on the edge of -the anal fin fold far in front

of the middle of the body. The distance from the end of the

snout po‘the insertion of ﬁhe anal fin was short, shorter, in

fact, than in all of the othef specles, and represented only

1
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Course of Development of the

Eggs of Gl.

Table 60 .
stelleri at

Temperatures Ranging from 11 to

16. L° and Averaging 13.6°

"Stage of development

Age in

days 'hours

Pigmentation

lastodisc accumulates..

£0 8 D1aStOMOreS.eeeneeenennns

.astula...c..-.o...'..-
ginning of gastrula......... .
astoderm covers half of yolk.

bryo with rudiments of optic
"vesicles...eenn ceestseecssen

ast S ClOSESeeacessoeroosee

es have crystalline lenses.
About 2l myotomes in body.
‘Kupfer's vesiclesicivaoesas .

ginning of formation of tail
\;.bud...I';.“.Oiu

(beginning of third stage).
‘Auditory capsules have two
otollths.l.."'....'.‘......

>ryo”gﬁ§giaﬁéfﬂ T yolk.?“
Heart beatd,-movément ap--
pears.. ......... O...'......I

TR T
H 1
Int

bryo completely envelops yolk

[iments of vectoral fins.
Heart beats 59 to 60 times

a minute. Hatching glandu=-
lae appear. End of embryo's
tall goes beyond the head...

inning of hatching....ceeeee

of'hatching......

* 8 o @ o 28w,

pinning of separation of tail '~

—

b

-- 5
- 21
1 6
1 17
2 -
2 6
2 18
3 —_—
. 3. 18
L,_ -
L 11
5 17
6 -
8 _—

Scattered melanophores and yel-
low chromatophores have ap-
peared on the back and the
yolk of the embryo

Plgmentary cells on the trunk
head and tall .

ot _- = .
Pigmentary cells scattered

Same

Pigmentary cells form five bands:
one in the region of the
pectoral fins, one in the
area of the snus, and three
on the tail

Same

T -

TR
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[31.2 to 36.3%, and an average of 33.9%) of the length of the

9.

‘body. ‘The_body was thin, its height representing only L.l

3 ] [
to 44.9%, and an average of L.4%, of its length. The eyes ”'f'“w
) \

- were not pigmented. The pigment on the trunk and the tail ~

had the same appearance as in the embryo prior to hatching.
It was represented by a faintly outlined accumulation of
melgnopheres on the heéd, above the pectoral fins and above
the anus,'and by thyeeﬁmore compact bands situated at equal
disténces from each other on the tail. The last band, which
sent branches into the fin folds, fell somewhat short of / 376
the end of the tail. Besides the accumulations,scattered
melanophores (residual from the embryonic pigmentation) were
ﬁisible in various places on the trunk and the tail. Large,
starry, pigmentary cells were also scattered on the yolk.
Inziive prolarvae, among ﬁhe melanophores, particularly in
the places Qhere-they.eccumulated on the trunk'and tail and
on the adgacent parts of the fin folds, bright, lemon-yellow

chromatoohores stood out sharply.

"The prolarvae that hatched 12 hours later were larger

. Their

=~ hedds stralghf—ned, and the'volume of the yolk sac noticeably

decreased. The length of such prolarvae.ranged from k.62 to
5.20 (4.46 to 5.06) mm and averaged 4.9 (L.7L) mm. The yolk.
sac was 1.06 to 1.33 mm long and 0.53 to 0.57 mm high. The

relative values of the distance from the end of the snout to

the insertion of the anal fln were shorter than in the pre- e

'ceding [fsnec1mens_g7 and represented 30.8 to 32. 57,uand an

average of 31 7%, of the length of the body. .ff_

A day after the beginning of hatching at alwstezs av-
water
erage/temoerature of 16.3%°, the total length of the prolarvae

e e e e s it
oot e e et o i v e
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Figure 56 - Prolarvae and larvae of Gl. stelleri. ) ;

1°='4.58 mm; 2 - 4.88 mm; 3 - 5.43 mm; L4 - 15.2 mm

reached 5.00 to 5.38 (4.83 to 5.22) mm and averaged 5.18
© (5.01) mm. Their heads were freed from the yolk to the —

level of the. rear edge of the eye and the forward end of

the audltory capsule.; There were no changes in pigmenta~

e 2 ;; - > e WITEGE LN L4 G E RS- ST P

- s

Jﬁ tion, wnih the - exceptlon of & reductlon 1n ‘the number of

scattered melanophores.

After three days, almost all of the reserves of the
‘yolk sac had been used (see fig. 56). A larva at this time
was 5.43 (5.27) mm long. The trunk, as in the preceding
stages, was short. The relative values of the distance from

the end of the snout to the insertion of the anal fin ‘became

_even smaller and at this stage represented only 29.2%. . PR
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i

:g.; . - .é' . The intestine curved even sooner than in the other [}11_
‘% , ?species,and formed & loop. Dark anﬁ yellow pigmentary cells”
: were for the most part arranged in the same way.as in the .
-preceaing stage, with the difference that their accumulations
" above the pectorai fins disappeared, the number of scatterea
A cells decreased, and additional spots appeared on the lower
edge of the tail, iIn the middle of the'space between the anee
and the first beﬁd, while the melanophores of the bands them—

selves as before sent branches in the dlrection of the fin

folds.

A particularly large number of such formations branched
out from the last band. The number of melanophores decreased

on the head, but melanophores appeared on the lower Jjaw.

After four days, when the larvae reached a length of
5. 4 to 5. 5 (5.2 to 5.4) mm, there remained not a trace of the ;‘"
yolk sac. The pigmentation had the same appearance as in the )

preeeding stage.

Larvae é to 7 5 mm- long, like the precedlng specimens,

=

" Were long and thln, w1th a con31derably drawn-ln abdomen. o

C I SRS S S LA i ] -’J ‘rnc) BaRREetR N

The height of the body represented L. 5 to 5 87, and the dls—

gLl

tance from the ‘end of the snout to the insertion of the anal
fin, 27.5 to 28.3%, of the leegth of the body. The head was
rhomboid. The mouth was small and directed upwards, and the
~auditory capsule was larger than the eye. The pectoral fin
;(:>' _was small; its ﬁip reached only to the rectum, which opened
at the level of the seventh myotome., The urestyle was
‘etraight | A compact thickening of a mesenchyme was visible
under the last band in the place of the future hypurals.

Tne body was surrounded by a hlgh fin fold
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The pigment had the same appearance as before, with
. the difference that there appeared additional spots between
'the bands, which, alternating, were located on the 6th, 21st

to 22nd, and 38th to 39th myotomes.

A larué 15.2 (14.75) mm long (see fig. 56, L) was
symmetrical and as before was thin, with internal organs that
were translucent. ‘The body was surrounded by a high fin fold.
from the end of the snout to the insertion of the anal fin
representedlonly 28% of the length of the body. There were
9 + I3 myotomes. The loops of the intestine were extremely
constficted,and extended in the.direction of the back and the
abdomén. Behind the intestine was located a large urinary |

~bladder, and behind it, in the form of a triangle, was visible
-a‘free space, in_which gonads subsequently developed. The‘
head was almost rhomboid The mouth and the eyes were smaii;
The audltory capsule as before, was larger than the eye. 'A .
binocular Z_llterally, double chambered 7 heart was translucent

in front of the intestine,.under tpe”gullet A thln-walled

behlndf%under it was 'la small muscular stomach from which )
b'there branched forward, in the direction of the gills, a
clearly outlinediaortic bulb. The gill chamber was covered
with a thin gill cover. The gill apparatus was not fully
Tformed. The gill filaments were short and were not equally
:(:),f’ represented on éllAdf the arches; they werg least developed
| on the first arph, better déveloped on the second and even
better developed on the third and'foufth arches. The branch-
lets of the pseudobranchlae were visible behind the eyes, on

the inner side of the glll covers,

RIS AT TR L S A R TG TR e ArS e SRS LN LT m MU SSavamg § FY el e ey St A PATTANAR [0 € ST e e v anp ap R o ageen WPase wore Sp s sem
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AP N

‘ng : - they were long and fan-shaped and covered almost the entire
intestine, and [7thein;7>ends reached the level of the rear

edge of the. rectum.

The urostyle was slightly curved. TUnder 1t were
visible hypurals which were still not fully formed and from

which there branched out the rudiments of seven or eight rays.

The rudiments of pterygiophores. were to be found at
the bases of the forward portions of the dorsal and, to a
large degree, the anal fin folds. There were 11 to 12 such

rudiments in the dorsal fold and 17 to 18 in the ansal fold.

The pigment that was characteristi¢ of the preceding
stages was also retained in this stage. The long flounder
larvae kept to shallow depths and, since they were disclosed

in surface fishing, led a pelagic mode of 1life. -

Metamorphosis in the long flounder is completed very
1ate,-later than in other representatives of the group of

slime [—sma11~mouthed_7 flounder. Unfortunately, we have

e L
@ EES O B
[ IR

.'__,A\, i 'i.._.1..,4.

s e jaged

of our lack of approprlate material Accordlng to T, V.
" Dekhinik (1959), in a fingerling 5} mm long caught with a beam
-trawl on the bottom,the left eye was located on the profile
of the head, while in a fingerling 64.2 mm long described by
L. N. Musienko it had passed to the right side, and its met-

J{:} ~ amorphosis had evidently been completed.

Among juvenile fish there were also smaller finger-
lings only 50 mm long. It is evident that during the period
of‘completion of metamorphdsis body sizes vary considerably

and range from 50 to 60 mm,

R
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The pectoral fins retained their larval character; : é

=not traoea the sequent1al dourse” of metamorphosis because / 378 .



features of its individual

is shqwn in Table 61.

The change in the sizes of the body and of the plastic

' 75}4-0

varts in the course of developmeﬁt

Correlation of Body

‘Table 61

Parts of Prolarvae

and Larvae of Gl. stelleri (in mm)
.._Stage of deveéelopment Length Percentage of lengthof head
total body | ahA !‘ H lc
_ - { /

?rolarva that has just
hatchede..eeeeenn

Prolarvae towards com- \\\\\\\

"pletion of absorp-
\

tion of yolk sac......

-L&rvae. Urostyle

straight..-.-..o-..o..——‘—'—_—_—.]'s,‘: ~7.'38
' ' » 15,2 .7 114,75

'ﬁrostyle slighfly curved,////,e/

T T
44—5.2 83,5251 (31,2—36,3)

. : L1295 T "3.6 A 1
5,4—5,5 5,2—5,4 (28,5—29,8) (3,4—4.0). (15,3—16;1)

VAN I

474 5,
C(41—4.9)  (14,3—-17,7).

5,8

C a1 . U581 15,9,

5,2

V.'YSQﬁ ’7ﬂ,a.

-+ 7 or. 8 rays under it..

Table 61 (continuation)

Rercentage of length _

; .. . Percentage of length of
- Stage Qfﬂéevg@bpméﬁp ofibody ‘ head . R .
- "D - .= LA L0 e S
, i AN x | '
Prolarva that has just
;. hatChed...... ..... R ) ‘ : ' |
| : N T [ E
Prolarvae towards com- : 4,8 44 36,2 152 '
| pletion of absorp- ™~ 3,1—6,3)  (3,1—6,3).  (28,5—36,1) "  (18,6—-18,1).
tion of 'yolk saC.....* L T ' ' " ' . :
o T~ | .82 59 28,4 L 155 -
Larvae. Urostyle 7‘%?’%“ 65-6.0  (27.3-30,0) -“%5_m)
(:?traight......... ..... — ‘ _ 28,8 23,1 _
Urostyle slightly curved, ' - ) ‘) 66 ?38 > i
7 or 8 rays under iteeo—ee—o——r—_-""____  ~ v T .
S !
\ o
|
e ST AR 2 S R T i P S L A o Y e S e S S e AR )




755.

_The change in the sizes of the body and of the plastic
featﬁree of its individual parts in the course of development

is'shewn.in Table»él.

- To sum up, it should be noted thatvthe long floundert's
' eggs are pelagic and that their diameter varies from 1.20 to
1.61 mm. The perivitelline space repnesents from 3 to 12% of

the diameter of ﬁhe eggs. The membrane is thick and WavY.

- At water temperatnres ranging from 11 to 16.4° and
averaging 13.6°'the'first stage of development lasts for |
approfimately:l day and 6 hours, the second stage, for two-
days, and the third stage, for 3 days; The prolarvae begin

to hatch after six and eight days.

- The lower "threshold" of development lies at about -
4'900 . ' | | - B | |

Pigment in the form of dets scattered on the body
apnears in the middle of the second stage of development of

the embryo. Up to the. end of the third stage and the begin-

__nlng of the fourth, the plgment on - the body is scattered°. / 379

" “prior to hatchlng it changes into five accumulations of bands,:
of which one is located in the region of the pectoral fins,
one above the anus, and three at equal distances from each
other on the tail. The yolk is pigmented beginning from the
second stage of development. In contrast to those of the
Alaska plalce, the plgmentary cells are situated over the
“entire surface of the yolk The prolarvae are large; their
body length varies from .1 to 5.2°(3.50 to 5.10) #m and on
the average amounts %o u.éﬂ (4.51) mm. At a water tempera-
ture of '13.6° the yolk sac is absorbed inh four days when
[—the prolarva_7 is 5 L to 5 5 (5. 2 to 5.4) mm long. The body



e A A e e o

’pimarﬁed, uncharacte:istic:spets;ihé#heiuﬁperileteral:and;;afé%;guaeﬁﬁ

- 7,»2—’:—‘1%)\'(61‘ lateral‘l"“rows“r%{%: e ‘”‘L"“L?—E:i_.:iz;_ it e o

756.

i
,E
)

|
:

l

is thin and extended The truﬁk is short and the tail is
’ - - 0

long.: A cav1ty situated behind the rectum, and a large

urinery bladder, are highly characteristic of the larvae.

Metamorphosie takes plaee very slowly. The appear-
ance of fhe first seven or eight rays in the tail fin and -
the beginning of differentiation of the basal rays in the
anal and dorsal fins is observed af‘a body length of about

- 15 mm. Metamorphosis is evidently‘eompleted at a length of

50 to 60 mm.

The pigmeﬂtation of the larvae is ef the spotted-
band iype; it is represented by three main.bands dividing
ﬁhe teil into equal portions, and by intermediate spots be=-
tween these bands on the lower edge of the tail. In Juve- |
hile fish~(Musienko, 195).) seven speﬁs form on the upper
edge, flve on the lower, and four in the middle lateral rows.
The vertlcal dlstrlbutlons of the spots of all of these rows
correspond hence ‘the body of the fingerling appears inter-

laced with nlgment bands.» In addition, there are faintly

Comparison with Near Species

As indicated above, the genus Glyptocephalus is

amphiboreally distributed and incorporates three species,

of which two, Gl. etelleri and Gl. zachirus, live in the

Paciflc ‘Ocean and.one, Gl. cynoglossus, in the. Atlantic.

Gl. stelleri is dlstlngulshed from the two other species

. by smaller numbers of vertebrae and rays in the dorsal

_Aand anal fins.
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There are no published data on the development and

- o semeue g e

o

strudture of the eggs or larvae of Gl. zachirus. The devel-

~opment of the Atlantic Gl. cynoglossus has been thoroughly

studied (Cunningham, 1887; MacIntosh and Prince, 1890;
V%-Pebersen, 189 and 190L; Kyle, 1898 Ehrenbaum and others,
1905; Schnakenbeck, 1928; Nybelin, 1935, and others).

. The reproduction of Gl. cynoglossus occurs at 4if-

-

ferent times in the different'regions—of its geographical

" range. In the North Sea, it begins in May, and in the Irish

Sea, in April.

Its eggs, as in the Pacific species, are pelagic,
with a fhick, wavy membrane; thelr size, however, is notice- .
ably smaller and ranges from 1.07 to 1.3 mm. At a water

‘temperature of 8 to 9° the incubation beriod lasts for seven 4

to eight days. The larvae.hatch about 4.9 mm long.

The data of different authors are at variance con- ,-f”

cerning the nature of the pigmentation of embryos and larvae.

‘According to Cunnlngham and Ehrenbaum, the embryo is charac- -

WO

;ffﬁﬁgxmfﬂ~tenlzed by aiBlight plgmentatlon consistlng only of dellcate_

s

TG A L._\‘_L_.—‘*_“ ‘_—--}.\~:—_ . _— e

%~%*‘9**“"_Bcéttered melanophores and yelﬂow chromatophores. Pigment

| is retalned in this form in prolarvae that have hatched; only
after two days, when the prolarvae are 5.1 mm long, is it
converted into five groups, of which one is situated at the

pectoral fins, a second at the anus, and three on the tail.

(;D D Accofding fo'Nybelin's.datg (1935) individual scat- | f\“~'

C tered melanophores and 6hromgtophor§s which appeared’ at the ,V
eﬁd-of the gecond stage of development of the embryo regroup

K - into the five pigmentary groups descriﬁ%ﬁ above mﬁch sooner, |

as early as towards the close of the embryonic period. The

e [T DU ERSRPE e S LR ZEOREA
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-discreoancies noted in the descriptions'of pigmentation by
- Nybelin on the one nand and Ehrenbaum on the other probably

resulted from dlflerent incubation temperatures. It is / 380

p0531ble that Cunnlngham and Ehreénbaum were concérned with

eggs and prolarvae developing at a hlgher temperature than

was the case with the material studied by Nybelin. It is

well known from ekperiments that a reduced temperature (spe-

_ cific for each species) 1engthens the embryonie period and

.that the prolarvae hatch more developed both in structure

and pigmentation. -

[V

Gl. cynoglossus and Gl. stelleri have much in common

in the structure and pigmentation of their prolarvae and
larvae. Both species have a very 1ong tail and a correspond-
ingly short distance from the end of the snout to the inser-

tion of the anal fin; at the moment of hatching, this distance

. is almost eoual to the length of the body, and in older pro—

larvae and larvae represents less than 1/3 of this length.

A large urlnary bladder and a free space behlnd it are char- -

acterlstic of the larvae of both spec1es. There"is also the”m

dlfﬁerence that th -

==

smaller than those of Gl stellerl, this lag 1n hody 1ength

belng retalned in subsequent development as well. The larvae

of Gl. cynoglossus, which are equally large, are always more

developed than those of Gl. stelleri. -

The pigmentation in the embryonic, prolarval and
larval stages of the species under comparison is extremely
similar, with the difference that the pigment group on the

heads of Gl. cynoglossus'larvae is retained throughout the

entire pelagic period, while in Gl. stelleri it disappears

" early (prior to the establishment of rays in the dorsal and

Drolarvae of Gl. ynbglossus hatehifst iwe s
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anal fins), In addition, in Gl. cynoglossus there are mela=

‘nophgres on the gill cover that are absent in Gl. stelleri,

and the pigmentation of the'lqwe:_jaw is more strongly de-

’ veloped.

All of the above indicates that at all stages of
embryonic and postembryonic deveiopmént thejspecies undsr
comparison are extremely similar, which points to their

i genetic proximity. Thé differences between them are unim-
boftant and are expressed in a slight deviation in pigmenta-

tion and body sizes.

The Genus Pleuronectes L.

 The Starry Flounder -- Pleuronectes stellatus Pallas

~-Thé devélopment of the starry flounder off the coést
of Americavhas bééﬁ_studied by Oféutt_(l950), and off the |
coast of Northerh‘Japaﬁ,-by Yusa (19575. -On'phe basis of
.material obtained by artificlal fertiiization and'incubation,

Orcutt and,YuSa_give a description and detailed series of —— -

. drawings on embryonic_developmeﬁt, along’with several 1llus-

. trations of prolarvae and younger larvaes.-: shs orolarsacs ot Sio

’ ThéVébo§é authors give néidescripfion_whatever of
ﬁhé sfructure of older larvae., Infofmation on the structure
and morphological Tfeatures of individual stages of develop-
~ment of the egés of the starry flounder is available in keys
that we have‘published to pelagic eggs of Peter the Great Bay.

(PgrtsevaiOstroumova, 1955).

We have studied the development and structure of the
eggs, prolarvae and larvae of the starry flounder living in

Soviet waters partly from eggs caughﬁ on 29 April 1951 in

e T AT TR YT ARt e et AT Trae— S
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- Avacha Bay, which we incubated; from the prolarvae and larvae

760. .

hatched from them; and partly from material collected at ses.

‘Both our own data.and those of Orcutt (1950) and

Yusa(l957) are used in describing the course of development

and the structure of the eggs, prolarvae, larvae and juve-

niles of the starry flounder.

The embryonlc development. (see- figs.~57 and 58) of
the starry flounder in our experiments took place at a water
temperature of 7 to 8° and lasted for about seven days. The

water temperature in the sea during the spawning period ranged

. from 0.58 to 5.54°.

L o}
- water temperature of 10.5 1lasted L days and 1l hours; at a

'_temperature of 12.50, 2 days and 18 hours, and in Yusat's

In Orcutt's experiments, the incubation period at a

) experiments at water:temperatures of 2.0 to 5.4°, 1L days / 381

‘and 17 hours. The speed with which imdividual'stages elapsed

TR ER

51 degree—days,

0.20, while the number of degree-hours amounted to 1,231, or

at different temperatures is shown in Table 62.

In comoarln"»our data on. development w1th those of ey

nwleusa, we‘made an. attempt to calculate the temperature thresh-

old and the - quantlty of degree-hours requlred for the embry-
onic develooment of the starry flounder. It was ascertained

that the temperature threshold was approximately equal to

In comparingethe results’ of “the detelopment of the eggs

of two series off the coast of California at water temperatures

- onic development equalled 15 degree-aays..

of 10.5 and 12.50, we obtained a temperature threshold of 7.29,

while the number of degree-hours required for completing embry-

£
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Pl, stellatus

-:::Figure 5
o at water temperatures of
2.0 to 5.4° (after Yusa)

The figures under the illustrations
hours of development
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The temperature threshold that we calculated for the
etarry flounder reproducing off the coast of Asia was evi- ~

dently close to the ?eal threshold, since the mass spawning

and development of the eggs of the-starry flounder off the

- Soviet coast takes place at & water temperature on the bottom'

of about 10; and, off the coast of Hokkaido, at about 2°
Also, it is evident that the temperature threshold (7.2%)

was nearly real that we calculated for a speclal stock of

."starry flounder, llVlng off the coast of Callaornia, which g

has & preference for warmth and whose reproduction and de-
velorment, in accordance with the climatic conditions of
its geographical range, take place at a high water tempera-

ture -- about 11°.

TheAdiameter of ripe ovarian egge ranges from 0.89 to
0.94 mm. The.eggs, according t o our datsa and Orcutt and
Yusa, are round and‘pelagic. The membrane 1is very thin,and
in.fally swollen eggs it 1s completely smooth. In fixed
eggs it has a roey;lilac colour., The diameter of starry y
flounder eggs in Sovaet ﬁatere, from the ﬁeasurement of 1-678

specimens, ranges from=(0.92) 1. OO to 1.,28.mm and averages

'l.Oﬁ'to'i;EZLEﬁi: The”alameter of eggs off ﬁhevcoast of B

Hokkaido (after‘Yusa) ranges from 0.97 to 1.01 mm. The'peri-

vitelline space represents (5.7) 7.4 to 14;.6% of the diamster

-of the egg and averages 9.8 to 11.8%. In their quantity of

plasma, the eggs of the starry flounder most resemble eggs of

the»oligoplasmatic type.

Cleavage and further development take place. in the

" -same way as in flounder that have pelagic eggs (see fig. 57).

Kupfer's vesicle and the embryos of the. eyes appear prior to

S e bt ih v e o o e e
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Figure 58 - Eggs of Pl. stellatus after fixation.

The figures under thé'illustrations are ordinal numerals (o-

riginal)

the closing of the blastopore, and segmentation and crystal-

1ine.ienses, after this'process. Pigment in the form of

scattered dots is disdlosed simuit;nedusly with the begin-
ning of the eStablishmgnt of the tail bud; at the same time,‘
Kupfer's vesicle shrinks énd subsequently disappears. The
embryo at this time- envelops more than-half of the yolk."

__Pigment that. nas appeared.in .the.-form-of ;§Q'§§;‘9‘Qrg@5{:» TRl
dots in the forward half -of-the trumk is-thick, and in the— - - -:?{4'?
rear half is sparser'and'oriented in two roﬁs éituatqd par=- .
allel to the chord. Nelther the head of the embryo in the

region of the eyes nor the end of the body is pigmented at

this time. At the end of the second stage and the beginning

_of the third the pigmentary cells spread to the region of the

eyes aﬂd the rear half of the body, which proves to be Jjust

AR T NN

as thickly>pigmented as the forward.ha;f (éee fig. 58).

. 'In the third stage (see fig. 58,.2 and 3) the pig-

mentation on the trunk:}etains the same thiékly scattered

e e e e e evmr e S T o
{
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L '~ character as in the second stage, with the difference that- P
\f * the pigmentary cells become larger and branched. The head,

_the eyes,.the tail and truhk are intensively pigmented, the

pigmentary cells being distributed on the tail in such@é way L
: ' ' that when it is exemined from the side, on the upper edge - ; N
| their eggregate has the'appearance-of & regular compact row,
and on the lower.edge they are sparsely\scattered in some

places and connivent in others. L

There ére a few pigmentary cellsm the rear end of | l
the intestine, on the‘anal pipe and in the region of the “
pectoral fins, on the yolk. Large, branched melanophores
are visible'on the fin folds, on the level of the middle of

~the tail.

At the end of the third and fourth stages of the
. embryo (see fig, 58 u) the plgmentation has the same ap-
pearance as in‘the‘preceding stage, with'the difference that
the pigmentation on ﬁhe fins, the rear end of the intestine
ehd the anal pipe becoﬁee more-pronounced ‘ As in preceding '

:_stages, 1nd1vidual scattered cells go beyond to the eyes.-

T3 : s S vy 3 MR
L--:::..F_Avc T T RS B

i a:

W.In comparlng the sizes of the eggs- collected “An ——/38%

dlfferent reglons (see Table 63) it may be seen that in the
Sea of Okhotsk, off the western coast of Kamchatka, the eggs
and especially their yolks are somewhat larger than in [38&

Peter the Great Bay or in the Bering Sea..

&ZDLZ ; h - The.larger siies”of sté%ry-rlouhder eggs off the

| western coast of XKamchatka fully conform to the sizes of the
sbecimens inhabifing thie region. According to the data of o i

P, A. Moiseev (1953) and our own materigl, the starry floun- i
éer is noticeably larger (37.2 ﬁm) off Western than off East-

~ern (30.4 mm) Kamchatka.
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The Speed of Devalopmenu of Pl.

"of 2.0 to

Sh

stellatus at Water Temperatures

after Yusa) ,/Tﬁ-S

and 12.5° (after Orcutt)

Table 62

Stage of development

| .Durétioh of development in

Stege of development

Dﬁration of
development in

reached of yolk

Optlc vesicles have
appeared

Hatching

|; f4 2] T lwm 0 0 “lw 0
i 'w £ (2] & (] 54 2] 4 2 < (] 54
) » |3 [ I3 - |3 |3 -3
; g |o|lad (o ld |0 g |0 |dg |0 |la |0
g |4 |0 (&8 T g © (94 v (g |0 g
2 blastomeres Priogl:gtg;gigng of
L blastomeres Blastopore closed
8 blastomeres R N e
12‘2'12 10 to 16 somites .‘ \ ! |
| 2° 3 — , 6 17 — — = =
.16 blastomeres ‘ - 4 — 18 to 20 somitest:::::::7 18 — — — —
' - - - 78 I8 - - -
32 blastomeres ' X — ' - .
o 25 somit 78— - = -
Morul S - T T 5 som S 0 7 - - I _
orula- o ‘ -
i%;”M'Z Embryo egvelops ’ ’ &
. T a2 18— - L about % of yolk: - ;
Blastula and periblast— ) z J 5o ) :
: e (bori : ) L ..4.3 . 30 to 32 somitqs——~——jii 6{—- f — =
Gastrula (beginning N , 28 — 18 — : L 22 9 1 {0
o % , NotOChOI‘WHz 1772 20 "1 14
- .. Embryonic ring has [ Pe peared "13 20' 3 23° 2 5
reached 7 of olk | pr2 ot 6B 14 17, 4 14 2 20 P
! 8 e i . )
y .? 518 — — — _ N Heart has appeared i i} ?;
Embryonic rlng has i - - Fipst movement ' T —

k.
b




-fig,iﬁéj%l,f§§d éQEil1ié#e small and é}éhsééf§i€;éhd(kéeb“ﬁa k

the surface layers of the water. “Theip'acfi;EE§AEéA16ﬁ:m£ﬂé& S

swim with their yolk sac up, and the head 1in such a position

is lower than the tail.

~ The totai length of live prolarvae varies from 2.25
‘(Tﬁ“'d -; to 2.35 mm in Soviet waters, from 2.58 to 3.36 mm off the
| coast of Hokkeido and from 1"93A§6 2;08 mm off the American
c@ést. The yolk sac is in the shape of an elongated oval; it
! ;is from 1.10 to 1.15 mm long, and in YuSa;s experiments its

‘*1engtH was approximately.l.51 mm. The height of the yolk sac

A e iR g o Y PP Sy e T r—r e e e = TR ¥ e oy , T A TSR v T
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;E""- S - : | T Table 63 . f
Size of Eggs of Pl. stellatus (in mm) in Various Regions i
" ) . . Month of Egg sizes‘ Yolk sizes §
‘Region where collected
' .collection average ra%?e ‘average range
\ .
Anadyr Gulf o June : \\ . \\ \ \
From Cape Navarin to A\
Cape Olyutorskii . Same. \ 1 | \ l
KamchafkavGulf " May. \\\\\\\\\\$\194 | 4,00—1,47  0,78(1—2) " 0,75—0,82
o S107 092143 0,83(0,81).% 0,76—0,0 !
Kronotskii Gulf . .- Same Cee e (1—4) .(0,78—0,85) :
B \~1,05—1,os 1,00—1,22 . 0,86 _ 0,78—0,%
Bastern coast of ~1,00-1,12 1,001,417 0,84—0,86 0,74-0,97
Kamchatka April F1,09—1,42 1,00—1,24 . 0,81—0,88" 0,74-0,9
“Western coast of . ' T e R e e
Kamchatka south of z S )
529 north latitude May 1,07—1,20 103—1,28. ... — . .0,85—1,04
b ' : ‘ Ca e T 5 ) {
2 Northern Kurile Islands = | ya2 t te o8 10320 1.08(0.99 ;
. (on Pacifiec side) . S June——mm—m | U }j%-.fuf'(nw‘A} wﬁ).. !
= " ‘ ‘ S I S e W L :
'Offsgﬁﬁzﬁign tip of o Ma&,,e’*”f/f;fﬁkh;!fﬁmljﬂom6£d~631'6ﬁre&m5“
. Peter the Great Bay - - 'lApréyf/ff////i
. :»; .Starry'floEEder prolarvégﬁiﬁgihﬁaééhjﬁgﬁ hatched (see
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- Figure 59 - Prolarvae and
. ' larvae of .

. Pl. stellatus

(after Yusa).

1 - 3.2 mm; has- just hatched;
remaining figures indicate
age in days; 3 - 3.6 mm; 5 -
L,O mm; 8 - 4.4 mm; 21 -l.2xmm

Tt oy s 2 2

- accordingly ranges from 0.50 to 0.65 (0.67) mm. The tail is

very short, and the distance from the end of the snout to the

insertion of the anal fin represents 19.3% of the length of -

_fhetbody.u Tﬁé?é;ére:556££;hajﬁyotomes;IB fhe,bédy, which is .-
- B at

—— -

heavily pigmented. Yellow chromatophores ‘and dark melano-
phores are thickly scattered on the back and on the rear part
of the intestine. On the middle of the. tail they form a no-

ticeable accumulation, recalling a similar formation in banded

" flounder larvae, with the difference that in / the latter /

this band consists of large, branchad'melanophores and is more

distiﬁctiy marked.'>0n the same level a group of large Z}BS it

" melanophores is visible on the fin fold; and a few others S

that are shifted to the rear, closer to the end of the tail,

may be seen on the anal fin fold.

peme i e e e SiTont NI O

.
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Figure 60 - Prolarvae and_ larvae of Pl. stellatus (after
. Pixed material) :

JAomm; 2 - 3.0 mm; 3 - 3,22 mm; 4 - 4.6 mm; 5 - 5.9 mm;

1 -2
6 - 6.6 mu (original)

In the pigmentation of their tails and fin folds

stérry flounder prolarvae resemble Eopsetta grigorjewi, but

~the chromaﬁophore zone on the fins of prolarvae of thé latter

species has an arch-like shape open in front (see fig. 20).

‘-
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" experiments reached a length of 2.58 mm, while the yolk sac |

769,
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Twelve hours after hatching, the prolarvae in Orcutt's

decreased in size to 0.88 mm. The pigmentation did not change.

After 2l hours thé length of a larva reached 2.99 mm. ? |

At this stage the larvaeiwere very active and swam vigorously .
Ain all dlrectlons. " In the place of the future mouth there

apoeared a small depression; the pectoral fins grew noticeably

and were 0.22 mm long (see fig. 60, 2).

.Afterztwe days the length of the larvae reached_3;15
ma. TheAexternal>appearance of the larvae changed. The yolk
~sac became lower and more oblong. The mouth opening appeared,
-but it still did not function. The larvae now swam, so that
their bodies formed an angle of about 75° with - a horizohtal
plane.. - o | : | .' - ' .:-':

| iA~bright greén pigment appeared on the head bstween

the eyes. The‘edges of the eyes were amber-green in front and
.amber in’the rear. The chromatophores of the fin folds formed-
_trlanbular accumulatlons Whose wlde base was directed towards

the edge of the fln, and peaxc, towa ds . the body, e

e The accumulatlon ‘on the dorsal fin was situated some~

‘what in front of the middle of the body, and on the anal fin, :? i
somewhat behind. A row of melanophores on the edge of the

dorsal fold was directed forwards and extended to the level

of the pectoral fins. In addition, individual rows of ﬁelano~

phores ran#along the upper and lower edges'of the body.

After three days, the larvae reached 3. 20 mm in length,
and in Yusa's experlments, 3.4L0 to 3. 8& mm, (see fig. 59, 3),
and the pigment on the eyes took on a bluish-green tint. Mel-

anophores were visible on the upper part of the head and on

TS
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" were visible on the body at the base of the fin folds. A

- The head took on angular contours. In Orcutt's experimsnts

“the yolk sac was absorbed on the fourth day, and in Yusa's

on the fifth day after ths yolk sac had bsen fully absorbed.

770.

| the occiput. Dark green pigmentary cells appeared behind ;

A-the eyes and on the end of the intestine. One large, green;

ish cell ‘was situated near the tip of the lower jaw. After

three and a half days peristalsis appeared in the intestine.

"Afterifour days the larvae were‘B.SO mm long and
their bodies 0.19 mm high The mouth and theljaws functioned.
The yolk sac became quite small, its size ranging from 0,24
to O 29 mm. In Yusa's experiments, the larvae reached this
stage on the 16th day at a length of L.55 mm. A fin fold.ap?
peared in the pectoral fin., It / the fin / was 0.29 mm long.
The greenish pigmentation retained the same appeafance as in
the preceding stage.. The syss took on something.of a dark

blue hue. 'The pupil became darker. Large starry melanophores

B

. few-such cells were also situated at the end of the intestine.

experiments, on the 20th day. On Orcutt's experiments the

prolarvas were fed with copepod nauplll tnat had Just hatched,

s&iurcnln blastulas, dlatoms and other small plankton collect-

ed w1th a plankton net. -tThe ‘Tarvae began “to~ 1ngest feoa only

On the seventh day of development, the heads of the
larvae bacame high, with a very sharp snout and a terminal

mouth, while the jaws were lengthened and bent.

‘ In sPite of their ingestion of plankton, the larvae

at this stage revealed signs of starvation.. The overall length

'of their bodiss was only 3.4 mm and was7less than that of

four~day-old larvas.
Do

¢
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e ' L On the tenth day in Yusa's experiments,out of L66 E'
o - ;
{ (:} } ‘ hatﬁhed prolarvae only 1L remalned alive. The bodies of the L

larvae became Stlll shorter and their length totalled only

3.0 mm; the larvae themselves appeared extremely_ema01ated.

Corresponding larvae in Yusa's experiments were L.2

mm long (see fig. 59, 21).  On the eleventh,déy in Orcuttt's

experiments all of the larvae died.

The description of ‘the following pelagic stages, in [;QQZA
the course of which there took place both metamorphosis and f
the preparation for a bottom mode of life, is given after |
material collected in Soviet waters in various starry flounder

spawning areas.(see Table 6l).

T . o . Table 6l
‘ 3 .

Conditions under which Larvae of ?Pl, stellatus were Caught.

‘Region B - - | Date { Depth of Level of catch Length, in mm i
) | catoh, in m | ‘ total body

June o o

Olyutorskll ‘Gulf. .. 35 :

_ Semeci 26 Lb T
R LT Lt 103 ,62—4,33 "3'45_‘4 2077 ';""'1":
oo " _ 26 96 ~4,35—5,47 4,185,417
e July - : T - 6,50

Northeastern tip :

of Saknalin... 133 . Same—————- 42800 a8 |
Same | 22 l35_ Same/ ' ' '
gz:>\ - Larvae from 3.6 to u 3 mm long were thin and delicate, ét
1 _and had ev1dently lost their yolk sacs qulte recently. The é
intestine was straight and con51derably dllated in front ;?ﬁ
The corner of the mouth was on the level of the forward edge ?
of the eye. The urostyle was straight, an& a small mesenchymal !
_' thickening was noticeable in the place of the future hypurals{ )
e —— e S L,wwwmvmwvwwvwws~ww~*“““§?ﬁ
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';W;A : Larvee 4.5 to .6 mm long looked somewhat older (see
i‘(:} ; :» fié; 60, L). The heighf of the body represented 6.1% of its
o o length. A curve appeared in the intestinej in younger larvae
it was only outlined, ﬁhile in older specimens (L.6 mm) 1t
formed almost a full loop. The urostyle was still straight,
and the mesenchymal fhickening under it became more compact.
The pectoral fins occupied three myotomes. There were 8 to

9 myotomes in the body and 26 to 27 in the tail.

Pigment was represented by a group of scattered
punctate cells on the middle of the tail, and by two parallel
rows of such cells on the lower edge of the tail. An irregn-

;,'1ar row'of melanophores waslvisible in the depth of the boay,
above the chord of the tail. A fairly compact row of melano-
phores passed along the middle of the 1ower half of the abdo-
men, and a few scattered, starry melanophores were v1sible |

:.aleng the sidee of_the abdomen, above the rear portion of the
intestine."There were two‘or-three Tfairly 1erge,-starry cells

in front of the pecteral'fin and on the lower jaw.

In’larvae S. 3 mm long the 1ntest1ne formed a small

, 1665. The helght of the body represented 8% of” 1ts 1ength.i?

T
. The urostyle was curved slightly upwards, and under it were

'v151ble the ocutlines of hypurals, from which the rudiments

" of four fin rays branched out,

In larvae 5.3 to 5 9 mm long (see fig. 60, 5),'the
intestlne grew to such an extent that 1ts loop occupled the
~entire abdomlnal cavity and in- some specimens was adjacent
to the excretory 1ntestine. The pectoral f1n was 31tuated
over, the extent of six myotomes, and its end almost reached T
‘the rear edge of the intestinal loop. The height of the body

‘ represented about 11.4% of its length. ~Four or five rays were l

I
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: pterygiophores that had still not been differentiated.

"ference intheir sizes, the development of the larvae that are

. form; in the forward part of the fins they were more or less

RN U

T73.

A
outlined in the tail fin. At the bases of the dorsal and

anal fin folds there aopeared the thickened stripes of futupe

o Larvae whose iength #aried from 6.7 to 8.32 (frdm
6.6 to 8.0) mm (see fig. 60, 6) appeared as flat, externally
ymmetrlcal small fish whose body helght represented from
11.0 to 18.4% of their length. The head was slightly angular,
and the snout was short. The mouth was- small, and its corner

was situated in front of the eye. In spite of the small dif-

being described pfogressed considerably in comparison with ZL;QQ
"the precediﬁg larvae. Vertebrae were noticeable at this

stage; there was a total of 35 to 36, of which 26 were in the
tail and 9 to 10 in the trunk. Pterygiophores formed at the

bases of the dorsal and anal / fins_/, and the rudiments of

fin rays appeared. The development of the latter was rot uni- .

distinct, and in the reér part they were either hardly notice-

able or entirely absent. Thirty rays were outlined in the

anal fin, and in the dorsal fin, becauseuofvinjury.to.them..wm_wﬂ

latter, they were daifficult to count.:“Eﬁght“or nine gayeawere

[
noticeable in the ta11 fin. The pectoral fin occupied six or

seven myotomes. The gill cover did not entirely screen the

£ill chamber.

It should be noted that less developed larvae that
were of equal or even larger size were found in the same pléces

among the larvae described. The .bodies of these less well

developed larvae were noticeably iower‘and their urostyles less VR
curved; although the pterygiophores were differentlated there o

were still no rudlments of fin rays.
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The Dlgmentation in the younger larvae.did not changse;

Ci}i}s»Lg .in older snecxmena there was a clear tendency towards a re- f
'**f;:‘»' duction in the number of melanoohores scattered on the surface

| of the tall and the abdomen, and a large plgmentary cell (the

.rudlments of the future rear spot of the upper row) appeared

on the upper edge of the rear half of the tail (rig. 60, 6).

Comparison with the fluke ~- Pl. flesus .

The eggs, prolarvas and larvae of Pl. flesus and its

‘individual subspecies are described in the works of several
~authoi's (Malm, 1868;-Cunningh&m, 1887; Holt, %891 and 1893;
MacIntosh’and~Masterman, 1897; Heincke and Ehrenbaum, 1900;

~‘Petersen; 1906; Ehrenbaum, 1905-1909; Schnakenbeck, 1929;
"T. A. Pertseva, 1936; Kosyakina, 1938; Kazarova, 19Sé and

| 1953; Vodyanitskii aﬁdAKa;anova,“l955; Mukhacheva, 1957 and

 others).

The eggs of Pl. flesus, like those of Pl:‘stellatus,

are pelagic, but their diameter varies sharply in different
_subspecies in different regions (see Table 65). The structurs

Vif‘ ; and plcmentatlon of the embryos of"- all subspecies of Pl. flesus'

iana P"‘stellatus are qulte 51m11ar." Characterlstlc of all

-.are the comparatlvely large diameter of the embryo, which is
,only one-sixth to one-sighth that of the egg, and 1ntensive
pigmentation. Considerable similarity is also found among

" their prolarvae and larvae. All have a characteristic ac- ZL;§2
cumulation of pigmentary cells on the middle of the tail and.

a diffuse, fine-celled plgmentation, which is added later, on

7
| ('— .

its lower half and a smaller quantity on its upper half. A ey
thickly scattered pigment on the fin folds is also character- - '

istic of all larvae of this genus.

- e T SR TS Sy T AC b et (3]
R .. . . - o 1 ey .\ .
. £ A A N FOTTAT] ¥ K

o e Y e T T
- v P e S TS o £ D T R R T i

o e



775,
z | :
t B .
- - _ )
CC Table 65 -
[‘m ‘,_/j" ’ : o C . . e .
© The Sizes of Eggs of Pl, flesus and Pl. stellatus in Different Regions
_ Species Region - . AEgg sizes, Author
: - B ] in mm
. fl. septentrionalis Pechor&.seeeecees et eeaensn ees 0.96 to 1.05 Alekseeva, 1949
_ Pertseva, 1936
.flesus _ _ Barents Sea. Chesha Bay.... 0.78 to 1.03 Kazanova, 19,9
. fl. bogdanovi . White Se8.veeasnn vessseanss 0.7h to 1.05 Mukhacheva, 1957
North Sef....veese. cesennen 0.82 to 1.13 Ehrenbaum, 1905
. f1. trachurus Baltic S€8....evvevenennsnes 0.83 to 1.43 Kazanova, 1952
. 1. luscus « BLack S68..useenens veeeve.. 1.10 to 1.25 Kosyakina, 1938
. stellatus - Sea of OkhotsK............. 1.03 to 1.28 Ourselves
Bering S€&8...se0veeens vesees 0.92 to 1.22 Same

- Eastern coast of Kamchatka. 1.0l to l.24 "
Peter the Great Bay........ 1.0l to 1;20 "

Off the coast 6f‘Hokkaido.. 0.97 to 1.01 Yusa, 1957

—-

The formation of rays in the larvae of both specieé
“and subspecies of thé'fluke begins at different lengths in

§¢ o _aifferent regions (See'Table;66&T_”f“~ . e

g;,x “'ffj"”" "It may be seen from Table 66 that with the same bodyn

* " differentiation the larvae of El; stellatus lag behind those

of Pl. flesus in size, wnile the larval length at which fin

rays appear increases from south to north. Pigmentation,

however, to judge from the illustrations of the above authors,’
~ g _ intensifies from north to.south. Prolarvae are most pigmented
f{:) " in the Black Sea, and %o a notably lesser extent in the Baltic

Sea,
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Table 66

~-“Stage of Development and Body Length (in mm) of Prolarvae and Larvae

of Pl. flesus and Pl. stellatus Collected in Different Regions

i Prolarvae to-| Stripes of |Rays have ap-|All
wards moment | oterygio- peared, but rays . '
Region: of sbsorption | phores have|forward and formed| Author
of yolk sac appeared rear rays are
. underdevel-~
oped. Urostyle
protrudes -
outwards
ff the coast of S
“eastern Kamchatka 3.5 to 4.0 - 5.30t0 590 6.70 to 8.32 - Ourselves
oast of Hokkaido.. L.55 » - -- - Same
‘merican c0ast.u... 3.5 -- --. 10  Orcutt, 1950.
1 | '
31acK SE8esesenanns 2.9 7.37 8.39
Orth Sef.eiseceesces 4.0 . 7.20 6.9 . 10.3 Ehrenbaum,

T o » 1905-1909
‘altic_Sea ...... cee 3.0 to 4.0 7.39 8.59 ~-  Kazanova,

: o - - ; 1952
aI‘BntS SFQ; secacee - . 6-1 900 - R&SS, 19)4_9
heshaABay.....;... -~ - 9.5 - K zanova,‘

N N B 1049
echora BaY.e.c... . ca 5.0 - '8.9 -- Alekseeva,
< - L) S 1949 .
it‘é:i_she_& (LI ICRE B ; '- .ﬁ_‘;‘ V - _60é _— ~‘______.“- ,_._.__-::_ e .= B _I‘IUkhéCheva ’
e T T ey : g i
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Larvae collected in

in Pechora Bay. are of the same colour.

flukes from the southern regions.

the White Sea and in Chesha Bay
According to Kazanova
and Alekseeva (1949), there are fewer. melanophores on their

tails, but these melanophores are much larger than in many

In summing up the above,‘it should be néted that

B e i it R S e I

'starry~flounder QggE are pelagic. Their diameter ranges from

(0.92) 1.00 to 1.28 mm,and their membrane is thin and of a

i



) when ths Tarvae ave from 6.7 to 8.32 (from 6.6 to 8 O) mn long.
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lilac hue. At water temperatﬁré§ of 2.0 to 5.4° the first
stage of development lasts for about 2 days and 12 hours; thg
second stage 1s completed in 10 .days and 17 houré, and the -
third, -in 13 days and"2d hoursr”;At—water temperétures of
2.0 to S.ho, the larvae hatch in 14 days and 17 hours, and
at a water temverature of 12.S° théy hatch in 2 days and 20

hours.

In Soviet waters the length of prolarvae that have

. just hatched runs from 2.25 to 2.35 mm; off the coast of

Hokkaido they are. from 2.587to 3,36 mm long. Off the American
_coast in Monterey Bay, the correspondlng size range is much

smaller -=- from 1.93 to 2.08 mm.

At water temperatures of 10.5 to lEéSO the yolk sac

1s absorbed on the L4th day, and at water temperatures of 2.0 -

" to 5.4°, on the 20th day.

In the first case, towards the moment of absorption.(‘BQO

- of the’ yolk sac, the length of the larvae reaches 3. S mm, and

1n the second case, 4 SS mm.

The rays in the dorsal and anal fins are outlined

Pigment in the form of scattered cells appears on the
back of the embryo at the end of'ﬁég'second stage and.subse-

quently spreads to the head and tail.

In prolarvae that have hatched, the scattered cells

on the middle of the tail group into an accumulation in the

form-of a band. On the same level there is a group'of_large

melanophores on the dorsal fin fold, and a few melanophores

thétihave been shifted to the rear (nearer the end of the.tail),
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" “on the anal

" Pwo-coloured (Korean) Flounder -- XKareius bicoloratus

"~tioh. The diameter of two-coloufed flounder eggs, accordihg

. work and therefore do not know the.de

B S 778,

fin fold. Towards,the moment that formation orf

the rays is completéd, the pigmentation on the tail is transg-

formed into SpoOtvSs situated on its upper and lower edges.

The eggs and larvae of the starry flounder and the
fluke are greatly similar at all stages of development, indi-

cating the close kinship between these species.

The Genus Kareius Jordan et Snyder

(Basilewsky)

“  Information on the development of the two~coloured
flounder is limited to indications by Kuragami (quoted from
Moiseev, 1958) and.Okada (1955) on egg sizes, the length of

hatched prolarvae and the duration of the period of incuba-

to Kuragami's data, is 1.10 mm, and according to Okada, 1.013

 to 1.099 mm; at a wéfer.temperature of 13.5° the incubation

period lasts for about L days and 40 minutes. We have unfor=-
tunately been unable to acquaint ourselves with Ruragami's - -

tails. of.‘«..‘bhé_»;_S tructure =: s+t

=--QI morphol“ogy ol 'the"?'egg’s‘_;_'pro]_.apvae‘ .or_l_arv_a”e‘. - .'"__.___'_._i

»Aﬁ ﬁhe end of October and beginning of November ;951
in the southwestern and southern parts of Peter the GreA; Bay,
at a depth of 62 m eggs were collected in the second to fourth
stagos of development that resembled starry flounder eggs, but
differed from them in more abundant pigmentation and a lack of

~

pigment on the embryonic fins.

The diameter of these eggs varied from 1.00 to 1.15 i
mm and averaged 1.08 mm, i.e., it corredponded to the egg

diameter indicated by Kuragami for the two-coloured flounder.
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The eggs were round, and the yolﬁs were large, their sizes
rangingifrom 0.89 to 1.01 mm and averaging 0.96 mm. The -
perivitelline space was narrow and represented from 3 to 7%

~of the’diameter of the egg.

" The embryo in the second stage of development was

pigmented (see fig. 61, 2 and 3).

In the third and fourth . stages (see fig. 61, L to 6)

- pigmentary cells were thickly scattered on the head trunk

and tail.- Pigment'appeared on the yolk at first in only a
smallghuantity;vthe amount of pigment later increased gra-
dually, and towards the close of embryonic development the

entire yolk was dotted with a large number of melanophores.

According to Okada's data (1955) llve, two-coloured
o flounder prolarvae that had just hatched were approx1mately
.2.97 mm long. Their;bodies were pigmented with yellow chro-
‘ maﬁophores and dark melanophores everily scattered from the-

head to the tail.

»

In Korea Bay 1n the flrst half of December l9u9 Wwe

collected“egns and flngerllngs u-O tc*iE—a—mm:iong which,_ru_n“mme;_;

the same way as their eggs, were_extremely similar to starry
flounder fihgerlings.that were of equal size, but differed

from the latter in a large number of vertebree and rays in

funmatched fins, and in a more intensive p;gmentation. On the

basls of these features we classed these larvae with the two-
coloured flcunder; .t_ »_‘_ ' R s %nhr

- i
Larvae L to 4.5 mm long were externally completely [

{

symmetrical. The urostyle was slightly curved, and future

hypurals were outlined under it. The head was shert and .
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the snout smaller than the eye. The pectoral fins were of

medium size, and their ends reached the middle of the trunk. °.

Pigmentation consistéd of small, slightly branched, almost

punctate ﬁéiahophores,~most of which were located on the tail,

with a smaller quantity in the remaining ﬁortion of the body.
A regularAdouble row of mélanophores ran along the upper and
loﬁer edges of the tail, and a thinner réw on the trunk,

along both sides of the fin fold. In addition, a large_quan-
tity of melanophores was scattered on the lower lateral sur-

face of the tail; in the central portion / of the tail / these

melanophores also entered onto the upper lateral surface.

Larger, branched melanophores were located above the intestine,

a fairly compact pigment row passed along the middle line of
.the abdomen, and a few cells were scattered to the right and
.to the left of thg;latter. There were one or two cells on

each side of the isﬁhmua, and a small quantity scattered on

the gill and suditory regions of the head. -

|
|
|

Figure 61 - Eggs of Kareius bicoloratus after fixation.,

The figures indicate ordinal numersls

!
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%§ o , In larvae 5.15 (4.93) mm long the urostyle was almost

! straight (see fig. 62, 1). The height of the body'represenéed
9;2%“0: its length. The myotomes were sigmoid, but their mar-’

'ginal‘brenches were still very small.‘lhickeded stripes with
the rudimente of pterygiophopes appeared at the base of the ~J
'cenpfal portion of the future dorsal fin and in the forward

portion of the anal fin,

_uPigmentation had the same appearance as in the pre-
ceding stage, with the difference that the number of cells

increased on the isthmus.

In larvae from 8.6 to 8.9 (8.4 to 8.50) mm loﬁg the‘
'helght of the body represented 12. to 18.3% of its length.
The urostyle was curved. Nine or ten rays were outliped in
the tail fih. Pterygiophores were defined in the forward and
.middle porpions of the anal fin, but in the dorsal fin they | fi:

. were noticeable only in the central portion. . _ ' ;5i3

The head waslrounded and the snout was short. A- gill .

':cover in the form of a skin fold> covered. the-entire gill A

chamber. : ' . ' o T T

ln‘larvae 9.08 mm lohg the height of the body reppe-i .%
sented 18.2% of its length. (see fig. 62, 2). Pterygiophores |
- formed in the dorsal and anal fin folds, and very short fin
rays were outlined in the greater part of the anal and dorsal
fins.. Vertebrae, numberlng 38 (39), were clearly visible at :

"%% : o . 7“'

e . this stage. ,Small ventral flnlets appeared The ‘tall fin was

early homocercal and it contained nine to twelve rays. The /3 QJ/

(8

gill aoparatus was not fully formed. The gill filaments were .

.
i

only slightly developed: they were best developed (and here

not fully) on the third and fourth arches and most weakly



developed on the first arch
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The gill rakers were rudimentary,

-
and had the appearance of tubercles. :
- N ot .
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Figure 62 - Larvae of XKarsius

bicoloratus.

-.5.15 mm; 2 - 9.00 mm;

—.lh.O.mm

each segment,

at the base of the neural arch,
bone (which facilitated the vertebral count);
" of punctate melanophores was.scattered on the

and a fewlless, on the fin rays of the tail.
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- there was added a series of compact meianophores -- one for

above'the back=-
a large quantity
anal fin fold,

Pigment was

completely absent at the end of the caudal peduncle.

In larvae 14.17 (12.34) mm long (see fig;g62,'3) the

height of the body representediBl.B% of its length.
of the anal and dorsal fins were fully fTormed.

rays in the tail fin and 38 vertebrae in the body.

The rays
There were 18

The left




f(ﬁr\; 'j' . eye was noticeably higher than the right. Five rays formed
in the .ventral fin, but none were as yet visible in the pec-

tqrai'fin;'

ERRN

" The head was short and rounded.. The olfactory cap-

sules were large. ~The pigment retained its larval character.

‘The sizes and proportions of individual parts of  the bodies

.of the larvae that have been described are _given in Table 67.

e
{

L]
‘




T

Table 67

The Sizes and Correlations of Body Parts of .Larvae of K. bicolor&til_g
‘Dimension : Sizes of 1arvae,‘ in mm In per cent of 1 In per cent of C1
; Total length (L)..... ' |
Standard length (1)..\ ) , '
Distance from end of : k ] e l - -
I~
of anal fin-------\ TOLTB0BR0908 0671236 . — — —. — — — = — =" = =
} Distance from end of : f2,69 3,0§ 3,443,93 3,72 4,54 36,0 30,2 40,5 43,.2, §§,4 %8 — ’.-j“ = _ -
i .snout to insertion: Sl = = - = 4 = - 89— =T T
of dorsal fin..... ' . ' ' ' \
| 0651,071,561,65 1,59 — 9,0 13,7 183 48,2 16,4 — — — — —  —' i
Height of body behind//'/ 0,46 0,44 0,53 0,58 0,55 0,66 T 354 31,1 29,1 26,9 24,4 22,0
BRUSsecrecerveses // 0,21 0,260,46 0,30 0,38 0,46 — — U= {55 47,2 14,3 18,1 47,2 447
Diameter of eye...... . R T e S T B A e S T
: ' 3 1,35 — 1,90245 2,25 3,00 18,319,3 21,4 23,723,324,3  —. .— : i o 710
] Length of snout...... i - R T e e PO e L0t
. o e T L= 280 — T— = e = 226 — =Lt v 93,3
Length of head to pec- T S A L S L S U S R
3 (o] 8.1 fin-oo.-.oo- . L . _' G : - :' 7 - B .—.:‘;
1 tor A R i T S ¢ ) el e S
"1 Hei:ght of head. L[] 4. s ¢ 00 i - . . - - - ) ; - - '-.: :. o -; ) .th : ‘ : . ) ; i’.—
K S ,
X Length of caudal
E peduncleé.sevececss
1 Height of caudal
peduncle.il.lilii.
, - —d PR N - - _ .
_erward KO - 7 ' \\ o~
e o = {

“hgl
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. A COMPARISON OW THE TAXOWOMIC PLATURFS AVD THE o 2 §9§

- INTERRmLATIQN Qv GENERA OF FAR EASTERY FLOUNDmR

IO To establish kinshlo among taxonomic groups is a
i 3‘;d1fflcult problem wnlch may be solved by only one method --_”J
§~ ‘f'~5‘~;'fl that of comoarlson. At the same tlme, it is neceseary to_'
é* <. _f oover, at varlous stages of dévelqpment, as. large a quantity

as o0351ble of the features of the grouosrbeing studied, |

'W1thout predetermlnina the result, we attempted to oompare “;H
%i_f o .l. dat- at our d1sposal on the emoryonlo and postembryonic de-

i ”ff~\}h.{f_~ velooment of certain of tne flounder forms examined above.

é .Such a comoarﬂson was expedlent for hallbut (Atneresthes,

g iihHlopoglossus, and Rewnhardtlus), small. large-mouthed flounder
; -{;(Clelstheoes, and HleOglOSSOldeS)' small large-mouthed

' fffjlmedlum-mouthed ano small—mouthed Z—genera;7 (Hlpooglosslides,

i:f_df' ve,'{;Acanthoosetta, eranda) - the. most important small-mouthed ‘

: | | ~-':'-"':."_-.-'All‘.‘lounder as a whole (Llnanda, Platessa, ulOPSGtta and

.gf,l ‘l All~e¥Pleuronectes), and near genera of: small-mouthed flounder in

%1 | T;fpairs (leanda, lseudopleuronectes, Lloosetta, and Pleuronectes)
~é' b? The Genera Atheresthes, hlopoglossus and Reinhardtius;

? t.There'is much in common in the reproduotion of spocies
; «hof these three genera of halibut A1l reproduce at consider-
: -able.depths,'in‘the drop-off zone, Spawnlng occurs mainly |

(%%,;Q*rdd.ifliin w1nter, in Deceqber and Janua“m and probably in February,
.

j?ﬁrf*"ffﬁf?'at a low, above zero temoerature 01 2 to 3°»

There is reason to assume that the eggs, orolarvae B

’and larvae of the hallbut under oomparison are larger than

!

"“Eidln all the remalnlng flounder that we have studled

— -




?levels of the open water.' The prolarvae and’ larvae gradually

Their eggs are bathypelaglc and develop in the deep

ﬁ»ef,;float uo to higher layers of water and 81multaneously shift
Hf”ff?ito the shore 1n such a way that the juvenlle flsh orlglnating

E‘?fi;jfrom them in the end apnroach the offshore shallow zone.""‘

| The hallout under comparlson, in the structure and

. uigmentatlon of thelr prolarvae and larvae, fall into two

_;lsharply 1solated groups, of- wnlch one . embraces the species of-

'Vifarrowtoothed hallbut, and the other, the true and Greenland

ﬂif-'hal1buts. The heads of the larvae of arrow-toothed hallbut

GT; are covered w1th Splnes, the Dlgmentary cells on the tail

'v”form two accumulatlons.‘ The heads of true and Greenland hal-.
:llbut larvae have no splnes' the plgmentary cells on the tall

fare scattered and form no accumulatlons.

The features of arrow toothed halibut prolarvae and

v'?larvae that we- have indlcated are hlghly 81gn1ficant and

‘1g;ﬁfwithout doubt reflect the genetlc remoteness of this genus

'ﬁﬁuﬁifrom the true and Greenland hallbuts._:v‘

’;eﬂthe case w1th the true hallbut (see Table 68)

7xstages.of development To begin with, the ~eggs of the Green-
f‘land hallbut are notlceably larger than those of the true‘i>

; halibut (4.0 to u 5 mm as against 3 0 to 3. 8 mm), while pro- -
~larvae that have just hatched are accordlngly larger. This

Tffcorrelatlon 1s also retalned in all succeedlng stages. Raysvi‘

.;7{idform in unmatched flns 1n the Creenland hallbut, and the ‘

‘.‘latter 1tself lles on the bottom, at larger 31zes than is

__The Greenland and true halibuts also dlffer in all [__jii".

F -
{ .
1




o anal flns...;....,., ..... ..,; '! ' 32 17.9 to

787,

 Table 68 -0

a The Sizes of Halibut Larvae towards the Momont of Differentiatlon ‘
e of Pterzglophores and Rays in Unmatched Fins (in;mm)
'“'Stage of derelopmentrV' ff~?fﬂﬂcreenland‘ }f‘": True Arrow-toothed -

Urostyle sllahtly curved, ‘8 to

10 rays outlined in the tail - o '
fln."..‘..‘.. ..... .V...l...‘- 20.0 N lB.oto
( - . S
Urostyle sharply curved, lu to _
16 rays in tail fin. - Ptery- T
giophores have anbeared......_ l9.0 to 2&.2 15.0 to

First rays have aopeared in -

the. dorsal. and anal llns..;;; 22 7 to 27 0 14 1 to“

All rays have been establlshed
First pigmentary spots nave;e
- gppeared on the dorsal and -

17.8

22

11.6 to 12.8

16

" About 20

The bodles of Greenland hallbut are longer than thoseve
‘ffof true hallbut Thelr nectoral flns are small their tips.‘

'f;fscarcely golng beyond the mlddle of the abdomen, whereas in

'A.‘::the true hallbut the pectoral flns are 1arge and cover the “ o
";.:entlre abdomen as far as the anus itsell.' ln addltlon, the

.A“3ftrue halibut's snout 1s pug llke, whlle that of the Greenland

the

“h'ment of oterygloonores and ‘rays in the flns of/Greenland hal-

ibut proceeds from back to front, whereas 1n the true halibut

these processes take olace forwards and backwards from the(‘\

- middle; |

'Tf Both hallbut genera dlffer also in the proportlons'

ﬂ-of thelr bodles.: The relatlve sizes of ‘the. head and of the V“t

'1.dlstanCe from the end of the snout to the 1nsertlon'of the

anal fln, as well as booy helght,iare at all stages of devel-

| pment notlceably smaller in the Greenland than 1n the true

hallbut.~

?lfjhallbut 1s extended Flnally, the establlshment .and develop- e
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Tne pigmentatlon of true and Greenland hallbut larvae

lf‘at the prolarval and larval stages is comparatlvely weakly

‘ideveloped., Finely ounctate, scattered melanoohores appear at,_

‘flrst only on the surface ‘and the dlstal edges of'the rear L
‘L;loortlon of the dorsal and anal fins, and then spread forward
"ei:fIn addltlon, the 1ower and lower lateral rows in their talls
;con51st 1n both cases of- obllquely sltuated, 1nternyomer1c
melanoohores.' Altnough tnere is a general 31mllar1ty in. the .
character of plgmentatlon, there are also notlceable dlffer—
_ences.: The plgmentatlon of the fin folds in the true hallbut
‘is more 1nten51ve than 1s ‘the case w1th the Greenland halibut
*'At the same’ tlme,‘the marglnal melanoonores of the fin foldsl
:1n Greenland hallbut larvae are concentrated only 1n the rear
-Jhalf, whlle 1n true hallbut 1arvae they extend far forward

._(see figs.ﬂ3 6)

The conver31on of larval to fingerling plgmentation

:;]in Greenland hallbut 1arvae comncmdes w1th the initlal appear-_'

v”,*lance of:*ays 1n the dorsal and anal flns, whlle in the true

_»halibut 1t occurs later, after the formatlon of rays.

31; The dlfferences 1nd1catea between the prolarvae and
VAlarvae of the Greenland true, ‘and’ arrow toothed hallbut are
:,:_:extremely 31gn1ficant and ev1dently reflect the genetic sepa-

L ratlon of these genera.

o : n__‘e[The Genera Acanthovsetta, Hippoglossoides and Limanda

It has been assumeo that the genus Acanthopsetta is

"very close to the flathead flounder (Norman, 193u, Noiseev,
'?*li;l953, and others).f A study, however, of the 1nd1vidual de-

'tf.velODment of the above flounder does not conflrm this assumotlon.

s
!
{
¥
i
;=—-f1_
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The larvae of Acanthonsetta and of the' latheadlflounders dif-

‘5@ijer;sharply in all stages of development both 1n plastic fea-
ﬁftures and in olgmentatlon. Nor are there less slgnifioanti

:Z.dlfferenoes 1n plgmentatlon. In Floooplossoldes embryonlc

‘._dlffuse olgmentatlon 1s replaced by a sharply marked band- o

spot plgmentatlon, whereas in Acanthoosetta 1t is replaced~

»by a llnear-row type of plgmentatlon.._51mllar‘features aref{
-a'row of.oells bordering'the end ofrthe urostyle. and,'in-??

‘ -older larvae, a lower lateral row of . 1ntermyomerlc cells.‘
.The linear dlstrlbutlon of the plgment and particularly the

'lower lateral and lateral rows of: cells in Aoanthoosetta lar--*‘

' vae brlng the latter somewhat closer to hallbut larvae, wnlch

eV1dently reoresents convergence."

Acanthoosetta larvae are,'ln the oharacter of thelr d

are cases where, when materlal is oelng sorted, they are in- .

corporated 1nto one groun.» Upon attentive examlnatlon Aoanthop-

.setta larvae oan be found to e d1st1nct both in morohologlcal

7and plastlc features, and prlmarlly 1n olgmentatlon. L

‘_EEEEE larvae dlffers sharoly in 1ts struoture from an analogous
t.frow in leanda'larvae.f In the former 1t oon31sts of alternat-
'1ng»31ngle and double melanophores, wnereas in the latter 1t
is comoosed of two almost parallel rows. Tnen, too, the end

flg;of the urostyle in Aoanthoosetta larvae is bordered by a ITow.

“;lfof cells, and the upoer lateral row passes along almost the-'"

-fentlre tall, whlle Ain Tlmanda the end of the urostyle is not

-riiplgmented, and the uoper lateral row by no - means reaches the

'tflevel of the anus.a Flnally, the pectoral flns in Acanthoosetta

e vt = e e e oA o v 7 Ao, R e A e S T % g % S o £ A A T4 S O TR R POV S g NS s AR A ebeesi el s TUSseme st mes sty

tlplgmentatlon, outwardly 31mllar to L aspera larvae, and there

e gt

,ﬁ'In the flrst place, the lower row of cells in Aoanthoo—d$;;.

Iy
§
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=E;f$f7iﬁifﬂ€fafe'nat-pishéﬂﬁédféﬁd'the ventrai7r0wihas ne'edditional cells. F
'f-f"Tklj».7:'ffffr‘;g#li.‘~' R ~4;wngj;f“ R R A

.

'“”fif Acanthonsetta larvae, as comnared with slmanda larvae

?;of equal 31ze, have a lower body, 2 long tall an extended

}'snout and larger 6yes.;fgﬂfm,s‘.._‘

A

The'GenéfA“éiéiéfhéﬁeé“aﬁd'ﬁianbgiossdiaésj f"__';ﬂt“ -.{;,g;

The genera /“sic_7 Cleisthenes are compared to the =~~~ v

genus Fioboglossoides (Vorman; 1934); a comparison, therefore,

"of the structure of tnelr eggs and larvae at all stages of . HA~«?f

}~f-develonment is 0¢ conslderable interest.

| The sp601es of both of the genera under comoarison'

B ~have nelablc egvs that dlffer substantlally in thelr structure.l

Cleisthenes eggs are mlnute, with a small per1v1telline:£?;

-ﬁﬁtesoace.; The eggs of all spec1es of the genus Hlppogloss01des

.3 frare 1arge, with a large per1v1telllne space'(see Table 69)

A Comoarlson of the Slzes (1n mm) of the Egés of Clelsthenes

.

' w1th those ol dlnnoqloss01des

_f£3~u~:ﬁ‘*e o Yolk slzes ’ ‘Sizes of oer1v1te1—
Diameter.of eggs | line svace __
N : { . dnge 1 average range ) average

L — —— T 7 7 T
' . Sohachi flounder....\\\;\', B B B )//1 3 ///ﬂ.g A .

U ~ 0,00—1,03 " 0,64—0,87 0,74-0,80  3,0-48,0" 7,0-41,0 | »
Elathead,flounder...\\\\;i_ A e DIERE L 6010
’ ' -~ [T 2,003,677 70,82—1,53 10,90—1,33 '20,0-33,0.27,0—324,0

— - - —

Smaller sohach1 flounder (Clelsthenes) prolarvae and- Z§

i*ilarvae lag behlnd 1n 51ze at the moment of hatchlng and in ﬂ;

Hﬂilall subsequent stages._rffﬁu'a
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'.f;i'Schmldt Dlatichthys) and I psetta ~=to be” closely related, :

ey 791,

Towards the moment of absorptlon of the yolk sac

ﬁ‘:[sohachl flounaeT larvae are shorter than N mm , whlle flathead-

‘Whuiﬂllounder are 1onger.x Rays begln to be established in the .

- sohachi flounaer at a length of 9 h 8.h)kmm, and in the flat-v

filhead flounoer,‘much 1ater.~

These UWO genera also differ in the Droportlons of ;
.f;»thelr bodles._ The distance from the end of the snout to the
”3f1nsertlon of the anal fin, the helght of the . body, and the

f~51ength of the head of the larvae are, towards the moment of

.tffabsorouion of the yolk sac and the establlshment of the rays

: ,‘1n the flns, greater in the SOhaChl than in the flathead floun-l

l'der, and the eyes ‘are smaller (see Table 70)

<,The"orolarvae and larvae oT\the-genera'under'comparié'“”“”

:”ff}son also Ql"fer to'a>Véry 8reat>extent'in'pigmentation. In

: Clelsthenes theiembryonic\oigment.on the tail changes into

':fﬁtwo broad bands’lnterruoted along the mlddle line, while 1n '

7;f'H1Dooglos301des 1t changes 1nto three or four such bands.

Ai“iThus a comnarlson of the structure of the eggs and larvae of
'7Tithese genera shows that 1n early stages of develooment they

o differ sharply, whlch confirms the dlSSOClatlon ‘of the genera

“fdeleisthenes and Hlooogloss01des.

The Genera Limanda, Platessa, Liopsetta and Pleuronectes

C'PL Yu. Schmidt (1950) considered the three independent

' fffpenera of small—mouthed flounders - platessa (according to

c Norman, leuronectes), Pleuronectes (accordlng to Vorman an d

'fg;{and 1ncorporated them 1nto the one genus Pleuronectes in the‘ o

"Q‘class of subgenera on the basls of the structure of jaw and

pharyngeal teeth.‘.., P, A. Moiseev (1953), too, i‘ollows the

P v e base Aot Srmee 40
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QEThe Sizes and Prooortlons of the Body Parts of Prolarvae and Larvae

“ Table 70

_,icl herzenstelnl and H dublusv, i  ﬁ“ﬁ

Length, in mm "" Percentage of

zlehgtﬁ;offbédy’ Pefééhfagé of -

- Stage of dévéiopmeﬁﬁ, i g
B {“‘L'f«*quf*~i'ﬁl*t”' of body total cah

B AE o

length of head';¢,":‘
0

’ f: ,Sohach1

Flathead

. Sohachi -

©'Flathead .

'fsdhachi“f”

7“,F1atheadlgfgf

;; fPro1arvae that have justg;f,ﬁ
/- 'hatched

,Same

~i1fLarvae towards moment of:gwf;_
... absorption of yolk sac &

1
&
)
'
'
oy
'
—

Wbyt

. Same

. :

. . S oI e T -

g5 :
F

qﬂ‘nl:.

Establlshment of rays in

- 5.
’”f;unmatched flns;~«', I SRS K
Same 'gli: ;Jin RS

~__

! N T F: i '5?' SRR
3 . ,4,9%“5,40 5 m—s eo 333 36 4 :
; 840 7 9,40 ‘ff,l i. 40;6of y
:9,50 0,30 7395
| LT - s
K i
1 '

3 3 04 ) 260—3 13 Cisa0<s100 19 10-25'40 ©'30,00—32,70

| 1.3,§/¢—3.6§ 3 563 76, ,"'35 ,e»—as',oo "l 45,00—15,50 - - 31,40—41,30 |

20251 2"1"?2'.59"' 43,50—52,80 16,105-23.5 foosg0—3350 ]

v
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gdsysﬁem of P, Yu. Schmldt Accordlng to A, PL Andrlyashev

_tf(l95h), the genus Platessa is close to the genera Limanda : r ;'lij

.sf[”f?and Liogsetta, occuoylng,:ln several features, an. 1ntermed1ary ,
-ourD081tlon between them,‘whlle the genus Llonsetta also resemblesl, Lo

'mthe genus Pleuronectes. The genera Platessa and Liopsetta are - S

, fsame degree of resemblance is observed when bodlly length and

chosest in the»Ouantlty of myotomes in the trunk section.- Thej.:g_w
‘_the proportions of 1nd1v1dual body parts are comoared. :
. . . '

”ff:Platessa dlffers sharply from leanaa in the ‘length of its. RIS
‘j:body and the dlstance from the end of the snout to the inser-

tlon of the anal fln,iand is much closer to Llopsetta. In'

“'Hfgtlon between the above genera (see Table 7l). . 'i ' o Lo

idvln'the comparlso of larvae that closely resemble each other

'i%in 51ze (see Table 72)

:comparison are oelaglc (not countlng the dlvergent form >f,r-_*:?;¥/7

; 1
X a
o .
5.
; .
; R 1°L W :
| .
(

bi¢ d"

Towards the moment OL absorptlon of the yolk sac

the s1ze of 1ts eyes Platessa occuples an 1ntermed1ate posi-.

Approxlmately the same correlatlons are retalned ”"( 3?9 _

vahe eggs of all of the speoies of flounder under

| ‘Lloosetta obscura) and attaln thelr greatest size in Dlatessa,

Jf~a somewhat smaller slze in Lloosetta, and’ a stlll smaller
,uThe membrane of Platessa eggs is thlck retlculate and wavy, -

. asmootn.~ After flxatlon W1th a 27 formalln solutlon the mem- :l: WQ&r
'}1brane of Platessa eggs becomes a- dark brownlsh-lllac colour,
m“:ﬁfLand 1n Pleuronectes, a rose—tlnted lllac colour. |

C*hﬁ In view of the absence of data on the body prooortlons of

size in Dleuronectes, whlle Limanda has the smallest eggs.v

and 1n the eggs of the remainlng forms it 1s thin and almost .

Atlantic species, plastlc features are compared only on the"
baSlS of Far Hastern flounder.;ﬁ
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Table 71 -
i L o T L R LT e ‘ L
ﬁ ~ Sizes (in mm) and Plastic Features of Larvae of Representatives of
‘ and .
" the’ Flounder Genera leanda, Platessa, ulonsetta,/_I‘uronectes
~towardsrthe Moment of Aosorptlon-ef the Yolk Sac
oL :”Lengthi"‘ | Percentage of length- Percentage of length
‘Species L of body : of head

distance from

.} 'end of snout
~to:insertion

of anal fin

total "o body” length of

head:

diameter of‘eye

L. aspera . . .'.o. . .. 2,96-3,52 2,80—3,36 ' 32,4—36,4 ]13;5-fq4,5 30,0-%8,7
PL quadrituberculata  6,34—7,16 5,58—6,94 '37,0~39,0 13,5—16,4 - 31,4—41,8 ..
~©% . L. pinnifasciata ., /. . 5,58—5,86 '5,27—5,57 - 37,6—40,0 14,4—14,8 29,4—33,2
& PL stellatus .. . ii.. 8,50—4,55 3,25—4,20 38,4—39,2 16,8—18,1 28,6—37,1
o Table 72
y Sizes (1n mm) and 1’1&3‘510 Weatures of Larvae of L. aspera,
f: Pl;'Quedrituberculata;TLL”binnifaseiata and Pl. stellatus.
. S ?gLengthftfoﬁ Percentage of length Percentage of length
~Species: T e L . of body -of head .
““ltotal | - body" ‘distance from - length’ of diameter of eye
BECTRT IV PRUTSITS I I H;_fend of snout head - ' : o
oy e P w ] to Ansertion
ot . Vo] of anal fin -
\ _ ‘ i o
, T N
A L. aspera . o+ .+ 4 . .. 9,6—6,9 - - — 27 6—36 8 13 4—-—22 7 —_ |
o Pl quadrituberculata . . 6,34—7,16 5,58—6,94 37, 0—39,0 13, 5—1 6,4 3t,4—41,8 .
l L. pionifasciata . . ., 5,07—5,83 4,84—5,55 36,3—38,2 13,0—-15,3 128,2—30,8 .
’ Pl stellatus . .« ... 526-580 502560 38,2—41,7 16,0—-20,0 26,9357

In the nature and dlstrlbutlon of plgmentary cells on :

?«ﬂfthe'body of the Platessa embryo there 13 revealed a‘31m11arity

fto Llonsetta and to a lesser degree,_to Dleuronectes.




S{The Plateesa prolarvae hatch with blgmented eyes, and

'ﬁ“;are only sllghtly larger than Lloosetta prolarvae, much larger

-3~ftthan those of Pleuronectes, and still larger than those of

.? leanda. They stron&ly resemble the latter 1n olgmentatlon.

'Veatures common to these soecles 1nclude a row distrlbution

s of melanoohores and the lack of accumulatlons of plgmentary

'3-f7cells on the7ta11, w1th however, the dlfference that in

V d~flevel of the anus and not from the second thlrd of the tall
'In addltlon,:ﬁlatessa larvae dlffer from those of leanda in s
{ha short row on the uoper edge of the end of . the tall and in :

'Tii:the absence of melanonhores on the oectoral flns.\

The plgmentatlon of orolarvae and larvae of Lionsetta

“°;;and Pleuronectes, as we saw above, has a comoletely dlfferent

Azh character and 1s 1n sharp contrast to that of Platessa and

) \

?r;;Limanda.r

After rays have'been establlshed 1n the flns,.the

“fuoigmentatlon of Dlatessa occunles an 1nuermed1ate pos1tion E

;jtbetween that of leanda and Lloosetta.nlwfﬁ7

HTneglncreaseuln length and the form develOpment of
-’lét;the larvae of the grouos under comparlson take place in such.
a way that the larger slzes of Platessa larvae towards the
' _moment of absoroulon of the yolk sac are retained only to the
h;f}inltlal formatlon of the rays in the anal and dorsal flns.-
h'ﬁif;“Subsequently, the lengthsof Dlatessa and Llogsetta larvae be—‘z
:%%fdcome almost equal and Platassa larvae lag in length behlnd

V:ileanda larvae.a The smallest Llnanda larvae towards the mo— n;

vﬁﬁiment of absorptlon of the YOlk sac and the momentlof formation

"ljgof unmatched flns,outstrlb, in- length ‘the larvae’of the soecies

Platessa'the mlddle lateral row 1s longer,and begins at the'h o
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,ﬁunoer comoarlson.' rnhe larvae that lag most in length at thls

V"f;stage o development are those of pleuronectes. Tnelr meta-

ﬁﬁffmorph031s ends earller than 1n the forms llsted and at the 5‘\

Z'Ltshortest length Lloosetta comes second in the speed w1th [ g

f,fwhlchi:ts metamorohosls 1s comoleted Platessa 1s in third L

wtifplace, and Limanda; last

The hlstory of develooment shows that Dlatessa, in

several features 1n the emb yonlc and later staces, is closer

’to Llonsetta than to leanda.

ffThefGenéra TLiopsetta and Pleuronectes

Ergs of specles of the genus T1oosetta are larger

’ﬁ‘tnan those of specles of tne genus Pleuronectes, and prolarvaev'
.gthat have hatched are accordinoly larger., The smaller 31zes

ijfof the prolarvae and larvae of Tleuronectes are also retained

fﬁﬂln suceedlnﬂ stages,lso that the length of thelr bodies at

'QSeach stage of'd'velooment is less than Z~correspond1ng 7/ body'

E fﬁf:lengths 1n Lioosetta,‘and at the same 31zes, Pleu onectes lar-

ktffjlvae are shorterwlnTthe booy than those of Lloosetta. The

41f_cnaracter of the melanoohores and thewr dlstrlbutlon on the<ff___3

'\ \

*ff'emoryos of both specles are 31mllar.~ The plgmentary cells are
;TTviffairlY large ano sllghtly branched and thlckly COVGP the body ;
‘“zfof the embrYo.‘ After hatch1n8: ‘& more or less comoact accumu-d‘
'f}lation of melanopnores (a band) forms in 1lke manner.on the

'?E;imlddle of the”tail in prolarvae of both genera._.i:’“

The plgmentation of the larvae of the banded and starry

?T}flounders 1s especlally 31mllar.

S e ‘ ' FeETTTO e similar‘_$:
Tne larvae of the banded and starry flounders at/&sar e

Tirdstabes of development dlffer in body length, but are slmllarly

i - : . s " PR . . - A IR oA e £ TR ety R I A e s e . - : -~ . rr*




‘if\?fftf‘” plgmented,and_bear a close resenblance 1n the relatlve smzes
jl‘ffsn;_ﬁlf. of the dlstance from the end of the snout to the insertlon -

T}of the anal Lln,and of tnelr eyes (see Tables 73 and 74 '*‘

The Slzes and:Correlatlon of the Body Parts of Larvae of ._lk o i;'

.LQ Dlﬁqla3801at& and P1. stellatus towards the Moment that t_*t'”

Absorntlon of" the Yolk Sac is Comoleted (1n mm)

f{*oLeﬁgtﬁfeyf 4 Dercentage of B ngth | Percentage of length
SR AN ‘ of body = B of head -

. Species
| lc

— =TT '
total | body | ad-

L

é,thmehsw—sm 52%45737&40046$48 MO—MS 2946:’ L

- (
i ata .
: ‘ Pl swllatus 3 50—4 55 3,25——-4 29 38 4——39 278 9—7 4 16 8—18 i 28.6——-37.1

Table 73 44 ;:v‘§§i

Table 7&

The Slzes and Correlatlon of the'uody Darts of Larvae of

L. Dwnanasc1ata and 1°l.~stellatus Flounders” (1n mm)

;ji"s;‘;ff};5ﬁkztﬁength;j Dercentage of lengtn ‘f‘ rcentage of length
' Species - L e Jives o op 0w of body . : ' ‘r«; . of -head

bOdY a“’; IR V'H\ ! 13 _ L Qe
S p,nn,fas.' v T T \ /;

cxutn . o 5,005, 83 4 84—5,55 - 30 839 5 ‘ 14 05 . 28,2—36,8
o (43~58) 030—482) o
Pls&ﬂﬂus 52&-590 soz-sco 383—417 10,23 . 18,01 254u353
o ‘ (7 8—13,3) (16 ,0—20,0) : "

e s st e cne

*ffIn oanded and starry flounder larvae that are equal

"xportlons dlffer 1n that banded flounder larvae have & lower@ufff

“:and morefelongated body and that the dlstance from the end

_ofnthe snout to the 1nsertlon of the anal fin and the sizes

4 o A o P T e R A T

e i ooy ® e e ek 0 05T
e e e b ey T A i e S T " N

ﬂuin length but dlfferent 1n degree of develooment body pro-l-f“ﬁdkﬁ'”

3
V-
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'<i$ﬁ ‘ﬁ;fi2; %he eyes,dlsclose no sh rp. differences.4 The 31m11ar1ty

b;of the olgmenteclon and the plastlc features of the larvae

1ndicates the prox1m1ty of the aenera Dleuronectes and

3Lloosette (w;thout L. ooscura)

o TheTGenere timende;Héseudonleuronectes and Levnidopsetta ,
. : . . f-QOl"

As 1s known, the sp001es of <the genus Pseudovleuronectes

V')~up to l93h were not secregeted from the genus Limanda, and up
Cto the present tlme are considered. as taxonomlcally cleose.
'f_sHence thelr comparlson 13 of great 1ncerest in the- llght of

'~uembryologlcal deta. - :ejt@ifﬁ7a~i ?9€Tj '

””‘Asyindiceted above, in. their reoroduction and develé‘

Fﬂjooment tne specmes of the genus Dseudooleuronectes fall into

A;two ecologlcal groups -— the early sprlng, 1ncluding Ps..

xokohemae end ns. amerlcanus, and the sprmng summer, with the

31nole soecies Pe. herzensteln1.~"w“*-“’

_.ally, the genus Tlmanda resembles only the'
The reproduction and development of the scecies.
’7,of 1manda and Ps. herzenstelnl teke place at the same time

R L ”n
e iunder the same concltlons-“ 1n the sorlng and summer, at a

"comparatlvely hlgh surlace water temnerature. No resemblance,

“_however,.ls disclosed in the structure 01 the ecgs, or partlc—

bﬁe-ularly of the nrolarvae or larvae.~:}>

The eggs of all of ‘the species of the genera LimandaA

}; R and Ds. berzenstelnl are small and Deleglc and are simllar 1n‘
A

'ft;the flrst stages of oevelooment-; Identlfylng features at this'

;572?stage are the somewhat larger dlameter of the eggs end the

"v~ﬂf;31ze and structure of the yolk 1n Ps. herzenstelnl. Ulth the B

- anneerance of the emoryo and partlcularly the plgmentary cellsv

e e T S m A A g S S SN




o799,

- o R b iad S

J”l on the latter, the differences oetween the eggs of the spec1es'

under comparison become more noticeable, and 1n the course of S
- - { v

. IS N PR

'{ffurther oevelonment increase still more. The embryos of B

;:L;_EEEEEE and L;_punctatiss1ma are less pigmented' the 1°W8P ';l‘éfi

T"éﬂ;edge of the tall is either not pigmented at all or ‘has only :.iﬁ

"L one to three nelanoehores, whereas in. Ps. herzensteini there'

'5fare many more melanonhores, and prior to hatching they group
:l‘into two or three accumulations. The differences in the pig-
3mentation of the tail Wthh have aDneared in the embryonic -

stage after hatching 1ntens1fy still further.'“

The oigmentary cells on the tails of the prolarvae
'75and 1arvae ol L. asnera are at first scattered and then form
sﬁilongltudinal rows, the bigmentary cells in all species of

;:Qoleuronectes form accumulatlons in the shape of bands. 1In

U pg. herzensteini there are three such bands, in Ds. yoxohamae,

_TVo such dlfference is observed 1n the plgmentathn
7tfof the trunk, OP Partlcularly the lower surface of the abdomen
’-*ior the head._ The lower surface of the abdomen and head of . all S

'*:_these soe01es is heaVlly pigmented but, in contrast to L. as-

E“pera, in Ps.. herzenstewnl the melanophores s1tuated along the
':fsides from ‘the mlddle abdominal row senarate 1nto two groups
- forward and rear (see flg. 39). These differences are re-

‘httained 1n 1ater stages of development.,

{:).i?;tlﬁ:;';ahbr Towards the moment that rays appear in the unmatched
‘er;finS, the difference noted in the pigmentation of the tail

~ﬁjijbegins to be obliterated As indicated previously, in formed

tilarvae,‘accumulatlons 1n the form of snots on the upper and

lﬂ‘lower edges of the tall also appear in species of Limanda,




V$7lﬁiof a11 specles of 9seudonleuronectes form accumulatlons in the

o

..

:.?;ébut'at tnls tlme new 1dentify1ng features are added which are'

77hf:re1ated to the number of vertebrae and rays 1n unmatched flns.‘

The prolarvae and larvae of the subgenus Myzonsetta o

irl(b{ ounctat1331ma Dunctat1331ma and L proboscldea) and L

‘ ferruglnea 1n‘uhe nature of tnelr plcmentatlon are somewhat

- closer to species of the genus Dseudooleuronectes in that the
~m.gmentary cells on thelr talls form accumulatlons wnlch in’

'comparlson w1th those of Dseuoonleuronectes are much less

'f‘iclearly marked and are renresented by a short queP strlpe

1éf(L.‘Dunctat1s51ma Droboscldea) or -8 small nroup—of cells (L.

"Qunctat1351ma ounctat1331ma)

Larvae of L punctatws31ma vpunctatissima and L. punc-

:*~tat1331ma proboscldea, whlch have. a slight 31m11arity 1n the

*é{ﬁeggs are pelaglc. The melanonhores on the tails Fmé

{:nigmentatlon of the tall, are notlceably larger than those of '

L. asoera, and dlffer from bs. herzenste1n1 in the plgmenta-r

Hl“ﬁ;tlon:offthe lower surface of the abdomen.‘sff;ff

tIn contrast to Ds. herzenstelnl and L asnera, the"

"ﬂlower surface of the abdomen 1n L. bunctatlss1ma larvae is'

Aytmelanophores, there elther are no addltlonal plgmentary cells‘

f'i‘:-along the 31des from the abdomen or there are only one to three

cells.c The specles of the early snrlng ecolobical group __,'

- 'Ps. americanus and Ds..vokohamae - dlfler to an even greater

;‘extent from u:Lmanda._{ Thelr eggs are of the bottOm type and

"7¥Q;st1cky, the yolk 1s comnact and nas a glassy lustre. leanda

:prolarvae

shape of bands and strlpes which are absent in leanda.

- o " e e ey e PSP i e e P 1 R e AR

R

:’ionly sllghtly plgmented, and a31de from a mlddle row of f'.ngé e
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VfiThe above 1mnortant morohological distinctlons between T

c.

'T-Aidentlcal stages of development of spe01es of the genera Limanda’ j;

7ﬁjand pseudooleuronectes 1nd1cate their undoubted generic inde-‘

"fpendence. Atthe same - time, as 1nd1cated above, it is evioent

‘:i,ffthat the taxonomic system of the genus Dseudopleuronectes it-f’

~1fself needs rev131on.;,ﬁ}}_j?-?ffTVﬂﬁf3ﬂ;.3‘.Wf

The'genus.Leoidoosetta (Norman, 193&) iS'also'taxonom-

51ca11y close to the genus leanda and differs from it 1n the ;
’nature OL its reproduction and in the structure of 1ts eggs P ?

‘in tne same way as Ds. yokohamae and Ps. americanus differ from'_} S

' Limanda.}r leeig"?ﬂPs; yokohamae and Ps. americanus, species. '

‘e~of the genus Lepidonsetta reproduce in w1nter and spring at a

“low temperature close to O° ’Species of T eoldoosetta, Ps._ 'fj'

»‘?. Xokohamae and Ds. americanus, which are similar in the ecology
of their reproduction, have many 31m11ar features 1n the struc-f*‘

'fﬂffture of the1r eggs and 1arvae. A common characterlstic feature"‘"

:Z*of species of Lenidoosetta, Ps. vokohamae and Ps. americanus is

5fi reoresented by bottom eggs with an extremely compact yolk struc-

.ifiture, atyplcal ior flounders.. A no 1ess 1mportant 81m11ar1ty
'*fi'between them 1s oisclosed 1n the plgmentation of their prolar-

"._vae and larvae. The pigmentary cells on the bodies of the ::

"latter are grouped alike into two accumulations,‘of which the'j
wrear has the appearance of a band Whlle the forward accumula-:
etion is represented by an upper stripe. ‘It should be noted-

.jthat the larvae of Ps. americanus dev1ate somewhat from this

’type‘;iin contrast to Ps. vokohamae and Leoldoosetta they de-

f;:' ii'fi_ve10p only one band, 31tuated on the middle of the tail.

: The eggs, nrolarvae and larvae of Leoidoos’tta and of

*ftwo soec1es of the genus Dseudooleuronectes, however, which are

- generally similar,*are at the same time spe01f1cally different.

S Sy e et s . e ‘e v v e e e ma— ~om g oA mee s e e
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To begin w1th, the memorane of the eggs of the former does. .

»’:f not have the adhe81ve layer that ex1sts in the eggs of Ds._:

~canus.~ The nrolarvae and larvae of Lenidonsetta are more

heavmly plgmented than are the specles of Dseudooleuronectes

in general and ®s. americanus in Dartlcular. They have many

thickly scattered melanophores on the lower half of the abuo-;m

men and the head, a unlque accumulatlon of these melanophores L

on the anal and dorsal fin folds, and ‘a. few cells, occasion—

ally blendlng 1nto a SOlld stripe, on the lower edge of the

pectoral fins.;;Jf

~ In subsequent develonment the 1nitial Simllarlty

gradually decreases, and towards the moment of conpletion of

f'metamorphosls juveniles of Ps. vokohamae dlffer from Lenldon-
setta in several plastic and merlstic features...L. asoera,-"

whlch 1n 1ts 1n1t1a1 larval staves has a more primltive pig-

foregoing soecies ir the number of its vertebrae and rays.n'

:-whlch had disjoined from" the latter Z‘presumably Timanda as-

A reproductlon and develOpment in various environments, pro-.

L ceeded by dlfferent routes 1n their evolutionary development

céfrf gfand formed not only independent species, but genera as well.'i

PO — . v g 72 P , et - e L e e

lffxokohamae,'and in this resnect 1s closer to that of Ps. ameri-

mentation, occuples an intermediate nositlon between the two,;—

It 1s qulte pos31ble tnat leanda asvpera is closest. Ta*-
to the common 1n1t1al forn for all of these genera.‘ The an_?--_

”'j‘cestors'of the genera nepidonsetta and Dseudonleuronectes,~y57"

- pe ra 7 1n the process of adantlng to condltlons of habitation, T

e e r e,

R e e




.“ifiThe7éenersTGlybtocebhalns}ATenakins,.ﬁicrostonusfsnd'

ST.Q? Tanakius and 1crostonus, whose species have long intermin-ii

"=features of these flounders carrled out by T. ‘S. Rass (1950),

”f;fthere is now no difficulty in determining the species to

"fﬁf'velopment of the seecies of these genera. ~Unfortunately,._

;g.the necessary 1nformation on this problem relatlng to all = ’if |

»‘fffhatched are usually fairly large, their length ranging fron

ﬁ:h 7 to 5 5 mm,vsmaller larvae from 3 5 to 4 O mm long are,-v

Lhowever, also found

Hig@oglossoides R Jfﬁj;~i“*aff~w ol

The genus Glyptocenhalus is close to the genera o

i'"led After the 1nvestloations of Hubbs (1932), however, f( 403

and especially after the thorough analysis of the identifying

T which the flounder of these genera belong.

.f& Hence it is expedlent to compare the history of de-

‘;Tof the soecles that 1nterest us has not been published, and - J

RS L
_we can make a comparison only w1th an Atlantlc species -

M. kitt, the hlstory of whose development has been thoroughly»

‘f.','studlea (Cunmngham, 1889, McIntosh, 1891; Kyle, 1898 and “
:34;1923, Petersen, 190&; Ehrenbaum, l905 and 1909, Schna&enbeck,
5 1928. Nybelin, 1935, ehtseva, 1936, and OthGrS)-

; The eggs of Mlcrostomus kitt like those of the genus‘

‘1iAGlyntocenhalus, are pelagic and comparatlvely 1a£é€”2£he1r f
efdlameter ranges from 1 13- ‘to l hé mm),'and in their size are. i
‘:closer to Gl Stellerl than to Gl. cynoglossus.” Their mem- :
fbrane, in contrast to those of other specles of eggs, 1s thin”'

: and reticulate.. o :
'}niAccordlngvto hrenbaum's data;~larvseithat have just». ‘»
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In'their structurevand pigmentation the larvae of 5- G

_{.the soecies under comparison anpear similar, but upon close J{ffﬁ%gi
. ;eiamination 1mportant devmations are disclosed. To begin E}
f:ilwlth"ln larvae of M. kit the dlstance from the end of the; i_? :

zdjﬁsnout to the anus represents more than 1/3 of the'length offffdiy?ﬁ

’fhlgthe body (in both soecies of the genus leotocephalus it is_‘"

.‘fless than l/3 ,:and the body of the M. kitt larva is much
higher;_the older the larva, the greater is th1s difference.~w~”
In older M. kltt larvae ‘there are four transverse bands on

:the tail, while in leotoceonalus there are three._.In'

M. kitt these bands are discontinuous and consist of stripes
f_and snots situated on the uoper and lower edges, in | |

'lGlyntocephalus they are continuous and occupy the entire ’,:‘Utdfﬁ7fl

'7?w1dth of the . tail ” Moreover, in leotocephalus, in addition _;gh w

"*fl']to the main bands, the ‘same: quantity of . lower spots and ,gfﬁ,fffgw

'“:1stripes exists in the space between them-‘ in M. kltt there f;{ff: w

‘ ”jdare also spots on the edges of the fin folds that correspond

%o the transverse bands of the tall in Gl. stelleri and Gl.

’,Icynoglossus there are no such soots on the fins.' .

”‘- The above differences 1ncrease more and more in B ‘ﬂjx/ﬁ

\ 4:_proportion to further development and 1n late stages they

,are so great that they are immediately evident,liu-a,“w

Glyotocephalus larvae are thin andllong, whilei

| M. kitt larvae at a 31milar stage are short and wide. . dy-

‘purals begin to be established in M. kitt when Z—the larvae_7

f(:>j Qﬁ:i:f:are 6 mm long, whereas 1n Glyotocephalus this orocess takes

B place at lengths of 12 to 15 5 mm.: Metamoronos1s is comoleted S

:in M. kit at a length of 18 mm, and in Glyptoceonalus at

“.lflengths of 50 to 60 mm,




 Bog.

‘f In a comparison of the history of development of _if Ai"fﬁﬂfW

ML edtt and of snecies of the genus Glyntoceohalus more or.

A"”?l,less similar features are VlSlble only in. the most initial.

stages of develoPment._ In prolarvae this similarlty is

LA
v

"{jdisrupted, and the dlvergence 1n features subsequently in-'h'

""creases to an ever greater extent

“*\3‘It may hence be assumed that‘the ahceSfO?S éf the

genera Microstomus and Glyntocennalus, which We are compar-

ing, were at one- time very close but that their ancestors

:lost this nroxmmity in the process of evolution and w1th-

'.i drew\romnaratively far from each other. ';

In conclusion, we shall compare the larvae of the

nihilong flounder w1th prolarvae and 1arvae of flathead flounder

f(Hippoclossoides) that are found simultaneously.

In long flounder prolarvae there are three main
continuous bands onlthe tail the melanophores of the 1ast

\ of these do not go as Iar as the very end of the tail.. In

‘ flathead flounder prolarvae, four bands form on the tail,
and the melanophores of the last band surround the end of
“the tail._ In addition, the lectum of long flounder brolar-;
vae is immediately adgacent to the yolk sac, and 1n larVae, l
to. the loon.of the 1ntestine, in Ilathead flounder there ish.Zﬂgg;l;‘

e space between these organs that is filled with fin fold.

-

N | The larvae of small—mouthed Z—slime_7 flounder are
{(:§?ﬁ;ffﬁffalso characterized by the smaller sizes of their mouths and
R | ifby a shorter trunk _whose 51ze usually represents less than i

Aqh;h 1/3 of the. length of the body-;1'.*"“
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:ﬁT:2ViThe'GenerafKareiusfand"Pleuronectescuéé

- R . . - . R N ___,._'__, e e e e —— e _1_...0...;.;__ -

As is known- Norman (l93h) incorporates ‘the genera

nﬁ:f“*PleuroﬂeCtes (plptlchthys) and Kareius 1nto one genus.;

Cvxl Soldatov and G U L:Lndberg (1930), P Y. Schmidt (1931) .
ff_and L S Berg (19L9 consider them to be independent.y_A |

'“ﬂ‘comgarlson,.therefore’ of the historles of develooment of

d‘ffﬁ;ﬁﬂ]Karelus and platlchthVS is of °°n31derable interest.

,_ The eggs of the starry -and Korean flounders are very
“7Ti31milar in thelr external appearance and size.. Both are |

'ﬁnhupelagic, w1th a small perivltelline space, and are larger

“f{iin cowoarison w1th eggs of SpGCleS of the genus Limanda.’ﬁ_

fifyDifferences between them aopear from the moment of forma-

!

",ition of plgment 1fif7f,i5.i _ ‘.ﬂ'._b l - - 'f;;

"fir In the starry flounder the yolk, with the exception

‘iﬁof a small section at the pectoral flns, is not pigmented'

?€;in the two coloured flounder 1t is dotted with a large quane}pi'
;?Tiﬂtity of melanophores.t The fln folds of the embryos, pro-'e~‘
‘f;:flarvae and younger larvae of the starry flounder have accu-
A 1¢'mulations of melanoohores on the level of“the middle of the
'Z*;tall these accumulatlons are - absent in the two—coloured
xfﬁ;;flounder. The plgmentary cells of Korean flounder prolarvae
?vﬂfthat have just hatched are scattered evenly, and in the
1starry flounder form an accumulatlon in the shape of a band

‘*f;ﬁon‘the middle»of the tall.

Starry flounder larvae appear slnilar to two-coloured

.{?y:flounder larvae, but upon careful examlnation they, like the

«wprolarvae,’are dlstingulshed by certaln features (see flgs-j:”k




'*:f{f;dlffuse and finely punctate, but in the Korean flounder = .U

"{;An 1mnortant dlstlnctlon 1n the larvae of the starry floun-
fﬂtfder 1s a double row of melanophores on the upper edge of ‘l‘

Rffthe trunk and the tail and a more regular oW °f deep °°113~ -

B the base of the neural arches of the backbone._ In additlon,f

o two coloured lounder larvae are dlstlngulshed by a larger'

'yf:fK blcoloratus is much more marked than that between Pl.

867; .

sﬂ\ The 01gmentatlon of the tail of both species is

.iiit is more stronely marked than in the starry flounder.

(one for each segment) along the middle llne of the body at:}_': ?:5
.y*number of myotomes, vertebrae, and rays 1n unmatched finsi™

N Thus the starry flounder differs from the two-coloured
. (,__,__'. - .
flounder at all stages of its develoement.w>

. The degree of dlfference between Pl. ‘stellatus and

fifstellatus and Dl flesus.,--n

The correctness, then, of separatlng the two-coloured )
‘and starry flounders 1nto dlfferent genera 1s conflrmed by

v"fmaterial on thelr ontogenetic develooment

The foregon.nrr pernlts us to 1solate the taxonomic
B ffeatures of the 1nd1v1dual genera and species of flounder
in the attached keys. ; | . “ o
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THW INWLUEVC?.OF WATER TEWPERATURW AND SALINITY ;affgf,a;ﬁ?

‘H*OV THE DEVELOP NT OF CERTAIN SPECIES OF FLOUVDLR

Rl S  hran - ——— e

Of the entire”corplex of faceors influencing theil

“eioerelopment of esgs and larvae we were able to concern our-iff;;;'

e ff'seIVes only wzth temperature anc, to a much lesser extent,,;j.u
'.tmhit‘salinity.- A great deal of attention has been directed both
| :~,in the SOViet Union and abroac, to studying the effect or ;'
'Ltreduced and increased temperature.. A vast number of experi~
ih{ments has beeu set up and analyzeu, and many articles have

been written, most of whlch have originated from Sov1et,
ir:and mainly Leningrad, investigators (Vernidub 19h0 and
*?ul9hl Detlaf and Ginzburg, 19L5, KorOVina, 1952 and 1953,
1__iﬂfNikiforov, 1939, Lozino—n021nskil and Lyubitskaya, 1940
":iiiOlifan, 19&0 and 19h5, Morozova and Karakash, 1939, Drivol'nev,

llfl935,:l939, l9u1 19&9 and 1953, privol'nev and Razumovskii

HT; 1939, Trifonova and Dopov, 1937, Trilonov, Vernidub and

'"‘,.9‘39, Stroganov, 1939,' Tr'oi‘onov, 1949, and others)

These 1nvestigations have reached an espeCially high

r‘:;level of development in the last 15 to 20 years because of

B i~?the demands of fish culture practice ‘caused by the construc-'.
.;;ition of hydroelectric power stations, the necessity for ar-
.ftiflClal reproduction of many soecies of valuable commercial
. fish ~- perch, bream, pike perch, and certain species of .

'}whitefish, salmon, smelts, herring, sturgeon etc.

jﬁPlacing lnleldual poruions of eggs from one series,

ideveloping under optimum conditions from the moment of fer-
”jlftilization, for the same length of time into conditions of o

’ f{high or low temperature, a shortage or COmplete absence of

~—— 3 o o e e ey
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»,oxvgen, and 1nto solutions of p01sons that suppressed :;_ 3
»‘brTathing, the . investigators establlshed that ‘the". survival-f;inn:ibﬁ
i‘;fand physical condition of ‘the embryo vary in- different

:A_stages._ The term susoeptibility“ has been adopted for

1:fdes1gnat1ng the stage or. period of greatest mortality or -

:"deepest disruption or normal development resulting from
4 the action or various factors on the develooing eggs of
'h fish.\ This conception is not related to the acceleration

in development that scours when the temperature. increases.;.““

An idea was at first obtained as to the non-
i'specificity of the resoonse reection of the- embryo to- var——umé— — ;_

‘”fious,external_influenoes.f o

V.‘M. Korov1na (1052 ano 1953}, however, established

'**flggthat fish embryos at various stages of develonment have

i*}”different resistanoe to all of the 1nfluences that were

:getested.;*"”f*

h;The above 1nvestigators have established the bounda-:v

'ffry values of the fluctuations of various conditions [_as they

‘5Vaffect;7 the development of embryos, we, however, have been ;
’iinterested in the p0331bility of deVelopment only under the ‘ 't
?dfluctuations of natural condltions.""‘dd ;a
The T"fi‘ect of rluctuations in Salinity on Fgg . /106
. , Jevalopment A N
. Development in ¥resh Uater CoeL : S ST

l':Banded andlblaok flounder.’ As indicated above, theA

'"g‘banded flounder keeps to the shallow ‘offshore- zone, where

o it prefers freshened watel and even enters the 1ower courses

:fof rivers, i. e.f comoletely fresh water (Berg, l9u8 l9h9),;

V”J.Schmidt 1950 M01seev, 1953) It was hence necessary tolﬂ

}‘solve the problem of whether or not the development and f
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“”f;fresh or freshened water.- In order to clear ‘up this prob-;i€;¥;

.ff‘tlllzation 1n fresh water.A Artlflcial fertllization,_how—:;~w~l -

%'dld not take place, smnce the sperm that was released

'-J;f_lnto the fresh water coagulated 1nto flakes that drOPPed t°

"x»”;the botton. The eggs,_too, drooped to the bottom in. the..

"ﬁsame way. A blastodlsc formed narthogenetlcally in the

’}course of 2u hours 1n the eggs that remalned in the fresh

f.-fwater, but no cleavage occurred in elther the first or the_

= succeedlng oeriods of 2u hours.fiif??_ B

Flgure 63 N_Cleavage 1n an egg of L.Apinnlfasciata.-"

1 in fresh water,g2— 1n sem1~salt water ”5f

)

Experiments were then set up on the effect of fresh.

h“{«;reproduction of the e gs of thls flounder were p0331ble 1n>';4_“_';t

. lem, -two exoerlments Were set up 1nvolv1ng artlflclal fer- .

"water on eggs in various stages of develooment that had pre—‘”ﬁ'

'~~viously developed in salt water.

The results OL the exoerlments showed that the de-

fjfvelopment of banded flounder eggs in- fresh water is 1mpos-.~ T

- 31b1e,;81n0e under these condltlons cleavage takes place -

ipﬂimorooerly (f18-163)l€;

‘:i;"or the experiment all or the eggs dled

Twenty-four hours after the beglnnlng"
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._Figurerou - Egg of L. obscura in fresh water

Experiments to ascertain the possibility of devel-
oping black flounder eggs in fresh water also yielded nega-

tive results. Black flounder eggs that had Just heen fer-

4 'tilized swelled greatly aiter being transferred to fresh f

'vffiiwater, consequently, a large perivitelline space formed bé;'f
(;f:;tween the egg membrane and the yolk, and the eggs. themselves

t35§£¥ftook on an- appearance that was not characteristic of this
vxlgjflounder (see fig. 6&) : The swollen eggs stayed on the bot-

'5f;tom, and their diameter in our eiperiments varied from 1. 1

‘fito l 20 mm, averaging l lS mm - whereas the size of the con-
'trol eggs did not exceed O ol mm.‘ No cleavage was disclosed

- {in eggs that had been placed in fresh water, and the eggs-i.

afrquickly died.;,iéfjf4 - o ‘ '

It follows from our experiments that not only the'
-”fertilization, but the development of already fertilized

':banded flounder eggs is impossible in fresh water, and that

__— black flounder eggs cannot develop 1n fresh water either.




’hy-rend of embryonlc development

-

Development 1n Brackish ‘ater

(seawater of less than full” sallnlty)~

Banded flounder.r Two experiments Were carrled out

fito investlgate the p0331b111ty of the development of floun— |
der eggs 1n bracklsh water." ‘

Developlng banded flounder eggs, fertilized in nor-
e,mal sea water, were tranSIerred to seawater that had been '
".half dlluted Wlth LreSh water (S was about léﬁa The eggS'
Z;Himmedlately dropped to the bottom and lay there untll the"

\L‘

WOst of the eggs developed o

. abnormally, hence we dlsclosed many malformed specimens

'”whlch had no eyes. 1he hatchlng of both normal and deformed

L larvae took place very slubglshlybano some embryos whlch :

dld not free themselves from the membrane, dled The pro-‘i

7:>larvae that hatched were,'ln thelr general appearance and

il"pigmentatlon, slmllar to prolarvae that had developed in R

N normal seawater, but many of them lay on the bottom, and

fmoved very languldly or were entlrely motlonless.

The state of the prolarvae did not 1mprove subse-\

. quently,_they contlnued to lle on the bottom, their tails

",:fwere bent and tnelr appearance was clearly nonviable. :In y

_spite of the fact that -the larvae were transferred to salt ,]'
'.lwater, they dled 1n a few days. From the control eggs,
whlch developed under the same temnerature condltlons in -

bracklsh water, there hatched fully v1able, normally devel-

oplng prolarvae, which kept to- the upper layers of ‘the water L

__and swam well The experlment demonstrated thatnaisallnity

L reduced to half the normal level 1nh1b1ts embryonic develop-

3*;7ment,'as a result of whlcb many deformed specimens appear, and

nonV1able orolarvae natch

s 4 A g A Storg 2P or n®




-Black flounder. Similar exneriments conducted with

}jwater at first developed normally.- In certain eggs, howeVer,;

“32 biastome“es,

:diffaiter the formation_of \the middle blastomeres
‘fiﬂwere observeito iuse_into'one solid mass,_and at the blastula‘ﬁ
Qii_stage there began a mass breakdown of the blastomeres. None-'"

ffigii..”jffﬁtheless some eggs, which safely uassed this stage continued

L to develon further._:_;}5ﬁ¥f~Lﬂefr;wh.:;

+ufThe further development of the eggs was complicated

jﬁvby the formation on their membranes of a thick bacterial ff: -

;flcoating, whlch caused a slowing in rates of development, o
-‘"rmass mortality and delay ln hatching,v After the 9883 Wefe:Aﬁ
“;iimmersed for a few minutes in a_wea< solution of notassium fia:
»gfpﬁfpermanganate, development improved and on the whole the |

*3nff;pp01arvae hatched but as comnared With that in other series;

‘ﬁ.}ffthe hatching process began with some delay and was extremely

o fflengthyliwhich indicated_poor develOpment conditions. The 5'

‘ifiprolarvae in;the series.that we are describing hatched, at

,;gan average'temperatufe of 3 4 ,,after only 23 days, whereas

‘hin another\series at a,lower temoerature of 2 40 the pro-g-?

:?f‘larvae hatched after 2lfdays.dﬂ)* ]

fo Our exneriment indicates (admittedly only very
o anproYimately) the noss1bility of develcping only the most

"7’Af”plastic eggs in freshened water, while the bulk of eggs'

'fdies at the very beginninv of develonment in the cleavage\ ~

R TR I

3 stage (morulae -‘blastulas)

,The sohachi flounder. Experiments were also arranged

on_the effect of salinity fluctuations on the development of
the eggs and larvae of the sohachi flounder. A group of eggs

:obtained from one female was diVided into three parts, of ﬂ}s

- e e it ru

e |




'”7twhich one was placed 1n fresh water, another, 1n sea water,.:f"

B ”ffland the third in a mixture of eoual parts of fresh and Sea-‘—;-%%ﬁ;;

iiwater (S about 16%9 The eggs placed in fresh water, as.

very "apidly.:

fswas to be expected, dle“ f”evelopment in un-mesﬁllaiuﬁﬁ

f‘eﬁf;diluted é_sea;7 water tooﬁ place normally and thus served

.;ffas a control In semisalt water all of the eggs also de-ﬂ”

l';veloped normally, moreover, the prolarvae that hatched from ZQOB?j;
fthem did not, at any of the stages that we traced, differ |

: morphologically in any way from the larvae that were in sea :

Tl N P R . L. . . ',——**‘*“—'--"-“"'--—“—r'-———« RO

"*1g‘water.%?“,f;v;~

Since the control group in pure sea water developed

fjfat the same speed, and the prolarvae tnat hatched were of . ,ﬁ
f\rthe same appearance and 31ze, it may be stated that a certain :
'Z?Qireshening does not harm sohachi flounder larvae in the stages

ggof development that we have traced

i The Japanese flounder., According to Yamamoto's- jﬂf

‘,t:iexperlments (1939), Japanese flounder eggs develop normally

':filat salinitie;

- f 20 90_t‘WLO 1170, and larvae, at salinities '
o L3l e (v33,-7u%o

'"Q;;the deformation of'theilarvae.}hfW\ g —

salinity lower than 7 83 leads to'~

To judve from our observations, the different reac-iti:t-if"
”“{uion of eggs of the above soecies to semisalt water'is close-s,e
’Vfly related to the condltions under which the eggs of these )

’?f;fish are naturally spawned and develop.

The banded and black flounders lay their eggs at a

"ﬂstable salinityﬁ The weak reaction oi Japanese and - sohachi

fflounder eggs and larvae to reduced salinity may)mégexplained‘

_fby theﬁreoroduction and development of their eggs during the -

t

‘fif}soring and summer period under conditions of 1ntern1ttent

s s hasnt T L PR
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rlututin in sal inm

.dThe results that we have obtained are only very P

‘*approximate and,need furtner investigationtg~='

'c,f Development in“Slightly ?reshened“Waterm;gi;;f't
}g The banded flounder.“ Some of the developing eggs h‘~ffp_ﬁff
T Q‘c-:‘. (of series XI) were transférred to SLight ly freshened water““;;l;%ff

_taken from an 1ce hole durlng the melting period The egvsl

‘were lowered into the main body of the water, and some fell

';to the bottom._ Placed under the same temperature conditions

?as were the eggs of the initial series, they develooed nor-if:
’l:fmally, and from them there hatched fully v1ab1e prolarvae,;‘:l
,:'which dld not differ either morphologically or_in‘thelr be-;:p |
lflfhav1our from larvae that had developed in nowmally salt water.
’fi?It lS an interesting fact that the hatching process took
“'V?place more harmoniously in - the experiment than in the control.

'dinhe prolarvae that hatched in slightly fresnened water kept '

AA}tfito the surface 1ayers and swam animatedly. This experiment

*;f?indicated tbe DOSSlblllty of the development and, probably,‘f;

»1£;the spawnin s of banded flounder in a slightly freshened
"cfifzone, near the outflow of rivers, wnich evidently does takei'
'i?place under natural conditions.l Thus at the time of our f,“tl
| :studies,‘sexually mature specimens of banded flounder were.
:caught et shallow depths of 10 to lS m at various olaces-in-k
avAmur Bay.d The capacity of banded flounder eggs to develop
o in somewhat freshened water is of immense biological signifi-
:;?cance. The duration of incubation of eggs of this species at -Q

1“d?i§temperatures 1n the sea in February ‘and March (= l 8 to 1. O°)

:ﬁfliiis about one and one—half to two months. Consequently, duringf

Tnj»ffthe ice melting perlod the eggs are under conditions of fair-»'

>~fly heavy freshening and drop to pelagic depths...here they i




“flf,SOf the water.

The Effect of D1 efént*mémeérétufééif'

‘i’?; on the Develooment of - UE&S

=~have developed successfully in serles where the water tem-'“'

"°oerature at the beginnlng of cleavage did not exceed u 2°C.

'tffage, breakdown of uhe blastomeres and the subsequent death

dlhﬁof the e085-~ijf

“Qon the effect of temnerature on the development of Jaoanese f

U”:fmally at water temoeratures of 6 to 16° The opulmnm‘tem-;‘

A temperature:ranve of‘7 7 %0 19.

7° 1s.favourab1e

‘:jfor the normalgdeb'lopment of larvae.

wf, The rock sole As 1nd1cated above, rock sole eggs }‘"b

;S The Jaoanese ﬂounder._ Yamamoto's experlments 1939) (h09

{flounder‘eggs and larvae showed that the eggs developed nor—- i

In Our exoerlments, which were conducted‘at the endif;_'

:“;A temoerature 1ncrease to 7 2 to 10. 2° caused abnormal cleav— _ae“;‘"

"-ﬂffof Aprll and the beginnlng of May 1952, artificially ferti-fﬂv“‘ s

"“;Vfllzed eggs developed normally at temperatures of h to 12°

:7ff;:(an average of 8 h ) At 20 to 25° the eggs died rapldly.“f'T‘

In 1953, in eags obtained on 6 Ap“ll in Anna Bay

.iilalso through artlflclal fertlllzatlon, cleavage began at

| ?water temoeratures of 1u 8 to 180 and went as. far as the~7”

ﬂ#:'i\fblastula stage;;

;blastodlscs and the eggs died

'The cells,subsequently Sllpped from theitu?}lin

g
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’;r<eof"this flounder during the cleavage oeriod, as are those of .“aaflff
nf~-2 O to +3.6° (5) during the period of formation and growth

;f:n, ;" "tof the embryo'f‘Development in the 1ast two periods can also

Abtake place at higher temoeratures of uo to +6 2° (8), but

‘this temperature may be considered as being close to lethal,(
T fsince it causes mass mortality among the embryos and the pre-lfj_'

hlmature hatching 01 underdeveloped and clearly nonviable p“o-~

flarvae

bf The course:of development of banded flounder eggs in

at different water temoeratures is shown in Table lh

”exoeriment'u

175 and in fig. 65, wnence it may be seen that in our experi-l'

*?ments the eggs were subgected to the effect of above normall
va ";1‘stages of development beginning With

'Trtfthe moment of fertilization and ending With the last stage ;:~

Al{}?before hatching

In analyZing the nature of”development of theheggs.

fin indiVidual stages under various temoerature conditions, jf-”
“};hfthe follOWinﬂ conclusions ‘may be- nade.~ Water temoeratures
»:‘ranging from -2 to +2 3°_are favourable for the period imme-‘f~_

;?diately follow1ng fertilization and the bebinning of cleavage;l

"theavage takes place at a temnerature of +3° but the dlSDO-

”“f the%blastom'ﬁ:“

‘dtnat ha;e formed deViates a little"‘

Qifrom the norm.:.Under subsequent favourable conditions, many\

?}l We considered ‘the . norm to be the demersal‘temperature of
g ‘a-l 7 to -2, 00 existinv durin* the soawning ‘period. . '
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”afeggs develoo normally.; At a water temoerature in excess of

QJJ-TL;;’A'I3 oo cleavage takes place abnormally,and the eggﬁquickly dles':ﬁgi*i
AR ,;lgiﬂshg The perlod from 16 to l28 blastomeres progresses nor-

! mally at water temberatures rangln~ from -2 to *2 3°. _At water::lii

fétemneratures from +2 u to 3 O° cleavage proceeds normally, but cdfﬂf

'"shortly after the formation of 128 blastomeres,“51gns of the
fdi31ntegratlon angd- sllpolng -of. blastomeres apnear,"and at the

i-blastula stane the eggs die.

The perlod of the blastula and the beglnnlng of thei
"hff}epithelial blastula nrogresses normally at water temperatures

':.of -4‘2 to +3 2° and no 1n3urlous effect is not1ceable from ’

"j;thls temeerature._.ij- V‘ c “‘ SR

Because of the absence of nrec1se data, nothing defi- }

” Tinlte oan be stated regardlng the period of gastrulatlon. Af‘

Lffftemperature of +3 60 in. Series XI (See Table 54) appeared to :r~: i
fﬁyfhave no 1nh1b1tory efleCU.' Lower temperatures °f 3 2 to 3 50
'?fduring the perlod of formatlon of the embryo caused the devel- »

u‘opment of deformed speclmens and nonviable embryos,lmost of

.rdtg{WhiCh dled after the establlshment of optic vesicles. Mass 3
'f-mortallty in these stages was also observed 1n other serles.
The death of some embryos and tne very slugglsh hatch-»zglo

-»,1ng of others was also observed 1n the stage precedlng hatch-u-

¢
[ T

: g.lng.‘ It may be seen from the above that the blastula stage S
N of formatlon of the embryo, at 16 to 128 blastomeres; and im-;

A<i}fp,ﬁf{fﬁf‘med1ately prior to hatchlng, 1s the most susceptlble.m

PQ}N:Asvindlcated above, the banded flounder beglns to re-d”

*W'produce in w1nter, under the 1ce, atwa water temoerature of

IR about-—2° As may be seen from our exoeriments, the eggs can .lvxh

‘1
. e
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alsoﬁdevelopaat a hlgher temperature. The range, hOWevep,*

}Tempérg,fV;S£ggé{¢f¥déieiophéntfﬂ%g#;}ﬁ;@gﬁgd@g;%;g‘»;ﬁ;&Cohditionfdfwégggpw'

. Series II -

"fPreparation for ngaVagé*;g ”ef SR R

'arldr:ﬁo'bégipninggéf} AL T
cleavage,i Nf—j;qAA.é _ B -

u to 16 (8)3b1astomeresA_,1:>¥43€ "20_4\f~Cleévage,ifregulab; ‘ -
. RS e .. blastomeres different .

8 to 16 blastomeres.....i A,;-;?T; ‘2utf " Same :31?

8 to 16 and 32 blastomeresff‘ 1 ‘;?;_6‘! ;;*";;:*Vfﬂffﬂ‘

iij i;?f. 18 “ff DlSlntegratlon of morulali
L beglns_Qwi TR i

t?;qiggé“tfiﬁ”fLA» R - S ;W_.\'“ti:Same
5T

1: u 2 o Trnitntbltula

iMorula has dlsintegrated

:j.“ Eggs have died“ “ —

j‘oerles III

:§¥5;h:”ﬂ;f7 Preparatlon for cleavage ‘iﬁ~?€ 7,u‘:l;'ﬁgfﬁyfffhff  ““-'f”{”:‘ e

':+u;0_  ﬁH Prlor to. beginnlng of :; : iff rf¢~f: s ; ﬁ}L;’_Z tﬂ,; g51f ;f f@
e cleavage _ :’”'_ S o - A <--;i’:~;6 e 7T e .

:'*1.h “f ' 8 to 16 blastomeres.....;‘5  -— f,2d'  " Cleavage 1rregu1ar, blzexs.--.‘T
Y o oL tomeres qlfferent ~

Same #~”

noo

if;.Dlslntegratlon, mass o
ﬁimortallty : S

”“*?*Mass moPtality




br9ef?ﬁff}Tran51tlon to eplthellal »
BRRC -blastula ‘ SR S

‘2 6 M1 have died T

ks Serles IIIa | .

:*Tf:Preparatlon for cleavage ;}ﬁifrafiﬁf‘

. ~Smeool0‘o.ol-o-....-ooo; o "- 6rS&me ‘

ﬂ;yOn the ni ht of lO ?;“
.- .February water was . 7
. covered w1th ice.
'f:Normal

- “5}l2 to 4 blastomeres...;..75

‘1More than u blastomeres x“Normalef

;{ﬂore than 8 “-Same

' "

?About 6&
f#Blastomeres begin to‘;vﬁ .
8lip and morula, to L

AOI‘U.].&..----...-.....-...-1.
_4;d131ntebrate

ffffans;tioﬁ;togblaetﬁla;, _ ”fSllnplng of blastomeres»
s e Ld T S -~ and disintegration of . =
1:blastodlsc (see flg 66)\

}fiuastrulatlon ‘{Mass dlslntegratlon

L _vaer;row1ng.. ngass mortallty

ﬁzﬁbanded flounaer eggs 1s DOSSlble is, at the cleavage sta&e, ggllrl

"ﬁ?extremely 11m1ted and varles from -2., tO +3. 0° the 1atter{,' .

’ fftemnerature belng essentlally close to lethal The reaction

l‘of the eggsvln later stages towards increased temnerature is

__iflerent‘

\?Alter gastrulatlon, banded flounder eggs become~'

a.“fless sensmtlve'to an 1ncrease ln temperature, the farther the“

Jdevelopment of the eggs has gone, the wlder arefthe temoerature
Lfluctuatlons tney w1thstand.; The perlod of develooment from

ethe beglnnlng of overgrowmng to the c1051ng of the blastopore :

. . L y S DR d
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- Development of eggs of - L.f
1ncreased temperature

FlgureAés.

tfin some series took‘olace nozx mally even at a temperature suoh

s +3 6° The embryos were least sensltlve to 1ncreased tem— j?’*“

wmthstandlngnat.this time

',perature 1n the oeﬂlod of growth,:

’Zan 1ncrease 1n temoerature to.+5° (see Table Su) Prolarvae

‘that had hatched, ano oartlcularly larvae, endured an. increase

kﬁ;ln temnerature of up to 7 and lO° .

The capaclty of e"gs 1n the cleavage stages to w1th-

“fstand\only negllgibleffluctuations_1n temperature?(stenothermy)*

fcorresponaed'to the‘natural condltlons at the places where they

As has already oeen meationed: more than once,_“‘

3"1

I -:\.‘ N X N RS Lo . L. .

Awere‘SPawned.-
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,”ijthe spawning of the bandedkflounder is confined to the coldest -;;

- tned Y . Lo T

'fstages, ‘and partlcularly prolarvae and larvae, which appeared o

_:;COincidentally Wlth the spring period when the water was, g$;¥

.{“to +50 Because of the diurnal warming of the surface layers
;xof the water and their cooling at nioht there appeared falrly w
'?perceptlble daily fluctuations 1n temperature, to which were . | |

':nisubjected the egas in late stabes of development and the pro—", "w
: .

\

"larvae these fluctuations becaue the no”m. Sharp iluctuations N

:hrln temperature durlné the early embryonlc staaes (cleava&e andv .

'feestrulatlon) do not take place. unqer natural conditions, and

3§fclosed sharply outlined sta"es characterized by different de-;‘

‘*@,mands made or the env1ronment.ml ;l;xliiﬁmin

o be avoided in our experiments, had a very important ef ffect on

;‘f_:season and takes place under the ice, at an almost constant, _

thsteady temoerature, during ‘the 1ce-melt1ng period the tempera-[ﬁlg_
'qture 1s either very low or rises only“very negligibly. Thus

t%,for example, on 13 rebruary 1n Amur Bay at‘a depth of about

‘3ff?10 m we noted a temperature of —2°,'and after 21 days during .i. h,ﬁ

yflﬁfthe ice—meltina season the temperature rose to only —l 7° o -
D?;Consequently,'eggs that had been laid were, at the beginning

lfifof thelr development,_at an almost constant temperature that

iranged from —2 to —l°:anu q1d nou undergo daily fluctuations.~»

' Matters were different w1th respect to eggs in late

f;fibeing freed from 1ce, and the spring sun considerably warmed

5’1the surface 1ayers of the water, 1ncreas1ng 1ts temperature “'J',i
A ]

’ﬁlarvae, both located 1n the upper layers, for ‘both eggs and~

f;the species is not adapted to them."1~“

o Thus in the development of the banded flouncer we dis—'

.2The sharp fluctuatlons 1n temperature, which could not

. ‘

- e



”,;tne cou se and'results of develoomentd"Thls went counter to T

’

'ifnatural condltlons;under the 1ce‘ wher ,_as indlcated above,} ;

. the temnerature *or a long tlme remalned alnost constant, and

'"5‘;ﬂif 1t rose 1n the sprlng,dld so’ very slowly and gradually

It 13 1nterestwng to comnare the exnerlmental condltions

7?{of development of the eggs w1th clrcumstances observed under

‘f;natural condltlons. _As may be seen from flg. 66 each species o

”'ff;developlng 1n nature has a latent (potentlal) oossiblllty of

\iﬂdeveloolng w1th1n w1der temperature fluctuatlons, the range of o

fthese fluctuatlons corresoondlng dlrectly to the fluctuatlon B
“?fof the natural condltions of development of the eggs of a glven o
"Lispecies.f Thus, for exanole, the oanded flounder, whlch develops ff;?

Tgfln w1nter 1n a staole env1ronmen 1s almost stenotnermlc. The -

“fifdevelopment of 1ts eggs 1n the cleavage s,age, as wWe saw above, -

| 5taxes place normally wlthln very narrow limlts of temperature
\uctua om Cat later stages, uhe upper llmit

. The following specles are *Jfl"j

‘:'5fdject to dailj fluctuatlons,AWlthstand an even wider range - ]- _
tftfrom O to l2°, and up to +l6o off the coast of Japan.. The op— fﬁ'?{

:3 tlmum temoerature lor develoomcnt lles at about +8, u to 9. O°'

‘1A hlghly narked nlastlclty 1n respect to temperature is dis-”

ﬁplayed 1n th'"devel;oment oP snrlng- and summer—spawning forms ,

apanesevflathead flounder, the yellowfin sole and the; Py

‘7Ey6110w-3trlped and 1ongsnout flounders, which a

.capable of

develoolng at temneratures from Oo
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o V‘Unfortunately, we'do not have at our. disposal any

':’Qfexnerimental data on the development of nortnern Dopulationsﬂ*p

i}of yellowfin sole, or starry or other flounders.x To judve,_y; Jsfxf

ﬂﬁhowever, lrom the condltions of development of the starry floun— L

ﬂfder olf the Aslatic coastrand the coast of America, in the re-:f{

‘ai?;déion of honterey Bay,'it may be assumed that the temperature,'jai
*1;hfboundar1es and the,"threshold" of cevelopment 1n the Vorth arexuﬁ&d;
‘d‘lower, and the atblitude of temoerature fluctuations,imuch |
L7$p?smaller, than 1n the south d Thus, for example, the "threshold"
;fof develooment of the starry “lounder off the American coast,
"7]?in Nonterey Bay, is +7 2 ,'while off the Asiatic coast in the

'"ff:fregion of Hoakaido and southeastern Kamchatka, it is much lower,égg;

;*It is quite 00331ble that

band is equallaoprOXimately to O 2°

dlat the same _emoeratune the rates of}development of northern

'V*fnopulations are dlfferenu (probably faster) than those of south- e
¥f;3ern DODul&ulOnS._ Tnis oroblem lS of great practical and theore-

tical interest,'and snec1al research 1s~needed to solve 1t.;3‘

-Ehe,Develepment ongefcrmities

In. connection?w1th tne effect of temperature.on egg:.
development, it 1s 1nteresting to note that among banded floun—;ﬁbﬁyi
ﬁii_eer eggs developing under 1aboratory condltions there originated,‘ﬁ
5at varwous stages of their development, a large numoer (from 32

;;f to 62%)l of deforMities,lexoressed in the absence of differen-
V':ftiation in the forward part of the neural tube and its uneven

"5:gr0Jth and in the underdevelopment or absence of eyes. In some -

'”~§deformed snecimens the eyes were smaller than normal, and 1n

7ﬁ;“others, only one eye had developed- there were many 1n wnich the

ij:eyes were entirelyfabsenti(see flg.~67) In the trunk and tail

. - Among e;gs that ‘We 1mmersed in the sea for develonment the
*'uf_;number of deiormed snecimens represented only 67 of the total.
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;sectlons dlflerentlatloq Stlll took place,‘and in most cases-;

’hfufalrly dlstlnctly.> Deformed prolarvae that had hatched kept;
1:to the surlace of the water, llke normal specimens, and sub—
»sequently develooed at almost equal rates., “The" resorption of
?the yolk sac occurred normally, the mouth openlng appeared on

h tlme, the tall lengthened and pectoral flns grew. The two
'grouos were also 31m11ar in the character of their pigmenta-
tlon. Deformed prolarvae,.however, woere at once distlnguishedh

'from nornal soeclmens by a crooked or simoly curved tail and

. 'abnormally dlstended mouuh and gill cav1tles (see flg._éS)

:{They also dlffered in tne nature of thelr movement, thls dlf-

lngference belng bartlcularly sharply manlfested in late larval

' stages.: Uhereas normal prolarvae and larvae moved freely in

1 all dlrectlons, eyeless or one- eyed soec1mens as a rule ro-

f?volved around thelr own ax1s, most frequently in a splral, and |

heir forward motlons were extremely falnt i In general, tney

had no reactlon to llgnt Deformed larvae, placed together

w1th normal larvae in a: vessel of water darmened on one side,

’fremalned 1n the samf place as at the becinnlng of the experl-

"_ment' normal larvae,:as 1no1cated abOVe, left the darxened
o .poruion of the vessel and collected in its 111uminated part
,;Subsequently, alter the yolk sac had been absorbed the deformed

- _1arvae usually dled more rapldly uhan normal larvaef

.:Figure‘éZfJ'Ahnormalfembryos of‘Df binnifasciatad
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z'the act101 of cnemlcal 1rr1uanus, hata (1929) and Stroganov ;me

fff;(1939b), by tne 1nfluence o; mecnanlcal effects, and Kellicot -

(1916),.uhrourh the aCulon of low temperature and 1ncreased i

~SallnluV, whlle"W P. leolvukln and A. Longlnov (1930),

C o S G KrvzhanovsLll, N N Dl 1er.and Smlrnova (1953) obtalned A~~;;u;ii
’udtdeformltles under. uhe 1nfluence of low temperature und in. “u‘ kdd

”:'fihvbrldlzatlou.:i I Prlvol'nev (1935), M., Vernldub (19LO,_f[§Q5~:
;;;;ﬁf?f;ifl9ul and 19L9), A W.yrrlfenoveAandveuher; caused abnormal - -
| o develonment uhrourh the actlo“ o* hl”h temneratures. Gﬁnther

'thand‘ ertW1g noted the fo matlon of deformec spec1mens 1n x“xf'

ﬁiiAhybrldlzatlon- Q_VA Detla; and A S. G 1nzburs observed a 1argef

’vdf deforned ezaryos when tnev 1ncubated sturgeon evos jr‘%'

fifcantent (3 to hfmllllrrams per 1;tre).,£-i;'

.A?;”The'eApeerents o; H T Vernldub (1940 and l9h1) showed

ldftxthat hlvh temperature and reduced oxvgen couuent cause the most

Jiitprofound disruptlons in the organﬂsm in early suages 0* development .

o at tne t1me of cleavane. f}

Cases aro aluo hnoun whore doformitlos hava dovolopcd
1e*oven under natural cond1 1ons (Krvznanovsxll and others, 1953).»

den material choTlectea 1u;7 19&7 W6 . founa a two-headed sohachi

Tflounder emorvo (see flg. 69), whllejrn 1952 an eveless and a

"?one eved>rock sole larva were dlsclosed..;~sﬁ“
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. Pigure 68 - Abnormal prolarvae of L. pinnifasciata,

'{Qcaused bv'lncreased uemnerature' bv snarp temperature flucuuaulons

trjand bv;a reduced oavgen contentei
of theseldeformltles wa s for the nost part the same as that
'\resululng:from the actlon of hlvh temperature and asphvx1a 1n tne

‘exnerlments by uhe aoove auunors.\

htSh;.ln tne‘exeerlments Wlbh Serles XI the temperature was"
‘Tferulllzatlon, curlng tne perlod o; p eparatlon of the embryo

,‘;blastomeres, on the thlrd occasmon,‘an 1ncreased temperature

?fﬁ(+ 3 .60 ) was. mawntalnea for.more than two davs at the stages 1
'f:ofhthe-enlthellal olastula and t1e begmnnmng of the gastrula.
7.52After the'flrst increase In temperature, the apnearance of: manyh

’egos was not oulte normal.;

'The deformltles in. our eynerlmen s.. could have been

‘(asphvx1a) -smnce the character

,As may be seen from Table rﬁ;fh

1ncreasea three tlmes._ flrst up to + 3 1mmed1ateiy after

o
for cleavare, next up to + 2. 6 at the stage of 16 to 32

The secona temperature 1ncrease
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wnlle the tnlrd and nost prolonned 1norease 'in '37§¥ﬁaf?

‘Vi'number of deformed speolmens. In our.. experlments on Sermes ;';

'KJXI another factor had an 1mportant-effeot‘—- 1aoﬁ of oxyger

__j(asphylla), wthh could develop wmth 1noreased temperature

'~don the one hend and as a result of crowdlng of the eggs on :

-5

: fthe other._7};f

It 15 poss*ble toa» under natural condltlons

‘defornﬁtles-may nave resulted from tne actlon -of heavy swells

‘?fjﬁln sto mg weather.

Varlous authors o fer dlfferent explanatlons for tne
N:&?fdevelopmenu of deformed speclmens., any (Prlvol*nev, 1935,

"‘"uTrlfonOVa and others,‘l9g9, Svetlov, l93h) belleve tnat under

j“‘tne actlon of hlgh temperature and other harmful faotors . gglé

nzﬁooordlnellon of the speeds of

To sum up,llt'should be noted that“theiegg';and 1arvee
1sg§$f’the Flgunder that we have 1nvest15eted develop well in sea
.difwater of normal sallnlty.A Tne eggs of the banded flounder ‘

.:Tfﬁ“develop most successfully in water uhat has been sllahtly fresh—

»:f_‘ened e

@oressed negative reaotlor of the evgs of these flounder speoies s

*j;to lresh water, the near—nenatlve reaotlon of banded and blaok
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“-oriSohaohijilounder:egsqkﬁfl

v Flounder eggs and larva Hre adapted:to“development mf’f}f

in certain temoeratures that difler for different species.ffl¢ﬁ£}“7'

This is closely related to the geogranhical distribution of

e e T

-1<and the temnerature condicions prevailing in the areas in which

the eggs of each Species are laid and develop. L

T’Wlthln certain 11mits for each species an 1norease

~in temperature accelerates development, while a reduction

in temperature nroduoes the Opposite eflect.' When temperature"hf'

l“f:; fluctuations'eiceed the boundaries of the unper and lower |
thresholds of development,they 1nhib1t development and cause ;ﬁgmg
’ff the formation of deformed spe01mens and the death of eggs

< and larvse.;

_ Two-headed embryo of Cl. herzensteint

The eggs of flounder that renroduce in the cold season
of the year (tne banded and blacx flounders and the rock sole)

° . L
easily endure a reduction in temverature to -2, and even being B

frozen into the ice,_and Withstand a tempe“ature highor than -

FLBQto h very poorlyf'wThe eggs of flounder that reproduce in

‘Ttkqg' the spring and summer (the yellowfin sole and the yellow-strlped,?.

flathead long and longsnout flounders), under conditions of”

? periodic fluctuations in temperature, sustain temoeratures of

'“3 to 4 to' 21 o _<j”

: renns by s e
e e ety e e e e R R
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?ﬁbulieurythermal and can ekist under condltions 1n Whlch the f §‘l‘“ ~—

N_‘v.-:rf»-mio«(»r--v—w\-- Scian et

‘tfjstaae 1s that of cleavage. Vumerous experimental investlgations

[N

‘dfihave shown that this pnenomenon is common “in- blology and is

m525w1desbread not only among flsh but also amoné“invertebrate
;f;anlmals (Thorson, 1946) ] Under the lnfluence of unfavourable
_ma,condltlons, durlnﬁ the perlod QL cleavage the regularity of fff
B ;the latter is dlsrunted the blastodlsc which has formed |
‘f“dlsintegrates and the eggs subsequenuly dle prlor to gastrulation.ann
fAll speclesadlsplay 1ncreasea sens1t1v1ty at the stage that.

"1precedes hatchlng, unfavourable condlulons delay hatchlng, o

which not infrequenuly leads to. death The larvae are more fﬂ

ffertlllzatlon and cleavage of eggs 1s impossible.* Thus, for ;

.example, starry floundel larvae enter fresh Water and there  ‘"

“develop normally.ﬁ‘;f}i.i.if"

' ffhﬂ“shows that each spe01es has a latent (potentlal)
';,Posslbllity of develonlng w1th1n wxder temnerature fluctuatlonsﬁfhx?;;
t(than those that usually exlét for 1c'1n nature.; At the same .

wlﬁitlme,'che amolltudes of these fluctuatlons are specific for a f*k
»c“ft spec1es and in the flnal analysis are determlned by the fl :

:nenv1ronment.;.gffi
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:Chag;er‘lvc«;”' ST
e T GHVVRAL RJVIEW AND THE REGULAR PATTERNS b~ RE RODUCTIOV o e
SR e ;j‘A;_ | AVD Duvasovmzvm oa LOUND“R =
"""" ;ﬁTRepreductioh,l s - ; ;

Our materlal perm1ts an 1dea to be galned concernlng ZQ Z

ffithe 1nd1v1dual revlons o* Seylet Far Lastern watenafrom the

i -xviewpo;ntvofAthelr value to the reproduction and developheht':> -
'cfsflounder;iseeATable'76):." I . 3
:T'SeaTOT Jauaaﬁrvpeter‘the*Great Bay.?»The”bottom of ' -

.y Peter the- Great Day is- a;vast~"sliéhtly4inciined‘cbntinental
plateau occueylnb; accoralng to K M. Deryugln (1939) an area
. of ap:rox1~ately 10 OOO sguare kllomet“es. Beyond' the 200-
.zcmetre 1sobath there follows the slope of the contlnental
ﬁiplateau or bathyal reglon, in places w1th a steepness of up
’rﬁ;CiEh?;%*Deter the Great Bay runs deep. 1nland and has many in- =~

.AletsAand small baysA

1.hydrolobical condltions ‘in the 1nlets are characterlzed

_’by.a:considerable annual amolltude of lluctuatlons in temcera—

~ture aud sallnlty;: Durlng the winter the 1nlets are covered e e

”‘l with Solld 1ce, and the bays, with flo tlng 1ce._ The below-; e
'fzero tem:erature at tne surface of the water and at depths of
lS.to 20 metres lasts from'the end of December and the begin-
ning of_January almost'to the end of March. The end of Jjanuary
-; and the montn of pebruary rec“esent the coldest time of the

i(z}'"f?" year.i At thls tlme, the temoeracure of the surlace layers of

hf;]l,'»;;-water drops to -2 50 and at deoths of 15 to 20 m, to -1.8°.

:'

- ’QWarminw bevlns 1n Anrll the temperature of the water rises o

e ""‘*ranldly,-and 1n suwmer the surface layers are warmed to more.
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“>\g¢rfcxygeegt‘”

:igiéx The area w1th the warnesvﬁwater”ls Pos'et Bay.. The"--

xowinter monsoons, blow1ng from the mainland, early and quickly
:‘:vfchlll the offshore waters of tne northern area. In the south-*'

"*‘f;;;ern area thelr effect 1s softened by the streams of the warm f]

’*F'Tsushlma Current wnlch extend to tnls reglon, and v1rtually

”;Lf’no ice lormatlcn 1s observed 1n the wlnter..ijfﬁ“Sifwl“f‘*“,”

he bottom fauna of _Deter the Great Bay, narticularly e
fln its eastern area, 1s rlch and varled. Durlng the perlod

lof flounder develooment it ylelds vast quantltles of 1arvae,i”

_;whlch sw1m 1n the upper layers of . the water and are excellent o

.Qfgffood for flounoer larvae.

Because of_the dlverse condltions 1n different seasons”;ol,\

ost w1dely dlverse groups of flounders live

' and @evelop hove.

{ In the eastern area of Deter the Great Bay, wnlch wed ,19l

\'1nvestlgated, out of 20 flounder species dwelling in the region ffhfl

Vfiwe noted lu reproauclng (see Table 77)

““The bulk (elght SpeCleS) reproduces 1n summer, a much

lﬂ;fsm ller number,\(three soecles) in sprlng, two species in-

fautumn, one 1n w1nter, and one 1n the w1nter-spr1ng perlod

see‘Table 77)*‘
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L punct punanbxssnma L
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Table 76 is on p 855
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* In thls and sucoeedlng tables x 1nd1cates snawnlng that has'been

‘Jflounder - ﬁ £l

‘;;of about*—2 Oo

‘i“the subllttoral, at denths of about 10 to 15 m.

:1”the subllttoral.;

:the Jaoanese flounder

e vt s, SRt i et 54 S e T LR ARSI R e e
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-_Spawnlng takes place 1n the upper 1evels of

,lboreal Sea of Japan spe01es,,the black flounder, reproduces

[\in the winter and sprlng Derlod (from the end of February to
qgfat depths of about lO to lS m and at a temnerature of about
A temperate-boreal spec1es’4¥ the southern rock sole ?;ff”_

ﬁreproduces“under the same condltlons in the lOWerllevels of

reproduces in sprlng (from March to

A temperaue~boreal Seacof Japan species {- tﬁe{banded’
“repiedﬁceseatitéégﬁéiaeéﬁgelmé:of;the.yegf:t:aaaa;yé-‘

'and February) atfbelow-zero surlace and demersal temperatures S

A southern—"

.;the beglnnlng of Aprll in the upper layers of the subllttoral,‘.r

A southern-boreal Sea of Japan Species __ﬂ=’

1May) at a low above zero temperature mostly of about +20 and_Q

[
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at;depthspl__‘ __fijwl;tf;: ffﬁé,f A predominantly ooreal

soecies - the starry flourder ——,reproduces at a somewhat
deeper level. A temperate—boreal Sea of Japan species - the

uapan Sea flatheadhflounder—e-'reproduces at depths of 20 to

}70 m and at temo atures ranving mainly from +l to +3°

The group of sumner spawning species 1s the richest

?f”and most diverse in resoect to zoogeonraohical categories.; B

'”VQf;The spawning of a’ temperaue—boreal Sea of" Japan species --%f

1”~%?the yellow—strlped flounder ——'becins 1n the second half of

ih ay at - depths of lO to 25 m.’ At the end of ay and beginning L
of Jun; 1t 1s JOlned by the 1onosnout and sohachi flounders,_‘ .
Qas well as by a temperate—boreal Da01fic species - the yellow-,"h
ﬁ“fﬁfin sole.; The lonn_llounder spawns somewhat later and further :
fﬁfrom the shore and at a consideraole depth for the most part
in excess of 30 m,\while the spiny flounder spawns 1n the open a*'i
arearof the Bay, at a deotn mostly in excess ‘of 50 m. The p;;f;-twy
spawning of subtropicaluboreal species —-,the bastardiflounder ZA;Q
and the two coloured flounder-—— has been‘noted in addition o

tthhat Of the above mass fOPms-; In Peter the Great Bay, to :-hf"

'H:Judge from the quantity of eggS,Athere form large spawnlng fg;:Fff:‘.

:accumulatlons of flounder, in which the yellowfin sole forms

'“.ﬂ;fthe largest prooortlon"‘

The spawning SuOCk concentrates mainly in Ussuri Bay,

4*"chiefly 1n the latter's eastern and western offshore areas._;h

around Askol d Island only the Sea of Jaoan flathead flounder

'-and long flounderien a'“ 1n ‘mass reproduction.; Vo_udﬁfénd?fff':

-l N

Amerika Bays_are of less soawning 1mportance for all species.f

The duratlon of develooﬂent ol the egas laid by dif-~

:ferent species fluctuates depending upon thermal conditions.




The most prolonged is the embryonicldevelopment”of

"]~;banded flounder eggs, which are laid in Winter at below- o

}];fL‘ifffzero waterﬁtemoeratures (about

15;per1me?tal observations have shown, the 1ncubation period
iof eggs at this temperature lasts for about two months and

:ﬁconsequently, the prolarvae apnear-in nlankton no earlier ﬁ§‘

tjiajf;than the end of Warch and buginning of April, and the larvae,‘

- in. the middle and at the end of Anril.ﬁsSomewhat later, at

l‘::”the end of Anril :there apnear the first black flounder larvae,

'f”,fand incuay, the Japanese, starry flounder and flathead flounderi

;Qlarvae.

The development of tne _eg gs of summer-spawning snecies

: lasts from two to five and six days,,tnereiore, a vast quantity!iy

: ”-1n June.- Towards tnis tlme, most of the larvae of the winter

‘QVand early-sprino—snawning—flounders sink to the lower levels of

jthe water or. lie:on:the bottom. The mass: appearance of - larvae

;fin plankton cOinciaes Withfthe peak of the snring development
f‘of plankton. Sl ' - :

According’to data from A :i~4Kusmorskaya (lQLQL an“"ff‘

'htifabunoance VprhYtonlankton 13 observed in ?eter the Great Bay

wlfi,in Warch

»_of zoonlankton increases.; ﬁ A Brodskii (1937) noted two

“{”to May:"and the lesser, to Vovember. He did however, note 1”

comoaratively large bionass figures in June, during the period

_of mass apnearance of flounder larvae."

et

of egg collecdions we have attempted to
assess approximately the state of the flounder stock in Deter

“qgfthe Great Bay.;;;.f~h

e i ragn <irmies © wE soym aA o T SRRt AR

¥—l 7 to —2 O ) ,As our ex--gw;féf i |

'~'ct,of the Drolarvae andwlarvae cf all summer spawning forms appears o

,.Towards May its biomass is reduced,‘and the quantity"ulww

*:nbrief sharp increases, of uneven extent in zooolankton in the ‘;'f‘ﬁr

'Pnorthwestern Sea of Japan.~ The greater of the two was confined _ ,;f



o ; 'Inten31ve flounder flshlng in Deter the Great Bay,

ejfwhlcb began from 1929 uO 1930 has brought about a decrease;_;Hﬁﬁg,g

I.‘;ln the flounaer ponulatlon and has been reflected in the
5'latter's soec1es comoositlon. Yellowfln sole and sohachi fhf:

;tflounder, Wthh had previously prcdomlnated, formlng up to: |

”ﬂité?BSp of the catch when flshlng began, have begun to yleld ‘1;:;; i
:to other forms orevlously found only in tne most negllglble- BRI
”ﬁl~:—"ff quantltles. The sllme ‘and splny flounders, whloh 1n the
f';flrst years of flshlng had been caugnt in 1nslgn1f10ant_

c'amounts,‘towards 1939 began tc acqulre an 1ndependent value

***k*mn the catches.:}mowards 1950 this process 1ntensxfied even

o ’fur.ther_‘ € oiseev, 1953)

L : Studles on a quantltlve estlmate of egns 1n Peter the o
o Great Bay in 19L9, and partlcularly in 1951, 1952 and 1957,
»Upermlt us to analyze the chanoes 1n the quantlties of eggs

’£¢both as a Whole for all flounders and separately for each

:fﬁiﬁ;speclese(See Table 78)

‘The. data'glven 1nd1cate that in 1952 the yellowfin cen

“-ll?sole pooulatlonilncreased whlle in 1957 a notable decrease

A'l3f7aga1n occurredlvxfThere is reason “to fear that 1f flshlng is.

'1QQ~1rratlonally orgarized a further, and even greater,'reduc-p’

ﬁf}tion in the population of thls 1mportant commer01al LlSh w1ll

.}‘ltake place in Peter the Great Bay.

TnLnr dtrnlt ~This arca is churucturized by a large 4/47

fannual anplltude OL temnerature fluctuatlons.A In the northernj N
.part of the Sea OL Japan, o the Marltime Coast and in Tatar fil T

JStralt there dwell lu flounder sDecies. ‘—:eff

- :Investlgations were conducted malnly 1n tne southern
‘”:f;part of‘Tatar Stralt at the beginnlng of Way, in July, and in"'

'iﬁ]}ZAucust In thls reglon therc reproduces the same comclex of .

fgl At the same. tlme there was an 1ncrease in the 1ongsnout
flounder oouulatlou.
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fAverav

of leferent “lounaer onec1es 1n Ussuri Bay at tneffiggethf”

‘”ass Snawnlng

Tlme OL

8 Cauches and the Correlatlon of the Vumbers of Fggs;;fk:,.

Species_\ﬁ;”‘m

T 1952 1957

11949

‘In surface
fishing:

Per
square.
metre =

In surrace .

In surface .
flshlng<' %&

fishlnm-

i {In surface
BE f;shing

1H;Yellowf1n sole:

:C;Yellow-St

‘f Longsnout N

- Sohechi—

rlped';jgf"

/. A 7 7]
73,0 29,0 1014

L 54,0 21,4 649
32,0 12,7 8p0
30,0 11,9 552
44 . 48 -

TR
:_r“'.:‘. 88:» . 39,3
w330
. 554
5 . 414

342'
-1ﬂ
26,31
. 18,0
1,6°

1737 42,8
14,8 1215 29,8
-2@9' 654 - 16,0 .
18,7 0 432 -10,6

0,9

- 35

9 11,0

8- 23 -

" Targest caten .

o S AT &

hhrrLfGreat Bay (the soa»nern flathead, ‘the

tlfffbeglnnlnghof Way 1n the southerd part of Tatar Strait

5 sof:Sakhalin and 1n the rewlon ;ron Il'lnsk to Kholmsk.

S ;
sonachl, the Jaoanese,o

Eern boundary of +he renlon of reproductlon, and therefore the

L number of eggs of these flounders is here small

':The Alaska plalce soawns from the end of Ma"ch to the
The}fEﬁ'

€1arcest quantlty of eggs has been noted off the western coast B

AqﬁfJananese floundor reproduces ners in’ May and June,’and the

hhi&isouthern flathead flounder, probably from the beglnnlng of Nay

?_snecies as in the eastern nart of Deter the Great Bay, w1th the -:~;
-ﬁfdlfference that here the subtroolcal boreal soecies are absent B

fsand a subarctic—boreal specles 1s added :t;the Alaska plalceo_,tl°\

The‘:“ -

‘15;the yallow-strlped and the lonbsnout) Tata" Strait is the north— rj.r

:ﬁFor most of the 9lounders reorodu.cwnCr in abundance in Peter the L

g




hyellow-striped sohachi,

T 2 AL D e ks, e

7h~coast of Sakhalin K

Since there have been no systematlo collections during

glhthe period of mass soawnlng of tne_ebove flounders,'it 1s o -*;ﬁ
- 'Eidifficult to evaluate the spawning grounds of the southern mﬁ_ﬂ*fv :;

.”fiarea of Tatar Strait but to judﬁe from the relief of the' :
?.fmainland shoal the soawning Signlficance of” Tatar Strait 1se V
C.ijeless tnan that of Peter the Great Bay. At the same time, the
’f;oroad, slightly warmed shoal of tne northern part of” Tatar |
.7ifStraitkis favourable for the mass - soawning of the yellowfinM’>

’Tfi{sole, the Alasxa plaioe and the flathead llounder.'

The spawning of ”lounoer in Tatar Strait takes place:

>1;;inthln he 11m1ts of the 50~metre 1sobath' only the spiny

:’ffiﬂflounderzreproduces at a- depth of about 100 m. The~ca1endar

‘Viiperiods ‘of" oawningiarellater than those 1n Peter the Great

Aniva Gulf 1s comparatively snalloW°T

.%\"!the maximum denth does not exceed 100 m. The isobaths in- the o
éffjeastern part are contipuous, and in the western area they are,

u;,extended fairly far anaru.; Thermal conditions are charaoterized o

”‘hi‘ w1de annual temoerature fluctuations.,".q ,'JWU%WT&;W_‘ff"

'fi_The fauna of Aniva Gulf as is known, is transitional

(Zﬁf;fﬂﬁiﬁigfbetween the northern boreal and the southern‘horeal. The h'h, o

Zif;m;fi};ggfflounder grouo here 1s diverse (21 species) and ¢

fmfcold-Water and warm-water soecies.< In the oeriod'that we. th -

nsists of

’f{*studied (May, and from July tO the beginning Of September)

i

'Q:konly five were noted soawning (see Table BA)
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f‘The northern flauhead flounder reproduces at the end

\'Ttd]rock sole alsohleproduces here 1n the winter— prin period,_

\j:and the Alaska plalce,lin the snrlng. The yellowfin sole and
< I

»'E*?the longsnout long, and evidently, tne sohachl, yellow strlped :

nﬁtand splny flounaers reproduce from the end of June to the

‘beglnnlng of Seouember 1n tne northwestern and northeastern

:flparts of the Gulf on a sllghtly warmed shoal Mass spawning

‘iffby the yellowfln sole and the lonvsnout flounder is confined

f_to the end of July and the be"lnning of August The soawning

:ccumulatlons of yellowfln sole are falrly large,x(lnce catches

ihave yielded up to l 659 eggs in surface fishlng ‘and up to 70

ispeclmens per square metre. The ouantity of loncsnout flounder

fis much less than that 01 yellowlln sole° ‘egg catches of‘the

. U JRRnE—  sapes g et 15 Bn T A+ e s v e e A28 P 1y P v AP £
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*»'produces from duth..

‘»t;flounder speclmens have been noted soawnlng 1n July and

“ito September.

::&%ﬁ;;gué;?i

L;ﬁpformer d1d'not‘exceed(10 soeclmens per square meter and 262

b:fspeclmens in surface.flshlnb. The bulk of both species lays

IT{L ts eggs at bottom temoeratures of about +3°'

Teroenle Gulf

n}fIn Terpenle Gulf whlch 1s characuerlzed by a broad

- malnland shoal the starry flounder spawns in May ‘and June,JarU

7\ano tne yellowfln sole, from the end of July to the beglnnlng ;_'

oA

OL Septemoer;ifThe largest accumulatlons of the latter spec1es'{”

;Lare concentrated 1n the nortnern part~of Terpenle Gulf, where
"xdlscoverles have been made of up to 1, 878 oggs in surface R
Ifd?flshlng and as many ‘as l OOO ecgs per square metre. ~The bulk
Mfk;df;of these flounder:reproduces at depths of 20 to SO m and at
'tlwater temperatures ranglng from l 0. to u 0° at the bottom and

| dg?jfrom 10 4 £6. l?yO at:the surface.n The ‘spiny flounder re-,i:. S

September in the central zone of the.

sublltuoral at depths of'lOO m. and more.ftﬁln"ﬁ‘f“

The Soutn Kurlle Islands are*a‘reglon of broad shoals

'”,adjoinlng the northern coast of ﬂokaaldo and the South Kurlle
""VifIslanos and populated by a dlverse and to a. very great extent
Su”warm~uater, flounder fauna con31sting of 21 species in the.

‘5Q;e1ffirst reglon and 20 in ‘the- second

szere a small number‘of yellowfln sole and sohachi gi 3

The western coast or hamonatka reoresents a broad '

"yﬂf.fsnoal and 1is characterlzed oy a hlgh blomass of food

e e e AN e o s
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:¢i¢pr0portions

kﬁwarmlng beglns 1n March and Aprll In the southern part of
’ithe coast towards the end of hay the surface temperaturei”f'ee:'f ff

reaohes +3° and the demersal tenoerauure,,+2° In sumner,ivé“ .

f from June to August the water warms at the surface to 5 and

;109; and, in places, to 13° at the bottom to +2 and +3-,"“:;fa;§gvg

1n August to +5° and 1n October to +8° Towards December L;ff

e,:the temperature at tne“surface drops to +2°, and in the’

,3f}northern reglonss tO 0 and 10

Sandy bottoms are w1despread over the entlre mainland

ﬂ=shoa1.¢ Twelve flounaer Spec1es awell here.; Of these, four.f«'

>'fbelong to thefwinter-°brln8 and sprlng grouns, three (flve°)

:wfﬂto the summer group, and three to the fall and w1nter group- |

'fgi(see Tab13i80)

Table 80

The SD“anng Seaéons Of‘“lounde”‘off the‘Western Coest of Kamcqatka L
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northern—borea Sea o;_Okhotsk and Berlng Sea

q'750ecies the northern rocknsole ——-reproduces 1n sprlng;ﬂq

1

‘i‘ Warch and Aorll, in. tne lower levels of the subllttoral,

‘deeths of aboutleO\te 150 m and at a water temperature;skif

" of about 0° at the'botto.. QA subarctic—boreal snecles‘--f_ﬁff_;ff

‘the Alaska Dlalce4_-f1ays lts eggs in ADPll and May, fop

-jn~the most part at a. depth ol,about lOO m and at water tem=

‘-7peratures ol o to +1 A nortnern—boreal Sea of . Okhotsk-.ijm

'*fiBerlug bea specles - the Oxhotsk flathead flounder -'ﬁﬁh'

‘%*reproeuces somewhat later, frOm the mlddle of Aorll “to theff

*ffbeglnnwng of June,icloser to tne snore, at depuhs of SO tog?fl'-ft
‘hff,150 m and at water temnerauures of O to +2° at the bottom.f1
IEIA pre emlnently boreal snecles;—— the starry flounder -—

'{reproduces from tne end of ADPll and the beglnnlng of May

toﬁJune, at deouhs of 75 m and less and at water temperatures

Of_the flounders that soawn 1n summer, the yellowfln

1*7ﬂsole and;atnortnern—boreal, Seayof Oxhotsk and Berlng Sea

~ﬁjk‘:sbec1es — the snout soleifh:reproduce lrom the end of May

Jh{to the beglnnlnc’ofiSeotember,_for the most part at a depth

spﬁfof SO}m:and wateratemneratures at tne bottom of 2 to So““f“fﬂ*“M”“*d;

'fSpawnlng by the long flounder has been noted in August.‘ The‘«
'Zﬁ,snawnlng perlods of the tuberculete Z‘llteral translation

posslbly an oblloue reference to the Alaska plaice;7 and sllme

;;;1 'h'flounders have not been establlsned Pacific Ocean boreal K
};f tiVSPGCIGS ‘}:the arrow—toothed Greenland and true hallbutsh--;nLAT'“m%
:i; .r;reproducelln the autumn and w1nter on the edge of the malnlaqd R
gy : s : S - ‘ .

The spawnlng accumulatlons of sbrlno- and summer—‘thAZQ o
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\_’towards the ne

First 1nnthe number of eggs per square metre is theWQF—fo%f

"f{gjyellowfln Sole;twthh durlng the mass spawnlng perlod yields

'1ffuo to 1 ooo eggs at the mouth_of fhe Ozernaya Rlver.‘;Next

:lvls the starry flounder, whlch 1n May in- the reglon of Cape;f
S Kambal'nyl yields up to 757 egCST?_In thlrd place arezhhei****fﬁszi

PO

15?_A1aska Dlalce,‘whlch An, Aprll'ln the reglon northwest ofE%

EQLi;CaDe Kambal'nyi ylelds 3;5 eDgs, and tbe flathead flounder,}f[i

o which in MaY off Caoe OZernOl yields up “to- 372 ‘eggss *f“ﬁf?f?:539?7-

lNortneastern part of the Sed of Okhots&. The thermal

;amplltude of fluc»uatlons,_most 01 the year, however, a low

~.fo§n§¢fgfﬁréfpreva§1s ;Here,:ln the reglon of Sheleknov Gulf,

lrfdwell 31x (+3one°) flounder spec1es (see Table 76) Of these,~~'

*fﬂjthree Sprlng spa:nlng speeles reeroduce in Penzhlra Bay in

: "éfMay and June.. These spec1es 1nc1ude the nortnern flathead

'«per square metre.,r |

:enawnlng by the summer seawnlng yellowfin and snout

~s;solas has been noted 1n August _ The snawnlng perlod of thei

?‘Malnly sorlng‘spawnlng forms reproduce 1n the

.

AiV*fi5Taulsk11 Bay reglon,>the1r spawnlnb perlods, however, are

'ffifshifted to the summer months.n
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‘f120 per. square metre)tand of the starry flounder (from 6 to

‘;5l2_oer square metre) have been dlsclosed 1n small quantitieSt'p

in thls area from 29 June to lu July,

Summer soawnlnc soecles ev1dently do not reproduce R

f*in the reqmon between Ioua and Ellzaveta Islands,-slnce in,jff: S

szdsummer (2l to 22 JulY) eg gs of only the Sprlno spawning

-suarry flounder have been dlscovered

1?‘astern coaSt of" Kamcnatka._."The offshore zone of

eastern Kamchatka 1s characterlzed by a verzwnarrow malnland
shoal that 13 close to the coast and,w1dens somewhat in. them_;Qm;r,fi
lklatter's southernmost area.h Sandy bottoms, whlch only off -
':rigCaoes Shlpunsxil, &ronotskll and amchatskll are replaced bj

.lfvrahard and frequently even rocxy, bottoms,iare w1despread

:-5sfover tne entlre nalnland snoal ﬁ_ Hydrologlcal cond1tions,-

oast, are severe -'VThe temperature of ‘

"fas off the westerndf

'75the waterz{tithe surface 1n Aprll 1951‘varled fOP ‘the mOSt

;ipart fromFOHto +O Sofaand<only a large part of Kronotskll":

‘"ﬁqulf contalned water au a below zero temoerauure.; In Aprll

,ffhl95l the demersal temnerature ranged on the average from ﬂﬁ»fle

voAl40° In the reglon from Cape ‘

fﬂ;f+0 g~ to 2 5°:and in Aay

AfliLopatka to CaDe Snlounsgal; and further in Kronotskll Gulf,
1;:the temperature at the bottom ranoed from 1 to 3° " (Atlas
Vlof Charts of Oceanonraphlc Data on vlshlng Reglons 1n the_ﬂ*

»'fffBerlng Sea and the Sea of Oknotsk 1955) Wleven +39 SpBCleS e

nglj;iyipidwell 1n tnls reglon.; The vast magorlty belonvs to thei
aﬁfif;7ﬁu;f;sprlnc—spawnlnc forms (see Table 79, flg. 81) . The northerﬁ

”.f_rock sole reproduces 1n sprlng, 1n March and Aprll;}the‘

_Q?Alaska plalce,tln Aprll and 1ay, he Sea of Oknotsx flathead‘"‘..‘

.tfflounder, from the mlddle of April to the beginnlng ol'June,l~"

e ey - . i o e g e - e - - R e - e e,




ey,

'""and the starry flounder, from the end of Aprll and oeglnning

.of May to the beglnning of June. -Of the summer-snawnlng

}fli.ﬂf“-Aforms, the. yellowfln and snout soles renroduce, ev1dent1y,

- from the end of \ay to the beglnnlnu of September.;'_ B L
The spawnlng perlod of the solny flounder has not

rbeen establlshed Fallbut reproauce 1n the autumn and winter,

‘while a pre emlnently Pacxflc Arctlc species =-- tne arctic

dflouuder - nrobably reoroduces in the wmnter.

sl s RN

Table 81

"Tne Spawnlng oeasou of Flounde S of* the Eastern Coast

Gf of ﬁamchauka

y

Pebruar
‘March

~October
MNovember
“December -

L

L July
_-August '
~l.September

b a s e s eve
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.:;:ﬂass spawnlnp accumulatlons of all sneoles of flounder

.Jfﬂfﬂare conflned to the extenslve shallows of the malnland shoa}~—AH

Q;and to bays runnlnv 1n1and Among 3u°h places are KronOtSKli

'and AVaCh& Gulfs and Avacha Bay and the southernmost part of

The conditlons under wnich ‘the sbove species reproduce

'(41f7f~fiifjresemble tnose off the coast of Kamchatka. "gd* .. /hes
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| ,the eastern coast where the SO— to lOO-metre iSobaphe;;¥.m

fﬂnarrow shoal, where the 50- to lOO-metre 1sobaths aooroach

'”Vﬁf;the shore, is of no great 1mportance to flounder reproductlon,

dlverge from the coast and yo far out to sea.lfl‘ . = ‘»;'?

Extremely large commercmal accumulatlons have been

'.f.noted 1n Kronotskll Gulf (in its northern part -- Khrapkova,iaf

)

fl959), anu Avacha Gulfs; whlch in May yleld up to 277 starry

flounder eggs and up ‘to 102 flatnead flounder egbs per

‘sguare metre. In addltlon, mass soawnlng by the flathead
- flounder'takes place off the southern area of the coast,
"where up to l3L egEs ner souare metre of ocean surface have

1been noted;lniMay,

-; ”e have not traced the courge of Alaska plalce

"ﬁ’_snawnlng. lhBPB 1s, however, reason to assume that the
,[Alas&a Dlalce soawns ln no less quantlty than the flathead
.'flounaer, smnce'at the very beginn:_nCr of_spawnlng up to 100
A°heggs per souare‘metre have beer noted *n the oentral area.

:,‘fof Kronotskll Gulf, ‘and uD to 65 eggs,ln the'aouthern part. -

;fﬁs regards the yellowlln sole,‘our 1nvest1gations,ffﬂ o

covered only tne beﬁlnnlnc and end of spawnlng, an assessment,

' '.fitherelore, of the comnaratlve 1ntensmty of spawnlng has been f
"hampered. The 3@ egés per square metre that were noted at -
gd.the bevlnnlng of spawnlng, and the larve accumulatlons of

f'prespawnlng speclmens indicate the pressnce of large spawnlng

populavlons oP thls flounder off the coast of Eastern

'deamchatka,-partlcularlyvln_Kronouskll Gulf,

Kamcnatka Gulf,kwhlch 1s characterlzed by a very -

B

’.y'and the accumulatlons of spawnlnw soec1mens here are small.m
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Off the eastern coastTunote should be made of Avacha

fuBey (Gulf), whlch runs deep 1nto the penlnsula., The fauna +

;ijfof the Bay, accordlng to the- daua of A M Popov,A(l935) is

ef;of a subarctlc character, W1th & small admlxture of boreal

\?-forms on the,one hand and arctlc forms on the other.;iThe- —— .
_ ﬁ<fArctic-flonndgrl reproauces here in wlnter,_whlle the north-i e *;?
‘Zi§5: ern flatheaa and starry “1ounders;'yielain0 6& and 277 eggs [ue6 -

. pe“ square metre respeotlvely,vreproduce in the snrlng, from

:~the end of Aerll to the beclnnlng of June,,at a depth of
about 25 metres. Reproductlon by the yellowfln scle 1n thls E

'Bay 1n snrlng has not been noted and 1t .must be assumed

— 7s» that 1t occu“s 1n summer, from June to August

The Berlng Sea (see mable 82) has many gulfs and

';C‘bays runnlng into the maln‘and The mainland shoal is charac-

n%terlzed by sandy bot oms, eartwcularly 1n the northern area,

.‘1and in Dlaces is well deveIOped ' dydroLoglcal eondltlons,

’“‘partlcularly 1n the north, are severe.

R The Snawnlng Seasonv»of Plohnders in. the Berino Sea
- : N R o -
_ . e b : Lo 4 ~
Speciles b - S 0 g o o -
LUk - I o ) 4. =4 o Kol Q
: @ 3 s — ) o Q. £ B
3 1N I3 o 0 By 3 o o o o
o 0 &~ & ) o — o). e e > Q
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‘ ' \1 AN SN BERN - £ /1 ~ < P SRR <
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( 4 tAcevermanni o oLl b S T +-r+ . Ce i
T :R hip. matsuurae.. -, _.."+++.1_+: SR R . ++++-r++ R Co -
- ¢ H. hip. stenolepis . ., . XXX+ AR : , +++-h>,( o R S
£ . iLe gladialis L L +++++:1;-th~ --:.ﬁ.-‘r R = o B T
~o " © | L. bil. biligeata ... ’.‘ IR XXRX KA T R L 4 . R
L viisf TPL. quadrituberculata - 'y'—i-XXXXX—i-‘ P AT it S LAl e
‘U{mmmm_."u. D e XXX X4 ‘1ﬂg;J'QQ.mflaa
CPH, elassodon Lo Lp T et ot XXXXX e oL
A Phostellatus L, S0 s T ++X><X++ e e
.»‘ L. punct, proboscidea ... . . XXXXXpdgbt . e

Ploaspera. .. ..o o +><>\x+ LA '
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A 4. Popov'!s indications concern*n* the presence of the
Dbancded flounder in Avacha Bay_ need conflrmatlon.“ ‘
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;:Karaglnskll LlShlng reglon.nlﬂass spawnlng by the summer-ﬁ; o

" Alaska plaice, and the Sea of Oknotsk, northern flathead,
f_:and star“y flounders soawn in the sorlng and summer months."

A,The snout sole and the solny flounder, in addltlon to the

Toa comnaratlvely narrow malnland shoal with a predomlnance

)-of sanay bottoms w1th pebbles and a abrupt drop off—lnmdepth

_ture at the bottom varles from l S to 30 s in the surface
::,layers, the water 1s warmed to 4 and SO in the open part and

f_up to lOO near the shore.)_

‘ SO-metre 1sobath mass seawnlng by the yellowfln sole has

been noted whereln this soecles has ylelded up to 807 eggs
'f_single speclmens of snout sole [fcggs_7 have also been

observed_ To judge from the occurrence of speclmens approachlng
s spawning, as well asaof larvao and Juvenlle fish the rock

»sole, the Alaska plalce, and the starry, Sea of Okhotsk

K:Gulf area (see lable 82) ulfaT'

:r?{OlyutOPSkll to Caoe Vavarln 1s of far less spawnlno signlflcance.'

s B, T AP ST T ey ST

8o,

iﬂTen (nlus one°) flounder soecles dwell in. the Korlo— »

si:spawning yellowfln sole, yleldlng up to 1,700 eggs per square
lf»metre of ocean surlace, ‘has been noted in August and at tne__

‘j:'beglnnlnrr of september. It should be assumed that the arctlc

'dlqifflounder spawns here in wlnter and uhat the rock sole, the f~'~‘

yellowfln sole,.reproduce 1n summer (see Lable 82)

Olyutorsklw Gull 1s ‘wide open and characterlzed by .

_ At the beglnnlng of summer (dune) tne Water tempera-

Here, at the end of June, wlthln the llmle of the

par square metre 1n the reglon of Somneniya and Lavrov Bays,'

'fﬁ'flathead and snlny flouncers reproduce in the Olyutorskll‘“*'“‘”*fd““

The narrow band of shallows extendlng from Cape

r gy b A e 13T L Aoy
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"'"Here the same soring spawnlng soecies reproduce as 1n »

‘7efTOlyutorsk11 Gulf' of the’summer spawnlncusoecles, only thef;

. yellowfln sole and longsnout flounder, wnose spawnlng

Afollow1ng sprlng spawn:l.nfr specles'haVe been noted' the

'b7chllled,-and thelr temoerature througnout the greater part
7.fof tne year 1s low.{ rnhe area with the warmest water is the_:‘

fﬁjwestern reolon, 1n whlch sandy bottoms are w1despread

ffffloatlng 1ce.; The maxlmum temperature 1n the surface laye"
'd,at thls tlme 1s observed 1n1?he Cape Vavarln reglon (from
*fO to +3°), and tne mmnlmum, 1n the °outheastern oart of the ot

2 ;Gulf and near tne edge of the 1ce ( -0. S and -l 5 )

‘ ~stayed malnly Wlthln the llmlts of 7 to 8.5°,. and only in

‘-tne reglon of Cape Chu&otka drooned to 3°'”

L ;water was everywhere L to S°, w1th the excentlon of the - iff~iﬁg~

‘&5;hareas around Caoe Navarln and Cape Chu&otka; where it dropned -

F_wto 3°'“

.'Tﬂ‘85l.c

'“:praccumulatlons here are very small ascend to this. area.'

\ A specmal distlnctlon should be made for the a *”{ﬁaz'f

"pshallows extendlng 1n a southeasterly dlrectlon from Cape 4 5 \‘ v

Navarin, where large accumulatlons of the eggs of the S T

'Alaska plalce (up to 107 eggs per square metre) and - the

‘_flatnead_flounderv(up to 3hveggs4per square metre).

Anadvr Gulf 1s characterlzed by a shallow ‘depth,

.an even bottom rellef and very severe hyoroloalcal condltions.'

The central and eastern parts of the Gulf are cons1derably

In:June tne greater nart of the Gulf is covered with

The.surface.temperature of the water in Anadyr Gulf ‘_:wwunus

at'the‘end of Au&ust and in the first half of September 1950 WL

In the flrst nalf of October the temoerature of the‘d
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'af?from o to 1. SQ

‘7:September 1950 demersal temoerature ranved from O to 20

d"hduced 1n the nortqeas»ern paru. Voruh of Anadyr Gulf, in

’Tspe01es

P et e TN

: 1

In June‘l952 tne demersal temperature fluctuated S

1n?tne southweutern part and from -O 5 o

1.:1-1 50 in the reglon of ot Lawrence Island in Augusb and

;;and in the western part of tne Gulf, fron the mouth of the
E*Anadyr mstuary to CaDe Vavarln, 1t fluctuated from 3 to 8°

\;and in October 1951 from 1 to 30 (Atlas of Charts of

->,Ocean09ranh1c Date on Commercial 1sn1ng Reglons in the

‘LQBerlnc Sea and the Sea of Oknotsk 1955)

. In Anaayr Gulldln Juneliwe notedvtne reproduction. -
dajof only flve SPGCleS of serlna-soawnlng flounder-. the,'ﬁh
"flatqead flounder (Sea of Oknotsx and northern), the Alasxa o
eplalce, the starry flounder and the rocx sole.A Sbawnlnc 1f
f¥was conflned almost exclu31vely to the western part ‘with - -
f;the warmest water, no. reoroductlon whatever toox placebin

'hfthe centre of the Gulf, and only s:mgle SP3°1menS repro—:;.

";the Chukchl Sea, tnere remalned only a w1nter—spawn1nc

rthe arctle flounderf—- and one sprlng spawnlng

’¥_sne01esi-—.tne northern flathead flounder._ The snawnlng h

f‘perlods of the latter had snlfted to the summer months.

A“Of'theffive'flounder'snecies renroducing in Anadyr'

'.:Gulf; those formingkthe largest spawning accumulations of****@ rowe T
Vr.commeroial>imoortance were the’Alaska olalce,.which yielded
o up to 217 eggs per square metre, and. the northern flathead

fflounder, Wthh ylelded up to 7l-evgs per square metre.

“.Tne remalnwng snec1es were of- no commer01al 1mportance.~

lnjdwelllng 1n Sovmet Far Eastern waters renroduces throuﬂhout :

“f_ll Studies were conducted in June and AugustASeptember.
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‘iif As 1s ev1dent,\a large and dlverse group of flOunderS'“
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';the éhtlre year, but dlfferent species reoroduce and develon_ -

4 éss.

’i]}{f;7';ﬂQ}at”dlfferent_rlmes,:under dl ferent temoerature cond}tlons_;;fg.ghief

“Q;andfat dllferent sallnlties.‘_:;u m;_rﬁiw;:>fﬁf

Accordlng to thelr snawnlng tlmes and condltions,

; *,ﬂflounder may 'e d1v1ded 1nto five seasonally snawnlng groubs,‘

ifwhlch agaln fall 1nto bathymetrlc subgroups,‘reproduclng
\-\Vln dlfferent layers of water on tne malnland shoal (see Table}i;;y;g.

- 83).

o Larvae,‘too; anoear in olankton in accordance w1tn~;1

"the tlme of spawnlng.f The earllest to aopear are - the larvae
f,~o’ tne w1nter and sp 1ng-soawn1ng specles, while those of"

:ithe summer-soawnlng specles aSoear later.. The larvae of the
»flrst vroup of sDecles are laroer than those of the second

“group.{‘lhe bulk of the larvae in tne pelaglc reglon apoears

1n the sbrlnn and summer and, as is known, is the r1chest {Q

'*fifln plankton.

The number of renroduclnv flounde" specles decllnes

'from south to north The lareest number of spe01es dwells T

'f-and reproduces in var’mastern waters, f the coast of

"Janan, 1n Peter the ureat Bay and Anlva Gulf, and off

'f Hokkaldo and the South {urlle Islands. Far fewerxspecies
‘:,fglay thelr eggs off the coast of Kamchatka, and~even feuer’
lln the Berlng Sea and in. the southwestern vart- of the Sea—~>-¥;“”
‘of Okhotsk At the same tlme, the further north one goes;

'_1n acdltlon to a decrease in the total numper of soecles,.f

(:)<*“f*'-‘there 1s a decrease prlmarlly in tne number of summer-
(“} SRS fsoawnlng sp80188, wnlcn in the nortnwestern part of the Sea,“”‘

. ,of Okhotsk, in- Anadjr uulf and in the. Chukcn1 Sea almost

{entirely dlseooear.»,7fh*;'
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Q9Condi ions of Mass Plounher Penroduction

_Tsble 83—_—;i€
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‘Spawnlng season

ceem e e - 50

Water tem-;
perature,
~in oC S

‘winﬁer y

Winter-
spring

'gSpring-'

.- Summer’

' _h.

. Pl

- Ps.
.7 7 L. aspera (1n ?ete“ uhe_f?:~*
- .- "Great Bay). y
L. Dunﬂtpt1031wa auﬁc—g;;jgv:n
" tatissima

- GI1.
T

.L.
fgﬁﬁumnef A.
Cwaaiter

. . E. hip.

L>.~F1&Clalls ..Q..I;;...

ooooooooooo

bll

Pl ’stellatus

oc'o.'oo.o..at

thDO"lOSSOldeS SVD..

R

......

herzensteini....

Cl. herzensteini......

ooooooooooooooooooooo

AC. nad&,ShnTl. .".V'..'_‘ '..... L] ‘a e,
otellerl. ‘e . . . e .-

&SDGI'&.......'

oooooo . e 0

»L;‘asﬁérag(pdpﬁiation'offgaf

the coast of Kamchatka and

-in Olyutorskii Gulf)

punctatissima vroboscidea

})lnqli )Sclata.llﬂl..'..l.

¥oha mﬂe...........;.;. E

cuadrﬂtuoerculata..;;;..g

© 20

oooono-"'

evermanni..,.

s 48 s "o e e o0

R. hip. matsuurae
ste;olesls...

10 to 1571

100 to 150_‘

10
10t
- 50 to.
50 to

100

.°>f;From the end’
S

100 .-
- of Japan);

 Prbm the end of
‘December to
February

rrom the end'
- of February
to April,
malnly in
~March .-

“of March to
"May, mainly

“in April (Sea

S May-June (in T

to 50

',20 to

:‘éo‘tbj

About -

20 %o 50

Up to SO

}ﬁéar:the‘9~A

_ drop-oif

300

“(meTE T
. to 200)

" the Sea of
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'freﬁroductlon and_develoement the group of llounders 1n

‘r'rastern'waters,vln oonformlty w1th'thelr spawning

“iln the-w1nter and sprlng for the most part at water tempera-

tures of 2 to +I+° at the bottom. ;;.:': el

Wt B LT —— T e e

Amonb the spe01es w1th a p eferenee“}or cold‘there"

“:fr*should also be 1ncluded the yellowfln sole Dopulatlon dwelllng

;:off the coast of h mchauka and : in the Berlng Sea, whose'"

C?»snawnlnc taﬁes place at waterwtemoeratures of 1-to-4°. Taken

'iita eurythermal grouniof flsh reerodu01ng w1th1n an extremely

vlf;W1deiwater temoerauure range, lrom‘-2° to 20 and 22° Tﬁé"’

:temnerature ran"e withln wnwoh the “enroductlon and develoement

ofjlnd1v1dual:see01es takes olace 1s closely related to the

"§7?geograehlcal posltlon of the spawnln groundsland the time

“iiof year.

mne oflshore summer snawnlnc'forms have the w1dest
‘; U. ) N N ‘ . :i" . .
e;;temnerature‘range;;furtnermore, the nearer the shore the

S spawnlng grounds are" uaued the rrreater is the thermal

KN

'ffrange of tne soe01e° that snawn there.

In northern reglons flounder spawn later and at a;

“‘low temperatnre because of the longer wlnter and the severe

hyorologwcal condltlots.:;An ehample 1s the yellowfln sole,

wwhlch has two forms dlfferlnc 1n resoect to temoerature._g-f"

the southern,Awhlch_reoroauces 1n the Sea of Jaoan at a water

temoerature ranglng for the most part from 6 to l2° and uhe'

g 7 T S PR AT TN

‘".as a wnole, the arout ol flounders 1n Far Lastern waters is {h29
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A;whlch renroduces”off the shores of ﬁamchatka—anddln the':T’T”*C"

"fl?Berln& ea, malnly at water temperatures of l to Lo '

ithose of hallout are locatcd w1th1u the llmlts of the
’hmawnland Shoal, for the most part no deeper ‘than the lOOf'”L&”M
'Vand lSO-metre 1sobaths._ The greatest.number“of“seecinen§i>dff
:'Arebroduces where there is a broad contlnental plateau with'

'a gradually falllnb bottom, in gulfs and bays w1th masses

“focean current streams and that are Plch in food resources.tiiﬁ‘ﬁ'
‘WTALfThe bulk of hatcned Drolarvae and larvae keens to thls zone,;“
”The locallzatlor of flounder spawnlng grounds under the
*?f:;condltlons of waters tnat are. llttle subgect to motlon 1s,
-7Q3das P. A M01seev has prev1ously notec, ‘an extremely favour-;i
':1_able factor 1n Plounder reproductlon._ the egés that are»"
:lald and the prolarvae tnat hatch from them are not carrled L
:away, but rather remaln where they are,iln the condltlons

”'necessary forttnelr further oevelopment and fattenlng.

- Wlth aharply alterlng'depths are not/much spawning 1mportancezd?7

. 'lor flounder.adpiw“;

l:,grounos of the various specles are “for the most part aemar—

'Aicated and 31tuated 1n a strlctly defined order, . 13 flounder S
véfafspecles laylng thelr eogs ‘in the 5-.to 75-metre zone closest
hﬁ?;lto the snore, 5 specles malnly at depths of 50 to lSO m, and

dF?B specles of hallbut on the slooe of the malnland shoal at

ﬁ~bf?depths“1n excess of 150 to 200 me

S northernf :

a

The snawnlng places of flouucers, 1n add

.‘of water that move llttle,‘uhat are out31de the zone of the.;;%m‘_gg

Reglons.characterlaed by a narrow malnland shoal
: S of

Wlthln the llmlts ol the riainland shoal the spawnlng"

s e e At oo g e W a8 s S ngve g Y 8 Y
e oo oAt e 7 o R Y AR A, T RIS 1 3 AT S g pes .

g



;innto the followmng bathymetrlc'groups._ o

\\ihl The offshore SDeCleS, reproducmng 1n the upper

‘”:_ layers of the subllttoral malnly w1th1n the limlts of S

5'ffto lS m.; Thls zone is. characterized by sharp fluctuations

*-1n temoerature, 1n the w1nuer 1t ﬂs almost entlrely covered

w1th 1ce, and 1n the summer 1ts unper layers are subjected

:-to conslderable warm"ng. The arctlc and banded flounders

reproduce 1n thls zone ln wmnter under stable condltlons, .

:the black flounder reproduces in ‘the wmnter and sorlng Derlod, o

‘and the Japanese flounder, in- tne sprlng.,;;;fﬁﬁfzﬁ‘;fr

2. ‘soééiés reoroducind'ﬁithinAthehldmits of the-

Affuoper-mlddle area of uhe SUbllutOTal zone, at depths of wp .»¢~f
ﬁuﬁf;to 50 and 75 m, and for the most Dart at 20 to 50 m. These

-dfifsoecles 1nclude the yellowfln sole, and the longsnout,

"*fffsohachl: 1ong,;yellow-,tr10ed starry, Sea of Jaoan and

'.:1¥flatbead flounders and the snout sole. »f*'

Specmes of uhe mlddle 1ower area of the sublittoral

-fibne, whlch snawn mostly at depuhs OL SO to lOO m., These

"dlnclude the Alaska plalce and tne Sea of Okhotsk flathead

-_fflounders, as . well as the Splny flounder.al'

» h.o Seml deenwater SDeCleS, reproduclng in tbe lower

. zone of the malnland shoal ‘at depths of 100 to 200 m. "Zg3o )

e

if4;These 1nclude the rock sole (northern and southern) and,

(:)Efﬂteffﬁfin the orop«ﬁT zone,.the arrow-toothed Greenland and true—w—}«*'“>7

N hal:.buts D o

It should, however, be noted that the dlstrmbutlon

HTﬁfof soawnlng grounds by depths varles somewhat dependlng upon '
| the season and the geooraohlcal region. hus, for example,xh

o . . . e et o - o
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eitiﬁfpeter the Great Bay tne Yellowfln sole‘reoroduces at & i;ﬁ‘w”ﬂ@ﬁ

" depth of about 30 ;.

Ltfflathead flounaers at uhe berlnnlno of spawnlng lay thelr T
I*?ffeggs in shallower places and, as the water warms, they

~7move to greater oepths.~:t3‘2‘

’igeographlcal “anme =

dn Terpenle Gulf, at depths of 50 to

: 5?60 m, ana 1n the Kgrfo-Karaglnsili and Olyutorskll Gulfs,

'"ﬁat a deotn of about 50 m. The long and Sea of Japan

Thus during the period of reproductlon and development o
,,flounders oocupy dlffereut ecolo"1cal nlones, a large quantlty

fcf specles can tnerefore ex1st w1th1n the llmlts of the overall

3iThe demarcatlon of soawnlnv by tlme and

ddeSpace has great blologlcal 31gn1f1cance.' Each new group.of N
l»;flarvae beglns feeolng actlvely when the precedlng group has™" -
:converted to a new. lorm of food. - 0f no less 1mportance is
’l7the dlstrlbutlon of spawnln grounds.in an area, which reduees
7ﬂ;’the competltlon for looo among the larvae of 1nd1v1dual

.iffsoecles and results 1n the most expedlent use of food

:ll flounder,_even a eurythermal form such as the'pr

».fstarry;flounder, reproduce 1n seawater of normal sallnlty

~uj5(3o to 33%91;;

hxceptlons are the aretlc and banded flounders,

Afwhlcn reproauce 1n somewhat freshened water w1th Y salinlty

'I:»iof about 26 : It should be added that the development of the.
v‘i{eggs of the banded flounder, aceordlno to our observations,_y-

‘-proceeds best in Sll ghtly lreshened water.

The duration of the snawnlng seasons- -of- 1ndividual*“*”-

'3ffspe01es depends upon Iavourable condﬂtlons for reproductlon
"ibiéand development At the same tlme, the food hablts of larvae
‘ipuldlffer 1n varlous geograph*cal reglons. In most species,w;'~

‘_fspawnlng contlnues malnly for ‘2 month and a half to two

t-

"smonths._ In Peter the Great Bay, because OL the rapldly'

SR oot a e pras i VT Y
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.uichanglna hydroloblcal condltlons and the 1ntens1ve 1ncreasei'{;: -

"vfln water temnerature 1n the sprlng and summer, the spawnlng
”'"{%fseason of the sohachl flounder and yellowfln sole lasts for '
!»f":about a month and s half to two months, that of the flathead

‘lff?flounder, three months, and that of the long flounder, about

}?fﬁtwo and a half months.id""

lhe more prolonged snawnlng perlod of thellatter two
E'fspecles is explalned by the fact that. thelr spawnlngmbeglns-;;N;;lgwa
:;1n the offshore zone aud, as the temperature rlses, shlftS'_;:H
h:to greater denths, where a water temnerature favourable for

.fthe reproductlon and develonment of eﬁgs and larvae lasts l:.
‘rlonoer than at che shore.i In tne southwestern part of the.d
-f:;Sea of Okhotsk and malnly off the coast of Kamchatka and - 1n

:fthe Berlng Sea,pln splte of the later onset of blOlOglC&l
-Efisprlng, the soawnlng of the yellowfln sole, as indlcated

lfabove, beglns and attalns con31de able develonment 1n the

'same calendar Derlods as 1n Peter the Great Bay.- In contrast

: warmlnéuof the water 1n.summer, Iavourable condltions for

JEr the reproduction and develooment of egbs and larvae are
'7?reta1ned 1n the former areas untll September, accordlngly,\
?‘fthe spawniug perlod of the yellowfln sole 1n these reglonsi“i::;/

";lasts for about three ana a half to four months.

The observatlons of P. A. M01seev (1953), and our
~ _own, have shown that the overall duration of the period
-3fiw1th1n Wthh males are Iound w1th rlpe sex products 1s

"fﬁﬁfgreater than the corresoonalng space of tlme 1n females,

tpsmales w1th rlpe sex products are the flrst to anpeargat the j;'

;,'fbeglnnlng of spawnlng and are the last to disacnear at the

’fend-_,ffjff?%‘




e {; As ﬁolseev has noted prev1ously, this phenomenon 1s
;X;Ji;.n{~d cof great blologlcal signlflcance,'31nce 1t makes 1t possiblef“t~{’?7ﬁ

Y . ito fePuillZB the eggs of early- and late-maturing females. 7, B
R fThe Zonlng,of the Reproductlon Areas OI leferent 1931 -

Spawnlng—Ecolog*cal Hlounder Complexes\ﬂ”

‘ Durlng the perlod OL thelr reproductlon and development,“

1fflounders, pa” lcularly in the eg b and larval ohase, have an

“77"1ncreased sens1t1v1ty to changes in thelr env1ronment and E
o A : ~ ?Fj;;;;f;@Pf
"‘:prlmarlly to fluctuatlons in temoerature. Hence we have

» yattemoted to zone the soawnlng ecoloplcal complexes of flounderS"“>\

' ”f::;and to comoare the results w1th known zoogeobraphlcal reglons._”

;At the bas1s of zonwng 1s the predomlnance of ons or

‘eafanotner seasonally spawnlna grouo relatlve to other flounder

\7ft_§groups, exnressed 1n percentanes of the total number of floun-d o

' uder snecles renroduclng 1n a glven reglon.:"fffff" IR

B flounder soawnlng ?rounds 1n the Par nastern waters of the
'f?fUSSR (see Table 8&) the follow:mfr areas and reglons are out- -

jillned wnlch c01nc1de w1th the beographlcal reolons accepted |

‘l:by A. P. “hdrlyasnev (1935 and 1939), L. G Vlnogradov (l9u8)

.i and P._u; 101seev (1953)

The Reprodgcgion Zone of the Winter -

- end »Sprine Spawning_sf.?_ac_i_eif

The Chukchl Sea -- Chukchl (temoerate arctlc) Prov1nce

ff: Under tnls'headlng are incluaed two noréiééh specles:-?
_ZT :j‘a w1nter—spawn1nﬂ (L ‘vlaelalws), and a sonlng spawnlng SpeCleS




N S g . et e i i

’._861.

:KH robustus),iwnlch Z~actually 7 spawns in the summer months.riggh,ﬂ

The Reoroductlon Zone of the

- Predomlnantly Sprlnﬂ-ooawnlna SPQCleS ;;».

AAnadyr Gulf -Tthe northern.f- Berlng Sea Reglon

.:v‘f%f(of a subarctlc character)(Anarlyashev)
ReDPOduCtlon Of prbdonlnantly northern sprlng-snawnlng PR

ﬁfspec1es. Tne surrng spawnlnn species rebroduce in tne last *°f"".fw

'.f“months of sprlng and the flrst months of summer.-

‘;¢n2. Koryak Coast - nastern Kamchatka (boreal) Lo N .”W
N SR B et o]

;orov1nce, and the horyaﬁ"(northern-boreal) Oxrug (Anarlyashemlhh“mh;

“AtReoroduotion oflnorthern,'Dredominantly soring-

”‘i;soawnwng sne01es. Sprln"-soawnlnp spe01es reproduce in the

-tfasorlng months and the flrst months of summer.¥ﬁlgfg;_,:t

et Thes

Olyutorsk11 and Korpo (araglnskll Gulfs and the

fhfeaetern coast o; Kamchatka (northern portlon) -- BEastern ]
%1 f?ﬁxamchatka (boreal) Prov1nce.and the Avacha (temperate-boreal)77
o Okrug | | B
'soennlng of northern, oredomlnantly sprlng spawnlng :
hiawsoeoles.dtThe sprlnn-spawnlne soe01eeLreproduce 1n the sprlngv
“':ﬁhand at the beglnnlng of the rlrst month of summer. ' |

ﬁrhf; Sea of Oknotsk.-‘The?weetern Xamchatka Northern-

: : Boreal Reglon, o A

_Spawnlng, ¢or tne most Dart, of northern sp601es,»"””‘

’Wlthva predomlnance of w1nte“-saawn1ng specles.

Shelekhov‘Gulf ‘ Tnsuff1c1ent data.. Tauiskaya '
Gulf‘—-_uhe Sea of Okhotsk Glac1a1 Renlon (Vlnogradov),

o t'A Russian word‘meaning "diétrict".
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AN DR A a Table 84 (contlnued on next paée)‘=
Correlation of lT'lounder Species Reproducing in Different Reblons ‘ R ,,QE.GT

—— <a—

P e e

‘*”Gfoub dhdfébédieé'f~ AR ,'.:;"ﬁ;_» B ',_ T T RR
Coe e Se s ChukghivSea:’:AnadyriGulf Koryak Coast ' Olyutorskll and Korfo-’;
A A R b Karaginskii Gulfs-and "

6"‘ eastern coast of Kamchatka

oM

— e st o e e e e, ——nieomno b

Number of
_species :

Number Qf,
_8pecies

7 f7ﬁg@périof‘%' Number of
i_species l _Species.

-
[ ]
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; L, blllneata mochigarei 1 143“466 _i;iif 1 i
! - ‘ ‘ e e - __ _
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o spawnlng sp601es, for the most part durlna the summer months

“:'fgi}tran81tiona1 but malnly northern—boreal, reglon.

géee;es._ We have not as yet. establlshed the reproductlon of
”51501.>a80err1mum, V Verlegatus, V. moseri.or M. achne, but it
“orls nonetheless ev1dent that as 1n other,southern species,
*a.lt taxespplace in summer.f Ulthout our taxing these specmes
-RfAlnto account . eteerhe Great Bay, in 1ts zoogeographical ;3Jpé
“characterlstlcs, approaches the pattern outllned by P. A..j o

"’N01seev.'.

l?lf'have not been establlshed but there is reason to assume that

‘ p_whose reproductlon has not been establlshed _- cllvaceus,-_;

V37: M. achne,.g; asberrlmum, Ver.'varlegatus and K bicoloratus)

,_.Coast of Hokkaloo. " The spawnlng DePlOdS of many species have

ijnot been establlshed but again there ere vrounds for assuming

. y - i
AT 6 Y e e 8t vy 7 e € s [T € 1T YAy te o gy " S— N - - ot ma P ] “-HM-YF -

: n?Spawnlng of northern,.almost exclu51ve1y sprlng-

"iéi--:;rom tne end of May to July.~;7hn o

Db s‘akhalin;:s'fa'yf.:ia‘égioﬁ .- mo'data,

| Tatar'Strait'f Naritime Coastp(northernéboreaif;eéionju E
Spawnlng of noruhern and southern species, The quantitles of
‘“wlnter-sprlng and summer«spawnln spe01es are equal.

f~:;¥1;5 Peter the Great Bay,_accordlng to L.‘G. Vlnogradov,

. is a southern—boreal and accordlntT to P. A. .101seev, a

Spawnlng of northern and southern chlefly summer-

2. AniVa Gﬁlf ~ The soawnlng perlods of some species

here the summer—spawnlng sDe01es Dreva11 27p are spe01es

ﬁThe reglon of the Souuh Kurlle Islands and the northern




.the outh along the Pac1flc coast of Japan.‘

i

The eastern coast of Hoyxaldo and further"to o

Here the w1nter spawnlng banded flounder disappears,

~the number of sprlng spawning spe01es decreases,jand that of

;fsummer spawnlng snecles 1ncreases, at the same time, the

~‘reoroduct10n Derlods of the sprlng spawnlnc'specles shlft to -

'.tne w1nter and Wlnter sprlnn monuhs, and those“of the summer-'

" rspawnlng snecies,.to the sprlng and early summer months.

jAAn.analySLS:of wrltten naterlal shows that there is ' flfi
",,;a dlrect llnk between the amplitude of seasonal fluctuatlons ;_1h
”:1n water temuerature and the leer31ty of flounder spe01es:e- .

-ﬁ'ireproduclno 1n one reglon or another. The greater the -

“{5Lgrad1ents of seasonal fluctuatlons 1n water temoerature

.Eta(other condltlons belng eoual),_the ecologically rlcher and .

"“VJ,-more dlverse is tne complex of flounder spe01es reproou01ng

'~2Hf1n thls reglon. Thus in Deter the Great Bay the reproductlon

p'baihas been noted of flve seasonal ecologlcal groups wlth a large

~”':}m.un.ber of species.t?pn tne Chukchl Sea and the southern area

:-fgjol the Sea of Janan,'where the seasonal~water temperature

“Vf?gradlents are extremely low, the reproductlon of two such

| “;groups has been noted (the w1nter- and spring- spawnlng groups
'iln the Chuxchl Sea,'and tne sprlng— and - summer- spawnlng

':‘groups in the sea of Jaoan) Only a slngle w1nter spawnlng

3 - —_— R

C)dﬁ,hfrf ﬁ;spe01es - L. gla01alls'- reproauces in the Laptev Sea.ijl;:
{-"\
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A The Quantltative Distrlbutlon of Egus as- an

' Indlcator of the Slze of gpawnlng Stocys

Before proceedlng to an assessment of the quantltative‘

.dlstrlbution of eggs and 1arvae, we shall pause to consider “’;;p;;fi

Z}thelr vertlcal dlstrlbutlon.

' An analysls of the vertlcal distrlbutlon of pelaglc .

‘?ie"flounder eggs and larvae is somewhat hlndered by the fact

'that au'many statlons only through (contlnuous)—flshlng haslfg“"’"‘”

, been carrled out from the bottom té&” ‘the” surface. ZTThe results

:”'“of“7 vertlcal serles flshlng in a horlzontal dlrectlon, Wthh
N has been'morewor less-adequate for themanalysLS-of egg - dlStri—:w::

' butlon, are avallable for only three specles (H. elassodon, R

Pl. quadrltuoerculata and P1. suellatus) - We have borrowed
lj data for L, spera from publlshed sources (Polutov and

A large quantlty of eggs 4n surface horlzontal flshlng,:

'and researcn on thelr vertlcal dlstrlbutlon, show that pelaglc

"ffuflounaer eggs develop 1n the surface layers of the water.-g ‘[ggg

1t may be seen from the data 1n Table 85 and Vig. 70
that the bulk of pelaglc eggs keens to the upper 0-_to 25-metre
’level of the water._ A larve number of eggs, however, of the |

”:Sea of Okhotsk Ilathead flounder and of the Alaska plalce have

been noted in the 25 to SO-metre layer.
AT We have not succeeded in maklng—a—layer to layer
“*lfgijdlfferentlatlon Tor the O— to lO—f)or 10~ to 25-metre levels o

'?1j“in respect to the eggs of the starry flounder.

In water layers deeDer than 25 m. the number of egés»

decreases con51cerably. Deeper than lOO m eggs are elthel

caubht 1n negllvlble quantltles or are entlrely absent
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| Figure 70 - lhe vertical dlstrlbutlon of. flounder_eggs. lﬂ;lmlrf;gl;

'-ll;e”t. asoera, 2 - P elassodon, ' 3.- Pl. quandrituberculata,\u.-LP o

quaorltuberculata (later stages) 1gﬁmnj@l;L:i

“In.late stages;of development the eggwaecome.heav1er=¥;a¥%;;
'jand 31nk somewhat oeeper.; The greatest quantlty of flathead P ‘
.tjiflounder eggs stays at the lO- to ZS—m layer, where the number
7f_iof eggs 1n the flrst and second stages, taken together, droos'~~?;v;

B {from 97 to BSp 1n comnarlson w1th quantltles in the 0--to-

flO-m layer, whlle the number of egbs 1n the thlrd and fourth

An analysls of samples (see h

eaihg{stages increases lrom 3 to léﬂ.ﬂu
la"t“iiTable 85) contalnlnb Alaska plalce eggs 1n late stages of

ﬁiidevelooment showed that the largest quantity of eggs stayed

) f:;at the O- to 20-m level'sconslderably fewer,.at the 25~ to-~'
.tthlo-m layer, and almost the same quantlty Zfslc 7, in the 25-.
.A;:to SO-m layer.‘ In comparlson w1th the vertlcal dlstrlbutlon—wmf S
ﬁh?of eggs 1n the flrst stages, the ouantlty of eugs in late-ia‘ . .
lfstages decreased in the 0- to 25 m layer (from 71.5 to 65%),
’t~and 1ncreased 1n the 25- to So—m layer (from 16.5 to 23. 9p).
.ihf;iThe 1arge catcnes of eggs of the southern, flathead,'sohachi

‘k:\‘i\?‘.'longsnout, Yellow-strlped and lone flounder in the “Pper i

iilayers of the water, and the developlng eggs observed in

:'~fﬂ;our experlments at the very surface of the water, 1nd1cate

“5*that the development of the eggs of these specles also takes

-
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“'*i?sole keep to lower depths,_ev1dently 1nwthe 5- to*lO— and - S-M¥L~'

'?; plaoelin"the surface'layer.; Dy anology with‘the eggs of the

decreases con31oerably.<,j-jfﬂf'-*' "

'ifﬂffanalysls of.our samoles taken at various water levels shows
'“ﬁ;ftnat larvaedare found 1n dlfferent layers of water dependlng ’ ”l

“7upon helr aée.if

“'ato the structure and spe01l1c grav1ty of thelr eggs.f Thus

‘;toLZS-m 1ayer,vslnce they are usually not caunht in surface,im

”_jhorlzontal LlShlng';ﬁ::

yellowfln sole; the_Alaska plalce and the starry llounder,
it should be assumed that the bulk of the eg&s stays in the_

O to 25-m layer, ana that 1n deeper layers thelr quantlty

The vertlcal dlstrlbutlon of hallbut eggs 1n Soviet S

'“¥iwaters cannot be established because cf a lack of materlal
off the coast of Amerlca,‘accordlng to Thompson and Van Cleveﬂm
'ﬁ.(1930), the larcest quantlty of- urue hallout ‘eggS - (68 ) stays —““w5~4

e p:wltnﬂn a stratum of water between 85 and 212 m; con31derably Lg;i:

dveéifewer eggs (20%) are at depths of 212 to uQS m, and an even o .

4mié;%smaller amount (127), at. depths of 425 to 580 @. ’“7-f”ff“;%*“%”” j

i e T e, I | - R R

“In vlen of the.small quantlty of - materlal ‘takens j

“:155; acoordlng to 1nd1v1aual levels of the Open water, it 13 ~&

f!almost 1mooss1b1e to glve a descrlptlon of the vertlcal ‘
'ﬁ{ag;fdlstrlbutlon of the larvae of the majorlty of species. »An :

ﬁ:Recently hatched prolarvae and larvae asually stay ?.f* S

"_;near thelr soawnlng areas au dlfferent depths correspondlng

the bulx of tne orolarvae and early. larvae of the flathead,

| splny, long ‘and starry flounders and the Alaska plalce keep
fto the sarface 1ayers of the water.: Slmllar prolarvae and |

':;larvae of tne sohachl and longsnout flounders and the yellowfin

~o - o~ ‘"*"' - . - - ot A o aed %, A g
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”,_Level Of catch, :Flathead'q Yellow 1n = Alaska plalce ",u Starryify_
;| flounder i = R flounder =
CoL = fxrstetages laatstages S

1 Vos.~ 4 i Nos. !%

an
1120 29 8 468
--4550 - 41 i C—
1087 28, 8 108
= = 18
=10 907.0,8 - —
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_® According tO data*frOm I- A a01utov and ' N. Trlpolskaya
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~ Later on,. at about the tlme that the‘flns form, the
Hiilapvae of all flounaers vraaually 31nk to ‘the lower layers of
.fthe waeer, and at the end of metamorph031s or after 1t convert :

ﬂfleto a bottom mode- of llfﬁ. N

i~ Rock sole prolarvae have been found 1n the SO- to_“lll,u

'I;jzoo_m 1ayer, and hallbut prolarvae, even deeper. - The oleer E
"‘fp olarvae of these flounder rlse to the upper layers of the

%.fiwater and move closer to the shore, 50 shallow depths.

.. - (AR . Lo r:\._ﬂ‘.._._._

Slmllar behav1our by prolarvaeiand laryaeh}a;also L
-r;observed in. the Amerlcan true halibut. | Accordlng to the data 41.“-74
hhof mhormson and Van Cleve (1936), hatched prolarvae 7 8 to |

l,h,lS 0 mnm long keep malnly to deoths in excess of 750 m 1n a

.stratum of water extendlnv frOm 170 to 950 m in depth oleer

”A,;Aprolarvae from 9 8 to 17 8 mm lon stay at. qepths of u25 to.

};935 m in a water 1ayer extendlng from 70 to 950 m. 1n deoth

W

fi}The largest quantlty of ooth klnds of prolarvae has been_w_lﬂl__m
:?\noted 1n a 1ayer of water extendlng from 4,00 to 700 m in

- ﬁdepth. YounDer larvae frOm ll 2 to 18 5 mm long stay in a

R - - o T e I‘1
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?:d::flns bea‘

'1*fln the 650- to 700- uoo- to ASO- and lSO- to 200-m layers.d'”

1from l7O m to the surface,"and move towards shallower depths._;f”f#“
“fhmhe largest accumulatlon of larvae has been noted in the': |
'_layer of water extendlne from 0 to 70 . Large larvas from<%&257f1{3
4;l7 9 to 20 8 mm lonb,_half of wnose left eye rlses ahove the o »
Vi;.proflle of the head, have heen taAen from the bottom w1th a

-”trawl at denths of lO to 25 m.‘

‘\'1 grounds of each specxes almost 001n01des w1th 1ts geogranhlcal

l\xffdfrange-. Accordln”ly, the Scarry *lounder and the. yellow;ln

870.

3”¥,stratum of water from 25 to 700 m deep untll their unnatched

ntodf rm._ {ccumulatlonS“of larvae»have beentnotedf

ifhiolder larvae from 15 0 to 19 9 mm long in various stages of

- fformatlon of unmatched flns rlse to the upp rvlayers of water,

\
l
|
—— e LR . 1
|

Astlndlcated prev1ously, the extent of the spawning

',jspawnlng ground area

ﬂsole, whose geogranhlcal ranges
Af_;from Peter the Great Bay 1n the

““*the nortnern part of tne Sea of.

-yellowfln sole, the quantluy oP

1n Sovlet waters are sltuated

_south to the Berlng aea and

Oknotsk have the largest

'.‘1nten51ty of spawning is the .

whose egas runs as hlgh as

'Jﬂll 700 spe01mens per square metre of ocean surface and lu 570 )
':ﬂln lO mlnutes of . surface flshlng. The places Of intenslve
']spawning, corresnonding to the accumulatlons mf spawnlng Z&ié.'

fostock have been traced in June in Peter the Great Bay (up

".:of surface flsnlnr); 1n July and August in Ternenlya Gulf

iff(un to l OOO eggs per square metre), in June and August off

a"'grzthe western coastfof;Kamchatka (up tO L 000 9888 per square:n

'ﬂfélgof Kamchatka_/ (Avacha Bay and Kronotskll Gulf' ‘
‘5Gulf (up to 800 eggs per souare metre), and in the Korfo—

: ﬁaraglnskll reglon (un to 1, 700 eggs ner square metre) The

to SOO per souare netrs and as many as lh S?O in-10 mlnutes
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ogresSLve formff

(j\f.;:f;' geographlcal ranwe, greater numbers, a prolonped spawnlng

ﬁ*%perlod ‘anad hlgh fecunditY, and w1tnstands & Wlde range of

iftemoerature fluctuatlons durlna the perlod of 1ts reproduction

.

-1and development

Siijf;;:,':ti 'lvf' All of th1s promotes a conslderable surv1val of

factor in- thls resnect 1s represented by the“food habits of

- thls flounder., The yellowfin sole is a- benthopolyphageg nfww_

'SQ varlous and numerous renresentatlves of the bas1c population

L of the benthos.ztl o

Vext in the number of eg 8 at thelr spawning grounds"

-are. the starry flounder and the Alaska plaice.;~Their largest

(see flgs

?153 and 59), and yleld up to 757 and 355 eggs
respectively per square metre of ‘ocean surface, than off the
.1 eastern coast of Kamchatka 1n the reaion of Kronotskli Gulf

and Avacha Bay (up to 277 and lOO eggs respectively at the

.1§ beglnnlng OL spawnlng) ;f
spawnlng grounds of thls flounder in the southwestern area’

1ri of Anadyr Gulf (up to 217 eggs)l

| Catches of flathcad flounder eggs run as high as 372 _"

per souare metre off the southwestern coast of Kamcnatka.' A

somewhat smaller accumulatlon of eggs has been noted off the '

eastern coast malnly 1n Avacha Bay (up to 102 eggs) and

ﬁronotskll Gulf (uo to lOO eg s)

«ﬁ

B ‘origin, has been taken directly from the Russian.

L1 To Judge from catches of prolarvae and larvae, there are
RS . commercial accumulatlons of rock sole in tnese regions
. © and Olyutorskii Gulf. '
2 - Tor flounder laying bottom eggs, catches of recently hatched

vrolarvae-“a,;,”_wl.lw_n e e e S s £

_,‘-.-..._..-“‘n "~

orogeny under dlfferent hydrologlcal conditlons.: A favourable' -

(Mlkullch, 195u), has a broad feedlng spectrum and consumes B

g_Translator's note?- lhls word, of obvlous meanlnc and Greek

" snawnlnc stocks are s1tuated off the western coast of Kamchatka"”"°

ishould also be made of the:gfff"”""‘y

.
I

Lo |




f.:ln excess of 160 to 200 m, are worthy of attentlon.f'

;';be carrled out on SthS of any size., It 1s necessary to

Mpfestlmate, flshlng only from this upper layer is qulte adequate.

S jaccumulatlons of longsnout yellow str1ped and sohachl flounder

"~ and true hallout ~whlch are s1tuated on ‘the slope of the »: C T

;]_Gulfs and off bOuh coasts of Kamchatka 1s characterlstlc of

vattne concentratlon 1n these places of shoals of mature pre-f.

'ff}simple estlmation of the reserves of local flounder stocks. -

.ffThese ooeratlons do not requlre much effort and may easlly

t'iknow the 1dent14y1nn features of flounder eggs.; We are

1“¥isupply1ng the approprlate egg key (see Appendlx)

f_flflounders keep for the most part to. the upper (O- to SO-m)

‘; levels of the. water, therefore, for a quantitatlve egg

_51n our treatment of the course’ of flounder spawnlng. ‘Our
e knowledﬂe of the course of soawnlng by all flounder in the
’;;?iwestern area of Peter the Great Bay,'ln Tatar Strait and o /437 .

.:'Terpenle Gulf,_off the coast of Kamchatka, in the Berlng Sea

~jWestern and central ceoress1ons of the Berlng Sea, at depths'

:;Ussurl Bay and 1n Teroenle, &orfo-haraglnskii and Olyutorskii

: 2, For flounder laylng bottom egss, catches'of‘recently hatched

R
e

“Qf In{Peter the Great Bay, 1n additlon to yellowfln soleti'-r*
:Tw;(uo to SOSVeggs Der souareﬁmetre) in June there are commercial SR

”f;l The spawnlng grounas of - the arrow—toothed' Greenland'f

1

The large ouantlty of flounder eggs collected An..

';Qspawnlnn and spawnlnv specmmens.

In research worx,regg cauches2 permlt a rapid and

..-\ .

Our re°earch has shown that the pelagic eggs of -

It should oe noted that we have been far from comolete:~mMu_

prolarvae.~

~
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oss sections.

igure TL - Diagran of tast or

Bay; a. - in May, b - in June; II - off the

'n:"“ﬁijwith,éoﬁs§?f” ”f'f?t{fff,fA AR R E

j; coaSt of'Sékhéiiﬁf;iII;;)§ff{the-doést of Southern Kamchatka;_

IV - in Avacha Bay and Kronotskii Gulf. Stations are marked

" throughout the year, The absence of systematic observations:

—— oo

'ghd‘oﬁﬁef‘regions;'is insufficient:- - Data -are-completely = .

‘area of the Sea of Okhotsk. For fuller treatment of this

| ﬁfﬁguégti§n:i£fﬁiil b$:ﬁé§é§§dry t9Amake,:égulér cgfché%,of‘ o

' mature specimens and_of eggs and larvae developing in the sea

ﬂ'fdﬁéf;sevéfdiE&ééfslpféCiﬁdes the solution of the problem bf;{

" lacking 0h?th§7fepfoduéfidﬁ’bf"inundér:ih-thé northwestern =~ T

T?thsafiﬁéfﬁéﬁion ih'the'numbers'ofiléid and developing egés:éﬁd,

.
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’ mulated Of the 23 flounder soec1es and subspecles that we.:

'have 1nvest1gated u spe01es and subspe01es (Ps. yokohamae,

Awlltserles of regular cross sections on which catches shoula be ' .
- emade of the eggs of one soecies ‘or-another.. once orjtﬁzoeHATT' -
ttmonth aurlng the permod of mass spawnlng. Smnce l927ﬂdetalled

Ql'studles have been maae of hallbut off the coast of North
A Amerlca and OL sardlne off the coastwogﬂJapan.:n—e;~~i*¥he 5
;j;'the 1ntenslty of reproductlonmlnﬂhaglc spawﬁi"”" gIEEé"aré[f'
»"”fcshown 1n flg. 71-»A; ffﬁo>”
i Catches of flounder eggs in these regions w111 enable~’

ii‘us to estlmate the comoaratlve 1nten31ty of spawnlng in the““

”ftyear unaer 1nvest1gatlon..d' ‘“gwg;i,r-,[s - o . f-~ Mm_‘h

fFeatures of the Structure of nlounder Eggs in B

ZiRelatlon to ucologlcal Factors A}jhm; e

Many solentlsts have belleved that all flounder, ﬁlth

~the exceptlon of Ps. americanus, have pelaglc eggs that develop

1n the surface layers or 1n the maln body of the water (Norman,-

19Sh, leol'skii 19Sh, Shelbourne, 1956 “and others) Our_A

Ve‘data compel a recon31deratlon of the concepts that have accu-~o

e g e ————— el e a et m san o o o o et

f‘:obsoura, L. blllneata blllneata and L. blllneata mochigarei)

~J e

ii.have bottom eggs that develop elther at or on the bottom, in-
'lvxcontrast to the oelaglc eg s, typlcal of flounder, that float

:1n the strface layers or in the ‘main body of the water.




?fiﬁglfgrnrynTroplcal and subtroplcal specles;havexfor the most

':}Lri?;part small eggs W1th a fat drop, in. the eggs of the famlly

fndsﬁgghiggg there 13 one fat droo,fand in those of the famlly
E§9}3&§§3; several small drops, whlle in Rombosoleidae the1r7”“h -
number varles.A As one moves further north because of the:"n'

"«1ncreased den31ty of the water,‘soe01es that have eggs with

a fat drop are replaced oy those haV1no eggs w1thout a fat -
droo._ The eggs of SpGCleS of the famlly Pleuronectldae,_
o prevalent for the most part in tne northern area of the

ff;temoerate zone,

o 2of not all specles of Pleuronectldae are dev01d of a fat drop.
*fuyrn the eggs of Hynsoosetta outtulata (famlly Dleuronectldae)

"7“f”they dlscovered a clearly v1slble fat dPOP: representlng a.

L’f}iIt is . ev1dent that the fat drop prev1ously ex1sted in all o
fsoec ee*of thls famlly,}but upon subsecuent evolutlon it

:ﬂfic:almOSU'entlrely dlsappeared, belng retalned up to the present
euihonly as an exceotlon>ln‘some specles,\as, for example, J;#;;
”:fH; huttulata.Gtmhus thetegbs oP thls Drlmltlve flounder

"renresent a connectlng llnk between tne 1nit1al eggs of

“f,;ancestors of the famlly Pleuronectldae, contalnlng a fat '

‘ "drop,,and the modern eggs that have none.<

"t¥;fexists only in the eggs of a sangle reoresentatlve ofwthe

fh.famlly Bothldaeh

have no fat dropl

- Orton ana Limbaugh (1953) have found that the eggs

prlmltlve feature of flounder eg gs of the famlly Dleuronectldae.,

'h mhe pelavlc eggs of Sov1et Far T‘astern llounder of

the famlly Pleuronectldae are dev01d of a. fat drop,_whlch_agl;;;Te'v-

'*the bastard hallbut ( . ollvaceus), which

”’eRass, 19u7 and’ 1953)

‘The featurefo*'the”preeence or . absence of a fat'arop
- isiincluded in the dlagnostlcs of famllies (Norman, l93h,




'~y?ar nasuern waters.‘ The nelanlc ebgs of flounder in Par .

- nastern waters have a cnaraCUerlstlc tnln membrane and contain T '

3 f‘a small quantlty of plasma. The base of tne blastodisc, ‘w:fﬁ?ﬁfﬁfff

lfiwhlch ylelds materlal lor the establlshment of the embryo,.v~
rﬁ'ls smaller than the diameter of the yolk,:and 1ts height Lo e
o represents no more than ‘ons cuarter or that of the latter.lfifff“"”"

-'~J‘Follow1ng the termlnology of S. G Kryzhanovsxll, we class-j’

'7:them w;th the_group of ollgoplasmatlc g, NI R e

In contrasu to pelaglc eggs, bottom eggs have a

e lthlck, su1cky membrane con31st1no of several layers' hence

h:tney adnere to all obgects w1th whlch ‘they come™in contact.~~}¥W‘i

"*ﬁanelr yolk is very comnact and after flxatnon becomes almost ..

- ————

ghard.> There 1s a. great deal of plasma._ Tne blastodlsc is - .
“large as comnared w1th that of pelaglc eggs, 1ts helght

‘]19represents about nall of the dlameter OL the yolx,'and thedfgg39

-.glbase comnletely covers the yolx from above. These eggs arefiw»t-#~vmf

'polyolasmatlc.mgﬁelther the reasons for the formatlon ol.-;

jpelaplc or’ bottom egns 1n varlous flsh nor the link between _
']_ffthe mode of llfe of the flsh and the. characteruof the eggs 5??7 "ﬁhlf
:'iéhas been establlshed.e Some Delaguc flsh, such as herrlng, ‘Qi o

J7'szcapelln and others, have demersal eggs, whlle others, like

'tlulﬁa, mackerel vanchovy and mullet,mhaveApelaglcneggs.v~<~¥

It has been customarlly assumed that Delaalc eggs are o

o Drlmltlve, 31nce they are not protected by the parents and |

gjéh"~1h?;§fq H:V Slnce most flounder have oelagic egos,'lt is to be'

7;assumed that bottom flounder eggs are of ‘secondary orlﬁin and
wfaatnat thelr 1n1t1al Z”forns;7 were. Delavlc 62gs. The evolutlon

.lthof bottom eggs 1nvolved thlckenlnn of the’ membrane, condensatlon



“:#1377.,-

nd‘an 1ncrease in the: —~%%;

~'~and".p‘éft 1 dehydratlon of the —yolk

;quancity-of format*ve plasma. In the WARY:Y:: s_7 of the Japanese

(:3 ;ffgfiﬁ flounder (Ds <yokohamae) there formed an additlonal thlck

layer of gelatlnous substance, which was probably a protective

. aoaptatlon to the development of the eggs of this specles'r'(

-i under the condltlons of tne shallow zone, whicn is anected

'-fwby water dlstrubances brought about by ‘winds and tldes.;;l;l,.;

X o Why do oelaglc flounaer eg s change 1nto bottom eggs?

N
\ .

xfffP A M01seev (1953) has put forward the hypothesiS»-,-

that the adheslve oottom eggs of floander and cod in :ar e

Eastern waters were formed under the ‘Anfluence of constant

."and 1nten31ve currents, the denersal cnaracter of the eggs

ensurlng llmlted dlsoerslon by currents and development at the

levals w1th tne “ost favourable temperatures. In addltion,

ff the demersal character of the eggs orotected them from the

harmful effect of fleatlng ice ? Molseev 1s substantially

correct but in addition, attentlon should be dlrected to the

follow1ng facts lxiby no means all specles that have bottom

'~'.eggs reoroduce 1n reglons w1th strong currents,_2) bottom eggs N

have been formed only_ln those flounder specles whlch reoroduce o

'viand develop durlng the w1nter and sprlng, at - the tlme th‘t the _ .”‘ |

- 1ce breaks up, and in the” sorlng spawnlng sp601es that lays -

"f 1ts eggs near the shore, in the zone of intenslve water movement.

¥

] These s0601es of Far nastern flounder 1nclude L. obscura,

-

f . b111neata blllneata, L blllneata mochlgarel and Ps. yokohamae,"

}(;}.jhi and, 01 tne Altantic flounder llVlng off the eastern coast of
exfffil;uﬂ North Amerlca, Ps. amerlcanus, ) flounders off the Atlantlc

AR coast of.surope, where unlavouraole temneratures do not usually

*.f occur, nave only pelavlc eggs.~'-e ;e§f~

———— y 3 N - s - v — i o Sy S S——n W W
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JThe formatlon of bottom-eggs :in Atlanulc anduin R

fall Paclflc wlnter-soawnlnn:specles 1s doubtless related to

o ! - o -

”fg31m11ar ecolovlcal condltlons that have favoured thls process.

\’ffIt may assumed that the formatlon of bottom eggs 1n the w1nter-.

l{f” ._H"'jTJSprlng flounder occurred as a result of tnese species' adaota-‘

aV%ﬁtlon to reoroductlon durlng the perlod of the breakup and f;t- - ;J

“If?“;f};gf*»shlltlng of ice’ unoer condltlons wnere ‘high current soeeds

- l‘.prevalled The movement of the ice and the extreme freshenlng
Tff :Ef i of. the upoer 1ayers of the water furthered the 51nking of the--«:~,,
xdeggs to lower, denser layers of water, moreover, the heavy l -

i_eggs sank down, while the llahter eggs were probably broken L

H:ﬂfup and perlshed.3 )

Thedslnklng of the eggs to the bottom, ‘the thlckenlng
ffffof the membrane; the condensation of the yolk and the 1ncrease

Vl?{zn the quantlty of plasma p oved to be blologlcally advantageous.f“

.d 7¥fCond1tlons for development 1n the new envlronment were favour— ii“;ﬂ
dlii;able. Uhen the 1ce melted, the upper layer of the water freshened
.;;;greatly, this layer,‘because of its llghter speclfic grav1ty,
t dld not partlcipate_fn the convectlon currents and d1d not fall
vi to-the bottom.; Hence the eg £5 located on the bottom remalned
vv.under favourablo condltlons of sallnlty and oxygen.; According
'to the data of K. A Gomoyunov (1926 and 1928) the oxygen "_*ZQQQ
bldcontent 1n early snrlng in: the demersal layer Gf Peter thedp:'

; Great Bay is close toznormal, and 1n thls respect the demersal

‘water layersfdiffer'little'from the surface layers.‘

_<:> o : ‘p 5 Depending unon thelr szze, the eggs of flounder ln TR -

Far Eastern waters may be d1v1ded 1nto three maln groups.

(f%ud s filarge -—,from 1. 7 to h 0 mm, medium - from 1 1 to 1 7 mm:J;E:j; f

--.~'._..... Goe e

A'mall = from O 7 to 1 l mm._. ~
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';fnlja large periv1telllne soace.adLarge eggs usually contaln:an

:even larber yolk - The group of'large'eggs w1th
'1};perivitelline space 1ncludes the" eg 'S of the GreenlandTandwf'

Vf;true hallbut “as well as of‘tne Alaska piaice. The eggs of

~';w1th a 1arbe per1v1te111ne space. Tne group of medlum eggs.

——

tv;includes those of the long, banded, and arctlc flounders._]hlr

'l Most Farl}astern flounde 'S, have small eggs.&_Among

}Tfpstrloed flounders and tne yellomTln and snout soles, and allv

_flounder hav1ns bottom egbs -- the rock sole, and the Japanese'

“fianq black flounders.’ :

' The dlameter ‘and structure of the pelaglc eggs, and .

1the1r yolk slzes, vary greatly dependlng upon the geographlcal

-»ffand reveal a regular connectlon w1th the tlme and the condl- o

A:?.and autumn (see flg..72) Smaller 9883 are to be found among:

,_;(see flg. 74)

x”"The?eggs of flounder reproducing -in the open, deepest .

f~area of the sea are esoecially"distinvuishable by~their size, . T

Of eggs oi‘ the winter snawninfr_ spec:Les, the largest are those‘

tfof the hallbuts, and of the sorlng soawnlng grouo, those of

.:ififthe 1arzest egss-«.fiflﬂti'7

| ?tl;g}Of the 1arge eggs,‘note should be made of eggs withf #;:’»‘“

“lqthe latter are the eggs of the sohachl, long snout and yellow—pf[“”.

:posltlon of the spawnlng grounds,'and reproduction conditlons,>

~s;ltlons under Whlch they are lald. The largest eggs are properi?i

;nto the snec1es that reproduce 1n the w1nter and 1n the w1nter5/

-i‘spec1es reprodu01ng;;n spr:Lncr (see fig. 73), and the smallest L

f{eggs, in: soe01es that reproduce in summer in hlgh temoeratures_' o

?the flathead flounder.l The Sea of Okhotsk flathead flounaer, T

}whlch reproduces 1n the most open area, has the largest eggs, |

‘“Affof the group of summer—soawnln oec1es,'the long flounder has

o nall flathead flounder constltute the group of large eggS'““'””m‘”<L:A

‘%E




iif{’banded and\arctlc flounders,]the eggs of flathead flounders’7thﬁlf

~"f"the sohechl and solny Llounders are larger than*those of the

"iV'mouthed flounder, wlth the exceptlon of the sohachi flounder,-i;

‘”1tsame regular pattern 1s observed 1n the analy31s of egg slzes

“,f3soawn1ng grounds”“

"xffrange

-f;'sole 1n these reglons

‘tii:flounders

_E.eco#oglcal nrouo the ec&s of the 1arge-mouthed flounders are,

as a. I’ule, notlceuoly larger than those of the small-mouthed

1hiflounders{:3Thus hallbut eggs are larger than those of the——~-~~~~—1

1:7are larger than those of the Alaska Dlalce,'and the eggs of—*' "‘,

'_yellowfln sole or of the 1ongsnout and yellow-strloed flounders,"'

-*f?all three of wnlch reoroduce 51mu1taneously.~ All large-'.

;of'the sea that are relatlvely open and

lfchllled 1n comoarlson w1th the shallow offshore zone. The

i*hln serles of close specmes or w1th1n the 11m1ts of the same‘:'
1ffspe01es,‘oeoend1ub uoon the geographloal dlstrlbutlon of the

x:The further north the spawning grounds are-ﬁf~i”'p

ji51tuated, thiﬁlarger are tne eggs, and Vlce versa.:'A dlfferent .

onuls observed~1n the wmdely dlstrlbuted yellowfln sole {Q;;i:

_specmes endlln'llathead floundels{3 The eggs of tne yellowfin 3J1;

wh oh reproducesiljthe nortnern area of its geograohical

‘ nLSheleknov Gulf, areino 1arger,~and are on the average’%?f??
’Lheven smaller,,than 1n the south Aouroxmmately the same'

“L“phenomenon 1s observed in Olyutorskll Gulf where the eggs of

‘Tﬁtne yellowfln sole, asmde Irom dlfferences 1n smze, as: 1nolcatediivfi

‘ftabove, also dllfer mornholoelcally. It is evmdenu thau thls_

‘s-ls assocmated wmth uhe oresence of a specmal f‘orm oP yellowfln

;;Ituls pOSSlble that eggs from Shelekhov

:h;and Olyutorskll Gulfs,‘whlch devmate from the typlcsl eggs of

‘vlhthe yellowlln sole, belon*r to spe01el forms of thlS specmes.

wthhe same 1s_observed wmthln the 11m1ts of the genus of flatnead

| The uapanese and the Sea cf Oxhots& flathead flounoers
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‘agconform to the sameiregular nattern as other llounder spec1es.

Xfof the more northerly specles; S

‘f;:;TheTnortne m flathead lounder, whlch reproduces ‘Mlggg;;m;f

:under severe arctlc conaltlons, has snaller eggs than the",;;;'
ﬁff?Sea of Okhotsk spe01es, at the same tlme, the eggs of the’j‘ |

dl{flathead flounder are almost equal in_ d1ameter to those of

»*"fithe southern spe01es.- The reason for thls 1s, ev1dently, the
A5¥Hffact that mature speclmens of,the northern species are smaller

\“«f;than thelr southern counterparts and reproduce 1n a shallower

- o”fshore zone.‘ N

An 1ncrease 1n egg 31ze in serles of near speCles

-from south to nortb and lrom sha’low to deep water is also
:1';observed among bottom eggs that are atyplcal of flounder.‘:f;

The eggs of both representatlves of the genus Leo1doosetta,»fjf,f

fﬁwhlch reproduce 1n a nore open area of the sea, are larger ,

'7“?ﬂithan those of T. obscura or Ps. yokohamae; while the eggs of

'afiftthe northern rock sole are larger than those of the southern

Af‘rock sole.. Je nave also noted the same regular pattern among

"Casplan shad (Pertseva Ostroumova,,l9Sl)

A - The-regular patterns whlch have been observed colncide
‘dﬁgw1th the rules estaollshea by Hess (192& _for 1nvertebrates
and by T. S Rass (1941) for flsh'i'"The 51zes of _the eggs:

Lof water anlmals correspond to the tewoeratures at whlch re-u;;u

'productlon occurs.f In serles of closely related spe01es the _

:3'fegg 31zes are 1nversely pronortlonal to the temperatures of

fthe env1ronment at the moments when the eggs are . la1d° ~ch_e_w_?ﬁ

:*5,:nearer to the pole the geograohical range of the soecies 1s

-;:Sltuated the larger are -the eggs"(Rass, l9hl) The size of

"tne eggs, “in our oolnlon, depends not only upon the temperature

omarne W e ere n e e e s v S ey ey 9 N L ——
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§ *ufaﬁ which they are spawned, but also upon the temoerature at
\,fwhlch theheggs gro;'and mature: At*a lo:utemoerature, the .
i{:};;" ;p’norocess of egg maturlng 1s retarded, and during the perlOd
g E 3;{;OL yolkllormatlon, uhe nutrlent substances are recelved over'

.11fa more extended length of tlme, large eggs, therefore, with

p?a large yolk develop.e »

}R?k}comparison‘of eéé“;izés;tiéﬁ”fééaﬁaiiyféhows an
.";“1n§erse relatlonshlp between fecundlty and egg 31zes. Flounder
'fathat have small: eggs are characterlzed by great fechndlty.:
"}1Tne only eyceotlon 1s the small longsnout flounder, whose' " _'h.;

‘”iabsoEate fecundlty, ln splte of its very small eggs, is a .

_Ailittle over one- thlrd that of the yellowfln sole...

P A Nolseev (1953) indlcates that the 1ncubatlon S

z;f”ﬂperlod 1n most soecles lasts for only two or three, or,'

- Accorclng to’ our observations, the 1ncu;
ibatlon perdod of the varlous soecles dlffers sharply, 13.”
'Vf,iddrectly related to the 31zes of the eggs (or more correctly,
'ﬁ%fof the yolk) and OL hatchlng prolarvae and is 1n 1nverse
;idrelatlon to the temoerature.. The 1arger the eggs and the
fotlower tne water temperature at whlch development occurs, the - f_x
vtlonger 1s the perlod of embryonlc development, and v1ce versa.f”m
{?P A ' oiseev's statements concernlng the higher rates of

'f;development of Pacmflc, as comoared wmth Atlantlc, flounder,

are. not conllrmed he auratlon of the lncubatlon perlods'

of both Atlantlc and Daclflc flounder, uemperature and other

"(;) ": fﬂtgijcondltlons belnv eoual ‘is more ornless the same (see Tables
PR 86 and 87). SRS VRS

Both the pelaclc and the bottom eggs of Far sastern )

ffiflounder develop under good breathlng oondltlons in water
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sufficlent quantlty of oxyren. lnfembryos;

:7gconta1ningV“'

?tnroucnout the whollhof the embryonlc perlod of llfe, no

_~=1f;ff§}._spec1al breathlng organs develcp, erythrocytes are absent,

and the beatlng hea £ drives only a hOmogeneous plasma devold

.77d of blood corpuscles

The slzes of prolarvae that have Just hatched correspond
sto the slzes of thelr eggs, and in_this- way reneat ~the- regular

- patterns obsﬂrved for eggs.i It should be noted that notlceably

":snaller prolarvae hatch from pelaglc eggs that are of the same ffif%*

size as bottom ecgs, thls*phenomenon 1s related to the larger Zgg_

~.*amounc of formatlve materlal 1n bottom egﬂs. The Drolarvae

N +~"'and larvae of w1nter,~w1nter-snr1ng and autumn-w1nter specles o

[-are larger than the orolarvae of spr’ng and summer specles,_fjf

w'“:;and,-ln turn, the prolarvae of specles that SP&Wﬁ in the open

‘ fff-areas of the sea are larger than those that are prOper to;f _
:f.offshore areas.1 In addltlon, 1t should be noted that the B

ife‘majority of orolarvae OL the flrst three groups and of the

ERE open parts of the sea hatch not only larger, but also morpho-vf -

"»h~1og1cally more develODed Alaska plalce prolarvae, for example,

:rhatch w1th an ooen mouth,‘plgmented eyes, a head separated

-41:'from the yolk sac. to the level of the rear edge of the aud1tory

'oaosule or of. the pectoral fins, and w1th small and probably ‘"

_}ralreaay moblle pectoral fins whose bases arejsltuated vertioally.

Tne prolarvae of the Sea of Ochotsk'llathead llounder hatches o
,at an earller stave of development (but at a later stage than o

,the;prolarvae of summer-spawnlng specles).

The nrolarvae of w1nter snrlng species whloh have S ffﬁ

Svffi°«f;gihbottom eggs,"under natural cond*tlons hatch less developed

'l\if-tnan the prolarvae of the Alaska nlalce and the typlcal flathead

‘"“5-l;flounder,_but more develoned than summer specles. The forWard

gy ey o e e . A
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p Sizes, Duratlon of Incubatlon Period and the Length

-]of Hatched Prolarvae of Far Pastcrn Plounder'_.

"tThe Correlation between
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. average
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days -

Hours.

range | average

Length of hatched
prolarvae, 1n Fo |

T A NIV ViEp W Ui v B e N

e e e s o v

4:. Pl quadntubcrculata
'H. dubius e

.PL stellatus fe o '

L. bil; bilineata . . ..
L. bil. mochiéarei B 0,87—0,95 |-
L. 0,73-0,83

H }up stenol pxs . .‘

L

Gl “stelleri .
L. pmm[ascmta " 1,45—:1,61
- 0,97—1,01
Tor H\el;. co o 0,89=0,94
Cl herzenstemx coe atle
Tor e, . L f .. aile
Ps. berzcnstexm cie 1‘
L.aspera...
L. punct punctatxssx
P, olxvqceus J e

L. obscura . ...

=-.~*~ =

2,9-3,8

Bole—
0,9—1,00 -
0,9—1,00 -
0,81—1,00 -
0,76—0,88
0,740,80
0,9&—1 03
veege 2 0,81—0,94

7 1,02—1,09

3,25

2,21

1,36
4,54

0,93

0,03
0,88

0,83

0,87
107
0,93

0,78

0,97—1,1
0,80—1,19

1,9—2,05" 0,97—1,01 1,26—-1 84 1,32—1 73
2,02—-2,34
1,23—1,49

1,20—1,43 *

i

0,64—0,87

0,64—0,87

' 0,64—0,79
- 0,57—0,76
0,74
- 0,711—0,81

0,51—0,69

0,55—0,8
0,76—0,94

0,54—0,65

0,44—0,64

0,71—0,80
0,71—0,80

0,64—0,73
059 . —
1 0—+8.6 204

0,83
o

0,62
Spoyt

1,03
1,11
1,35

C9,8—124
11,6—16,4

2,0-5,4

- 3—14 10,5
16,4—19,0 - 13,1
15,4—19,4. 17,6
11,0—15,2" 16,6 °
15,9—-19,0 13,1
17,6

0,74

—0,2—}8,2 42,4

412 -

Ps. yokohamae . .. .

Fet

ﬁ?Pridr.tOﬁmasthatChing"

48-92 6. 16 . 48
10,8 5 "
13,6, 7.0
©—2,0-4-5,0 41,3 24,
3,7 4.

N N I I S

N
(35

+4,8—+7,8 43,5 22
+5,6 19 .
"84 -8 ..

'.1,93—2,08 °

3,07—3,34
2,58—3,36

2,172, 50 .
2,05—2 29

1,872, 44

:Qghomoson and
~~Van: Clpve, 1936
jOur own’ : -

1,79—2,21

' 1,14—72,127_“
2,32-3,21 2
.3,60—4,00 "3
’3,26—3,8!4
2,4—27




PR SRR

ES

o i AT e T e 4 e b

~ Long flounder

»Fluké

liThe Correlatlon between ng Dlameter, Duratlon of Incubation Perlod and

-Length of Hetched Prolarvae of Atlantic Plounder ;:ﬁi?:*43@
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Table 87
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hLend ofsthe head 1S'usually separated from the yolk sac, andta

" ~1nally; the prolarvae “tﬁ;:f

ple‘entatlon of the eyes 1s beglnnln

31}jthe1r he ds are tlgh ly aopressed to the yolk sac"

F1no mouth and the pectoral flns have the appearance of mlnute, ’ S

’fivertlcally standlng lawlnae whose" bases are 51tuated parallel

-f,to the longltudlnal axis of the bodyi“ The eyes are unplgmented

- w_I;ong flounder prolarvae from uhe open Dart of the sea hatch

‘ more developed, a. phenomenon related toatemperature condltlons.<{‘--;

;Tnature that the hlgher tne incubatlon temperature (w1th1n B
.twi'llMluS DOSSlble for tbe aevelopment‘of~each spe01es), the
“:ff’more rapldly and less aevelopea the prolarvae hatch. Ah"”“

'wfﬁexample conflrmin our assumptlon is- to be found 1n the larvae = .

f;of the Atlantlc w1nter flounder (Ps amerlcanus), which hatch

'ﬁff“more developed than the 1arvae of the dab and other summer-pfﬁf” -

"'”snawnlng forms. The—prolarvae ol the flathead sole and tne

Tfﬂffblalce”'iitne North Sea are smaller and hatch 1ess deVeloped

:5?than.1n the Barents SeafdiOn the bas1s of the for6801ng : I

| "~f>material the follow1nrr assumptlon may be formula»ed*i ~the slzes

.and the degree of development 01 flounder nrolarvae that have

'h“LQJust hatched correspond to the temperature at whlch the eggs

».;\deVelon. In series of closely related species, the degres of- EET

develoenent of prolarvae that have Just hatched is 1nversely

»‘bjproportlonal to the terperature aurlnv the period of development'

:'j of the egbs and hatchlng. lki-fh B ;rf jf:’sz?fﬂée

The degree of develOpment of closely relatedhforms 1nv

:5:series increases from south to north and from shallow to deep o

fffwater.p Prolarvae feed dlfferently and have dlfferent body

: '~proportlons 1n accoraance w1th thelr size and degree of




"\ifif?tne offshore zone have a greater fecundlty 1n comparison Wlth»”

HhhddeVelopment Larg

}ufisorlng lorns, shortly after hatchlnb§(and some, probably,

’short clstance from ‘the end. of the snout to the 1nsert;op;t:*fg5f¢-_i

:.;_hatchlng prolarwae‘- A nlgh degree of mobillty and actlve‘;

Aifhfstrugsle for ex1stence..n“hls reduces the mortallty and RE
a;malntalns the numbers of the specles.l The fcedlng of just- o R
;ihatched prolarvae of uhe-summer ecologlcal—morphologlcal
;;;group of flounders'takes place exclu51vely on the ba51s of
”ithe reserves of the yolk sac.; Consequently, they are of Uf»_ ,
:f‘llmited mobllity and have a short tail and a- correspondlngly ZQH_
::long dlstance from the end OL the snout to the 1nsertlon of *Ti**’““

h;the anal fln..~f'"

:1comoared w1th the larger ‘and more moblle Drolarvae of the_Aﬁ-

;Lw1nter- prlng groups, are subgocted to greater danger._'a'
'-eilarge nunber d1e from varlous unfavourable condltlons and

5if'fall prey to the1r enemles.' Thelr hlgh mortallty 1s compensated

::hi:by a hlgn fecarolty., (All snecles reproaucinc 1n“sunmerm1n B

'bifwlnter—-and sprlng—°oawn1ng SDGCles Y Also of no 11tt161y;

""thmoortance 1n malntalnlnb the numbers of the species is the

ih\890-5 :Jﬁf{

6L “thé winter<"

,and more7develoned prolarvae‘

' Sf[flmmedlately alter hatcnlng), 51de by 51de w1th thelr endogenous

-Tt}feedlng, convert, cn the oa31s of the yolk that they contaln,_ _““faﬁ;

‘fto actlve feedlng and thus have mlxed food hablts.‘“They are

'",}very moblle, and have a long tall and, correspondlngly,-a

. ‘-':.J_.,'.~0f the anal f:x_n. . S S Ce —*_

B As 1nd1ca+ed above,‘specles that lay large eggs are_

"‘-of a comparatlvely 1ow fecundlty.- Thelr small quantlty of—f”““““f“—jﬁ

";eggs 13 comoensated by the large s1zes of more developed

fiprocurement of food glve them a dellnlte advantage in the

o g R
‘l

”Because of-their°limited mobility, the prolarvae, as<t:

B
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“:‘.{;Prolarvae that have hauched 1rom pelagic eLFS lead .

ca pelaglc mode of 111e and at—flrst keep to the places~atv~<%~———ww*

B whlch they hatch3"1Vor do prolarvae of the black, and Japanese T

»

‘; flounders or of tne-rock sole that have just hatched from‘

QL_bottom eggs, remain on the bottom. Performlng peculiarlmwlffg.,~“r{
movements, they graoually rlse uo.; They swim upwards almost _

t] 1n a stralg;t 11ne and evenly, alternately restlng for perlods'

.bl_ln whlch they 31nx Da531vely.' Slnce the length of the path ;;_

-ﬁ}covereo 1n ascent 1s greater than that durlng 81nk1ng, in each .

. -

‘-7,;ascent 1n turn the prolarva 15 hlvher and hlgher and in the R

| ‘end rlses to the unner layers of the water. Prolarvae that
1have rlsen up lead the same pelaglc mode of llfe as larvae

)'.a”that have hatched from pelaglc eggs.

In tnls'connectlon 1t is 1nterest1ng to note that, “:
accordlng to our observatlons,_nrolarvae and larvae hatchlng_d.f-~

Qboth fromlnelaclc and bottom eggs have a pOolthG Dhototaxlslf“*“;**

“fitowards'scattered llgnt and behave negatlvely towards dlrect

iffsunllght 7ﬁWe'hav:;not studled the behavlour of older larvae‘

o towards livnt but by analogy Wluh the larvae of bottom
i

:ffilnvertebrates (lnorson, l9u6) it may be assumed that as larvae

~‘}vbrow; tne DOSltlveness of ohototax1s dlmlnlshes, and towards

'7ltne comoletlon of metamorohosis they become photonegatlve.-;ﬁ”

V'SpeClal exnerﬂmental ooservatlons are requlred for the flnal .

| .:'_g_;:;_',.»:‘-j,__v.‘:f_'_:'solhtlon oi‘ thls questlon. . — L . “ i

1fThe Drolarvae of the arrow-toothed Greenland and truej

‘“:Aftfhallbuts, whlch,'as 1s known,‘hatch-at great depthe, alsoiwrmf

_:fehlft to - the hlpher (but not the surface) layers of the water.

—— e p—




~;fg?f1ﬁas the yolk sac 1s absorbed; the moutn aoparatus 1s‘lormed,,

': and the 1ntest1ne opens and communlcates w1th the oral cavity.

f”;;At the same tlme, tne pectoral f1ns 1ncrease in 31ze and ffm;

‘:gif acqulre moblllty, the tall lencthens and, in addltlon, thef:”'

|
o |
fi‘moblllty ol tbe orolarvae lncreases, a necessary condition -

= St R o P

‘Afifor the oursult and nrasplug of LOOd

: When flounder larvae develop, they undergo very

°’?jcomplex changes (metamorph051s)j in the orocess of wnlch the
57};;"ent1re or”anlsm of the larvae as a whole adapts to a certaln

L grouo of external condltlons 1n a deflnlte ecologlcal niche --

»?Eiln thls case, to dwelllng on the bottom.jr n _df[f

: It has been known for a lon~'t1me — 81nce the beglnnlng
i"fffol the second half of the nlneteenth century —5 that flounder |

olarvae, when they hatch, are fully symmetrlcal, w1th eyes

ﬁ*“n:j:e.'uj'31tuated, as 1n normal lﬁsh both s1des of thelr headss QWWMJ}ﬁe
It was prev1ously belleved that the flat body shabe of flat-

Aflshes res ulted from smnklnﬁ to - the bottOm .and that 1t_wnm1 me.]ﬂ_f

‘_orlblnated from a denersal mode of>llfe. Actually, not only - fl
'<:>g.ijdf;§f;asymmetry, but all the features of famﬂly, Genus and species o

ﬂ%?develop 1n the.course of llfe under oelavlc cond1t10ns.~ An ggg9'l5

;k@?external v1s1ble feature of asyhﬁetTY 1s the beglnnlng Of |

;ﬁtne Shlft of tne eye of the future lower slde to ‘the other

3f7;slde. Tnls external o ocess of metamorpnosls of flounder '5
‘7;larvae was noted very long - ago, and its 1nternal develOpment

v{.studled much later in detall (Kyle, 1923)
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f“,rates of speed 1n dlfferenu spe01es. Hence even the sizes of

ih:flounderevary greatly.», ne’ larnest larvae are those of the_f'

VA e s R e e e i e e e

flong flounder of the genus Glyotoceondlus and the smallest,

2§5}¥those of‘Ps."amerlcanus and L. obscu“a (see Table 88)

The duraulon Ol the oelarlc perlod of llfe _of . larvae,

1iwhlcn 1s of e?reat 1mportance 1n the preservaulon and settlement

[jol,a spec1es,'1s closely related to the env1ronment If larvae f_ e

T"len all stages of metamorphosls are grouped by slzes,_lt will

A>‘be found that metamorohlsis takes olace most raoldly in offshore~‘

’"ﬁLorms, wnlch develoo au hlrh temperatures, and ‘that this orocess,»”

~“1s slower in s0901es llvlnU 1n the open sea.;“

We have not established the reasons for the more rapld

- 'ffjcompared w1th spe01es~of the genus leanda.;g.

‘{}Pecularities”bﬁzLarval'Pigmehtafidn*‘v.

1‘The colourln"'o .llSh 1n 1nd1v1dual stages of develop-

"f{ment,_and of mature soecimens, nas 1nterested many sclentlsts.w,N“H

0 To thws ouestlon has been devoted an enormous number of studles;

’;iFWthh Bronn (1927) collated and ﬂenerallzed Of later works,hmx"

Titmentlon should be made ol’rcsearon by V. V. Vasnetsov (l93h)

“devoted to the evoluulon in_the. eolour of-oony flshes.-.“whsahsh;smv?

*TVasnetsov, in the 1ntroduotlon to h1s artlcle, wrltes. "The

:Tproblem of the ohjlogenetlc relaulonshlps of _groups, oﬁ“bonymmmw_+MT;e

5i;f1shes oannot be con51dered townave been adequately treated “ZL§ o

. ;v;nelther 1n relatlon to small taxonomlc"unlts—such as- fam111es~
Fac R : e e -
A -T'ln relatlon to suborders or,<as they are

Anow understood orders.{ Therelore an: 1nterest in solving the

-ﬁifproblem of this feature (colourlng) is hlwhly deslrable...




V::fe§94*::fe]i§jfgl

Téﬁié‘éé'}ff*"

”:;?The'51zes of Wlounde“ Lervae Towards the Moment of

;Length of bOdy’»gng}

. ‘Species "
‘ R 1n mm :

_Gl.'Qyneglossus.}ell;;;i;;F-About uO S ;f;ﬁ Petersen, 190u

Gl."stelleriff;r;;ﬂ;..};ﬁiE’f? 40 to-50 B w”,ewe';

:? h13290105301des......

gdore than 30 e Jensen, 1935

:H. h;'stenolebls.....;;;",”a'» Thombson and Van Cleve, 1936
: ' R L

‘H. h. hipooglossus........ 35 *‘*"g*%*f'ffe» Schmidt 19ou, Taning, 1936 ----- i

;ﬁ; Dlate5301aes{;;€;.;;éiﬁi'iﬁ:30 e;' .“_TA' Petersen, 190u

VFJ;BOftf J:, o Our own'

Tﬁ;‘p; 1;mand01des;$ff;;f .

fH.Teiaeeodon.,;f.::;":}‘ Aﬁf3o~17sﬂ ~,,"}f" Same_““v

A, hadeehﬁyi;;;fjA. ‘¥ﬁAeeut72bfff?fjfvlgw Same .~

DR | I
.J.»

j"I-L.f'.blliﬂeaua billneata

?ﬁgllimandaQQ;f}}ﬁus Schnakenbeck 1928

.L..asnera ‘f‘if S :E;‘;&;e : Our own

P, olatessa,ggfi

"°71§ff]ef?‘;' Bhrenbaum, 1905~ 1909 R

:Pl stellatus(.}.;:f_

] mhrenbaum, 1905 1909 T

Pl. fleS'l.IS s ee e o.'o o- -o ‘c .o o .. ~o]:'cll.l‘bt 1950 - ":_TA_‘—‘-—--__.e__ w.__m‘:

Ps. amerwca us.,(l;;;.::..3f‘ v e8'tdh9' T Bigelow aAd Schrdder; 1953 :fﬁ

L. oQgggig....;;,};;ﬂ;Jff;‘; " ﬁ8 £e_9_':" L Our own and Kurata's, 1956-,mw~;
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”'*et'lution of?colourin 157*

_'moreover necessary for 1nvest1gating€the regular patterns ,

:£°f the evolutlonary process. Vasnetsov wrltes further that -

‘“*ih;‘“COlourlng on the one hand is hlghly varlable under the 7@_"“

ia“dlrect 1nfluence of env1ronment, and on. the other hand 1t 1saﬁ-'

;iconstantly belnﬂ determlned by neredltary factors, whlle a L

‘:fdeflnlte character is prooer to whole groups of anlmals, and Qfgi

to genera and famllles...”

An analys1s of flounder nlgmentatlon at dl ferent

(!gjstages of develonment has permltted us to establlsh as for

'ffibfeother—*lsh (Rass, l9h9), tnree oa51c types of pattern --
!hﬁscattered, row, and that whlcn has tne apoearance of StPlDeS
t:ior spots and accumulatlons (1n the sense of the dlstrlbutlon
7??0f plgmentary cells over the bodles of embryos and larvae),lh"'
iﬂpby whlch or by a combinatlon of whlch the whole range of \

*?;ffcolourlng 1s formea.u.‘

;In the ontogensls of flounder.the flrst to aocear is;_f
Hfhe scattered, then the row, and last the spot band type of:'
_3pigmentat10n.‘ Tne last two types at the beglnnlng of thelr
gglormatlon are usually comolnea w1th scattercd cells, some of i”“

”fiwhlch subsequently becOme part. of the accumulatlons, whlle

7f;.others dlsappear entlrely.~

Plgment.whlchAnas appeared 1s, in the cnaracter and
.dlStPlbuulon of the cells ‘that compose it, enerally similap .
o f?riln—;ij»s°e°les’ but as early &s.the tlme“of embryOnlc devel;p:._’f-~~
;Q%¢gf#+:‘ n'-ment spe01l1c features are outllned Whlch Subsequently appear -

:%<:>%j';;ﬁ**fmore and more dlstlnctly. It is- in larvae tnat have not been-f.

fffully formed that the soec1flc characterlstlc of plpmentatlon'f'.:=“
‘1atta1ns 1ts greatest promlnence.f After rays are establisned

‘51n~tne.f1ns,‘these dlfferences evan out somewhat and towards

SUNI e B atn - - v — v vy o — v 9 e . ribd
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f.common features (upper,_lower,‘and lateral rows of spots)

'V"f}because ol the tran31 1on to smmllar dwelllng condltlons on -

$;?the bottom.ﬁ- qen th ; ment_pgtterns of tne flounder larvae’fl

'“5fthat we have stualed are comeared common characterlstlc

“features are seen, on’ the one hand for a group as a whole, s

fgﬁand on tne other, for genera and 1nd1v1dual SpSCleS. -

P

It is characterlstlc of 1arvae of all specles as a;jf-V

"w}#whole that the lower oortion of tne body is more 1nten31vely -

—ﬁand.tnat the trunk head

o and abaome tare coloured dlflerently from tne tall A row-

PR e

'””f¥type,.scattered and unformea accumulatlon of | cells is charac-"h

*:fflfterlsulc of the lower portlon of tne body. The correspondlng

ff?characterlstlc feature of the trunk is ‘& row- type, transverse-i;-

_,iiorlented accumulatlon that 1ntersects the body in the form Of pemr e

) establlsna.nx7 the soecles of larvae, the most 1moor-i'

”'d';ftant Ieature is tne nlgmentaulon of the tall

Leu us examlne the group and generlc feacures.5 In all'

o ‘of the spectes that we. have examlned oP larvae of the grouo of:

”'ﬁiﬂlarge-mouthed flounder,mwluh the exception of the arrow-uoothed L

L h_ﬁ. gAhal1but the end of the urostyle is surrounded w1th & row of

Avplbnentary cells (see flb- 75, l 6) Thls is observed not

A”only 1n Far pastern flounder, but to an eoual extent in Atlantic

flounder.:'Th i mentatlon, tnerefore, of the end of the

» o urostyle may oe consa.dered ai‘ea»ure of the entlre c,roup.

'absence of nlgment at the end of uhe urostyle”is character1stic‘*“~?

N of small-mouthed llounders~(see flg.m7,, : l?%;d“'
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897,

: also characterlstlc is:a orlmltlve scattered row type of

R

genus Hlopo~lossus dllferS’from the"genusu

{ \ e ,Relnhardtlus 1n an extens¢ve develooment ol scattered row’ o

A row dlstrlbutlon of plgmentary

:p;and_7,\and 75, 2 and 3)

‘ :‘cells 1s characterﬂstlc of the genus Acanthopsetta (see flgs._‘ffA

?f19 and 75, 5),-1n this respect lt resembles the Greenland

o and true hallbuts.~ harvae of tne genera Atherestnes, Z&SBv»

i‘:Cle::_sthenes and Hlpuoglossoldes have & Dlgmentary pattern

whlch dlflers snarply fron that. of. the genera Relnhardtlus,;;;Mr

Znﬁlonorlossus and acanuhopsetta.] Tne blgmentary cells on the

""vf;fmetamerlc portlon of the talls of these flounders form bands.

";“lIn larvae of the genus Clelstnenes there are two’ such bands,_

7;wh11e the strlpes tnat compose them are senarate along the
'*fyﬂmlddle llne of the tall and are extended along ‘the 1ength Of

~Q;the larvae., lhere are three or four plgment bands (see flgs.

‘éfll 13, 15 and 75) 1ni he prolarvae ana larvae of the genus

fiiHlpDogloss01des.‘ It'dhould be noted that 1n Atlantlc flounderS'

’;fﬁthe Iorward band 1s'rud1mentary and represented by a small

begroun of cells on the lower edge of the tall In the soutnern

R‘Verasper, whlch has a mouth of average s1ze, the end of the “ LT

’;.urostyle 1s not nlomented, and the entlre body 1s thlckly

f;kcovered w1th melanoohores,‘a*nonCr whlch two bands stand out "f;ffff'

:'.weakly on the ta11

The larvae of the vast magorlty of small-mouthed

":ififlounder spe01es have a_spot~band plgmentatlon in the metamerlc

e 1£portlon of tne tavl only 1n _species of tqe genera leanda

';and Dlatessa 1s a row arran ement“ol olgmentary cells observed.

"fLarTae of the genus leanda have a dlstlnct double row Of

:‘“1flnlgmentary cells on the lower edge of the tall and an 1nconnlete,A

.

‘5};;1ceep row OL melanoahores above the chord beglnnlng far behlnd




s,

the anus (see flgs..BO and 75) In 1arvae;of:L1manda;i”“

lthe row arrangement is dlsrupted by an accumuw_m_,

ijfi-y f:ff;’latlon of melanonhores on the tall at the bevinnlng of 1tslif

Larvaefo;.the cenns Placessa'harenamiess‘dlstlnct
*'7;ff§§w on the 1ower edne o; tne tall, a short row on the upner‘
‘?ffffedge of tne end of tnc tall, and a 1ong row of deep melano— c
| phores above the chord, oerlnnlng, as a rule, at the 1eve1

A Of the anus (see flgs )4«3 “-*nd 75’ 3) e }E'f—'" ::1

In 1arvae w1th a band tyne of nlgmentatlon the

j'number 01 bands varles.J In specles of the genus LlODS°ttaaa

C(L. plnnlfas01ata and L. g1a01alls) there s one: band onﬂii»g

étf:;f;[fiff:Athe mlddle of the tall (see figs.-: h8 h9, 51,’and 75) The

'”'*specles L. obscura scands aoart 1ts 1arvae have a forward

Afi;band in’ addltlon to a band in the mlddle-} The Drolarvae:m_ 

wffand early 1arvae of specles of tne wenus Pleuronectes (p. -

stellatus and T’1 flesus Wluh all of thelr subspecles) 1n.1f

ffiffthe character o; the plgmentatlon of thelr talls dlsplay a

‘1_greau s1m11ar1ty to the nrolarvae and 1arvae of L Aglaclalis

: and L.Agln 1fas01ata,d-- only one band forms at flrst on the’

o m1dc1e of thelr talls (see flgs. 57 and 75, 17) :'Subsequently,
1]f1n older 1arvae of both genera, the band type of plgmentatlon_f -ffi

_ 13 replaced by a secondary, scattered—row type.r Older 1arvae‘

' o of - the SDGCleS Kareius blcoloratus,'wnlcn resembles the Lenus

. '"APleuronectes, also have a scattered—row type of pigmentat;on. S

J_Prolarvae ano 1arvae of specﬂes of the wenus oepldopsetta Q

e fi?;”;fhave at flrst two dlstlnct bands and a rudlmentary thl d band'm
L 7137;jolder prolarvae and 1arvae nave. afull second band and an upper

‘ frstrlne of a nartlally reduced forward band - (see flgs. 22 23,

"ff?i26 ‘and 75, 8) _ lhe olgmentatlon of orolarvae and larvae of
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igure 75 Dlacra*n of tne arranbement of Dlgmentary cells R
on the talls o.f‘ flounder 1arvae. R o

4 — Athercsthcs, 2 Rchharduus, 3 — Hippnvloqsus, v — prpoglossofdcs. 5 ="Acanthopsetta” 5
¢ — Clelsthenes; 7 — Verasper; 8 — Lepidopsetta; 9 — Limanda; 20 — Limanda (Myzopsctta); £I1.—

Pscudopleuronectcu herzupsteml 12— Ps.’ yokohamac. 13 - Platessa-t Olyptoccphnlils, 15 -—L|op- T . - T
seua plnniraacuta. L. "laclalls, 16 —obscurn. 1w — l'lcurnucctve' aAsen (oOoOmcnm.lm o ome e
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of plgmcntary cells var1es:< in the typical Ds. herzensteini-~‘v

there are three, 1n Ds yokohamae there are two, and 1n the

Y. N . N [PV AN OV S U A

10 11 38 Ill .and 75)

In long flounder of the genus Iptocephalus there;;

'are three short bancs,ﬂof whlch the last ls_sltuated near~fff

the.end of the uroSUyle, buu not at’ 1ts very end, as we have,;!:h”i‘fj

”'Tseen'in the'large-mouthed flounde S“j“In'addltlon,: mall“":EfT_;“""l

plgment‘soots located on the mlddle of the'soaces between the

E bands (see flgs. l3, 56 and 75)mare characterlstlc of species
Af( : . e - . R e

‘of thls renus.j*"f,j o “”‘f,~2 T T IR S

The prolarvae and larvae of the genus chrostomus

have four transverse bands.

:.On the b&SlS of the foreholng lt may be assumed that

wfof the large~mouthed flounders, those w1th the most orlmltlve

“ffsfolgmentation vfcolourlnev—— are bhe hallbuts Relnh&rdtlus

’fand Hlopoglossus, wnlle amonv the small—mouthed flounders,» :

':the same aoplles to L lwmanda and L AasE . The colourlng

and L. ferrunlnea has dev1ated somewnat from tnls type..~:"ZQ53:;

“dIucidentally,,atyolcal (bottom) evgs, and: nrolarvae and larvae

‘(z)i{'“g‘b that are unloue 1n thelr structure and character of movement

The process of the further oevelooment of colour in

d“j"the larvae of all flounder leads w1thout exceptlon to the

oy e e Aol 4y ST R Ly s e - -
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f7the soots of.theﬁuooer and lower rows»gV

- @.fi dfiof uhe tall,'uhe completlon of which coincides w1th the R

N moment of comoletlon of metanoroh031s and the tran31tlon of"

'the 1arvae to a bottom mode of 11fe.~ Where there 1s a band

.'type of nlgmentatlon, the ;ormatlon of spots takes place

'fvmalnly throurh tne trens;ormatlon of tne upper and lower

o xS

Tstrloes whlch dlverged when the oody grew -in- helght,—and_WNNQN_W_;;h;_
.to an 1n31gn1;1cant degree throuch the formatlon of. new ‘
jo,plgmentery cells.‘ In larvae w1th row or scattered—row tYpe ;;*57*¥?ﬁi-
ifplénentatlon tne formatlon of spots takes place exclu51vely “““??;;j?}

'ron the_ba31s of the rerrouplng and new formation of plgmentary

iﬁi:cells, and always Ain a strlctly determined- order~-- from. . W«Q;;

x?zbac& to ;ront

After Juvenlles nave 1aln on the bottom,'in the

'““T[S'process of aaaotatlon to the 1atter's colourlng, plgment

‘*.marklngs become 1nten31f1ed on the eye 31de, 31nce there

»’”xi‘apnear the spots of the mlodle late"al, and than of tne upper

”flflateral and 1ower 1ateral rows, and 1n the end there develoos
"’f5a sootty—cneckered olgment oattern, suoseouently made compleXf.

(and at the same tlme 1051nn'1ts shero definltlon) by =a larwe

: ouantlty of melanoohores scattered among 1ts oomoonents._ In’

‘.some spe01es rows of soots are also frequently observed on o

tne dorsal and anal flns.. The form, quantity and arrangement
‘of individual pigment spots are different in the fingerlings

f dlfferent spe01es,'and in the same wey as 1n orolarvae and‘

*#jilarvae they are of oreat 1moortanoe for 1”entlflcatlon.

Tne 310n1flcance of colourlng as a blolonlcal ohenone~ i

;:7non 1n the llves of, emoryos, prolervae and larvae is not““”ﬁ%“f:
“efentlrely clear.J In adult flounder 1t has an adaptlv sig "fi

:_f cance and lo manlfesced in dlfferent ways under dlfferent """" L
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ﬁ‘uif?colourlng 1n.relatloﬁ bO the colour.and pattern of the bottom
:U5~bls well known,i n experlments, flounoer have roproduced the, 5
'w:;apoearance of tqe oottom S0 cou@letely that they have become
b”gralmost 1moercent1ble'(Juk'yanova, 1936 Osborn, 1941 and l9u8

V”arke ; l9L8 Breaer, 1955, and others)

‘*TfWe havs nct*aé yet estﬂblished the adaotive signifi-

"1cance,_soe01flc for llounder prolarvae and larvae,of colouring

“fas has been demonstrated for LlSh of tne herrlng famlly (?ess, _b;_b

1937,

SatKItIs

T het us see whether there is any klnd of llnk w1th

jthe ecoloqlcal condltlons under whlch orolarvae and larvae

fdwell. The la vae of wlnter—spawnlne offshore specmes

-“Q(L ' lacmalls and L. oﬂnnlla301ata) have a band tybe of ;;Q.

'veplgmentaulon,-and the two w1nter ~aut umn specmes of the open

'fsea (R h matsuurae and H h stenoleols)i a scattered-row

‘The genus and spe01es of the w1nter sprlno group

'j( bll blllreata, L bll. mocblgarel and L. obscura) and

jone specmes o; the sprlnb grouo (Ps. yokohamae), whlch

.ffdevelops From bottom ebbs - all, w1tnout exceotion, nave'ffff
- . . ——

~a band type olvmentatlon. S

“Among the'spring forms, the offshore species

’ﬁ(P. stellatus and Pl:-fleeus) have a band typelof pigmentetion5iliw1

.more ooen e"eas ("1ooog105501qes) have four bands.i The‘_.

'Wthh develop

{iat tne same tlme, are’ characterlzed by a ‘oW arrancement of
A plgmentary cells..‘fjff”““ . ' 5;‘:
].:lh;the group of summer-spawning fish in the offshore
~zone some species (Limanda) have a row arrangement of pigmentary

Tne ama21n8“°a°a°ltY_0f_flounder to alter”thelrwﬂ-f;#

_:rebresented by one band ‘wnlle the forms that Qwe‘l 1n th Lo




fwhlleiotners (Cl ~hervenm
sootty—band arrangcment In prs 01sely the same way,‘.>

two spe01es developlng 1n the more ooen areas of

nadesnnz;, a row type.

Thus w1uh1n the limits that LCH have establlshed-‘lgsgjl :
Q“;for ecologlcal groublnws no distinct relatlon is dlsclosed
‘:"“ifbetween pi gmentatlon and GCOLOVlcal condltlons durlng the
.dt?ﬂfperlod of development iﬁé p olarvae and larvae of the winter-
Dt sprlnc_ecolovlcal groun, as well as those of one spec1es of
7}tne sprln: group, whlch hetch lrom bottom ewgs, are an excepulon.
“~ﬁere'bberejalstlnctly emeroes a curious parallellsm in the
\”development of tne nlgmentary pattern (hlghly s1m11ar in all),
.on¥£ne one hard, and 1n the characcer of movement, on the
_obher.. lhe fact 1srtnat all prolarvae 4‘het have hatcned from

b*’oottom ebgs, on rlslnv un nerform movements of tne sare tyne,

":.descrlbed”above, Wlth uhelr talls._ we do not observe such

'fimOJements&dn‘any other groups.; In splte of the fact that tne
"f<magor1ty.e? snecles_lncluded ﬂn tnls group dlfler in detalls
of Ulgmentatlon, two oands develon on thelr talls.n Tnus two
-Afi_pGCLllaPltles of nrelarvee and larvae prove ﬁo be linked.
'{.‘Jhere they have bottom eggs, they dllfer'lrom all flounder
?develoeﬂng from pelaglc ebgs 1n the unlque movement of their .
‘stalls an d 1n the no less unlqae chnent on the latter. It
xbflsnould moreover be noted that the prolarve of the banded and
";ftstarry 1lounders, Wthh have a sﬂm1lar Dlgmentatlon (a band
‘b;on the mlddle of the tall) oerlorm 1dentlcal movenents w1th

d;;thelr talls,vat the same tlme,.thelr yolk saos are turned :

wffubwardsrl lt 1s DOSlele that it is in Just thls that the
inr{causal dependence cons1sts, but it is difficult to decide o

‘5f§'what 1ts nature ls w1tbout tbe apnllcatlon of the emperlmental'
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“Aécﬂaeﬁtai}*

.'tnelr Dlgmentary cells,

:_1and Glyotoc alus)9with*three9or“four bands‘(seo Table 88).
ffnmhe spots of the upoer ard lower rows tnat form upOn further
idevelooment.are also related to- tne pecullar movement of the‘
U}Qfanal and dorsal edPes of the?oody ana the i‘:Lns.'.~ An accumu?
“?f}latlon of melan in pi ment 1°»usuallj accomoanied hy a corre-
11f2soond1ng accumulatlon of lemon-yellow xanthophores, unlch‘ |
‘lffpartlclpate 1n*ox1d121n
V”fdlscu331ons 1t nay be assumed that the arrangement of spots.f
'f;on tne tall 1s assoclated w1th tne zone of uhe most 1nten51ve
'ox1d121ng orocesses, wnlcn tame olace when the myotomes
mgcontract and whlch determlne the bendlng and unbendlno of

the tall _,lhls assumotlon appears to agree fully Nlth the -

ol oxyben 1n bhe muscles, and conseouently, the ox1datlon
"“orocesses, 1ncrease wher a muscle

'TZ'"Tne flnal solutlon of uhe pl"O‘DlG'n 1nvolv1ng tne relatlon Of

fmovements needs addwtlonal observatlons soe01ally arranbed
' both 1n nature and under exoerlmcntal conoltlons. he oos51-

o bllity 1s not excluded of an assoclatlon oetween nlgmentatlon

-andfthat*the‘aevelooment-of the olgment pattern - -

};1§n;the;ﬁ5i1 deoends dlrectly upon the character of movement.\ ' | ;w

In thls connectlon 1t ls 1nterest1ng to note that

’

yl}j‘sootty—row plgmentatlon 1s usually on the tail, uhose length

‘.-fln pelagic flounder orolarvae w1th dlfferent tyoes Of pigment

'1var1es towards the moment of aosorntlon of ‘the yolk sac. In

o most of the specles that have a llnea“—row arrangement of

the tall is shorter, whlle in specles

:Ttl;wlth a- sootty-band tyoe of plgmentatlon 1t is longer,‘among

Ji?{the latter,ltroae;wlth_tne lon5est tails are forms (H;pooglossoldes'

c,}.pzc'oceoses.:v In connectlon w1th our

data of physlolovlsts, which have snown that the con sumotlon -

o sses from rest to worx.

-
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T ' S. Rass (1935) has noted thatthe plgmentatlon
g;p;-_“fﬁe7"of the emb“yos oP arctlc forms -appears at a later stage of

'idevelopment than 1n tne embryos of related ooreal forms.._w’fjffféff

iVﬁLarvae and flngerllnrs in colder waters are usually less-~~~f5'x
Digmented These regularltles, Wthh have been establlshed
for the ebgs and larvae ol cods, are only partlally ooserved

".i; Far Eastern flounder~1n correSponoingwstageseoﬁwdevelopmentﬁw“’

RN
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'3lIn observ1ng the tlme at Wthh plgmentatlon apoears,.,;~

-_'and 1ts 1ntensmty;:w1th1n the llmlts of the same soe01es or ;;; ,}

| dlfferent reg*ons of a creogremnlcal range olgment anpears in
ke kflembryos at the same stages of develooment -- the’ beglnnlng

[ of‘formatlon of the tall ‘bud. Subsequently, however, 1t 13 ZQSS

Ji”a.not as clearly exoressed 1n embryOS in northern as 1n southern
‘“threglons.jkhor examnle, the larvae of the yellowfln sole are
'Hfless hlghly coloured 1n the north than_ﬂn the south 'Thej?;'A -

';;prolarvae and larvae of the northern rock sole are notloeably

5 the southern—temoerate—boreal

f}varlety.: Tne larvae of the subtroelcal ooreal two coloured

. A”lounder are far more 1ntens1vely plnmenued than tnose of a.

.imalnly boreal sne01es ——.the star y llounder.m Unforuunately, ;;

‘Vwe cannot compar ﬂtne olgmentaulon of the orolarvae and. larvae,”m

of H. robustus ano the southern form ﬂ dublus. No notlceable

'_:dlffer“nce is founo 1n the pignentatlon of_emoryos prlOP to .

. s "‘*“hatchln lhe embryos, orolarvae and larvae of elassodon,»

“las 1ndlcated above, are apore01ably more 1ntens1vely coloured

e i PR R S S

-than tbose of H Dublus, whlch accoras fully w1th the obser-

::;vatlons 01 Detersen (190u) ""Juveniles of the same specles

| ”are of dllferent smzes 1n dlffer nt waters, and the larvae of

e - ae e i s a —— T
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‘tne ooen, reas of»the sea are largér ana have an ab@

"delf”erenn Lrom tnosc 1n the offsnore‘area._ Thclr plgmentatlon

'w;is ;requently more sharply exoressed *Tne more 1nten31ve

,;plgmentanlon oe_southern forms ‘ig- ev1oently assoclated wlth - fo‘

N T -

~""_an aoaotatﬂon Drotectlng tne nervous system of embryos and

:glarvee from the brlght sunldﬂht of tne south (Rass, 1935)

In conclu31on, it'iS'ﬂnteresting to note that the

].‘plgmentatlon of louncer Droia“vae andmiarvae of the same

jage

'fldarket than)tnat of soeclmens collected at sea. We have

'3_;;as has S G. xryzhanovskll in DGPCh and otner flsh (19M9 and

:'m¥ﬂ1953) 1he reasons for tne more abundant plgmentatlon od.ff

1;Drolarvae ana larvae under artlflclal condltlons, accordlng

AfCOﬂoPrlson OI

Far T*‘asl,ern and Atlantlc Do s

'Flounder Soec1es‘_»

As ;naicated abOVe, ten SDGCleS of Paclfic Ocean

'flounaer have tnelr analogues 1n the Atlantlc. These,specieef_

“»are'malnly tnose w1th a nreference~for cold: the subarctic-”

;f‘_;ﬂ ;3_boroal soecios D1 qpadrltuborculata- tne mainly borcal soecios
.:(:)' i?‘_* pl stellatus, tne;Daclf;conneal soecles R. h;pooglossomdes4;ﬂ;;ju;

*?matsuurae, d ‘hlono loesus stenolenls, L. asoera, and .the

N

. nortnern~boreal Sea of Ckhotsk-Berlnr Sea specles H elassodon._

~ﬂfThe only cxceotﬁons are the temoerate-boreal Sea of JaDan

ﬂfsneciee[Gl' stellerl and the southern boreal oea of Jaoan

"\species-P yokohamae.._gl_ﬂlaclalls is clrcumpolar.

e e e i e T e e
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'“Rtlantictfiounder\of:the aboveispecies;ared;vjﬁ‘eaV‘

.

‘s;m;larpto&theirﬁPacific?counterpartsﬁand?differ
e f;kymost frequently only 1n 1nsmbn1flcant merlstlc features and

%“Zfﬁﬁp§;ﬂin the structure of uhels scale, whlle the dlfference between

;g;some (the soecles Relnhardtwus and Hlop0flossus) are. 500 éﬁ&;@@«ﬁ:i

unlmoortant that thelr taxonomlc value does not extend beyond

B tne llmlts o; suosoccles (Vernlouo, 1936 Vernldub and panin,

1937)

‘Theixlounder snecles of the- Atlantlc and Pac1flc

" Cceans that are s1m11ar taxononlcally dlsplay correspondlngw_:g;;;im.

Tf regularltles 1n.rsspect to blolo y;f“Both dwell,'reproduce~~¥—«L .
and develoo under 31m11ar ecoloulcal condltlons and hdave" a'"“"“*i'“"9
31m11ar 1aultud1na1 change 1n spawnlng oerlods and condltlons.

Thus H;;platess01des olates501des reproduces 1n Men Gulf . = .

from the beglnnlnn of ﬂa;cn to ‘the mlddle of July at water*’
temperatures of 2 8 to LO and in’ the Gulf of St.. Lawrence
1n Nay and July at water temneratures ranglng from -l 7 to

>0?;. F olates501des llmand01oes spawns in the North Sea ;ron»~i

the mlddle 01 January to Qay, and in the Barents Sea from

T-’arcn to dune.i L llmanda spawns 1n the Vorth Sea fron the

1 end of January to July, ana an the Barents oea from may to

ﬂugust.ggr\ platessa soawns 1n the North Sea from the end of _.
Vovember and bevlnnlng of December to the beglnnlng of June,l

for the most oart at 5 to 60 and in the Barents Sea from'*"g56i“fft

-
|

“ebruary to ‘the mlddle of June at. 1 to- 3° Pl‘“flesus o

‘A<:)i;;v;. reproduces 1n the North Sea from January to Way, and in ‘the -

.'1 uarents Sea ;rom the beglnnlnr o; Aprll to “the. end ochune._;_-t_‘

Thl corresoonas to wha ﬂhas been descrlbed above for simllar

:thltantlc flounder-lay their 8888 within the llmlts of~

the malnland shoal at approx 1mately the same deoth as Paclflc

te Mfaireibins St

ey ,,”Wfleeederfo~m~« P RSN




ﬂ Atlantlc coasts, wbere w1nter—,and sorlnv—soawnlng specles f

olf the nu“opeaq CO&SU, because of tne pecullarltles of the

hydrolovlcal condltloﬂs of thls‘reglon, have a greater prefer-

‘7'—jffence for warmth, and the water temperature at whlch they

f.reprocuce 1n the noruh and Barents oeas is one. or two degrees

“'fF nlgher than 1n War astern waters.j:It snould also “b6" noted~

that the temoerature range of tne summer-snawnlng specles?inwf*fff o

Sov1et waters‘ls much w1der tnan*'n*Eurooean waters. -

Great s1mllar1ty is also»observed in all analogous

V\'Y:stages of develonmenu, begﬂnﬁlnc w1th eggs that have just
been fertlllzed and endlnﬂ W1th Juvenlle f Lsh w1th a compleued
metamorohosls. .fhey both have eggs and‘larvae.that are' ‘ c

31m11ar 1n 51ze and structure, the same tyne of pigmentatlon,

f*w:and other condltlons belnr equal,iequal rates of development

The'comnlex orocesses of metamoron081s occur and are comnlcted

1n them at 31mllar s1zes.

The SDelelC features of the flounders under comnarlson‘””D
o » S ,
R appear most d1st1nctly only after— ne formatlon of rays- 1n“’fv*“f?«*ﬂ

iunmatched ns, 1n tne number of hhlcn they dlffer malnly
when they are adults. Atlanclc flounder fauna, in contrast?

uO tnat of cod unaoubtedly or nated 1rom the rlcher -

Paclflc Oc‘e\an'fauna:;(.Sc'il'l.nn':'c‘xt—,:"'lC)Lj;B‘”":.'and'_2.17.9*50‘«)"':.l,v--.i'-;”'h..w

The settlement of Daclflc Ocean flounder, 11ke that‘“

fof other specles w1th an amnhlboreal dlstrlbutlon, accordlng

to\L.:S Berg (193L,_l°h7 and 1953) aﬁd A P. Andriyasnev '

(19aL) occurred malnly 1n “the °llocene, when a sea ex1sted

in the area of wha't 1s now Berlnv Strait, ‘and the average
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.annual temperature in the suffac 1ayers of the wate“f in thls;"'

‘{ reglon was 5 to lO ‘higher than now.: The trans1tlon of th Seff

y

'flouncer probably took olace along the northern coast of Asia'

and Amer1ca.7 Jhen tne env1ronment subsequently got colder

‘i(durlng the 1ce”ape),jall flounders.(w1th the nossmble excep-nff.l

iatlon of ne ancestor of L ;lac1a11s) in the centrar‘area of l f’wﬁ

'Tﬁ:the Dolar Bas1n dlsanpeared° some . were forced south and
\hffthe others became entlnct In tne warm oeriod of t1me that
l-ffsucceeded tne ice a"es,tne ‘flounder that had mlrrated to the -

j\*jf.':soutn advanced oack closer to the north, but not one spread

.as w1dely arouno the oole, in. the nPCth Bas1n, as L glac1alls.

‘The dlstrlbutlonpol.tne genus Llopsetta,_whlch is llmlted to..

‘w;reglons where the water 1n w1nter_freezes to below—zero tem—

‘fneratures, and the snawnlng of all of 1ts spec1es at thef*
o ' o
*;colcest season of the year at oelow—zero temoeratures, polnt

' e

fito the preference of _thls sne01es for cold Since reproductlon

'»v'CODdltlonS can serve as an 1nd1rect 1nd1catlon of orlgln

f(Anpelof 51912), ﬂt may be stated that_the genus nlopsetta;

*fﬂﬁorlglnated under arctlc condltlons

:'The genus Llopsetta closely resembles the genus ‘7

"Pleuronectes (Platlcnthys), but as our 1nvest10atlons have

5fshown, these genera are - esoec1ally s1m11a" at early stages~w~~f~va~5

fiof development‘l rl‘he arctlc flounder prolarvae and larvae

: from -the Kara Cull that are—anwour-posse551on, from the- moment R

;that absorption of tne yolk-sac 15'comnleted to the appearance

‘eof rays 1n unmatched flns,«resembleuanalogous fluke larvaewto

fsuch an extent tnat thelr SueCleS can be determlned only Wlth

Hence there‘arlses the ouestlon as to whether

S D PO -_” [ ety

opsetta and Dleuronectes are near klndred and

4 “flculty.l




conq1tlons to reoroductlon and devolooment at‘below~zero——“

fftemoeretures,,thls capa01ty became. onsolldated in” herealty,l'

.f‘was retalned 1n the oerlod of wéfmtn"tbatvthen set in and‘wa

v

'lviwas transmltted to Lﬁ pinn

- -

iPa501ata and L putnaml, whlch

.settled far to tne south;“as far as: Peter tne Great Bay

. s ) c ‘_\_ )

"Ilnclu81ve in the Pac Ocean'and Wassachusetts Bay 1n the

Atlantlc. Both of tnese soecles, 1q splte of the far southern ‘ﬂg.

oroductloﬁ and deve onnent fully retalned the‘element“of‘»~jwafmww:;o

thelr nature ana, 31m11ar to the 1nl'cial form, reproduce in -

w1nter at the coldestbrlme and at~waterftemperatures 1owerwgnuo,;"
'vAtHaﬁ OO' ’Moreovnr, as 1ndlcated above, ‘their- eOgraphlcal;“,,iq
'ranges are 11m1ted to regions where such & temperature is. e -

”festablished -off the Jestern coasts of Europe and Amprlca,»5

jwhere an above zeﬂo temoerature tnat is unLavouraole for

._\4

‘1"thelr reoro uctlon and uevelopment ex1sts ‘the year. round,

fIn conclu51on, I should 11ke to touch in'the‘most

: approx1mate way, Don the are of certaln soe01es of %ar 5_;

f,*astern flounder._ Amonw the ohylogenetlcally relatlvely

mfanc1ent speclﬂs 1t 1s evicent that all tnose should be" lncluaed

“;Wthh werﬂ‘Lormed towaros Ehe Ullocene epocn and whlcn ylelded

emlbrants to the htlantlc Ocean. These are Ri- hlppOélOSSOldes_M_gﬁ'

'matsuurae;_H. q1ononTOSsus sted01601o, “. elassodon, L. asoera,

e .of:'f&.Dl ;ogqqutuberculata, i E '“st‘ll ri

Jf_All of these“retalned the,nela"lc eggs that _are tvploalv

(-"*lT?pfof floanne”s.i It 1s ev1dent that the pnglorenatlc 1y youn:er~A
SDGCleS are tnose tnat have bottom eggs. These 1nclude the .

Jaoanese °s.’vokonpmae, che dark L. obscura, the soutnern rock

—r g —
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:sol L blllneata mochiwarel,&n the_, bilineata-ft‘tﬂl

'i‘bllinenta. ThlS 13 conflrmed by the following;4A3 ,“'>”n y

“In'the Atlantic Ocean, w1th the exception of Ll

l;tﬂ;Ps:’aﬂerlcanus, which dwells off. tne eastern coast of America,

there 1s not one soecles that lays bottom eggs.".

,2.'"r Most of ‘the flounder that lay bottom eggs are

concentrated in a comearatlvely young water area - the Sea

of Jaoan, whlch orlglnated (Jabe, 1929) in the Pleistocene.

”i.i,fﬂ . to bottom eggs AAn- a subsequent sebment of time (after the | s_”TM;L

settlement of amnnlboreally dlstrlbuted genera) is conflrned

by the parallel anoearance (durlng the same perlod) of oottom

s eggs 1nfthe descendents of an Atlantlc ancestor - the Daclfic“
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: Concluslon

~‘den the Paclflc Ocean,'as Norman demonstrated, of'

A';-fﬂtthe flounders of the northern_hemlsohere thatlwhich for;'angTfef

-juthe most oart develoned and Was formed was. the subfamilyri;;ﬂlLTl:g;

5o:°l°uronect1na°.of uhe famlly Pleuroeectldae. It has: 28

.t;lgenera Wlth “8 SPGCles, Whereas in the Atlantic Ocean there‘?’

ﬂl‘ff  are . only lO genera with ll soecies. %?“i“

The researcn 1nto the reproductlon and development

~ of" Dacif:Lc Ocean flounder that we conducted from l9u9 to f‘

.l_l957 embraced 2& species -- all the commerclal flounder

i~:Coast. {T

Researca on Paclflc flounder nas permltted us t01

‘ﬁff_trace blonraph*cal and ecoloblcal regularlties in the re- o

'”ji_productlon and develoome t of tnls subfamlly, to expose

“1'>imoortant factors of taxonomy and to outllne the blologlcal

f'foundations of the 00331b111t1es for practlcal use of these-””‘

“vaaluable”Far castern commerclal flsh

B In the orocess of hlstorlcal development and the

’*'i¥formatlon of soecies,lFar Hastern flounder, 1n conformlty |
wmth the vast extent of uhelr neograohlcal range and itS'

' diver31ty of nydroohy31cal conditlons, became adaoted to.l‘
| reoroductlon and developmont at dlfferent seasons of the

: year, in env1ronments that were soecific for each soecies.

One of the most 1moortant env1ronmental factors-dnu'

'“Ffrthat¢determine the beglnnlné and the course of flounder

;;iifsoawnlng 1s the temperature of the water. The relatlonshio o
“*iifof eacn species seoarately to uhlS lactor in large measure.

: :.‘.'r'de_term;nas the speCIes' geographlcal dis uributlon_.*
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rne“fciiowin eaeonally sp

the w1nter snawnlng (ngpsetta glaclalls,”

are distlnguished'?

‘i:leopsetta nlnnlfa301ata)' the w1nter sprlng spawnlng

(Lenldoosetta b111nenta billneata;>Lep1donsetta blllneata

[ v g e e

”i mochwqarel, and Jlonsetta obscura)‘ the snrlng spawnlng

—

(H1D3Q3108301des, Platessa quadrrtuberculaua,uPleuronectes'

'stellatus, and pseuQODWeuroqecces jokohamae), the summer -

R snawnlng (Clelstnenes he“zenscelnl, imanda. asoera, leanda R

1inunctat1531ma Dunctac1531ma,‘L1manda DunctatLSSLma Drob0301dea,~**

lebtocenhalns stellerl, and Acantnoneetta nadesnnyl), and the‘“

au»urn—wxncer snawnlnv (AthereSchBS”evermannl, Relnhardtﬂus

hiQpOglOSSOldBS matsuu ae,.andm? cpoLlossue hlppoglossus‘“

SRR ,'stenolepls)gﬂ, .

The d1versxty of the eeasons in which flounder Sp861es
mspawn 13 determlned by tne amplltude of seasonal fluctuations

in water temperature.; The greater are the gradlents in such

l'ﬁfdfluctuatlons;fthe rlcher and more . diverse. are the seasonally-»

snawning comnlexes of soe01es reprodu01ng 1n thls reglon.3

, A comcerlson of spewnlng seasons in-northern (Anadyr
Gulf) and southern (Peter the Creat Bay) reglons reveals e
thau the calendar perloas -of soawnlng become regularly 1ater~~»¢;
from southpto nortn. In conPormlty w1th the gensral’ nattern,"h‘

e the number of species of spawnlng flounder decreases,iand

there is a decrease prlmarlly 1n the number of summer-spawning

of - the —= -

;llmdts of thelr geogravhical range, 1n the regionj

:malnland shoal for the most part at depths of no more than }
100 to 150 m, only ballbut renroduce 1n the drop -off zone.~-{h59

R The mass spawnlng of many speclee 1s conflned to areas with

e e e

relatlvely calm water or awloca;ﬂc;rcularmcurrent.‘. demw;w;;wummrw



loun er occuny different niches during their period

) .;«:-.-...u AN SR A AN L T e e

“of renroduction and develonment o Theirlspawning is limited

N :in time and space., The arctic and banded flounders reproduceifi

33uew1nter—spr1ng and spring Deriods respectively, in the same

A':H nv1ronment;; Tne vast magority of llounder reproduce at

‘depths extending for uhe most partrfrom 20 to 50 m in spring

“-1j(the starry, Sea of Japan, and northern flathead flounders),

or‘in summer (the yellow-in and snout soles, and the sohaohi

'longsnout, yellow-striped and long flounders) ' The Alaska

. ;nlaice and the Sea of Oknotsk flathead flounder reproduce in “;

e i

t:snring at deoths ranging foritne most part lrom SO to lOO m.
.}Tne snawninv_of rocm sole 1n the ninuer-spring period and of :
»J?aefthe 501ny flounder in sunneruis conlined to the lower zone

.H:“f?of the mainland shoal (lOO +£07200° m) ~ Halibut . reproducewin;;;;j_et

:.;hthe drop off zone 1n the fall and Winter period. : . -

| A COmDarison of the spawning seasons and of the

| geograohical dlSuPlbutlon of the soawning grounds of various

lseasonally spawning grouos enables us - to outline the bio-o._ 5i_f
;e;:graphical regions of flounder snawniné grounds, which are “

-h7;clOSely related to enVironm ntal factors.x These- regions gegj{;;ger
001ncide w1th the scnemes of zoogeograohieal regionalization |

";of Andriyashev (1939), Vlnogradov (l9h8 , and Moiseev(l953)

We have for the first time succeeded in dealing

-<:)t;22ﬁ7;*fully w1th'the develosment of lS flounder spec1es

Hipp03103301des dublus,sHlDD02103801deS elassodon, Cleistnenes

'iJQ:herzensteini, Acanthonsetta nadeshnvi, Leoidonsetta bilineata

¥ ;]bilineata,-lenioonsetta bilineata mochlgarei, Limaqda asnera,

T |

-Limanda Dunctatissima punctatisslma, Pseddonleuronectes
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seudopleuronectes henzenateinl -Platessars

kaeﬁéaéé,

'(Zj:i;“f___ cuadrltuberculata, Llopsetta Dlnnlfa301ata ,Liopsetts_mﬂmﬁﬁ DR

o obscura, Glyptocephalus stellerl, °leuronectes stellatus,

”Lfiand, partlally, Atnerestnes stomlas,—Atheresthes evermannx ;;Qa;?;

Relnhardtlus hlonoml03301des matsuu ae, HlpogglossuSN‘

hloooglossus stenolepls, HioooA103501des robustus, leanda-f

punctatmssmma orob0301dea,_and Kareius bicoloratus. LT

R e e e T et

On some of the above specles, Ps. vokohamae, E;

obscura; L blllneata moohﬂvarel,_and Pl ~stellatus,»there.

I L h e et

are only fragmentary observatlons of Japanese soientlsts,_g

carrled out 1n recent years._ It has been ascertalned that

the eggs Of & whole groun of the SPBClBS N billneeta billneata:liux

L;'bil ‘eata mochlqarel, Ps{ yoxobamae and L obscura are

of the bottom varlety and adhe31ve, wnereas pelaglc eggs

?*have_been con31dered characterlstlc of all flounders.n:'”"

of flounders to renroduotlon end development 1n a zone of g~s."‘

tldal water movement (Ds vobohamae), durlng the perlod of

breaxun and movement of loe oomblned w1th heavy ourrents f

Developlng eggs and larvae of dlfferent species- and
~.at different sta es of develooment make dlflerent demands

| upon environment The development ol the eggs and lervae

Vf»;jﬂpl“mﬁpﬁof a group of flounders as a- whole takes Dlace w1th1n w1de N“l
l(;}_f.ﬂji:i fluctuatlons ol temnerature ranglng from -2° to + 21 and 22°

and higher._ The development on the other hand, of 1nd1v1dual

_Specles takes nlace at dlfferent temperatures dependmng unon
the geographloal oosmtlon of the spawnlng grounds and the tlme

L of the spawnlng 1uself All tran31tlons, from the stenothermy

Ty
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“”5fana banded flounders, and, at con31derable deDths and

~x;temperatures varying from +2 to -3° halibuu), to theofamin;mi:i_

-:;'eurythermy or;
Zireproducif
fdtuatlons

‘durln" the DePlOd of embryonic develooment Nlthln the llmlts

’”2ifertillzation and cleavage are” not**alwayS POSSlble‘

"ij(notentlal) opportunlty for flounder eggs to develop w1th1n , _‘ :
“:fa W1der temnerature range than under natural condltlons.f-]
.*f‘fmhe amplitude of temoerature fluctuations w1th1n such a range f%

";_13 speclflcpand 1s closely related to the env1ronment- at

the eggs, the‘etructure of their yolks and the temperature

- of the water *:_ R "‘“‘““"““”’“%—~F T

”7¥?f31nfluences nave been established (cleavage ‘and- the period

prlo-‘- xto hatChlng)

ihy;ofvw1nter-spawninﬂ groups developing under the 1ce_f,;jiv'“"

e e g e e S e e e —— o M

SDring- ano summer~spawn1ng groups, whlch

unaer condltions of pePlOdlC temperature fluc- \i

are beinﬂ uraced 1n relatlon to the temperatu

'7of each spe01es the cleavage stages are related to narrower e

urfiitemperature boundaries than are the later stages, Larvae (QéO"

_urythermal ana can ex1st under conditions 1n Wthh

A-‘ Exoerﬁmental data have enabled us to reveal a latent

The duration of the 1ncubatlon period of eggs is

~

determined by tbe environmont and depends upon ‘the™ sizes of e

The'stages‘that are @ogt sen31t1ve to external
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‘e,ggherld’tary f‘ac:tors and env1ronment whwle the degree of

\fﬁdevelooment of hatchlnc prolarvae is determlned malnly by

wwenvxronment

.A regular geograohlcal, seasonal and ecological »
: pattern has been dlsclosed ‘in llounqer aevelopment o

The 81zes of eggs and larvae, as well as. the degree .

l“of development of hatchlng prolarvae,‘or among series of “t

ffoclosely related spe01es, 1nerease from south to. north,

5f}decr°ase from winter to summer, and 1ncrease from. the. coast~—rwmwﬁw»'
niffg;to the open’ sea_ln‘accoraarce w1th chanoes, parallel in

\hthese cases, 1n the temoeratures tnat determlne a dlfferent

»fcorrelatlon of tne rates of growth and dlfferentlation of

7~organ1sms.. g

5iThere‘ls a close relatlonshlp between egg 31zes-and
‘5b10tlc env1ronment Larvae of ‘various 31zes are adapted tozbfg@
- feedlng on varlous SDeOleS of nlankton and to the process of |
'ikobtalnlng tne latuer.i Small larvae of 11m1ted moblllty that
-:.are found 1n oP shore, summer—°oawning groups are adapted to ;;;f

'fvg“nerltlc planAton, whlle larse, ‘more moblle larvae of the‘ ,jﬁvV

{fwinter—sorlng spawnlng rouns and 1n the open sea are adapted

ﬂn"to feedlng on relatlley large items of ocean plankton.AV: o

A taxonomy has been develoned for and & key prepared

"fl“subSpe01es-

5 Bastard halibut - parallchthys ollvaceus (Temmlnck

i;:iet Sohlegel)
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”f; fSchmlat.

J elassodon, Jo dan et Gllbert-m»a’-.;f “:;;ff“:““‘ mewf-

ﬁ:‘robustus, Glll et“Townsend

““’Schuidb
et" Schlegel)

";fnunctat1331ma (Stelndachner) - R § SR .
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18,

"Wamlly Pleuronectidae

lDDO"lossus hlpDOﬂlossus stenolepis,

fz True hallbut~-Q

aublus, Sc“mldt
’ . _'_7

': Sea of Okhdtsk flathead flounder --AF;p005103301desff$;;f

| *:2 Vorthern flathead flounder - HlDDOglOSSOldSS

ispiny;fldund;rf(ﬁéqézhny,s)_-7 Acanthopsetﬁé‘nédeshnyi;

wVarlable verasper-—- Verasner varlegatus (Temmincki&ﬁgfﬁj_,tf

Nortnern rock sole’—— Jenldonsetta blllneata blllneata

SOuthern roek sole -- LebldQPSGt»a bilineata mochlgarel:'uﬂw

.:Yéii§ﬁfiﬁi5§iéii;'Eimahdauasbéraf(Pallag) -

_,Longsnout flouncer"---meanda punctatlsslma4+«‘




. Jaoanese flounder -= pseudooleuronectes yokohamae

(Gunther) . :f;:}}7

ﬁﬁ-{fA;eske-plsice‘{-“Platessslquadrituberculeta Linnaus

Lono (smallmouthed) [‘slimeiz floundermg- Glyntoceohalus—=rw‘f

:stellerl (Schmldt) -

B e

4hiiBanded flounder'—— Lioosetta olnnlfasclata (Kner)

'":'Sterryiflounderi-—'?1euronectes stellatus‘(Pelles)fﬂfe

\“‘fsTﬁo;colouredfflounder -- Kareius bicoloratus (Basilensky)'

An analys1s of - data that we have obtamned snows tnat

’azTall specles 1n almost all stages,'esneclally larval stages, ‘
R . A .
’,dlffer sufllclently well 1n trelr morphologlcal features,'

1”¥these dlfrerences oelnw expressed far more dlstlnctly 1ﬁ‘aé£;ffsf7f*
:“ tain spec1es than 1n adult soeclmens (an example may be seen
'1n the dlfferences between the Japanese'andiblack'flounders).
‘,The ﬁost important features or the eggs are- the “vﬂw;gﬁ;j;'

' presence or sbsence of a ;at arop in the yolk, Whlch charac—n

”auﬁ terlzes dlfferent flounoer famllles' the elze of the eggs,”

11 the structure of the membrane, whlch changes from thln and'~
smooth thln and wavy, thlck and wavy, and thlck wmth a .

?ﬁif!retlculate—wavy ["structure“7 to adhe31ve, thick and wavy,:f
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and- thick nd:covered W1thfa mucous:layer, other most

’fflmportant features 1nclude the s1zes of the yolk blastodisc,(

"and_per1v1telllne space.a Of essentlal 1muortance are theffu f'ff ‘Af}

stru ture and character of dlstrlbutlon of the‘olﬁmentary

:cells on the body of the embryo and on the Yolk ik;]fhihfsfm“.‘

The most 1mportan* features of prolarvae and larvaei".

. are the shape and s1zes of the body and the dlstributlon of‘h

dfthe plgmentary cells;‘*he plgmentatlon of the tall belng ofN

"-“};paramount's:.g_z)n:.f:.cance.‘;‘*-;f;-i',.,'“-‘\~

Characterlstlc features of plgmentatlon have been

| ff_establlshed for a group as a whole on the one hand and for!gafwamflw

‘\genera and 1na1v1dual spec1es on the other. Many features

“and occas1onally of soecles as well, are dlsclosed

f_as early a thefemhryonlc perlod whlle features of closely _%ﬂm';ﬁ._l

xa rule, become apparent only prior to

;I the process xormation of a spec1es the character

e oft pigmentatlon.lskto a: certaln extent determlned by thetwifflﬂ L]

‘“QTcharacter;offta;l.movement The dlsposltlon of plgment spots n

)ton the tall 1s related to the zoneiof the most 1ntens1ve

Zfoxyd1z1ng processes taklng olace upon the contractlon of the ;;;;f;;}

""" i;myotomes that cause the flex1on and extenslon of the tail.»&«ief‘“fal

A comuarlson of tne reoroductlon, development and

‘ "?fstructure of the eggs and larvae of flounders of the Pac1ficagaagme:%

w'-f-;j‘zf‘fand Atlantlc Oceans has dlsclosed slmllar regular patterns,

?”w1thgth1s d1fferent aspect that 1n conformlty w1th”cllmat1c -

condltlons most War 1“astern flounder reuroduce and develop B

mnder har‘her‘condltlons and 1n a w1der temperature range.,
-g;lThe eggs and larvae of species of slmllar genera in the
2}5Atlantlc and Pac1fic Oceans have an 1dentlcal structure and

lh;’the same nature of plgmentation. f"l
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V":majorlty of flounder.sf@fsv-_ — ::4ﬂva7€.:vmw~"35;iﬁﬁégic

'Ihfl;fﬂlgr The most 1mnortant factor_that has determlned the Ny

g emlgrants to'the Atlantlc Ocean are nhylogenetlcally relatlvely

f -“as a rule, not used, wnereas tnelr use can 1n a nnmber of
'»‘cases substantﬁally lacllltate the bulldlnv of_ainatural T

:ﬁjﬂtaxonomic systemﬁt

the genera ulmaﬁda, Pseudonleuronectes, and nloEsetta, as’

' “well ‘as of tne genera “leuro nectes’ and Karelus.

“in- contrast to cods'

.ﬁ~cond1tlons of.Atlantlc waters have determlned the retention

‘iﬁfof flounder fauna that has nenetrated from the Paclflc Ocean.nh

'\,The great dlverslty of the more or. less land locked ocean o

':..ba31ns w1th thelr comelex hydrologlcal condltlons and dlfferent

: hlstorles, and nartlcularly the appearance of the-Sea of Japan_“

‘-,1n the Plelstocene, have led to’ the formatlon, in Far Hastern

g,waters, of a whole serles of new species, 1nclud1ng those

.new formatlon of specles 1s adaptatlon to reproductlon and
"develooment 1n dllferent environments.r The flounder seecles

f*fthat were formed 1n the Pllocene and at thls time yielded

'anclent Tne specles that are concentrated (and were formed)

:vln a comearatlvely younv\body’of water —— tne Sea of Japan -

'[are ph&lorenetlcally younger.' Amonv these are H dublus,'

L.~punctat1331ma nunctatw331ma, L. Dlnnlfasclata and snecxes

u”With bottom eggsfe4:b" Xokohamae, L. ebscura,wand Lr-bilineatagl*m:

Y

The taxonomy of ’lounders, as of all flsh in beneral,-f

;is based on- the comoaratlve morDhology of adult flSh' the

”*Tstructural leatures of tnelﬁ“egvs, erolarvae and—larvae APy

The results of our investlgatvons are

i‘fhelelng us to clarlfy questlons of phylobeny, ‘the snecies of




;922;»f}ﬁfji'

“ﬂ'rlmltive~

.'_ genus Atheresthes 13 remarkable 1n”that tne”larvae of thls'

genus "re berch—shaned fw1th a low body and splnes on tne>

of flounders from rlbbon flshes of the Dercifor*nes tyoe.

Three svecles of the genus Hlppobl03501des are .

u?fj9clearly dlscernlble from eggs and larvae in. Far Eastern
fwaters, whlcn excludes nelr-belng“cons1dered~as“subsnecies.»
: Fof these, the closest ecologlcally td"the Atlantic flatheadf““**"“”~f

;sole 1s H. elassodon, wnose ancestors Were. ev1dently ‘the -

:*ielﬁlrparentsﬂof all currently exmsting species of flathead flounder. i

¥_and larvae of Ps.. yokohamae, Ps. herzenstelnl,‘h. obscura”*“

,and other SDecleS of ulonsetta (olnnlfasclata and glaclalls) e
alse doubt as to the correctness w1tn whlch the taxonomlc -

ﬂ{positlon op tnese SDBCleS has been 1nterpreted, which 1nd1cates

”Ef;the neéd- to rev;se tnelr taxonomy.;:

n.the character of the Dlgmentatlon of 1ts prolarvae

f'and larvae; the genus-Twmanda clearly seoarates 1nto two

"groups, of wnlch one 1ncorporates L llmenda and L. aSpera,~h

N and tne otner, L. punctat1381ma and . ferruglnea, whlch T

'd'conflrmS‘the exnedmency of 1ncornorat1ng the latter two species

i_into the subgenus ﬁyzonsetua, which 1s eV1dently on the way ““fs**“i

':f;fto belng separated 1nto an.. 1ndependent oenus._;l;;"‘ L

iThe aivergence of the ancestors of L. asoera and

L. punctatlsswma ev1dently occurred pPlOP to the Pliocene,_

f@after whlcn the ancestors OL L ‘aspera 1n the eastern Atlantic}

?Tylelded L llmanda, and the anCGSbOTS of L ~punctat1331ma in

‘Vgthe aestern Atlaatlc ylelded L ferruv1nea.'
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‘the genera pleuronecees and Karemus conflrm the correctness-n

"fof senaratln& them 1nuo 1nd1v1dual genera.-‘:f

It is known fact tbau the conditions of” renroduction B

B can serve as an 1nd1rect 1nd1cator oP orlgin.-;aV"’

Hence flounaer should be consldered as’ fiéh of ocean e e e

B orlaln, whlch were formed under tne most dlverse envmronments.'

;ff"vﬁ;ﬂrﬁ;;_Snecles that reoroduce 1n summer are undoubtedly of warm;'

”;iwater orlgln, wnlle those that reproduce in the?autumn—w1nter“*‘*“t%

'"?_fffperlod are of cold—water orlgln, those w1th tne greatest R

“ef(except L obsouna), wq1ch reproduce at the coidest tine of

lpffthe year, at below zero water temneratures and under the - 1ce,

‘fflndlcating thelr orlgln under arctlc condltlons.. The ancestral »

“agfsnecles was evmdently that whmch was most wmdespread in the

A \QﬁfArctlc -—‘L; gla01alls, whlch settled to. the south and ylelded

"JKL Dlnnifascwata off tqe coast of Asia and L. putﬂaml off the |

“eastern coast of Nortn Amerlca.;.ff““V*:

:”ﬂﬁmAfd rect Qualltatlve end quanultstiye aSSOClatlon ZQ_;

"f_ha3|been reveal ar between eggs floatlng in oienkton, the

.”H;Slze oL‘a soawnlng stoc nd the correlation of 1nd1vidual-~>"é#+~+

7-hsnec1es 1n the latter,:at the same tlme, accumulatlons of eggS\.;_

‘ comncmde w1tn mass snawnlng,“whlle smngle eggs 1nd1cate the e

remoteness of mass spawnlno areas.; This 1s an 1ndlsnutable

. v‘}premise fOI‘ detewanlng the volume Of a’ spawnlng St°°k by T

Of essentlal 1mDortance are the dlstrlbutlon and 31ze ‘

_iof the spawnlng shoals of varlous spe01es. The soawnlng

fcshoals of flounderiare represented by stocﬂswhmh are isolated

: 3
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qutemperature and other factors,”as well as- bywthe conflvuration

j-soawnlng stock the state of the weather and of the-surface j

:a;;coasume both egbs and larvae. The .most favourable years i‘ox'f'"'w

'i,througnout the sprlng and summer, ensurlng the- normal deVel-;vw

'T”ff'stabes and in the period prlor to hatchlng._‘";”;""”

)ﬁé:commerclal flounders are sltuated in relatlvely shallow

- ;_ﬁolf the western coast of—namchacka An: the Yavino- Ozernolvh
»;ireélon, and o f the eastern coast, 1n Avacha Bay and {ronotskix’“_

'lh‘and Olyutorskll Gulfs (uo to 800 ebgs per square metre) and

'}“571n the Korlo-Karablnskll reolon (uo tO 1,700 eggs per square
Jh?ifmetre)”
“7¢rshoals in northera Tatal Stralt and in the Chekhov- I1'insk

’reglon.-dv

and rela 1vely mall i

and dlmenslons of the malnland snallows. The effectlveness

'féfnrol flounder renroductlon 1s determlned by the slze of the_f‘ B

hlayers of water, and the presence of food and predators that

'-hyathe develooment ol»eggs “and’ larvae are those w1thwre1at1vely

‘fA stable hydroloblcal condltioas,_and calm, storm-Pree weather]

15tooment of all la1d and fePtlllZed eggs.; Heavy swells and

'f_sharo chanves ln temoerature catse’ eggs to dle in the"cleavagewe

The largest snawnlng accumulatlons of” the main.

"}fsectors ol tne malnland snoal (at deoths of ub to lOO and )

%:lSO m) and of gulfs and bays runnlng 1nland Such reglons

sﬂ 1nclude Deter the Great and Avacha Bays and Anlva, Terpenle,

- Kronotskli, Korlo—Karaéinskli Olyutorskll, and Anadyr Gulfs
R and the broad shallows off eastern and western Kamcnatka.»m~~',~ﬁw¢
_ The most numerous soecies ¢f the above reglons (excludlng

.bﬁtAnadyr uulf) is tne yellowfln sole. Mass spawnlng accumula;"”'ffuf

'tlons of th1s flsh haVe been traced in June 1n_Peter»the¥ =

"AGreat Bay (uo-to SOO ezgs per square metre) in July and. August,-

‘iThere snould be very large accumulations “on the




, ;i,s;s;.' -

: These concentratlons have ylelded up tof.rfijp
§i370 eggs per souare metve in Aprll.- Smaller seawning accumu-"lffti

ilations have been observed off tne eastern coast of Kamchatka;'

3Q;f7;;jffi_ 3ma1nly 1n Avacha Bay and Kronotsxli Gulf (yleldlng up to lOO

’eggs per square metre at the beginnlng of spawnlng 1n Aorll)

 Also wor hy of note are- the snawnlng accumulatlons of Alaska .

d?;plaice 1n southwestern Anadyr Culf whlch yleld up to 217 eggspwiﬁ

;'per square metre of ocean surlace in June.l;;: e i.4

“{Mass snawnlna accumulatlons have been revealed of

“iTSea of Japan flathead flounder in the open area of Peter the

-’ffGreat Bay (yleldlng up to 185 ebgs per souare metre in May),

Shoals ofpspawning hallbut are evxdently represented -

“j-bylsﬁaiiiééﬁépisu_ tuathd 1n the drop off reglon over 8- large

:tf area from Anadyr Gulflv ftne north to*the coast ofmJapanmln f

:jtthe south hallbut form thelr densest accumulatlons in the'”

L BerlnéASea off thedKorYak Coast.-fii%lfrféleggf*;’;;:“

J, The sn nlng accumulatlons of . flounder in the above f

"“;z;reglons are. ev1dently of great commercial 1mbortance and can

"ifensure large catches 1n each region. Taxlng 1nto consmderation,,“”

:ﬁrrhOHGVGTa tne llmited 31zes ana 1ocal nature of 1ndiv1dua1

‘"fiinfluence of commerclal flshlng, such flsning should be f:i :

blﬂif‘conducted in varlous reglons in conformlty w1th the sizes /46h

.-5ép‘of spawning grounds anc the exuent of ths spawnlno stocks

s ymvn e o5 e s R . —— " " T s ,_".t"r\_




fthemselves f

tifthe numbers of generations of s glven year,"strlct control

L should be exerclsed over ;1sh1nﬂ 1nvolv1ng the maln cOmmer-V‘

An;assesswentvof the 31ze of spawnlng stocks of

'flounder, tbe correlatlon of 1nd1v1cual specles 1n the stock,“;“MRu'

e.snd a. record of fluctuatlons in reserves and of the effect

'77}f¥lf of commer01al flshlng on them can’ and ‘must be. carrled out by

-fmeans o- ular quantltatlve removals of floatlng eggs at ;:;i¢;~

Qr:tne O- to 25-metre level in conformlty w1thuthe scheme that -

‘rkeys that we have prepered."“ o ‘*V}"j"Flfsf“f;HE 3 m_wﬁﬁf o

Systematrc work embra01nﬁ all seasons and all of the‘

sireglons 1nhab ted by_these flsn makes it pos31ble to charac-'

jfterlze 1nd1v1dual 'pawnlng grounds, the 31ze of a spawnlnﬂ.\

fstocz and the poeulatlon dynaﬁlcs of the stock from catches

;io; eggs and larvae from year to year.




IR *—and larvae collected on voyages*and“fixed 1n a - 27 solutlon of fﬁg

‘«JT5;92?,A,ffvt'

¥These keys—arewintendeo for—ldentlfylng eggs, Drolarvae )

V”5{3formalln.h The 1dent1f1catlon of llve egvs and larvae that

\

jfhave just been collected 1s almost 1mnoss1ble Junder. expedltionary =

Agvcondltlons 1n *ar Eastern waters. Materlal Ior preparlng the ;JTT

'{'keys has 1ncluded egﬁs, nrolarvae ang. larvae whlch we and TIVRO

SRS SUE VR U [

';?&workerslco’lected*ln Far, Eastern waters from l9h8 to 1953 _eggumﬁg;J

'fﬁftaken into conslderatlon, 1t is the most important for 1den-1t

”5ft1fy1ng flxed materlal h31nce Other types of pigment fade 1n;fﬂ

‘iflyatlon.u The eggs arevflxed and preserved 1n a 27 formallnf:rffelj
_isolutlon 1n seawater. In tnls klna of flxatlon,pthe olameterex
the eg ‘changes less than where other preserving fluids;””'”L°”‘

dare used for fvxatlon._ All measurements of eggs are made wmth

'J,llthe ald of & mlcrometer eyenlece.

fThe maln taxonomlc features of flounder prolarvae and

'*larvae are the shape 01 the boay, the structure of tne excreuory S

he lencth of the trunk to that of the

ntestlre, tbe ratlo:o;

“.g«?tall,.the number of myotOmes,and the dlmenslons of the Dectoral- :

féffln;?'Of hlghly essen al 1mnortance 1s the character off the

”VfQ“dlstrlbutlon of plvmentary colls. on the bodY: esueclally on.

'tbe tail.




"of the bodx.d‘Wlounder prolarvae and larvae are_

"rf?*dlstlngulshed from the correspondlng stages of other flsh by—~~~ e~j

Zathe fact tnat thelr bodles‘are never thlckened and are con-
hh::strlcted from the sldes,.always to avlesser extent in Drolarvae
L»fffand a greater entent-in71arvae. In prolarvae the excretony_;&.
flntestlne has the apnearance of - a-narrow conical tube; in .
A larvae, 1t is more or- Iess dllated and opens on': the edge of

dh;ithe 1nsertlon of the anal fln 1s always less than half the

-fkflencth offthe.body. In orolarvaeuand early larvae the 1ntes--

?fitine has the aopearance of o s»raight tube, and in oloer
'.;larvae 1t forms loons, the rear 1ntestine usually ad301ns the

'Pprecedlng sectlon. The nectoral flns &are’ fan—shaped. Thei

Nf’fjtall 1s at flrst dlfflcercal and then heterocercal, whlle 1n

:{}fifully—formehflarvae 1t is homocercal._

Tne seasons 1n wnlch eggs are found as 1ndlcated O

- fffln the keys,:are glven from data obtalned for the most part

7f;efrom 19505to.195L:‘.“

T e

”l;~ The dlameter of an egg (measured crosswise uder

.fja mlCPOSCOpe w1th the ald of a mlcrometer eyepiece); the

; if1gures obtalned are converted to milimetres.'fwn

=:-.__;-The dlameter o; une jolk (measured in: the same T

eThe;dlameter of the fat dr0p (measured in the

;tsame way as the dlameter of the egg)

TN e ST L A S0 A S £y 8 T e o AR P TR P g 24 o e 4 e A g T o i a4 T

Termlnology aﬂd Weuhoes of Measurement ?h::;is “Z§66 k

”the anal fln fold The distanoe*from the end of-the : snout ‘to ,,:

&

-
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A:vfgh._ The per1v1te111ne space,-— the aperture between‘

“  the yolk anc the egg memorane wnlch is vi31b1e in an oetlcal

fi-sectlon -~ is" calculated u31nr the follow1ng formula.

P = i D-d R ’ lOO,

 t, whefe P is the Der1v1uelllne space, D is the dlameter of the
‘t:egg, d is the dlameter of the yolk 3 the blastodlsc, in cases
"»:_wbere the yola has an elonvated 1orm,'1t is taken as the

arithmetlcal mean of the breatest length and width,

‘_“.5,5 The membrane of the °8g. Ih some species theif

““tmembrane has a suec1flc structure (the structure is viewed

‘ ~:w1th a- sureace adjustment of a mlcroscope or a blnocular 1ens)

The lenﬁth of 7arvae is measured from the . tlp of the

,~:i_snout (where the mouth 1s c103ed) to the end of the uroetyle.A
:',:The total length of larvae is from the tlp of the’ snout to-

‘:.the enc of tne fln fold that surrounds the tall Weasurement,'

¥

"i<of the remalnlng parts of the body is made in accordance w1th

-_f<the attached dlagram \see fig..l)

In descrlblng plvment in the ‘same way as’ 1n the case

.'1; of eggs, only tne black plgmentary cells:~~ the melanophores
i-— are taken into con31deratlon. Several types of melanophore
: accumulatlons are dlstlngulshed rows, spots, strlpes end
- bands.‘ Deeendlng‘upon their arrapgement on the tail, sévéfai
- charactenlstlc Tows ‘may be dlstlngu*shed -~ the- upper, the
”:nmludle late“al,”and the lower, between which are situated the

:upper lateral and the lower lateral

,_ N A e A e e i 8 o . e v 3 A St o Sags o - 052 5 Y s 2o
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’th Key to the DeTagic" gs of flOLﬁdeP of the Har zastern -

'of the egg varies from O 93 to l 03 mm., . The fat drop is
L smaller ‘than 0.22 ma (o 18 to 0.21 mm). . The bastard hallbut

'Parallchthys olivaceus (fig. 2)

'Greenlana hallbut - Relnhardtlus hlnpoglos301oes matsuurae

| BN 930.
| L

¢
[
(

o ‘j{ Seas of the USSR ﬂf‘g;‘Ag o .: .~ o R

The numbers of the 1llustrat10ns are taken from Part II of o

thls monobrabh)

1(2) The egg yolk conuains a- fat drop.' The dlameter

2(1) Thefegg.yolktcontains-no fat drop -- 3

3(6) The eggs have a large . Der1v1telllne space,-f

"”tﬁ?con31st1ng oP more than 20% of the dlameter of the egg. ,The

' ;dlameter o; the eggs varles from. 2 02 to 3 67 mm —- h

Hf:u(S) Yolk 31zes from 0. 82 to 1.1 mm. The diametef

5{of tne eggs varles from 2 02 to 2 9h mm. Peter the Great Bay,

Tatar Stralt Hlnbog;os301des dublus (flg 9) Southeastern

coast of Saknalln,:Sea of O&hotsk Berlng Sea Hlbnog103301des

robustus (ng lh)iﬁt't

S(u) Yolk s1zes from l l to l 5 mm. Dlameter of eggs:

'_Varies from 2 AS to 3 67 mm,'HlpDog10s301des elassodon (fl 12)

6(4) Eggs have a small per1v1telllne space, con31st1ng

of less than 20p of the dlameter of the egg -- 7

7(10);”Largeleggs_from 3.0'to Iy.5 mm --'9

8(9) Dlameuer of eggs varles from u O to u 5 mm.

_19(8) Dlameter of eogs varies from 2 9 to 3. 8 ym

The true halibut - Hipoo lossus hlbnowlossus stenoleols (fig. 6)

™ 1y B e A s P g ST yeeys : Sa e dasined e S T T e e g oD ey e ""'“r)‘_ E
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- | ”;le(lsj”sMedlunfeggs, diameter_from 1;2't0‘2;6'mm’f - /L67

o) m

'Vembrane tthk.and wavy retlculate -- 12 S _ N

’-Diameter of e"gs varles from l 67 to 2.21 . |
:Wembrane of a rose t1nted lllac colour. In an embryo 1n the h J
. o :
nthlrd and fourth stages ol development the plgment forms no.

~banas on the tall There are laroe, starry cells on the

:'_surface of the yolk The Alasxa plalce, Platessa;guadrltuber—

y»;f_‘:culata (flg 43) ,{TJEQEi .;‘ ‘r_;.p ~ ' .iﬁ:ﬂf:. R O

l3(12) lhe dlameter OI the eggs varies from l 2-to

fl él»mm. The me;orane is oolourless. In an embryo at thef,
f}f,;end of tne th1rd and in- the fourth stave the pigment forms

‘l;fbanas on the tall There are starry plgmentary cells on the

:{fentlre surlace of the yolk lhe long flounder - Glyntoceohalus

Qfﬁstellerl (flg. 56)

lh(ll) mhe membranewls_uhln‘ano.colourless and ls_‘f

‘occaslonally Sll"htly wavy.{ The dlameter of the eggs varles_
.from l 2 to 2 6 mm.i The yolg 1s of a 1oose oonslstency and

h‘ lwohtly coloured ,\lhe entlre body 1s thlckly plgmented and

| :»there are no 1solated accumulatlons of plgment on the tall._7
- fThe anus 1is of the flounder type, - January to March /f§£2_7

'”=jfBer1ng Sea and Sea ‘of Okhotsk. The arctic flounder --

Lloosetta glac1alls. The Seas~of Oxhotsk and Japan, The banded

' flounder -- Lioosettn Dlnnlfasoiata (flg 48)

15(10) Small ebgs, dlameter less than 1 2 mm -- 16 ’l

16(19) Diameter of eggs varles from l OO to l 2 mm

T T L e e o - I ' TR e mrmea
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17(18) Colourless membrane. Dlameter of eggs varies
: from 1 03 to l 1; mm. 13‘1*0m the second stage of develooment
.acﬁ?t“ol tne emoryo onwa“ds, the olvmentary cells are scattered

Athrouvnouu tne entlre yol». -October and Wovember. The two—-

:»colouredlflounaer -puKarelus blcolorauus (flg. 62)

18(17) ‘lne membrane is of a rose—tinted lilac

colour.i The dlameuen of tne engs varies from 1.05 to l 2 mm
(l 28). There are olgmentary cells on tne yolk only in the
Arevlon of the DerOPal flns. ~In the south in April and May,

A"and in tne qo h 1n Way and June. Tne,sterry flounder --

'A,“leuronecues stellstus flg 59)

21(24) The head of the embryo 1s not lemented :

beuween ne audluory caosules and bne eyes at tne end of the
‘ 55‘isecond stage.f The contoun of the rear half of the body and

'3_"subseouently o; the lower edge of the tall in the second and;d»f‘

- at- the bevlqnlng of the thlrd staae 1s sllghtly olgmented

i(no more tnan three cells) At tne benlnnlnn o; the tnlrd

_stave ‘the head of the embryo in the reglon of the eyes is
" either not olgmented at all, or only 1 to 3 cells enter uoon |

‘”lt'-~ 22

22(23) The bac and the uooen edge of the tall of

Tthe embryo are plgmen+ed - There 1s no dlstlnct row of cells

'{fffat tne end of the t&ll of an’ embryo in the fourth stage of

"fiﬁfdevelonment There is ‘no clgment at the end of the intestine

:-elther before or above the anal plpe' not 1nlrequently, one

. . S e
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| :» 19(16) Diemeter of the eggs does not exceed'l;OB mm ‘

25) Dieneﬁengofithe oggs varies from 0.87 to 1.03




melaﬁophore 1s v131ble behlnd the 1ntest1ne. The sohacni

flo&naer - Clelsuhenes herzensceinl (flg. 18)

3(22) Weltner the back nor tne lownr edge of the tall
+ of the embryo 1s Dlgmeﬁted 3 The end of the tall of an emoryo

"llln the fourth Suace 1s borde”ed by a dlstlnCu row of cells.

'f.mhe solny flounde“ - Acanuhonset+a nadesnnyl (flg. 16)
‘féh(2l) rr‘he head'of an embryo-in.the secbnd stage is;
-”3p1 mented beuween tne audltory c“ogulos and the eyes. ‘The
.'contour oP the “ear halT oP tqe body and, conseouently, of
"~Nhtne tall,-ls 1ntenswvely plvmenued (more fhan tnree ‘or four .;l
7:ilcells) mhere are 1 to h, ana'more frequently, 2 melanopnores o
-'::fau tne end of tne 1ntest1ne in lr0ﬁt of or above the anal DlDe. ' '

"‘f‘mne yellow—strlped flounder -— Dseudopleuronectes herzensteini

25 20) The dlamete"'of éggé;_as_a.rule5‘is less than

.le_O 87 mm - 26

A 26(27) The lowe“ eage of the tall and the contour of -
_i the rear half of the body are plgmeﬁted There are l to h,.
and more. ?requently 2 melanophores at the end Ol the 1ntestine

. -
. elthe" above or in front of qu anal plpe. " The yellow—strloed

lflounder - Pseudooleuronecues herzenstelnl (fig._37)

27(20) Tne lower edve of the tall and the .congtour of
lthe rear half of tqe body are elther not plvmented ‘at all or
, '."are only ver-y sllghtly plg'nented (ther-e‘ ar-e l to 2 melanophor'es)‘
-”.f—~ 28 U I S e

28(31) A mlddle row. oP cells is dlstlnctly 1solated Zhé

vz'jfamonv tne scattered Dlgment on tne trunk of an embryo in the

';second stage - 29
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29(30) The“e is always pigment (l to 2 melanoonores)

“l on- the 1ower edne oP +he t unk (more lrequently its rear half)

in the second and third stares, in the tnird and fouruh ‘

stages there 1s also plbment on the rear end of the 1ntest1ne

n”ff“iabove tne anal pioe o“ in front of 1t The lower edne of

Aﬁtne tail is either enuirely deVOid of Dignent, or has one,

rarely tWO, cells at tqe end of uhe tnird and fourth

"ﬁstaaes. The diameter of vhe eggs varies from O 66 to 0. 87

- ;and averages O 77 mm The lonbsnout flounder -- Limanda |

ounctatlss1ma ounctatHSSima (liv. 32)
- R .

30(29) There ‘are .no Diﬁmentary cells on the lower;5

edge of the trunk in the second and tnird stages, nor are '
'1atnere any on tne rear end of the intestine above the analt'

‘oioe in the uhlrd and fourub staées. The snout sole'--a

hthimanda Dunctatlss1ma‘Droboscioea fig. 3&)

Vf3l(28) There ls no distinctly 1solated middle row on-

fthe E“uﬂk of an embryo in the second stage.b No plgmentary
gfcells are vl31ole on thellower edbe of the trunk.k Pigment
| '?:is lacking at the end of the 1ntest1ne both above‘and in-

ifront of the aﬁal pioe.ljmhe lower edre of the £ail is eltneri-f"ﬁ

A‘f‘entirely depnived of p ament or has one or two, and rarely

tnree, melanoonores. The diameter of the evgs varies from 3

© 0. 72 to 0.98 mm and amounts on the average to O 79 to 0. 82 mm,

Tne yellou in solD ——'ulmaqoa aspera (fig. 28)

Key to prolarvae and Tarvee -

'"5;AfProlarva'without a Woutq and Wltn Unolnmented Eyes

“31 1(2) The yolk‘sac contains a fat droo, and the fin

'.i3fold is 1nuen31vely pigmented Tne bastard halibut -

- Paral1cnthvs olivaceus (ng._e).. June_to August. Peter the

-ﬁCreat Bay and further south.

O O e R et el i overascanare, st
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2(1) The yolk sac contains no fat drop -- 3

- 3(l) The melanophores on the tail are small, almost

punctate and are svarsely scattered; there are no accumula-

tions in. the form of spots or 5énds, nor are they outlined.

 The yellowfin sole -- Limanda aspera (fig. 31)

u(s) The meiandphores are either branched and more

or less thickly scattered, or they form accumﬁlations -- 5

- 5(1) The.melanophoresAafeiscattered, and on the ~

tails of older prolarvee there is a tendencyltowards the :

-formation of accumulations in the form of spots or bands

-n.6

6(9) The prolarvae are small,.an&_their length does

not exceed. 3.0 mm.  The melanophores on the tail are either
scattered unevenly. or are concentrated mainly along the upper -

- and lower edges of the tail

‘-:]7(8) The fin fold in the region of the rear part of

" the tail is pigmented. . The melanéphorés'on the yolk are

'situaﬁed'under the pectoral fins. In older prolarvae a band

is.outiihed‘hear the middle of the,taii, ,The starry flounder

. —= Pleuronsctes stellatus (fig. 60)

8(7) The fin fold is not usually pigmented,’but if

- it is, the melanophores are situated along the edges in the-

form of a border. In older prolarvae two bands are outlined

on the tail. The sohachi flounder -- Cleisthenes herzensteini

(rig. ;9)

1

of the younger prolarvaé are usually arranged more or less

V'evenly -~ 10

9(6) Prolarvae from 3.5 mm and larger. The melanophores




V.there are four bands outllned in older prolarvae. The

936.

10(11) The melanophores are large—branched, and

flathead flounde” - ﬂwoooqlossovoes dubius (flg. ll)

~11(10) lne melanopho“es are small-branched, and

in olaer prolarvae there is one band outllned that is

>51tuated on the m1ddle of the tail. N

12(13) ProiarvaAcaught in the northern Bering Sea

or Sea of Okhotsk. The arctic flounder -- Liopsetta glacialis

- (rig. 51).

' ,13(12) Prdléﬁva Caught off the coast of Sakhalin or

" in the Sea of Japan. The banded flounder -- Liopsetta

‘vinnifesciata (fig. 49)

‘14(5 Melanonnores fo¢m more or less noticeable - /L69 |

\accunulatlons on the talls of younger 1arvae -- 15

k15(22 Velanonhores on the tall form a 31nale band-.c

aﬂcumulatlon on or n°ar the mlddle of the tail -- 16
16(19) Length of-prolarvae.is.lGSSIthan u'mm - 17

17(18) The fin fold is pigmeﬁyed”in-the region of

the rear portion of the tail. In addition to a band, thers

Aarefthickly scattered melanophores on almost the entire surface

of the téil. The starry flounder -- Pleuronectes sitellatus

(rig. 60)

18(17) The fin fold is uﬁniamented Welanoohéres on
the lower edae of the tall are eltner entlrely aosent or are
very sparse.' The accumulatlons do not form a solid band.

There is a dark spot above the anus. -The longsnout flounder

“= T,imanda »unctatissima punctatissima (fig., 33) . =
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19(16) Thé iéngth of a prolarva is more than M mm.

"The fin fold 1s not Dlgmented in the reglon of the central

.Dortlon of the tall -- 20

20(21) Prolarvs caught in the northern Sea of Okhotsk
‘or Bering Sea. The arctic flounder —-'Liopsetté glacialis

: (fig. 51)

21(20) Prolarve qaﬁght Off the coast of Sakhalin
or in the Sea of Japan. The banded flounder -- Liopsetta

vinnifasciats (fig. L9)

S 22(15) Melandphores on the segmented portion of the

tail form two and more band-accunulations -- 23

“23(2k) elaﬁonbo es on the taill form two band-accumuf

‘lations -- 2}

2L(27) rphere are no melanoohores on - the fln folcs,

if there are, they are soarsely scautered -=.25

25(20) Accumulatﬂons of melanophores are indistinct
and ;alntly outllned' a murxed rear accumulaclon is situated

far beyond the m;dala of‘the~taii.~’The Japanese flounder --

© Pseudooleuronectes yokohamae (fig. L41) "~ = ' !

26(25) The band-sccumulations are clear; the last
) _ _ : _ :
accunulation is located near the middle of the taill. The

black flounder -- Lionsetta obscura (fig. 53)
Q- -~ . 27(24) The fin folds are pigmented, and the melano-
phores on them form accumulations -- 28 o

28(29) Only the anal fin folc is plbmented The

nortbern rock sole - LbDlCOQSeuua b111ﬂnata bilineata (*1g. 23)
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' 29(28) Both fin.folds, the dorsal and the anal, are

pigmented.'.The southern rock sole -- Leoidopsetta bilineata-

rows; there are no accumulations in the form of spots or

bands '-- L e

' mochigarei (fig. 26) .

30(2@) Thé_méléndphores'pn the tail form more band-

;'aqcumulatibns -—f31;j 

: ’31(34)'Meianophores'on the tail form three bands -- 32

32(33) In addition to accumulations on the tail, there
are acbumulé#ibns on the trunk above the anus and above the

pedtbral"fins.“”The1prolarvae are large; their length exceeds

3.5 nim. “The long flouﬁdéf'f? Glyptocevhalus stelleri (fig. 56)

33(32)-Theré‘afe h6Aaccﬁmulations on the trunk. The

'_prolarvée“aré smail;‘théir:length is less 3.5 mm. The yellow-

stripédlflqunder'—f Pseudooleuronectes herzensteini (fig. 38)

3l (31) Melanophores on the tail form four bands, of

which'theilastisufraunds_the end of the urostyle. The flathead

sole - Hippogloééoideé?(figs. 113andfl3)

Prolarva with o Mouth Ovening and Pigmented Eyes,

. and an Unformed Larva

1(2) The body is thickly pigmented and almost dark.
Two spots 3tand out lightly on each of the upper and lower

edges of the tail, The verasper -- Verasper variegatus

(fig. 20, B)
. 2(1) Body is not thickly pigmented ~- 3

3(17) The melanophores are SQatteréd or situated in

4(7) The prolarvae / are / large, from 8 mm and up -- 5eiid 47
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'5(6) The melanophores of the distal edges of the anal

and dorsal fin folds are concentrated in the rear nalf of -

‘prolarvae.and‘throughout the entire length of larvae., The

tips of the pectoral fins of larVae go beyond the middle of

| the‘abdomen, The true halibut . Hippoglossus hippoglossus

stenolenis (fig. 7)

6(5) The melanophores of the distal edges of the

~anal and dorsal fin folds are concentrated at the ends of

proigrﬁae and in the rear half of larvae. The tips of the

pectoral fins of the larvae do not go beyond -the middle of

1 the.gﬁdomen. ‘The Greenland halibut -- Reinhardtius.

hivvoglossoides matsuurae (fig. li)

ATEEASES ke e m e e e et e L T AR e Y m e S £ e A \E Yt ATt 8 s g e ar v ey e s s B

fij(u);Proiarvae smaller than 8 mm -- 8

8(9) The_end of the urostyie is bordered by'a oW
of melanophores. The pigmentary cells on the lower edge ol

the tail do not form a regular double row. There is a lowsr

lateral row. The:'spiny flounder -- Acanthopsetta nadsshnyi

(fig. 17) =

' 9(8) The end of the urostyle is not ‘bordered by a

row of melanophores -- 10

10(13) A row arrangement of vigmentary cells

predominates on the tails of prolarvae and larvae -- 11

11(12) The prolarvee aré small, smaller than l mn.

]
v

The middle leteral row of the tail is short and does not.

reach the level of the anus. There are no melanophores on

,_the'ﬁppérfedge of thé end of the tail;j There are pigmentary

‘cells on the pectoral_fins.‘_The.yellowfin éole -~ Limanda

asvera (fig. 30)
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©12(11) The prolarvae are large, larger than L nm.

'The middle lateral row is long,and reaches the level of the

anus. On the tail, in addition to the lower row, there is

a short rear dorsal row. There are no melanophores on the

" pectoral fins}A The Alaska pléicé‘—— Platessa ocuadrituberculata

(fig. 43)

13(10) A scattered arrangement of pigmentary cells

predominates on the tail -- 1l

1 (15) Scattered melanophores are concentrated mainly

in the céntral third and the lower half of the tail., There

is no upper row on the tail. The starry flounder --

- surface of the tail. ;here is an unner row on the tail.

'The two- colourea flounaer - Karelus blcoloratus (flg. 62) _ |

the form of sno»s and banaf'—— 17

~ gre either no scattered melanophores on the tail, or they are .

_'very sparse -- 20

:around the mlddle of the tail uhere is a well—marﬁedrcompact

'spot above the excretory intestine or immediately behind it.

g 4% i s g o e ¢ gy B . - - v e

" Pleuronectes stellatus (fig. 60)

lS(lh)jMelanophores are SCattefed over the entire

i6(3).0n the tail, in addition to melanophores both

scattered and arrang ed‘in rows, there are accumulations in .

17(26) ne melanODnores on the tall form a single

accumulatlon which is 31tuated elther near the tall or on

the mldd;e of it —-.lo
§(23) Prolarvae are small, smaller than l rimm ~- 19

19(22) The anal fin fold is not pigmented, and there

20(21) Tn addltlon to an accumulatlon of melanophores
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h intestlne, and 1n-its place there are several individual.
-_melanophores. The accumulation around the middle of the tail

has the appearance of a short upper stripe. The snout soles

" Scettered melanophores are oossible.” There is no compact,

SUellatus flg. 59)

Wi

2

The longsnout flounderv~4 Limanda punctatissima vunctatissima

\

21(20) mhere is no compact spot above thetexcretorj

-- Limanda vunctatissima proboscidea (fig. 35)

22(19) The anal fin fold_of the larvae is pigmented.

are
spot above the excretory 1ntest1ne, and there/a few melanophores

scattered on the latuer.. The starry flounder -- Dleuronectes_

(18) A prolarva larger than h mm -- 2&

2&(25 A prolarva or larva cauéht in tne northern

Sea of OAhOCSk or Berlng Sea. The arctic flounder --

'Lioosetta gla01 1is (ng. 51)

25(26) Drolarva or larva caught off the coast of

Sakralln and in the Sea of Japan. - The banded flounder --

.Lloosetta nvnnlfasc1ate (ri L9)

26(17) Tne melanophores on the secmented portlon of /L7l

the tall form two and more accumulatlons - 27

27(42) The ena of the urostyle is not surrounded by

a row of melanophores -- 28

28(39) The melanophores on the tall form two accumnula-

tions -- 29

29(36) There are‘usﬁaily no melanophores on the fin

folds, and if there are, they are spareely scattered -- 30
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30(31) The prclérvae are large and about. 7 to 9 mm
‘long. The arrcw—toothed halibut -- Atheresthes evermanni

;(fig-JB)

3 (30) The nrolarvae are small “their length is less

than 7 to 9 om - 32 o

, 32(33) A pear: accumulatlon (in the form of a compact
-'lband) is. located near tne middle of the tall The black

- flounder -- Lloosetta obscura (fig. 54)

33(32) The rear accumuletlon does not have the
»apcearance of a comoact band and is located far beyond the

‘_mledle of the tail ——'BM (flg L1)

73&(35)2The middle ventral row has additional
V.MEIanoﬁﬁaies'(fig. li1 -- ). The Japanese flounder --

“ . Pseudopleuronectes vokohamze (fig. L1)

‘35 3&) Has no middie"ventral7row of additional

t_ melanophores (flg.{20a'—4 I); The sohachi flounder --

Clelsthenes henvenstelnw (fig. 19, 20a -- 1.2) 36 (29).
. Melanophores‘+orm accumulations on §he&fin_fo1ds, In some

specimens there iSfa'rear,-third embryonic band -- 37

37(38) \elanophores form accumulatlons mainly on

tne anal £in fold. The ncrthe?n rock sole -- Leoidoosetta

bilineata bilinesta (fig. 23)

38(37) MelencphoreS'form accumulations on the dorsal

- _and anal fih_fdlde,” The southern rock sole -- Lepidopsetta

' bilineaﬁa'mochigareic(fig;.26)l

3§(28)‘The melanophores on the taileform'three_band-

accumulations -- LO
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Lo(hl) Small prolarvaé from 3.5 mm in length; there

- are no additionél pigmehtary cells on the lower edge of the

tail between the main bands. The yellow-striped flounder --

Pseudopleuronectes herzensteini (fig. 38)

41 (40) Large pfolarvae from 5.0 mm in length. There

afé additional pigmenﬁary:spots on the lower edge of the tail

'befween the main bands. The ldng flounder =-- Glyptocephalus
stelleri (fig. 56) 
42(27) The end of the urostyle is surrouﬁded by a

row of melanophores -~ 43

Q3(@4) Thers are scattered melanophores on the surface

" of the fin folds surrounding the end of the tail. Hiopoglossoides

elassodon (fig. 13)

a-:fuh(AB)'There‘afé no scattered melanophores on the

surface of the fin‘folds surrounding the end of the tail.

' Hipooglossoides dubius (fig. 11)

)
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Trudy Azovo-Chern rskogo nauchno

issledovatel!skogo instituta

morskogo rybnogo khozyaistva i

-okeanografii, vypusk 1l.

{The distribution of the eggs and.

larvee of certain fish of the Black |

Black Sea“Scientific Research I

Institute of Ocean Fisheries and

Materialy o kambalakh zaliva Aniva. l

Izvestiya Tikhookeanskogo

nauchno-issledovatel'skogo instituta

rybnogo-¥kXhozyaistva i okeanografii,

Gulf. Bulletin of the Pacific

e I T T Trrvpue bl ¥-;-



o

T s st 4

e e e o et " - ey ———

A 'Dryéging‘P.-A.'l9h9} '

Scientific Research Institute of .

96,

Fisheries and Oceanography, Vol., 41)

Polovye tsykly 1 nerest ryb.

Tzvestiya VNIORKh, tom 28.

" (The sexual cycles and spawning

_‘Esipov, V,-K, 1937.

‘Esipov, V. K. 1949. -

‘Pishchepromizdat.

of fish., Bulletin of the All~-
Union Seientific Research Institite
of Lake and River Fisheries, Vol. 28) A

Promyslovye ryby Barentsova moryé.

(Commercial fish of the Barents

Sea. State Scientific and Technical

Publishing‘House er'thé Food

Industry)i S L : o ’

:
Morsikaya kambala —-- Platessa platéssa.
Promyslovye'ryby.SSSR.f~

(The plaice -- Platessa platessa.

Commercial Fishes of the USSR)

-jEsipov, V.‘K.,'énd“

. Slastnikov, G. S. 1932.°

-

 Zaitsev, G. N. 1935.

Kambala Pleuronectes Limanda

Barentsova morya. Sbornik nauchno-
promyslovykh rabot na Murmane.

(The flounder Pleuronectes Limanda

of the Barents Sea. A collection
of'séientific and commercial studies

on the Murman Coast)

.Géogréficheskii metod interpolyatsii.

Zapiski:pd gidrografii, tom 3.
(The geographical method of inter-
polation. Notes on hydrography,

Vol. 3)
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. Zenkevich, L.

- .Zernov,

_ Ivanov,

: Il':‘Lna;,'D

S.

4.

‘AZenkevich,VL. A. 1933,

Ao 1947,

193h.

. 1937

1951, -

Nekotorye momenty:zoografii

- vypusk .

- (Certain factors of the zoography
relation to questions of its

 Journal,Vol. 12, No. u)

tivity of the sea)

-'.E;embriologiya.

- of Ocean.Pisheries and Oceanography,

el e S N A VR

957,

severnogo polyarnogo basseina, v
svyazli 8 voprosame O ego
paleograficheskom proshlom.

Zoologicheskii zhurnal, tom 12,

of the Northern Polar Basinvin‘

paieographic past. Zoological

rauna i biolagicheskaya rodukti‘vnost'
&
noryéa.

(The fauna and biological produc-

By -Obshchaya gidrobiologiya.

~(Général hydrobiology)

-Obshchaya i sravnitel'naya

(General and.oomparétive embryology?

Ikrinki‘iAlichinki\ryb, sobrannye v
Ussuriiskom zalive. Izvestiya
Tikhookeanskogo nauchno-issledovatel‘
skogo'instituta morskogo rybnogo
Xhozyaistva i okeanografii, tom 35.

(Eggs and larvae of fish collected

" in Ussuri Bay. Bulletin of the

Pacific Scientirfic Research Institute
. ' |

Vol. 35)

.ff_.-hLﬁ--,"ih_i_,_Ai“Ahm.uii‘.>:_ e e e e fﬁﬁil
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Kazanova, I. I.;19L9;

958.

Nerest, ikrinki i mal'ki ryb

go-vostochnoi chasti Barentsova

morya. Trudy Vsesoyuznogo

-

naues:.. - v otelilzogo instituta

'morskogo rybnogo Knozyalissva i

okeanobrafll, tom 18
(The spawnlng, eggs and fingerlings
of flsh of the southeastern Barents '

Sea. Publlcatlons of the All—Unlon

‘Scientific Reseerch Institute of

Ocean *1sher1es and Oceanobraphy,

- 'v°1 18)

Kazanova, I. I. l952.

Materialy po razmnozheniyu ryb

 Baltiiskogo morya. Doklady

Vsesoyuznogo nauchno-issledovatel!'-

skogo‘ihstituta morskogo rybnogo

~uf;khozyalstva i okeanograxll, vypusk 1.

'thazahova, I;vI:”i953;‘”'

T % A et n 4 mre = 4 e at ven ooren
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fish of the Baltic Sea and its .

i gulfs; Publications of the All—'

Vol. 26)

o (Materlal on the reproduculon cf

;1sn of the Baltlc Sea. Reports of

the All—Unlon~Inst1tute of Ocean

~ Pisheries and Oceanography, No. 1)

" Opredelitel! ikry. i lichinok ryb

Baltiiskogo morja;i ego zalivov.

- Trudy Vsesoyuznogo nauchno-

issledovatel'skogo instituta.

- rybnogo khozyaistva i okeanografii,

tom' 26,

(A key to the'eégs,and larvae of

o

Union Scientific Research Institute

of Ocean Fisheries and Oceanography
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Knipovich,‘N.

.
1

Knipovich, N. M. 1926..

' Korovina, V. M. 1952,

Korovina, V. M. 1953- 

e st

- promyslovykh issledovanii u beregov

. Coast, Vol. i (account for 1899- .

(A key to the fish of the Barents

" Sea)

(L.) v razlichnykh stadiyakh ego-

in various stages of its development. |
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Ekspeditsiya dlya nauchno-

Murmana (ENPIM), tom I (otchet za
189§-19OO gg.), tom II, chast!' 1
(otchet za 1901, 1902, 1903 ga).

(Aﬁfexpedition for scientific and

commeréial research bff the Murman
1900), Vol. II, Part 1 (account for
1901, 1902, and 1903)

Opredelitel’ ryb Barentsova morya.

Vliyanie nekotorykh faktorov
vneshnel sredy na razvivayushchiisya

zarodysh v'yuna (Misgurnus fossilis

. razvitiya. Uchenye zapiski Karelo-
- Pinskogo universiteta; biologicheskie

~ﬁauki; tomiu, vypusi 3.

(The effect of certain environmental
factors on the developing embryo of .

the loach (YMisgurnus fossilis (L.)

Scientific Journal of the Xarelo-
Finnish:. University; Biological

Sciences, Vol. li, No. 3)

-Izmenenis reaktsii zarodysha nizshikh"

. pozvonochnykh zhivotnykh v protsesse

embrionalinogo razvitiya na deistvie

nekotorykxh vneshnykh faktorov. .



1,/ ‘\"'K,
ZKoroieva, V. A., and
' Fédorova,»G}iv.'1952,‘ |
i
(:) ~ Kosyakina, E. G. 1938.
4

e o A o T
e vas

L ';/ e Don sturgeon (Acivenser - |

960.

¥AVtoreferét doktorskoi
tdissertétSii. Leningréd. .
;f(Tﬁe change in the reaction of'the
.embryos of lower veftebrates, in
tpg‘procésé of émbpyonic dévélo?A
ment; to thé'effeét of éeftain
'extérnal factors; ﬁAuthor's.
abstract of Doétor's Dissertation,»

Leningrad)

Kriticheskie veriody v razvitii
yvaits i lichinok donskogo osstra

(Acipenser guldenstadti colchicus -

.M.) i ikh mérfol&gichesko-
fi?igiogicheskaya kharakteristika.
U¢henye zapiski Leningradskogo
GdSudarstvénnégb Universiteta, -
'Na.-luz,fvypu;k'29._

(Critiéa1 periods in the develop-

. ment of the eggs and larvae of the

- glildenstadti colchicus M.) and
:théir morphological and physiolbg-
ical characteristics., Scientific
" Journal of Leningréd State

University, No. 1,2, No. 29)

: Pélagicheskgya ikfg ryb v raione
Névbrossiiskoiibukhty. Trucy
Novoroésiiskoi'biolégiCheskoi' BT
Sﬁaﬁtsii;'toﬁ’é, vypﬁsk 2.

(Pelagic eggs of fish in the region

R R e R R e R R T R D ;\?‘



 Krivobok,fM. N; 1931@

. Kryzhanovskii, S. G.‘l939.

.Kryzhandﬁskii, S. G;'l9u0}

'f"K:yzhanvakii, S. G;'19M§:I

961.

of Novorossiisk Bay. Publications

of* the Novorossiisk Bilological.

Station, Vol. 2, No. 2)

Nekbtorye'dannye o) tralbvom
promysle v zalive Péfra‘Velikogo.
Sotsialisticheskaya rekonstruktsi§;
rybnooo khozyalstva, Vo. 11-12
(Somc data on commer01a1 trawling
in Peter the Great Bay. Socialist
Reconstruction of the Fishing

Industry, No. 11-12)

Printsipy rekapitulyatsii. Sbornik,
" posvayshcnennyl Severtsovu.

(Princinles of recapitulation.

Symposium dedicated to Severtsov)

-0 znachenii razmerov poverkhnosti

' zheltochnogo meshka yaits

kasoilsklkh ryb dlya organoveneza.
Zooloalcheskll zhurnal tom 19,
vyousk 3

(The 31gnlficance for organogensis

,of surface dimensions of the yolk

sac in the eggs of Caspian rish.

Zoological Journal, Vol. 19, No. 3)

Ekologo-morfologicheskie

zakonomernostl razvitiya karpovykh,
viyunovykh i somovykh rybd

Trudy .

(Cyprinoidei,'Siluroidei).
Institntavmorfologii zhivotnyxh,

vypusk"l.

L st a8 2T
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Kry hanovskll, S. G.,
Disler,,N. N., and
1953

Smirvona,,E..N.

- Kryzhanovskii, S. G. 1956.

P.-19Lk0.

‘Xusmorskaya, A.

-

O
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"(ucologlcalvand morphological

" of the Sea of Okhotslk.
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- 962,

{Ecological and morphological |
regular patterns in the development
of carps, loaches, and catfishes i

(Cyorinoidei and Siluroidei).

‘Publications of the Institute of

Animal Morpholdgy, No. 1)

Ekxologo-morfologicheskie

'zakonOmernosti razvitiya okunevidnykh

ryb (De“001de1) Trudy Instituta

mor;ologll zhlvobnykh, vypusk lO

fegular paﬁterns'in the development
6f-fishesmgf_EigméﬁbofaérrPercoidei. |
Publications of the Institute of

Aniﬁal Morphology, No. 10)

Haterialy po razmnozhehiyu
sel! devykh ryb. Trudy Instltuta
morfologll zhlvotnykh, vypusk 17.

(Mater;al on the rsproductlon of

- _fish of the herring family.

Publications of thé Institute of

Animal Morphology, No. 17)

Sezonnye izmeneniya planktona .
Okhotskogo morya. Byulleten!

{oskovskogo obshchestva ispytatelei

x-prirody; tom 9, No. 3-l.

(Seasonal changes in the plankton
Bulletin
of the Moscow Nétubélists Society, . .

Vol. 9, No. 3-l)

el
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| 'Kusmorskéya, A, P. 19M9.

Lindberg, G. U. 1937..

" Lindberg, G. U. 1947. ~

O

Okhryankih, D. I. 1936.
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963,
0 vesennem plénktone severo-
zépadnoi chasfi Yapbnskogo‘morya.
Izvestiya Akademii Nauk S8SR,
seriya biologicheskaya, No. 3. .
(The épfing plankton of the
northwestefn Sea of Japan. Journal

of the Academy of Sciences of the

USSR, Biological Series, No. 3) .

Fauna ryb Yaponskogo morya i

istoriya ee proiskhozhdeniya.

Izvestiya Akademii Nauk SSSR.

(The fish fauna of the Sea of 7
Japan and the history of its origin.

Journal of %the Academy of Sciences

N ofAﬁhe'USSR)

Predvarifei?nyi spisok ryb

Yaponskogo morya. Izvestiya

- Tikhookeanskogé
,néuchné—issiedovatel‘skogo instituta

1 fybnogo‘khozyaistva-i okeanografii,

‘témuéS;‘ -  '.', . | . P
(Preliminary list of fishes ;f,tha
Sea.of'Japan. Bulletin of the

Paéific Scientific Research Institute

of Ocean FPisheries and Oceanography,

'Yol. 25)

0 kambalakh(YéponSkogo morya

Liovgetta obscura (Herzenstein) i

- Limanda Schrencki (Schmidt).

e




Lozino-~Lozinskii, L. X.,

-and Lyubitskaya, A. I. 19LO.

Luk'yanova, Vi S. 1936.

961,
Doklady Akademii Nauwk SSSR,

tom 4 (13), No. L (108). .

(The Sea of‘Japan flounders

Liovsetta obscura (Herzenstein)

and Limanda schrencki (Schmidt).

. Reports of the Academy of Sciences

of .the USSR, Vol. 4 (13), No. b
(108). |

Chuvstviteltnost! ikry foreli i

okunya k temperature nizhe nulya.

Izdanie Instituta imeni Lesgafta,

XXITT.

(The sénsitivify of trout and =

perch eggs o below-zero tempera-

tures. Publications of the

Lesgaft Institute, XXIIT)

Fizicheskie kharakteristiki

mimikriiAryby Solea nasuta,

‘. Doklady. Akademii Nauk SSSR, tom 3.

Lysenko, T. D. 19Q8.'

~ Matveev, B. S. 1940.

k]

———— R b i S L SRR

| ‘(12),1No. 2.

'(PhySical éharacteristics of_tHe

mimicry of the fish Solea nasuta,

Reports of the Academy of Sciences

of the USSR, Vol. 3 (12), No. 2)

Agrobiologiya. Sel'khozgiz.

(Agrobiology, State Publishing House

‘for-Agricultural Literature)

K voprosu o raskhozhednii priznakov

v ontogeneze kostistykh ryb.




‘Mikulich, L. V. 195L.

Y

 No. )

-Mikeisaar;ex. F;h1957.

965,

Sbornik, posvyasnchennyi akademixu
L. N. Severtsovu, 11 (1).

Zoologichéskii zhurnal, tom 9,

No. L

(The ouestlon of the dlvergence of

'_features in the ontoben31s of bony

flsh Symoosium dedicated‘to
Academlclan A, N, Severtsov, 11

(1). Zoological*Journal, Vol. 9,

0 biologii razmnozheniya rechnoi
kambaly v vostochnoi chasti
Baltiiskogo morya. Izvestiya

Akademii Nauk Istonskoi SSR, Tom 6,

'”‘seriYa bieiogieheskaya,<Vd.h3.

(The blolooy of tqe rebroductlon of

»_the Tluke in the Lastern baltlc Sea.
‘Journal'of the Academy‘of Sciences

flof the ‘Estonian SSR, Vol 6

3101001cal Serles, Vo.*B)

 Pitanie kambal u beregov Yuzhnogo

Sakhalina i Yuzhnykh Kuril'skikh

ostrovov. TIzvestiya
Tikhookeanskozo nauchno-issledovatel!?

skogo instituta morskogo rybnogo

‘khozyaistva i»okeanografii, tom 39.-

(The feealng ol °lounaer off the
coast of Southern Saknalin and the
Seuthern Kurile Islands. Journal
of the Pacifie Scientific Research
Institute of Ocean Fisheries and

Oceanogrephy, Vol. 39)

y
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966,

Mikulich; L.»V{ 195§3 f} ‘:Ikrinki‘i lichinki rjb iz severnoi
. ' | ~chasti Okhotskogo mofya. Rukopis?,
Ar¥hivy Tikhookeanskogo
_'nauchndéissledovatel'skogo instituta
j;‘glf T moéékbgo rybnOgo khozyaist&a i

- okeanografii.

v
-

(The eggsAaﬁd larvae of fish of the

northern Sea of Okhotsk. Manuscript,
Archives of the Pacific Scientific
','Reéearch Instituté of Ccean

Fi;heries and Oceanography)

 Hiliﬁékii,:G;.If"l938; ."-A Biologiya i promysel morskoi kambaly

(Pleuronectes platessa) Barentsova

ﬁorya,_ Trudy Poiyarhogq
haﬁchnoFiésledovatéi*skogo'instituta
mdrskdgo ryﬁnégo khoz?aistva i
Aokéanografii; tom 2, .
“‘(The‘biélggy of‘the.plaiéé

{Pleuronectes vlatessa) and commer-

‘ciél piaice fishing in the Barents
Sea. Publications of the Polar
Scientific Research Institute bf
, dcéan.PiShéries and Oceanqgréphy,

Vo1, 2)

‘Milinskii,‘G, i; 19lka. Biologiya i promysel paltusa

o - e Noryezhékogo i“Bérentsova morei.
Tam zhe, tom 8. u

(The 5iology of the hélibup’and
commercial-fishiﬁg for this species
iﬁ the Norwegilan andlBarents Seas.

Ibig, Vol. 8)




‘Mishchenko, A. T. 1938.

o

Moiseev, P. A. 1936.
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- Milinskii, G. I. 194hb.

i et B8]

967.

. Materialy po biologii i promyslu

kambaly-ersha Barentsova morya.
Tam zhe, tom 8,

(Material on the biology of the

. long rough dab and commercial

fishing fof this species in the

Barents Sea. Ibid, Vol. 8)

Materialy po biélogii i promyslu
paltusa Barentsova morya. Tam
zhe, - tom 8.

(hatérialen thé;biologj of "the
nalibut and commercial fishing
for this specles in the Barents

Sea. Ibid, Vol. 8)

Nékdtorye nablyudeniya nad

. razvitiem ikry i lichinok kambal.

Izvestiya Tikhookeanskogo

naﬁghno—issledovatel'skogo instituta

‘morskogo rybnogo khozyaistva i
© okeanografii, tom 1ll.

(Some‘observaﬁiohs on thei develop=-

ment of flounder eggs énd larvae.
Bulletin of the Pacific Scientific
Research Institute of Ocean

fisheries and Oceanography, Vol. 1lL)

Sostav ikhtiofauny reki Sedanki v -

svyazi s postroikoi Vladivostclkskogo

vodoprovoda. Vestnik Dal'nevostochng

- filiala Akademii Nauk SSSR, tom 1.

e+ e e =




Moiseev, P. A. 19L6a.

Moiseev, P. A. 19L6b.

1 Moiseev, P. A. 194bv.

TN
N

-,

g b i A A A £ e A e 3 S e ¥ S o oo B T e bt ek s e

b a8y

. ‘za}iva Petra Velikogo. Zoologicheskii

. Zoological Journal, Vol. 25, No. 5)

| cdmmerciai flounder fishing in
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968 .

(The composition of the ichthyofauna
of the Sedanka River in relation to

the construction of‘the Vladivostbk'
Water Suﬁply Line. Ne&sletter of

‘the Far‘Eastern»Branch of the

Academy of Sciences of the USSB;

E Vol; 1)

Promyslovye kembaly Dal'nego Vostoka,
Promizdat. |

(Commercial flounders of the Far

East. Industrial Publishing House)"

Nekotorye dannye o vliyanii

promysla na sostoyanie stada kambal

zhurnal,’tom 25, vypﬁsk S.
(Sdmé‘data-on'the effect of commer-. =
cial fishing on the ccndition of the

inuqder stock of Peter the Great Bay.

Nekoﬁdtye dannyé po biologii i
pfomyslu kambai zaliva Petra‘Velikogo.
Izvestiya Tikhookeanskogo
nauchno—iSsledoVatél'skogo instituta
morskogo rybnogo khozyaistva i -
okeanografii,_tom'22.

(Some data on flounder biology and -

Peter the Great Bay. Bulletin of

the Pacific Scientific Research

Institute of Ocean Fisheries and

Oceanography, Vol., 22)

e o



- Moiseev, P. A. 1952.
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‘Moiseev, P. A. 1953. .

Méiseev, P. A. 1955a. .-

Moiseev, P. A; 1955b;i
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‘fyb v dal'nevostochnykh moryakh.

'(Certain‘specific'features of the

‘(Cod and flounder of the Far Eastern .

‘969,

Nekotorye spetsificheskie cherty

raspredeleniya donnykh 1 pridénnykh

Tan zhe, tom 27.
distribution of bottom and demersal
fish in the seas of the Far East.

Tbid, Vol. 27)

Treska i.kambaly_dal'nevostqunykh

morei., Tam zhe, tom 11.

seas. Ibid, Vol. 11)

Novye dannye O rasprostranenii
belokorogo paltusa. Doklady
Aﬁaaemll Nauk SuSR tom 105, No. 2.

(*resh data on the ‘occurrence of the

srve hnllbut. Reports of the

Academy of 801ences, Vol 105, No{ 2)

Belokoryi valtus. Sbornik -
"Geograficheskoe rasprostraninie ryb

i drugikh promyslovykh‘zhivotnykh,

-Okhotskogo i Beringova morei."

Izdatel!stvo Akademii Nauk SSSR.
(The true halibut. In the symposium

The Geographical DlStP’butluﬂ of

Figh and other Comne”01a1 Animals

P

Vln the.Sea of Oknotsk and the

Bering Sea. publlshlnb House of

the Acadamy of Sciences of the USSR)

e i



Monastyrskii, G. P. 1939.

~~, :

‘Monich, A. A. 195).
" Morozova, T. E., and
o Karakesh, N. M. 1939.
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. temperaturnykn usloviyakh. Doklady

‘Akademii Nauk SSSR, tom 9L, No. 2.
’7of.édaptation in loach embryos

 ‘through keeping females under

© different temperature conditions,

solenosti morskoi vody. Zoologichesk

“(The nature of the séhSitivity of the

970.
Jerestovyi khod v reki, razmnozhenie
i skat vobly. Trucdy Vsesoyuznogo

neuchno-issledovatel'skogo instituta

morskogo i rybnogo khozyaistva i

okeéhografii;:tom Xi,”

(The roach: 'its spawning migration
into rivers, reproduction and

doWnstréém migration. Publications

of the All'Union Scientific

Research Institute.of Ocean Fisheries

' -and Oceanography, Vol. XI)

Izmenenie zony temperaturnoi
adaptatsii u embrionov v'yuna putem

soderzh&niya samok v reazlichnykh

(The change in the temperature zone

4

Reports of the Academy of Scieﬁces

of the USSR, Vol. 9L, No. 2)

Kharakter chuvstﬁitel'nosti stadii

. embrionaltnogo razvitiya azovskogo

ancnousa (Engraulis encrasicholus

maeoticus) v svyazi s izmeneniyami
zhurnal, -tom 18, No. 2.

stages of embryonic development of




971,

the Azov anchovy (Engreulis

‘encrasicholus maeoticus) in relation

~ L ' , S '~ to changes in the salinity of sea

water. Zoological Journal, Vol. 18,

No. 2) '

Musienkb,.L, N; l9§h,; ‘ Molod! kambali'(sem. Pleuronectidae)
| : o dai'nevostoohnykh morei SSSR. Trucy
Iﬁstituta~okeanologii Akademii‘Nauk :

SSSR, tom 11, |

(Jﬁvenile flounder (family

Pleufénectidaé) of the Far Eastern
Seas of the USSR. Publications of
ﬁhe Institute of dceanology of the.
Academy of é;iences of the USSR, .
vol. 11)
‘Mukhécheva, V. A.'i?E?; ;‘.. Tkrinki i mal'ki ryb Onezhskogo
| | | S zaliva Belogo morya;  Sbornik

"Materialy po kompléksnomu
1zucheniyu Belogo morya'. Tzdatel'stvo

| Akademii Nauk SSSR. | |
(The eggs and fingerlingé of fish

of Onega Bay in the White Sea. In

the symposium Material on & Comovlex

Study of the White Sea. Publishing

House of the Academy of Sciences of

oy . .. = the USSR)
.(:;‘ . Mukhacheva, V. A, 1959. Nerestovye skopleniya promyslovykh

ryb v ralone Severnykh Xuril i
S R  Yuzhnoi Xamchatki po dannym lova

ikry 1 lichinok. Trudy Instituta

D et it

!

1

i
"r
T
i

i

3

t




Pailas

e e T g A s L 8§ o et A £ P AATAT y 1 S

Mukhacheva, Vi A., and

. Zvyagina, O. A. 1955.

‘ Navdzbvaévfov;;i927}.“

| Wikiforov, N. D. 1939.

S . ) . 972.

- okeanologii Akademil Nauk SS33R,

toﬁ’36.

(Spawning accumulations of commer-

cial fish in the region of the

ANorthern_Kuriles and Southern

Kamchatka from data on catches of

‘eggs and larvae. Publiéations of

the Institute of Oceanology of the

Academy of Sciences of the USSR,

Vol. 36)

- Novye dannye o zimne-vesennikh

prednorestovykh skopleniyakh kambal
v Kronotskom zalive. Rybnoe

khozyaistvo, No. 6.

- (New data on winter-spring
cprespawning accumulations of floun-
'~ ders in Kronotskii Gulf. Fishing

o finduétry, No. 6)

Kratkie svedeniya o treske i

’~.pa1tusakh_VfVOdakh.Dal'nego Vostoka,

Byulieteﬁ}_rybnogo khozyaistva, No.
11-12. '

(Brief'aéta on cod .and halibut in
fhe waters of the Far East. Fishing

Industry Bulletin, No. 11-12)

Vliiyanie temperatur i mekhanicheskikh

vozdelstvil na embrionaltnoe razvitie

ryb. Izdatel'stvo Leningradskogo
1Gosudérstvennogo Universiteta.

‘(The‘effect of temperature and
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© Nikolaev, A. P. 1949. - .
© Nikolaev; A. P. 1955.
© Nikol'skii, G. V. 1953..
i
0  Nikol'skii, G. V.
-

_ Wikolyukin, W., and

Longinova, A. 1930.

development of fish.

'_Polyarnaya kambala Onezhskogo

| Chaéﬁhéya

973.

mechanical action on the embryonic
Leningrad-

State Univeréity Publishing House)

Mateﬂlaly po blOlOgll rechnoi
kambaly Kuz- ~guby. Izvestlya
Karelo;?inskogo filiala Akademii
Nauk SSSR, No. L. |
(Waterlal on the biology of the ‘
Kuz Bay fluke. Journal of the |
Karelo-Finnish Brancﬁ of the

Academy of" Sc1ences of the USSR,
No. 4) '

.zallva Belogo morya. VoOprosy

1kntlologll, vypusk 5,

\

(The arctic flounder of Onega 3ay
in the White Sea. Problems. of

Ichthyology, No. 5)

'O'hékdtorykh zakoﬁome%nbstyakh
dinamikiAplodovitosti'ryb. Ocne rki’
po'obshchim voprosam ikhtiologii,
'(Some resular pa*terns in the

fecunolty dynamics of flsn. Outlines

on general ouesn10ns of 1cntnyolo y)

ikhtiologiya, 195k.

(Particular ichthyology)

Materialy po iskusstvennomu

oplodotvoreniyu ikry i razvitiyu
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1ichinok nekotorykh kostistykh Tyb.

(:j S fi;; - 1 rf[i ii5 : ~ -‘ ‘Tfudy nauchno—iséledovatel'ékggo'
{3y - ;f;_'}1} E S S 'institutg ori Vdrqnezhskom | o
‘ gosudarstvennon universitete, No. L.
(ﬁ;teriai'on the.artificial
‘~fertilization éfiéggs and on the
.development‘of the larvae of | |
‘certain boay fish. Publications

of the Scientific Research |
Institute attached to Vofonezh "

State Univeréity,.ﬁo. )

ﬂ'Novikovg7N. P. 1960.@ : ' Paltusy Beringova morya. Rybnoe

. Khozyailstvo; No. 1.

~ o

(Halibuts of the Bering Sea.

Pishing indusfry, No. 1)

A1aidlifaﬁ;;vf"i; i§ﬁQ;f_ B EksperiﬁeatgixAye ekologo-fiziologich-~
EET e "Asskie;;ssledoVéniyafnadAikroi i
.~1iqhihk§mi ryb.i:I;'Vliyane solenosti
" na fannié-staaii'razvitiya azovskogo
.ieShcha; suaaké‘i %gizhskoi‘sel'ai.
 Zooloéichéskii zhu%hai; tom'l9,.
vypusk 1. |
- '_' R o ~ (Experimental ecological and
| physiological research into fish
‘ eggé énd larvae., I. The effect ofv
’(:>“( ) ;1.': ff;,:: :‘ ﬁ;i‘: 4_.A = saliniﬁy'oﬁ ﬁhe>égriy,étages of

S '.-. ':13'“ o o : o development of the Azov bream, the
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Turopean pike-perch and the Volga

shad. Zoological Journal,. Vol. 19, = |
. . J
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Lolifanm, V. I. 1945. Poriodichnost' i kriticheskie
(:f L ﬂl o ;_:j ;7_ A :stadii iiéhinochnogo razvitiya ' |
(“} S ; _'V‘_”;giﬂf  ¥:;\1 L baikal'skogo omulya. Dokladf‘ \
V | L AkademiifNauk SSSR, tom 6. . _i
V(Thé periddicity and critical //;w
stages in the larQal‘development
of the Baikal omul. Reports of
the Academy of Sclences of the

USSR, Vol. L&)

© Okhryamkin, D. I. 1936. ~ K sistematike Limanda herzensteini

:vv(Jordan et SnYdéf). Vestnik
Dal 'nevostochnogo Piliala Akademii
Nauk SSSR, 120.

(A contribution to the taxonomy of

Limanda herzensteini (Jordan et
Snyder). Newsletter of the Far
“Eastern Branch of the Academy of

 Sciences of the USSR, 120)

 ?&§1eﬁko;fﬁ;'N;"i9ib:f'4}fﬁ}»'Ryby_zéliva Petra Volikogo. Trudy
R xfh:ﬂ ffi'i17Obéhghéstva‘estéstvoiépytatelei
o Kazénskogéfuniversiteta, tom 12,

No; 2. A o
(The fish of Peter the Great Bay.
Publications of the Naturalists

' o o " o - g Séciety‘of_Kazan University Vol. 12,

«© -Il;, _, IR Yo. 2)

l{~3--'1 .4 u?érkeﬁ; "; . },ﬁff_‘  Tsi%irovanO’po Su&orovu, E. X.
R | o Osno&y'ikhtidlogii,vi9h8.

(Cited fro@'Suvorov, E. K. The

fundamentals of ichthyology, 1948)

1
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?ertseva; T;TA. 1936.

Peftsevé;'T;ﬁA. 1939a.

' Pertseva, T. A. 1939b. 3

" the Food Industry)

976.

'Opredeliﬁei' pelagicheskikh ikrinok

ryb Barentsova morya. Pishcheéromiz~.'
dat. ¥ | -‘ !
(Kéy'té thé.peiagié eggs of fiéh of'4_\
thq.Barenfs\Sea. ﬁState‘Scienﬁific ]

and Technical Publishing House for

Nefest,\ikrinki i_mal'kivryb
Motbvskogo zaliva. Trudy
Vsesoyuznogo.néuchno{iésledbvatel'-
skogo instituta‘morskogo rybnogo
khozyaistva i okeanografii, tom L.
(The spawning,>éggs‘and‘fingerlings_

of Tish of Motovka Gulf. Publica-

tions of the All-Union Scientific

‘Research Institute of Ocean Fisheries '’

and Oéeanography,‘Vol..h)*

- . Materialy po raévitiyﬁ kaspiiskogo

*  puzanka (Caspia losacaspia Eichw.).
.~ Trudy Vsesoyuznogo

- nauchno-issledovatel'skogo instituta

| . .
rybnogo khozyaistva i okeanografii,

tom VIII.

(Material on the deﬁelopmentvqf the

Caspian shad (Caspia Losacasvia

Bichw.). Publications of the All-

Union Scientific Research Institute

of Ocean Fisheries and Oceanography, .

Vol. VIII)
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'Pef%seva;’T.’A. 19&0. '.‘ - Nerest kaspiiskikh‘sel‘déi»v
j‘ ‘ .; N _“'  : '}': - Severnom Kaspii po:raspfedeleniyu
ey 7 7 i ikry 1 lichinok. Tam zhe, bomIV.
B | _(fhezspawning“of?Caspian shad in the
 ‘Ndfthérn CéSpian from the distribution
vaéhéir eggs_andflarvae.';gig, Vol.
-oxIv) .

. . . . ’ ot - \ . \ . .
Pertseva-Ostroumova, T. A.- 0 razmnozhenili 1 razvitil kefaleil,

.;i951, : ’ AA‘G;' ; ¢“ vselennykh v.Kaspiiskoe more. Tam
| o | B | ~ zhe, tom 18. |
ﬂ(The-fepfoduCtion and/devéldpmeht of -
‘mullet that have settled in the
ACaspia# Seé;l Ibig, Voel., 18)

Pertseva-Ostroumova, T. A. .= Novye dannye o razvitii kambal (sem.

: 1953,V.1_1, - - o Pleuronectidac). Doklady Akademii

. Nauk SSSR, tom 91, No. L

(New data on the development of

" flounder (family Pleuronectides).
" Reports of the Academy of Sciences

. . _.of the USSR, Vol. 91, No. L)

Pertseva—Ostroumova, T. A. ‘Materialy po razvitiyu -" ‘ ]

195A;-' S T ' ) dal'nevostbchnykh kambal (Pleuronec= |

ﬁidaa); I. Razvitie zheltoperoi ' |

- kambaly (Limanda aspera Pallas).

::> : 5 :”;f\'i' 'a;,f :::i7=‘ PEETE Truqy Instituta okezanologii
Akademii Nauk SSSR, tom 11.

~(;;  _?f5 ‘f ,-4_';;f - '; ';  o (Material on the development of

Far Eéstern.floundér (Pleuronsctidae),

I. Development of the yellowlin sole
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- Pertseva-Ostroumova, T. A,

PértSeya—OSEroﬁmova;,T{'A;

2986,

Petrova-Tychkova, M. A.-

1952,

" (Keys to the pelagic eggs of fish

B s -— e T B eaaet

7 ' 978(

H>(Limaﬁda aspera Pallas). .Publica-

tions of thé Institute of Oceanology
of the Academy of Sciences of the

USSH, Vol. 11)

Opfédelitel'nye tablitsy

'_pelégi¢he3koi ikry ryb zaliva

Petra Velikogo. Izvestiya

e

Tikhookeanskogo nauchno-issledovatel! —

skogo instituta morskogo rybnogo

khozyaistva i okeanografii, tom L3.-

-

of'?eter1the_Great'Bay; Bulletin

of the Pacific Scientific Research

Institute of.0Ocean Fisheries and

Oceanography, Vol. L3)

Issledovaniya razmnozheniya i

" razvitiya kambal Primor'ya. Trudy

. problemnykh i tematicheskikn

soveshchanii Zoologicheskogo

- instituta Akademii Nauk SSSR,

vypusk I )
(Research into Ehe.reproduction and

development of flounders of the

- Maritime Territory. Publications

of Problem and Thematic Conferences
of the Zoological Institute of the
Academy of Sciences of the USSR,

Vo. A)A |

Nekotorye dannye po biologii

zheltoperoi kambaly iz bukhty Nagaevo.
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Petrova-Tychkova, M. A.

19S&a;i'"

| Pétféva—Tychkova; M.7A}‘ﬁ;’ '

1950, -

,Petrové-chhkdvaf'M. A

1955,:~

'4?olutov;_I;:A. 1960.

" polutov, I. A., and

Tripol!skaya, V. N. 195k.
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- Izvestiya Tikhookeanskogo

nauchno-~issledovatel'skogo instituta

morskogo rybnogo khozyaistva i

okéanografii,.tom 37.

, (Soma data on the biology 9f:the
: yeIIowfintsole from Nagasvo Bay.

~Bulletin of the Pacific Scientific

Research Institute of Ocean.

- ®isheries and Ocsanography, Vol. 37)

K biologiiléheltoperoi kamﬁaly iz
Olyutorskqgo zaliva. Tam zhe,"

tom L1. - |
(A cqhtribution to thée biology of
the yellowfin_soie fioﬁ*

Olyutorskii Gulf. Ibid, Vol. L41)

K biologii dvukhtsvetnoi kambaly.

Tam zhe, tom L2.

J_‘(A contribution to the biology of

‘the two-coloured flounder. Ibid,

Avoi}lQB)

Belokoryi paltus iz zaliva Petra
Velikogo. Tem zhe, tom 11, ITI.
(The true halibut of Peter the

t

Great Bay. Ibid, Vol. 11, III)

Morskie promyslovye ryby Xamchatki,

(Commercial ocean fish of Kamchatka)

Pelagicheskaya ikra i1 lichinki

morskikh ryb u beregov Kamchatki. =

Tam zhe, tom L1.
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Polutov, I. A., and =
- 'Shashkeev, E. I. 1955.
‘Polutov, I. A.,and |
v Tikhonov’ Vc ‘I. s 1957. »

‘Ponomareva, L. A. 1949.
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980,

(Pelagic eggs and larvae of ocean
fish off the coast bf}Kamchatkp.

Tbid, Vol. L1) -

'TréloVyiyprbmyéel kambal u beregov

Kamchatki. Tam zhe, tom 11, III.

 (Commercial trawling for flounder

off the coast of Kamchatka. Ibid,

Vol. 11, ITI)

Yovye dannye o rasprostranenii

stfelozubogo valtusa Atheresthes

stomias v vodakh Kamchatki.

Izvestiya Tikhookeanskogo

nauchno-issledovatel'!skogo instituta

rybnogo khozyaistva i okeanografii,

‘ tdm;h;;_g

'(New"datason the ooéurrence of the

‘arrow-toothed halibut Atheresthes

stomias in the waters off Kamchatka.

Bulletin of the Pacific Scientific

Resedrch Institute of Océan

~

o FiSheriéé,and.chanOgraphy,‘Vol. LS)

Tkrinki i mal 'ki ryb iz Karskogo

morya.

morskogo rybnogo khozyaistva i

.- okeanografii, tom 18..

Eggs and fingerlings of fish of

the Xara Sea,Publications of the

. - All-Union Scientific Research

Institute of Ocean Fisheries and

Oceanography, Vol. 18)
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Popov, A. M. 1935. - - 0 faune Avachinsgkoi guby 1 ee
G,~ | : raspredelenie po blotsenozam. .
L » e . Doklady Akademii Nauk SSSR,

tom I (9), No. 8-9 (77).
 T*ff’“;(The:fauhé;pf Avaché Bay and its.
disfribufidn‘acpordihg to bio- : _
coenoses, Repofts of ﬁhé Academy ’
i* S | . . of Sciences of the USSR, Vol. L
o | ©(9), Fo. 8-9 {77))

‘ngova;.V, P.:1955.f i _a f t_Kharak%eristika‘sdstpyaniya zapasa
EER DT ER. "'kambaly’Chérnogo méﬁyé v 1955 g. i
»voiﬁbzhnyiHvy16viha 1956 g. Sbornik
VNIRO.
\_(A deécrip%ioh.of.fhe'sfate of the
: flbuhderléﬁbck;of the Black Sea in~.
1955'ahd;tﬁe stsible catch for
1956 Symposiun of the‘All-Unioﬁ
- _SgientifiéiResearch Institute of . .

Ocean Fisheries and Oceanography)

Privol'nev, T. I. l935;(f ._ Vliyanie vysokoi temperatury na

i .~ raznoi stadii razvitiya ikry okunya

(Perca fluviatilis). Trudy
Petergofskogo biologicheskogo
instituta, No. 13-14.

(The effect of high tempersature on

O

various stages in the development

.of the eggs of the perch (Psrca

. o
{ . .
. . ’ .

fiuﬁiatilisj; Pubiications of the. .
‘Petergof Biological Institute,
. No. 13-1k) |
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? Privol'nev, T. I. 1939. o
2
“?fivol$hev;\T. I;_19Al.
‘Privoltnev, T. I. 1949.
O

e ey e A o e 48 AT S8 i ey e

"~ Izmenenie okislitel'nykh protsessov
' u embrionov ryb (okunya) posle
- - vozdeistviya ponizhennymi

~temperaturami. Arkhiv anatonmii,

: vypﬁsk 1.

‘(Pefiode'ofedifferent sensitivity
: Sibefian whitefish and salmongand z
' the respiration of-the”eggs of the

' Whitefish. . Journal of the All-Union

" Scientific Research Institute of

~Kriticheskie periody pri

'khozyaistﬁa (VYNIORXh), tom 29.“
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982.

o

-gistologii i embriologii, tom 22,

(Theiehange.in oxydiiing processes
in fieh.(perch)'embryes after the
action of reduceq teﬁperatures.

The Archive of Ahatomy, Histologj,

and Embryology, Yol. 22, No. 1)

~ Periody razlichnol chuvstvitel'nosti

v embrional'nom razvitii sibirskogo
‘siga 1 lososya 1 dykhanie ikry siga.

' Izvestiya VNIORKH, tom 2lj, 1.

in the embryonic development of the

= .

Leke and River Fisheries, Vol. 24, 1).

postembrional'nom razvitii ryb.

Izvestiya Vsesoyuznogo instituta:

ozernogo 1 rechnogo rybnogo

(Critical periods in the postembry-
onic development of fiéh. Journal
of the All-Union Tnstitute of Lake

and River Misheries, Vol. 29) .




Privol'nev, T. I. 1953.

’°r1v01‘nev T H*.,‘and o

uRazumovskll, A.~M.‘l939-] ‘

Probatov, 4, N. 19L0.
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- Kriticheskie periody v razvitii i

ikh znachenie pri akklimatizatsii.
Akklimatizatsiya ryb vo vnutrernykh

vodoenakh QSSR Izvestiya

‘-?Vsesoyuznogo nauchno-*ssledovatel'

kogo instituta ozernogo i rechnogo
rybnogo kKhozyaistva, tom 32.

{Critical periods in development

and their significsnce in acclima-

. The acclimatization
tizatianbf fish in internsal bodies

AOf water in the USSR._ Journal of

the All-Union Scientific Research
Insfitute_of Lake and River

Fisheries, Vol. 32)

Vliyanie ponizhennoi temperatury na

raznye stadii ‘razvitiya leshcha.

‘ﬂoklady A{ademll Nauk SSSR, tom 23,

(The effect of reduced temperature

'”e'on the varlous stages of develooment
”1 of the bream. Reports-of the

‘Academy of Sciences of the USSR, '

Vol. 23, No. 6)

'?olyarnéya kambala Karskoi guby.

Trudy Novorossiiskoi biologicheskoi
stantsii, tom 11, No. 3;

(The artic flounder of Kara Bay. 7
Publlcatlons of the Novor0551lsk.

BlOlO"lCal Statlon, Vol. 11, No. 3)
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- Pchaliné}vz;

I’Ib 191},0 .

Rass, T. S. 1929.

Rass, T. S. 193lL.
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Lichinki i mal'ki ryb v raione
Wavorossiiskoi bukhty..  Tam zhe,
tom 11, vypusk 3.

(Larvae andlfingerlings of fiéh‘ v

|
1
i”ih?the_region of Novorossiisk Bay.

Tbid, Vol. 11, No. 3)

' Obzor fyb, sobrannykh Murmanskoi °
biologicheskoi stanﬁsiei leton -
1926 g. Raboty Murmanskoi
biologicheskoi stantsii) tom.3.

(A'surﬁey‘of fish collected by the

© Murmansk Biological Station in the

summer of 1926._ Studiés of the

 VMurmansk Biological'station, Vol. 3)

Raboty gruppy po izucheniyu ikry i

. mal'kov (ikhtioplankton). Doklad

Pervoi sessil Okeanograficheskogo

“ -instituta, No. 5, Moskva.

;(Thé_work‘of a group on studying |

A eggs and'fihgerlings.(iéhthyoplénktom)

: Report'ofAthe First Session of the

Cceanographic Instituté, No. S;A

Moscow)

- Nerest, ikra i maltki prdmyslovykh
ryb éarehtsovaimorya.  Karelo-‘A
-Murmanskii krai, Yo. 3=l
(The spawning, eggs and fingerlings B

of commercial fish of the Barents

 Sea. Karelo-Murmansk Xrai, No. 3-4)
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 Rass, T.'S. 1941.

Rass, T.'S;119MS;1}1»‘

: Rass; T. S.‘i946.

’Rass; T. S..l§59.

Problemy A“ktlﬂl, ho. 1.
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983,

Pigmentatsiya embrionov i lichinokx

sel’devykh (Sem. Clupeidae), kék

; pwlsnosoblenle k pelagichesxomu

obrazu zhizni, . Byulleten'

- Moskovskogo obshchestva 1spytatelei

| brlrody, tom 1, VI (3)

(Tne plgmentatlon of nerring

(Faﬁily Clupeidae) émbryos and larvae

as .an adaptation to a pelagic mode

of life. Bulletin-of'the Moscow

 Naturalists Society, Vol. 1, VI, (3))

Geograficheskie parallelizmy v

stroenii i razvitii kostistykh ryb

Severnykh morei. Moskva._

(Geooraphlc barallellsms in the dﬁ
'structure and develonment of bony

‘-flsh of tne northern seas. Moscow) .

3_ Ikhtiop1ahktony'iz Vostochno-

'.'Sibirskbgo i'Chukotskoco-morei.

(Ichthyonlan&ton from the East

Slbeﬁlan Sea and the Chukchi Sea.

 Arctic Problems, No. 1)

Stupeni bntogeneza kostistykh ryb

méleoste*) Zoologlcheskll zhurnal

“tom 25, vyousk 2.

'(Stages pf ontogensis.ih bony fish

(Teleostel). delogicai Journal,

Vol. 25, No. 2)

Issledovaniye ikhtioplanktona,

- prolzvedennye Kurilo-Sakhalinskoi
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razvitiya i rosta ryb. Izvgstiya
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patterns in the development and

Academy of Sciences, Biological
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of the Academy of Sciences of the .
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ichthyology. Publishing'House of
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Rass, T. 3., and .
Zheltenkova, M. V. 1948.
<;) Tikhookeanskogo
okeanografii, tom 28.
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(Some. data on the ichthyoplankton

ol Western Kamchatka. Bulletin

of the Pacific Scientific Research

vesennenerestﬁyushchikh ryb

dal'nevostochnykh morei, Trudy
problemnykh 1 tematicheskikh
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-

some spring-spawning fish of the
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.. Conferences of the Zoological

i-.‘Institute of the Academy of Scilences
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(The hydrology of the Bering and

Chukchi Seas. Research on Par
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(The changes in the composition of
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Maritime Coast. Zoological Journsal,

Vol. 26, I)
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Belogo morei'. MurmansX.

{Commercial Fish of the Barents and
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Murmansk)
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Nauk SSSR.

.Academy of Sciences of

(Regular mervhological patterns of
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the North Sea.
ublications of the State
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(A contribution to the biology of
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v  of the All1-Union Scientific
-Research.Institute_of Lake and *
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» o . ' }fzvéstiya VNIORKﬂgjtpm 32.
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Critical periods in development and -
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‘The Acclimatization of Fish iny

e et e b T {2 S et A1 S B - e e g T G T % T S AR T ¢ e e g AR T e v r o i v oy . Ct it [“




R R TN I AP i oo

© Fadeev, N. S. 1954. -

FadeeV,JTI. S. 1955l .

- Fadeev, N. S. 1957.
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 ‘.chhko#a; M. A, 1946,

kambaly v zalive Terpeniya. Tam
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Tnternal Bodies of Water in the
USSR. Journal of the All-Union
Scientific Research Institute of

Lelke and River Fisheries, Vol. 32)
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. Petra Velikogo. Izvestiya
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nauchno-issledovateltskogo instituta
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~ okeanografii, tom 22.
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Vsesoyuznom soveshchanii po
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of some commercial floundsr of

Sakhalin. Zoological Journal;

‘Vol. 36, No. 12) . ' - |

0 chislennosti kamoal v vodakh

Sakhalina. Tezisy dokladov na
N “v‘ y .

'biologicheskim osnovam - i
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(The numbers of flounders in the
_watérs off Sakhalin. Summaries R
of\RepoftS at the All-Union
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i ikhtioplanktona v Kamchatskom
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_KamchétkaiGulf. Manuscript)
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ikhtioplanktona v Korfo-Xaraginskom
raione. Rukopis',
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and ichthyoplankton in the Xorfo-

Karaginskil region. Manuscript)
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Instituta okeanologil Akademii Nauk
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‘komiteta

996,

SSSR, tom 36.

accumulations of‘comher-
cial fish in Kronotsﬁii Gulf.
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(Fish of the eastern seas.

St. Petersburg)

A;glavneishikh promyslovykh ryb v
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. Shmidt, P. Yu. 1949.
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(The Sea of Okxhotsk and its fish
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